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SUMMARY 
This research focusses on contributing to the applicability of spatial decision support systems (SDSSs) for urban 

designers and planners, by leveraging indicators. It reveals that an important gap in literature is the general 

lack of indicator sets or indicator catalogues that are suitable to support urban design and planning (UDP) 

professionals in their complex, integral, and multi-thematic design, planning, and policy making. Additionally, 

few of such indicators are consistently implemented in existing SDSS applications or planning support system 

(PSS) applications. Therefore, this study contributes to the existing research with a theoretical inventory of 

currently used indicators and indicator topics, as well as, a more practical documentation of the 

implementation of such indicators in an existing SDSS. Herein, an indicator can be defined as a value, statistic 

or parameter which conveys information about a phenomenon and thereby describes (properties of) a system 

or subsystem more substantial than the value itself (EEA, 2002a). 

An initial review of literature identified that few comprehensive and non-thematic sets of (local level) 

indicators for urban designers and planners are available. Therefore, in this research a novel and extensive 

literature study is conducted that identifies common indicators, indicator topics, and their structures, which 

are suitable for UDP professionals within different contexts. Afterwards, the UDP-relevant concept of ‘Quality 

of Life’ (QOL) is introduced to frame the further work, and interviews are conducted to practically embed the 

theoretical work. Finally, a number of selected indicators are documented, implemented, and showcased for 

use in an existing SDSS. The goal of this latter step is to detail how SDSSs can be made more suitable to urban 

designers and planners by utilizing indicators. 

Firstly, from the novel and extensive literature review, it can be concluded that current literature is generally 

thematic and hardly any wide viewpoint is taken. Many authors organize their indicators into thematic clusters 

(‘dimensions’); however, they seldom discuss the full width of the possible UDP spectrum. In this review, the 

most commonly found dimensions are environmental, social, and economic dimensions and somewhat less 

frequent a physical dimension. As well, a legal and demographic dimension are separately considered in this 

study to reflect a number of more detailed structures of dimensions. The found topics among these 

dimensions are most common among the physical and demographic dimensions, while the environmental 

dimension contains many different but infrequent topics. The other dimensions contain less common topics. 

Behind this main structure is a large number of indicators. Of all these dimensions, topics, and indicators the 

most common ones are summarized (overview of dimensions and topics in Table 1). By contrast, most found 

sources do not cover this whole broad range of dimensions, topics, and indicators.  

Additionally, considering the ‘context’ of an indicator set/catalogue, both the thematic background, the goal, 

and the scale seem to have little general relation to the used dimensions. However, detailed ‘non-aggregated’1 

sets and other sets that focus on spatially-explicit output lack a number of topics and indicators that other sets 

do cover. ‘Indicator projects’, on the other hand, frequently cover a wider range of dimensions than ordinary 

sources, yet most remain to have a thematic viewpoint. 

Thus, in this study common topics and indicators and common methods of categorization are identified for the 

wide scope of UDP professionals. However, complete and common sets of indicators are absent in the 

reviewed sources. Additionally, limited documentation often impedes easy reuse of found indicators. 

Furthermore, it is frequently described that expert knowledge is considered indispensable in indicator studies. 

                                                            

1 In this context, non-aggregated sets/studies do not aggregate the indicators for large areas such as neighborhoods. 
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Secondly, the concept of ‘Quality of Life’ (QOL) – given its relevance to UDP – is used to prioritize and direct 

the further work on SDSS improvement from the broad literature study. Nine important QOL dimensions are 

identified: environment, transportation/mobility, services and facilities, education, health, recreation, 

economic conditions, safety/risk, and social conditions/community. These are used to organize the relevant 

and spatially-explicit UDP indicators found in literature. Additionally, interviews with UDP professionals 

confirm the finding from literature that multiple indicator categorizations are possible and a broad spectrum 

of topics is relevant to UDP. Furthermore, these professionals describe development/evaluation of scenarios 

and explaining their choices as important desired functions of SDSSs. 

Thirdly, the ‘practical’ documentation of the implementation of a number of indicators results in suggestions 

and descriptions for improving SDSSs with indicators applicable to urban designers and planners. This details 

the relevant context, required data, the algorithm, resulting outcome, and an extensive discussion; lastly a 

hypothetical showcase is given. Indicators are selected that are feasible to implement in the utilized SDSS 

Metronamica (example of its land use map in Figure 1), which is a cellular automata land use change model.1  

A ‘shortest distance to facilities’ indicator describes the distance between residential land uses and selected 

land uses; a useful extension is the ‘population within range’ indicator that describes the percentage of the 

population that resides within a set range of the selected land uses. An existing indicator highlighting land use 

changes has been extended to identify use of protected land. One alternative uses (mostly available) zoning 

maps, another requires additional maps of specific protected areas. For a set of ‘traffic noise nuisance’ and ‘air 

pollution’ indicators, numerous assumptions and simplifications need to be made. Although an underpinned 

alternative for road traffic noise nuisance is implemented, these indicators are rather complicated and 

troublesome and reveal few changes in the showcase. Lastly, alternatives are described for indicators of the 

‘amount of a certain land use per capita (in the proximity)’. A straightforward alternative is implemented that 

describes the zonal area of a certain land use type per capita. A second, more spatially-explicit, alternative 

details this ratio for people and land use within a specified distance (example in Figure 2).  

These indicators can identify a number of aspects that are relevant to both QOL and UDP, as the showcase also 

reveals. Therefore, their implementations, as well as, their constructed documentations and suggested 

alternatives, limitations, and possibilities can make SDSSs more suitable to urban designers and planners. 

Finally, from the aforementioned findings it is concluded that the current literature on UDP indicators is varied 

and lacks consensus about which topics and indicators are relevant. Additionally, the implementation of 

indicators has revealed a great diversity in complexity, comprehensibility, and feasibility of different indicators. 

Nonetheless, a number of useful applications of QOL- and UDP-relevant indicator applications are possible. 

A common set of indicators has not only not been found, its existence has also been disputed due to the 

influence of location-specific properties and the focus on expert knowledge. However, a catalogue of possibly 

applicable UDP indicators is considered to be a suitable addition to the current literature. Future research into 

such a non-thematic, UDP-broad indicator catalogue is suggested. Useful steps would be the investigation of 

indicators and topics in projects by professionals and in existing (S)DSSs and PSSs, as well as, using interviews 

with professionals to identify such topics and indicators and their expectations and requirements of SDSSs. 

Further development of such UDP-relevant indicators in SDSSs and proper documentation thereof is suggested 

as well. Together, this can contribute to an increased suitability of SDSSs for use with UDP-relevant questions. 

When also utilized by urban design and planning professionals, this can ultimately lead to better informed 

design and planning.  

                                                            

1 Details of these models in subsection 3.4.2 and section 4.3. 
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Table 1: Most frequently found dimensions and topics of UDP-relevant indicators 

 

 

 
Figure 1: Example of a land use map used by the applied SDSS  

 
Figure 2: Example of a 'land use per capita' indicator, this application describes 'green per capita within 400 

meters' for two scenarios 

Dimensions 
of topics

Topics 
(with frequencies of topics and indicators)

Physical
Land-use

Building / Housing
Transport networks (road, public 
transport)
Accessibility
Infrastructure / Utilities / Facilities / 
(Public and commercial) service
Green supply
(Physical) Environment (slope, etc.)

Legal / Political Priority / Budget (general)
Participation / (Civic) Involvement / 
Empowerment

Economic Financial costs/Budget (project) /
Financial gains
(Un)Employment

Demographic Population (/Household)
Housing (quality/price)
Mobility

Historical & Cultural aspects

Educational/Research (also in economic)

Sport(s)/Play & Recreation
(Satisfaction with) (local) 
community/environment / Civic society
Eco / Green Systems
Flora (plants)
Fauna (animals)
Soil
Air
Resource usage
Mitigation / Creation
Waste
Protection
Risk
Pollution / Disturbances

Other / Not given Health and well-being
Safety

Environmental / 
Ecologic

Social / Cultural
/ Historical

Legend
very frequently mentioned averagely mentioned

frequently mentioned below averagely mentioned
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1. INTRODUCTION 
1.1. GENERAL INTRODUCTION  
This research project focuses on enhancing the applicability of (spatial) decision support systems ((S)DSSs) for 

urban designers and planners, by investigating and applying relevant indicators and indicator sets. This 

improvement is tailored to the integral design, planning, and policy making by these urban professionals and 

their decisions, evaluations, and questions. 

PR O B L E M  

Decision support systems (DSSs) are considered a useful tool to aid decision making in the complex field of 

urban (design and) planning (UDP) (Weiland, Kindler, Banzhaf, Ebert, & Reyes-Paecke, 2011). However – as an 

initial literature review reveals – an important gap in the (S)DSSs or planning support systems (PSSs) for urban 

planners and designers is the lack of indicator sets and indicator catalogues with an integrated and multi-

thematic scope in order to answer integral design and decision questions of urban planners and designers. 

Furthermore, urban design and planning indicators are inconsistently implemented in existing (S)DSS software 

(Lombardi, 2002). 

G O A L  

The goal of this research is to contribute to the applicability of (spatial) decision support systems for urban 

designers and planners, especially considering the use of indicators at the (local) urban scale. Initially, insight 

into indicators and indicator sets for urban designers and planners is increased, which is done by an extensive 

literature study; additionally, the practical applicability of (some) SDSSs for these professionals is improved. 

A P P R O A C H  

In order to achieve the aforementioned goals, the following steps are applied. To begin with, the literature 

study starts with an inventory of accessible sources, followed by an extensive study of these sources in order 

to investigate the used indicators and the indicators’ structures. This information from the sources is 

combined and compared to find common indicators, indicator topics, and indicator structures. 

Hereafter, the concept of ‘quality of life’ (QOL) – which is very relevant to planning and policy making – is used 

to frame the following work. Additionally, interviews are conducted to strengthen the practical embedment of 

this study. 

The following SDSS improvement, initially, compares the available data and indicators in the utilized software 

application with the common indicators found in literature and selected from a QOL perspective. Secondly, 

selected indicators are properly documented using (additional) literature to assist future (other) 

implementations. Finally, implementation of a number of new indicators in the software package takes place. 

S I G N I F I C A N C E  

Improving the applicability of (S)DSSs for urban designers and planners, for example by aforementioned steps, 

has the potential to increase the understandability and communicability of urban plans and other urban 

planning decisions. Integrating the many aspects of multi-thematic urban planning questions is a complex and 

difficult task. To do so in a transparent and relatively ‘objectified’ manner and with multiple team members is 

hard, so is communicating this process to stakeholders. (S)DSSs covering the many themes of an urban plan 

can help improve all of these aspects. 
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1.2. BACKGROUND  
As has been explained in the introduction, this research aims to improve (knowledge of) indicators and 

indicator sets for urban designers and planners in order to contribute to the applicability of (S)DSSs for these 

professionals. This section details the relevant terminology, broader context, and the motives for this study. 

1.2.1. DEFINITIONS  

URBAN  PLANNING  (AND URBAN DESIGN) 

Within this study, urban (land use) planning (and urban design, Dutch ‘stedebouw’) is considered as follows. 

Urban planning – also known as spatial planning, city planning and environmental planning, which can be used 

interchangeably within this context – is concerned with the complex political and technical process of urban 

and rural planning, design, and development. This process involves physical aspects, as well as social and 

economic, at a multitude of scales, from regional structure plans to local planning of residential expansions.1  

QUALITY OF L IFE  

Quality of life (QOL) is a broad and multidimensional concept, of which a precise and common definition is 

absent. Nevertheless, it can be interpreted as the satisfaction an individual gets as a consequence of both 

social and physical properties of its surroundings. Such properties or conditions can influence the behavior of 

individuals as well as larger aggregates of people (Mulligan et al. (2004) as cited in Marans & Stimson, 2011b). 

As such, the concept is particularly relevant to policy making and the field of urban design and planning.  

INDICATORS  

The concept of an indicator can be described using the definitions of the Organisation for Economic Co-

operation and Development (OECD) and the International Institute of Sustainable Development (IISD) as cited 

by the European Environment Agency (EEA, 2002a). An indicator can be defined as a value, statistic or 

parameter which conveys information about a phenomenon and thereby describes (properties of) a system or 

subsystem more substantial than the value itself. When tracked over time an indicator can provide insight in 

the evolution or trends within the (sub) system (EEA, 2002a). 

(SPATIAL)  DECISION SUPPORT SYS TEMS  

(Spatial) decision support systems or planning support systems (PSSs) are computer systems that aid 

decision-makers and planners in making often complex decisions or analysis (Li & Jiao, 2013). Within the 

context of this research project, such systems are considered to be used to assist in urban planning. For this 

study, urban designers and planners are the main intended users of these systems. Hence, the term PSS 

generally applies as well when SDSS is used in this study.  

1.2.2. CONTEXT  
Indicators and indicator systems (such as PSSs and (S)DSSs) are used for multiple purposes. Scipioni, Mazzi, 

Mason, and Manzardo (2009) state indicators are used for analysis and evaluation, decision making support, 

and stakeholder communication. According to the EEA (2002a) monitoring is the traditional purpose of 

indicators; however, planning and communication are frequent uses as well. Weiland, Kindler, Banzhaf, Ebert, 

& Reyes-Paecke (2011) indicate many objectives of indicators in sustainable development, in addition to the 

aforementioned: understanding the process, benchmarking, involving and empowering stakeholders, and 

resolving conflicts. 

                                                            

1 From American Planning Association (APA, 2015), McGill School of Urban Planning (2015), and “city planning” in The 
Columbia Encyclopedia (2015). 
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Indicators are widely used in different disciplines. In the past decades, indicators and (S)DSSs have also gained 

much more attention in academic literature, first in general and later also relating to urban planning (and 

design).1 

1.2.3. MOTIVES  
Expert knowledge seems necessary and is commonly used within the field of urban planning and design 

(Kampichler et al., 2010; Pourebrahim, Hadipour, Mokhtar, & Taghavi, 2014). Effective communication and 

transparency of expert based decisions (to among others stakeholders), however, seems difficult (Bourgoin, 

Castella, Pullar, Lestrelin, & Bouahom, 2012; Koschke, Fürst, Frank, & Makeschin, 2012). Since (S)DSSs and 

indicators can provide clearer information about different planning aspects, using them can enable urban 

designers, planners, and managers to improve the communication and stakeholder involvement (Scipioni et 

al., 2009), as well as, consistency of their evaluations and decisions (Weiland et al., 2011). 

Additionally, urban development decisions are already complex and layered decisions that may further 

increase in complexity in the future (Li & Jiao, 2013). As indicators and aggregates (‘indices’) can frequently be 

computed using adequate data, indicators can help leverage computer systems and computational power to 

support urban planning decisions and analysis.2 

Thus, investigation of different indicators is not simply useful for urban planners directly, but especially 

important for the development of planning and decision support systems (PSSs/DSSs), as indicators and 

indexes often form an integral part of these systems, which is the case in studies by Rayed (2012), Schetke et 

al. (2012), Scipioni et al. (2009), and many others. The relevance of indicators is accentuated by the European 

Environment Agency (EEA, 2002b), which stresses that cities can improve the ‘quality of life’ (QOL) by 

enhancing land use planning by using indicators and defining clear targets. 

1.2.4. STATE OF THE ART  
In an initial literature review accessible sources have been studied to determine the current (academic) 

situation considering indicators for urban designers and land use planners. 

Considering this purpose, indicators can (potentially) be found in (academic) literature (Jeong et al., 2012; 

Pettit & Pullar, 1999; Schetke et al., 2012; Svoray et al., 2005; Zucca et al., 2008), actual projects by 

professionals, software packages (for professionals) such as SDSSs and PSSs (Placeways LLC, 2014; RIKS, 2012), 

and projects on indicator development. Such ‘indicator projects’ aim specifically at creating or improving 

indicators, indicator sets (EC, 2000; EEA, 2005), indicator catalogues (Regions for Sustainable Change, n.d.), 

indicator-based systems (Scipioni et al., 2009), or several of the aforementioned (TISSUE-team, 2005a; URGE-

team, 2004), rather than applying the indicators. Due to the difficulties in accessing both project data from 

professionals and licensed software packages, this study focuses on sources from academic literature and 

projects on indicator development. 

Studying, in general, the literature and indicator projects available to date reveals there is a substantial 

number of possible sources, but they differ greatly in context such as scale, theme, approach, and country. 

Furthermore, it unveils an important property of the current urban planning indicator field. Almost all studies 

that considerably document indicators, describe or display one of many thematic viewpoints (Akıncı et al., 

2013; European Commission, 2000; Jeong et al., 2012; Kumari et al., 2010; Re Urban Mobil-team, 2003, 2005; 

Rui, 2003; Schetke & Haase, 2008; URGE-team, 2004; Zhao et al., 2011; Zucca et al., 2008) or take a 

‘sustainability’ perspective (Meinel, 2010; Regions for Sustainable Change, n.d.; Schädler et al., 2013; Schetke 

                                                            

1 By comparing Scopus (academic search) results (Elsevier B.V., 2016a, 2016b). 
2 Similarly indicated by Li and Jiao (2013) as well. 
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et al., 2012; Scipioni et al., 2009, 2008; TISSUE-team, 2005a; Tudes & Yigiter, 2010). Furthermore, some studies 

cover the width of multiple themes and topics (Pettit & Pullar, 1999; Pourebrahim et al., 2014; Scipioni et al., 

2008), while others cover the depth from certain themes ‘down’ until their corresponding indicators (Akıncı et 

al., 2013; Schetke et al., 2012; Tudes & Yigiter, 2010). However, few studies properly cover both width and 

depth; such an exception is the Environmental Data Compendium by Statistics Netherlands (CBS) et al. (2015). 

This means that hardly any source contains a general, non-thematic, overview with details on (available) 

indicators, such as would be of general interest to integral urban design and planning problems. 

QUESTIONS  

Because the existing sources are generally thematic and have different contexts, a direct comparison of 

multiple sources is difficult, since they differ fundamentally in viewpoint. However, it is of interest to 

determine whether the studies have similar or dissimilar indicators despite the deviating viewpoints, because 

that could reveal indicators as generally important or unimportant to urban designers and planners.1  

Therefore, a prominent question, that arises when considering the current literature, is whether and how the 

sources coincide or deviate from one another. Thus, based on the initially reviewed literature, a more 

extensive review of indicator sources is suggested in order to identify which indicators and indicator structures 

can be of regular interest to urban designers and planners. 

1.2.5. SDSS  USAGE PROCESS  
As has been introduced, this study focusses on indicators as well as SDSSs and both their suitability to urban 

designers and planners. Indicators can be considered as an aspect in utilizing an (S)DSS. Thus, a specific part of 

the total usage process of an (S)DSS with indicators can be described as of special interest within this research. 

The following scheme in Figure 3 depicts the assumed usage process of a considered (S)DSS and highlights the 

indicator-related part that is of special interest to this study. 

   
Figure 3: Assumed usage process of a considered (S)DSS with indicators, and project’s area of special interest 

                                                            

1 Ghosh, Vale, & Vale (2006) similarly argument for a case of sustainability indicators. 
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1.3. RESEARCH PROBLEM  

1.3.1. PROBLEM  
As has been discussed before when discussing the state of the art of the current literature, little consistency 

exists among urban design and planning-related sources of indicators and indicators sets for use in (S)DSSs. 

There is a lack of general indicator sets or catalogues applicable to and suitable for urban designers and 

planners to support their broad and integral decisions.  

An additional present deficiency is the small number of software applications that offer proper and complete 

decision support that enables urban designers and planners to use these systems with their integrated 

analyses and decisions. Among other things, such systems often lack complete indicator sets for the broad, 

integral scope of the urban planning questions. Indicators do, however, play an important part in many of the 

current sectoral (non-integral) (S)DSSs available. The described shortcomings limit the applicability of (S)DSSs 

in decision making of urban designers and planners.1 

1.3.2. OBJECTIVES  
The general goal of this study is to contribute to the quality of indicator-based SDSSs for urban designers and 

planners, particularly at local scale and by utilizing indicators. This goal can be detailed into two primary 

objectives. 

INCREASING INSIGHT INTO INDICATORS AND INDIC ATOR SETS  

The main purpose of this objective is to provide overview and increase insight into the currently available 

indicators and their common structures that are being used to support urban designers and planners within 

different contexts, in order to assist overcome the lack of indicators sets and catalogues that are suitable for 

these professionals. The goals are to identify frequently used and important indicators, identify corresponding 

topics (with which the indicators are most commonly associated) and describe common structures of 

categorization. In addition, interest lies within the context-dependency of used indicators. 

IMPROVING EXISTING (S)DSSS FOR URBAN DESIGNERS AND PLANNERS  

Furthermore, it is of interest to improve actual (S)DSSs – in addition to the previously proposed theoretical 

contribution – in order to make existing (S)DSSs more suitable for urban designers and planners and support 

them in a more profound and integral manner. Implementing indicators that are frequent according to 

literature and important to UDP and to QOL is a proposed goal. Such indicators should be implemented in an 

existing (S)DSS that at least already partly fulfills the requirements for urban designers and planners, since that 

enables improvement within the scope of this research project. Furthermore, the process of using certain data 

to calculate an indicator using some algorithm, should be properly documented in order to aid the 

implementation of such indicators in other (S)DSSs as well. 

  

                                                            

1 Schetke & Haase (2008) also describe such, and other, practical shortcomings of DSSs and GISs. 
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1.3.3. RESEARCH QUESTIONS  
Based on the previously described objectives, the two main research questions are: 

1. What are common indicators, indicator topics, and their structures, suitable for urban designers 

and planners, within different (primarily local) contexts? 

2. How can (S)DSSs be made more suitable to urban designers and planners, by leveraging 

indicators? 

SUB QUESTIONS  

The main research questions can be elaborated into the following sub questions. 

1. About common indicators (in sources): 

a. (How) do sources coincide or deviate from one another considering indicators, indicator topics, and 

their structures and categorizations? 

b. Do common indicators, indicator topics, and structures and categorizations exist and which are 

these? 

c. Are common indicators, indicator topics, and structures and categorizations dependent on 

context-properties of the sources; if so, on which context-properties and what are the respective 

influences? 

2. About (S)DSSs and (implementing) indicators: 

a. Based on data availability and importance according to literature, which indicators can be added to 

the considered existing SDSSs? 

b. For considered indicators; using which algorithm(s) can the indicator be calculated and what are 

the properties and details of these algorithms? 

c. For considered indicators; what is the required data (and its general availability) to determine the 

value of the indicator (at a certain scale) using the found algorithm(s)? 

d. For considered indicators; what are the prominent properties (e.g. possibilities, limitations, 

implementations, meanings) of these indicators? 

1.3.4. LIMITATIONS  
Finding answers to described research questions is limited to certain intentional and practical extends which 

are detailed below. 

For answering the literature-related questions about common indicators, not all potential sources of urban 

design and planning indicators are equally accessible. This study focusses on the open sources from 

(international) indicator projects and indicator sets found in academic urban planning literature. Given the 

time frame for the research, a limited number of sources from literature is included in the research (detailed in 

chapter 2). 

The literature study mainly focuses on urban land use planning indicators for the local scale. These are both 

relevant to integral urban design and planning decisions. 

The implementation of indicators in an SDSS is applied, as previously implied, in an existing SDSS in order to 

leverage indicators within such a system. Nevertheless, in case the use of other (GIS) applications can enable 

the implementation of an indicator in the SDSS or demonstrate such an implementation, such applications are 

used as well. The documentation of the data, algorithm, and indicator, however, is intended to assist in the 

implementation of concerned indicators in other (S)DSSs as well. Thus, the used SDSS is a test case. 
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Finally, the number of indicators to be implemented in the system is limited to only a subset of the found 

common indicators in literature and alternatives inspired by those indicators. This is dependent on indicators 

already present in the SDSS, data availability, possibilities within the SDSS, and the time constraints of the 

project.  

In addition to the aforementioned limitations, determining the overall working process of urban designers and 

planners in which they would most intuitively use an (S)DSS is another important and relevant aspect when 

improving the use of (S)DSSs by urban professionals. However, for this study the focus remains on indicators; 

therefore, the overall process is only briefly touched upon and not investigated thoroughly. It is assumed that 

generally speaking indicators are useful elements of (S)DSSs and extending an (S)DSS with indicators found 

common according to urban planning sources thus improves the general suitability of such an (S)DSS for urban 

designers and planners. 

1.3.5. RELEVANCE  
Both the answers to the first and the second research question will contribute to different aspects of the 

process of urban designers and planners using an (S)DSS. 

A C A D E M I C  

The first research question (about common indicators) is of academic interest as it gives theoretical insight in 

the frequency and commonness of indicators and their structures throughout different contexts and different 

(academic and other) sources. This increases understanding of common indicators among projects by urban 

designers and planners, as few sources about such common indicator sets have been found. 

The second research topic (indicators in SDSSs) is of less academic relevance since it focuses more on the 

practical implementation; however, proper documentation of the properties relevant to indicator 

implementation can be academically relevant as well.  

PR A C T I C A L  A N D  S O C I E T A L  

From a more practical and societal point of view, the research question about common indicators is still partly 

of interest. Especially the overview of multiple (common) indicators within different contexts (sub questions 

1.b and 1.c) can be relevant to urban professionals, for example when studying the possibilities of indicators in 

their projects. 

Nevertheless, the main practical relevance of the project is in the research questions on indicators in SDSSs. 

Since SDSSs are generally practical and applied tools, the answers to these questions can self-evidently 

contribute to practical improvement of these decision support tools. The documentation and demonstration 

of indicators in the SDSS can aid future implementations of indicators in other (S)DSSs, which strengthens 

practically knowledge to effectively apply certain indicators. If other (S)DSSs are enhanced with indicators 

proposed in this study that might improve the applicability of these (S)DSSs for assisting urban designers and 

planners in practice. Ultimately, this could in turn contribute to better informed decisions and solutions. 
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1.4. READING GUIDE  
This report – detailing the answers to the previously posed research questions – is structured in a manner 

matching the two main research questions and their underlying objectives. The first objective and question on 

common indicators and indicator structures has already been described as more theoretical and of primarily 

academic relevance, while the second question on SDSS improvement focuses on a more practical aspect. This 

report also follows this structure from more theoretical literature research to more practical SDSS 

improvement and indicator implementation. In order to do so, an intermediate step (and chapter) is 

introduced to guide the study from the broad literature research to the more narrow implementation and 

documentation. 

The parts of the report will be briefly introduced and their main contents described. The overall structure of 

the report can be summarized as in Figure 4. 

  
Figure 4: Global structure of this report 

After this first chapter in which the research is positioned in its context and the research problem is described, 

the second chapter describes the extensive literature study. Initially, the method to inventory the sources is 

explained; following, both the general and context-specific results are detailed. This includes an overview of 

found indicators, topics, and categories and conclusions about their commonness.  

Then, the third chapter contains the intermediate steps to transition the work from the broad chapter 2 to the 

narrower chapter 4. Firstly, the concept of ‘quality of life’ (QOL) is detailed and a prioritized indicator structure 

is proposed based on it to frame the further work. Secondly, interviews with UDP professionals are described 

that practically relate the conducted work. Thirdly, the approach is described using which the results in 

chapter 4 are achieved. 

The fourth chapter starts with the selection of feasible indicators from the QOL-prioritized structure. After 

introducing the utilized SDSS, four ‘technical’ categories of indicator implementations are discussed. These 

detail the relevant steps and requirements for implementing such indicators, and critically discuss them. In 

each of these categories multiple (new) indicators and/or indicator extension are introduced as well as their 

practical implementation described. Thereafter, these indicator types are showcased using a hypothetical 

UDP-relevant example. 

Finally, the fifth chapter concludes the work. It does so by answering the research questions and summarizing 

the findings from the chapters 2, 3, and 4. Furthermore, it contains a critical discussion of the conducted work 

that leads to recommendations for future work as well as for the development of SDSSs in combination with 

the UDP field. 
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2. LITERATURE STUDY 
2.1. INTRODUCTION 
This literature study describes indicators that are used in urban or spatial (land use) planning at multiple 

scales, at different geographic locations, and that are used within many thematic contexts and for various 

purposes. As has been described, the initial review revealed that sources from the urban planning indicator 

field display a great level of thematic viewpoints and hardly any source unveils a general, non-thematic, 

overview or set of indicators such as would be of interest to integral urban design and planning problems. 

This literature study investigates indicators that are useful to urban designers and planners (Dutch 

‘stedebouwkundigen’) in order to support their decision making, and does so by contributing to a wide and 

non-thematic overview of indicators. This answers the first main research question and its sub questions on 

the commonness of indicators, indicator topics, and indicator structures, within different contexts. As has 

been detailed before, this is particularly useful for the development or improvement of planning and decision 

support systems (PSSs/DSSs) that may be used by urban planning professionals. 

STRUCTURE AND SCOPE  

The structure of this literature study is as follows. Firstly, the collection and selection of sources and storing of 

the information from the sources in a grid will be briefly discussed. Secondly, analysis of the collected 

information in the grid, views on specific subsets of the grid, and particularly its results, will be elaborated on 

more thoroughly. This will focus on the indicators and indicator systems, and on the influence of context 

properties on both. Finally, the important findings will be summarized and evaluated. 

2.2. INVENTORY SOURCES 
As has been described in the state of the art (subsection 1.2.4), not all sources are equally accessible. This 

literature study, as well, focusses on (academic) literature and projects on indicator development, as these 

two categories remain considerably more accessible than for example actual projects by professionals and 

software packages. 

To identify the relevant literature, a multitude of search combinations has been used. This can be summarized 

by the used main search keywords: ‘land use’ (and other spellings); ‘indicator’ (alternatively ‘criteria’); and 

‘urban planning’ or ‘urban design’ (and alternatives such as ‘environmental planning’). 

The selected (academic) articles and project reports have been collected in a long-list table, which also 

contains most important ‘context’ properties of all sources: scale, theme, research approach, and country. 

Additionally, the article or project metadata (such as title, author, and year) is listed. The table is added as 

Appendix 1. 
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2.2.1. CONCEPTUAL STRUCTURE  
To determine whether sources coincide, more than the concrete indicators themselves can be studied, such as 

the more abstract and general topics that are covered by the sources. Additionally, authors regularly cluster 

topics and indicators in larger ‘dimensions’, ‘disciplines’ or ‘themes’, which can also be compared. 

As previously mentioned, the context of the research might influence the alikeness of sources. Therefore, the 

context is an important discriminator for studying the existing research. 

The ‘dimensions’, topics, and indicators can conceptually be depicted as a pyramid. The main question is 

whether and how sources are (dis)similar and, thus, which elements are common. The context might influence 

this relation with the ‘pyramid’. Therefore, the questions and most important elements of this study are 

conceptually depicted as in Figure 5 below. 

 
Figure 5: Conceptual structure questions literature study 

Of all the sources from the long-list (Appendix 1), the dimensions, topics, and indicators have been studied. 

Some sources cover the whole pyramid; however, others lack details about the indicators or skip the 

dimensions and/or topics. 

2.2.2. LITERATURE GRID  
To organize all the information from the sources, a literature grid is a possible and structured method.1 In this 

study an adapted version of such a literature grid, which will be called ‘grid’, has been used to store and 

structure information about the sources that is relevant in this study. 

Thirty sources from the long-list (Appendix 1) are both sufficiently relevant and contain enough information 

about their topics and indicators. These thirty are elaborated on in the grid, which has been attached as 

Appendix 2. Although these thirty sources are a midsized sample of the available literature, there is no 

abundance of academic literature on the topic, especially when attention is paid to the land use aspect and 

local scale. Additionally, indicator projects are often unclearly documented or unfindable at all. 

The grid contains the selected sources in the rows. It contains each source’s basic metadata such as 

identification information and any project connection in a number of columns. Furthermore, it contains the 

previously described important ‘context’ properties scale, theme, research approach, and country and in 

addition to that some administrative columns. Most importantly, the grid has many different columns to 

accommodate different types of dimensions, topics, and indicators that the sources describe. These columns 

have been gradually developed, added, and redeveloped while additional sources were studied and added. In 

these columns the sources that mention the considered dimensions, topics, or indicators are indicated. Figure 

6 below depicts the general structure of the grid. 

                                                            

1 A literature grid’s usefulness has been exemplified by Yacobucci (2012). 
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Figure 6: Overview of grid’s columns  

2.3. RESULTS  
Making use of the grid and many summaries created of the sources, general findings about the urban planning 

indicators, topics, dimensions, and more are described. 

An important confirmation from the grid is that indeed – as found in the initial literature review – the scales, 

countries, themes, and research approaches of the sources (context columns of grid), all differ greatly. This 

corresponds to the earlier statement that the sources are fairly diverse. More noteworthy, it implies the 

sources can be categorized later based on these properties. Since these columns cover context aspects, this is 

a possible method to answer whether and how context influences the makeup of dimensions, topics, and 

indicators. This is discussed in the subsection 2.3.5. 

2.3.1. INDICATOR CATEGORIZATION  
The way the source categorizes the indicators (and sometimes topics) is an important property of the source. 

Many different ways of categorization exist, of which the described dimensions can be regarded as a thematic 

one.  

An abundance of authors thematically categorize their indicators (Dur et al., 2014; Jeong et al., 2012; Pettit & 

Pullar, 1999; Schetke & Haase, 2008; Scipioni et al., 2009, 2008; Zucca et al., 2008). Some others use thematic 

categorization, but with peculiarities compared to the previous sources. Rodenburg, Baycan-Levent, Van 

Leeuwen, & Nijkamp (2001) for example call most indicators ‘economic’, although they cover a wide range of 

themes. Pourebrahim, Hadipour, Mokhtar, & Taghavi (2014) use themes, but add a distinction between 
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pragmatic versus feasibility indicators to that. TISSUE-team (2005b) uses themes but is strongly influence by a 

sustainability focus. Thematic categories mean, within this study, the same as earlier mentioned dimensions 

and will be more extensive covered in the following subsection. 

Other studies have the thematic influence embedded in the entire study and are therefore said to come from 

one theme. Among others, this can include an environmental background (Schetke, Haase, & Kötter, 2012), 

ecological basis (Svoray, Bar (Kutiel), & Bannet, 2005), or physical focus (Re Urban Mobil-team, 2005; Rui, 

2003). 

An entirely different method of categorization is by distinguishing the part of the process the indicators apply 

to. The OECD has developed the ‘PSR-framework’ for this purpose (as cited in EEA, 2002a; as cited in 

Rodenburg et al., 2001). This ‘pressure-state-response’ framework is used by both Rodenburg et al. (2001) 

who combine it with thematic categorization and the XARXA-project (as cited by Regions for Sustainable 

Change, n.d.) that combines it with another classification system. The EEA uses an adapted version of the 

PSR-framework called DPSIR, which addresses driving forces, pressures, states, impacts, and responses (EEA, 

2005).  

A related method of discrimination is by separating generative, selective, and evaluative indicators. Zucca et al. 

(2008) distinguish a creation and an evaluation set of indicators and Taylor & Williams (1982) use all three 

types. This method is very much related to distinction by goal that will be later discussed using the grid (in 

subsection 2.3.5). 

Some authors differentiate between constraint (cut-off) indicators and evaluation (weighted) indicators. Zucca 

et al. (2008) indicate these as respectively “constraints” and “factors” (p.756-758) and Pettit & Pullar (1999) as 

“soft” and “hard” (p. 344). This categorization method is quite common among suitability analyses. 

A few times indicators are, additionally, separated into spatial and non-spatial indicators (Schädler, Finkel, 

Bleicher, Morio, & Gross, 2013; Zucca et al., 2008), mandatory and optional indicators (Ambiente Italia 

Research Institute, 2003; TISSUE-team, 2005a), dynamic and static indicators (Schetke et al., 2012), and 

quantitative and qualitative indicators (Schetke et al., 2012). 

Even less frequent are categorization based on data source or data type (Akıncı, Özalp, & Turgut, 2013), 

self-described indexes (Kumari, Behera, & Tewari, 2010), and types of areas the indicators are used in (Meinel, 

2010). 

In contrast to all the above, some studies use no specific categorization or thematization at all. These studies 

describe indicators and topics without using any clusters. (Dou, 2009; Schädler et al., 2013; Tudes & Yigiter, 

2010; Zhao, Fu, Liu, & Fu, 2011) 

To conclude, by far the most common categorization method is thematic categorization. Thematic categories 

will be referred to as dimensions in this review. 
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2.3.2. DIMENSIONS  
Dimensions are, thus, an important aspect of indicator sets and will therefore be more elaborated on. Of the 

thirty sources in the grid, eight use no dimensions at all. The others use some sort of dimensions. These are 

studied using the grid (Appendix 2) and Appendix 4. 

The thematic classification systems of sources differ, making it difficult to determine a common set of 

dimensions. Despite the difficulties, a set of most frequent dimensions has been constructed. The dimensions 

that, of all found dimensions, have been retained in the grid are those that are mentioned by two or more 

sources, although a few similar dimensions have been combined. These dimensions are briefly noted as: 

physical; legal; economic; demographic; social; environmental. Some sources clearly deviate from this 

structure, but about half of the source (partially) match the proposed structure. When only the sources are 

considered that do use dimensions, about two-third matches the proposed structure.  

The frequencies of all seven dimension listed in the grid, have been studied. The most frequent dimension are 

environmental (or ecological), social (which can include cultural and historical) and economic. Social and 

economic are sometimes combined into socioeconomic (European Commission, 2000; Rodenburg et al., 2001). 

These three dimensions: environmental; social; and economic are the most-cited dimensions in the thirty 

sources. Within a general context, these are also known as the fundamental pillars of sustainable 

development, more commonly called ‘triple P’ (‘people, planet, profit’) and ‘triple bottom line’ (for example 

Munasinghe & Munasinghe Institute for Sustainable Development, 2008). However, few sources properly and 

fully cover these dimensions. 

Furthermore, some less frequent dimensions arise that are discriminated in the grid as well because they give 

more detail to the dimensions in the grid. These are the legal (or political), and demographic dimension, which 

could alternatively have been integrated with the more frequent three dimensions. 

Lastly, a dimension called physical is quite frequently mentioned; however, the difficulty is in the fact that it is 

not fully compliant with the social-economic-environmental structure. One could argue that every indicator 

within the triple P structure can at the same time be a physical or non-physical indicator. However, from the 

viewpoint of an urban designer or planner physical indicators are of special interest, some topics are 

completely concerned with physical aspects, and the dimensions is used multiple times (Dur, Yigitcanlar, & 

Bunker, 2014; Jeong, García-Moruno, & Hernández-Blanco, 2012; Re Urban Mobil-team, 2003, 2005; Rui, 

2003); therefore, the dimension has been separately included. 

As noted, some sources have an entirely thematic viewpoint, which is often also reflected in the dimensions of 

these sources. For example Schetke et al. (2012) study thematically about environment, sustainability and 

resource efficiency, correspondingly the source only mentions an environmental dimension. Likewise, Zucca et 

al.’s (2008) theme is about local parks and the only described dimension is environmental; however, Zucca et 

al. also mention indicators that could be classified as physical or economic indicators. 

In addition, a distinction can be made between specifically mentioning the dimensions (explicit usage) and 

having topics or indicators present that could be considered part of that dimension without mentioning the 

dimensions themselves (implicit usage). From an analysis of the grid is derived that the physical (or similar) 

dimension is mentioned explicitly five times; however, including implicit usage a total of 14 sources uses the 

physical dimension. The social, economic and environmental dimensions show only small amounts of implicit 

usage. The legal and demographic dimensions perform in between the other two categories on this part. It is 

hard to denote what these differences mean, but it might imply the physical, legal and demographic 

dimension would have possibly been integrated into other dimensions by other authors. 
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Table 2: Most frequently found dimensions (explicit and implicit use) 

     

Details of the usage of the different dimensions can be found in Appendix 4, while the most frequent 

dimensions are also shown in Table 2. The appendix also reveals a number of alternative dimensions systems 

are used; however, these hardly ever overlap with other sources. Notable are the dimensions used by URGE-

team (2004) and TISSUE-team (2005b). The URGE-team (2004) has combined the indicators from a triple P 

perspective; alternatively, the authors have clustered them on quantitative, qualitative, use, and “planning, 

development and management” (p. 20-21) aspects. The TISSUE-team (2005b) uses a wide range of clusters of 

which the following get priority: “Sustainable Urban Transport”, “Sustainable Urban Design”, “Sustainable 

Urban Construction”, “Sustainable Urban Management”, “Sustainable Urban Environment” (p. 1). Since 

dimensions such as the above are uncommon, they have not been added as separate columns to the grid. 

2.3.3. TOPICS &  INDICATORS  
Both the topics and indicators that are specified by the sources have been structured in the grid as well. As 

mentioned before, many sources lack parts of the pyramid of dimensions, topics, and indicators; therefore, 

different methods of adding the topics to the grid apply. The general starting point, however, always is to 

match topics and indicators as much as possible to the dimensions in the way described by the source. For the 

sources without dimensions or with rare dimensions, the topics and indicators are matched to the existing 

dimensions in the grid, which is then clearly indicated. 

A multitude of different topics and indicators is noted in the different sources; however, only a portion are 

more frequently mentioned. Generally speaking only those topics that are mentioned more frequently have 

been retained in the grid. Some of the infrequent topics have been merged with other topics, resulting topics 

are clustered in the column ‘other’ for each dimension. All of the above can be reviewed in Appendix 2. The 

more frequently mentioned topics and indicators will be elaborated on. Appendix 3 summarizes such 

frequencies of different topics and their indicators within the grid.1 

Studying the grid (Appendix 2) reveals the topics and indicators in the physical dimension are quite common, 

so are those in the demographic dimension. In particular land use, accessibility, and services on the one hand, 

and population on the other hand, are frequently mentioned. A little less prevailing is the environmental 

dimension; however, still a reasonable number of topics is frequent, such as pollution, biodiversity, soil, 

protection, waste, resource usage, and green systems. 

In contrast with the previous dimensions, the following have less widespread topics and indicators. Topics and 

indicators in both legal-political and social dimensions are mentioned considerably less often. The only 

exceptions are respectively (civic) involvement for legal and ‘historical and cultural aspects’ for social. Both 

sports and recreation, and education from the social dimension are somewhat in the middle. 

Lastly, topics in the economic dimension are mostly rare. Striking is the fact that the dimension contains many 

different topics. In fact, in total the topics in the dimension are mentioned more often than those in the legal 

                                                            

1 In this subsection and the following ones conclusions are drawn based on aggregation and comparison of all thirty 
sources in the grid. It is, therefore, rare that explicit references are used. 

Dimensions of topics
Physical
Legal / Political
Economic
Demographic
Social / Cultural / Historical
Environmental / Ecologic
Other / Not given

Legend
very frequently mentioned

frequently mentioned
averagely mentioned

below averagely mentioned
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dimension and about equally often as those in the social dimension, which is in accordance with the 

conclusions in the subsection on dimensions. Nevertheless, the economic dimension contains divers topics 

that in itself occur little. The only exception is (un)employment, which is mentioned regularly. 

All the common topics and indicators from the grid are summarized in Table 3 below. 

Table 3: Most frequently found topics (by topic and indicator frequencies) 

      

An important bias for this part is that from sources without own dimension system the indicators and topics 

have been rearranged to match the structure created before. This might have made the score of certain topics 

or indicators ‘artificially’ higher. 

TOPICS  

In addition to the above (based on Appendix 2), in Appendix 5 attention has been payed to the specific 

reoccurrence of topics, leaving the indicators out temporarily. The advantage is mainly in the insight in 

common naming or jargonistic styles, as numbers are too small to draw separate conclusions about frequency. 

Within the physical dimension land use and accessibility are named by the sources in the same way as in the 

grid of this study. However, what is called ‘transport networks’ in this study is most commonly known as 

infrastructure. For legal and political aspects ‘civic involvement’ is the most common term to describe 

participation, civic involvement, and empowerment. Both economic and demographic aspects are generally 

referred to in the same manner as the grid’s headings do. Considering social aspects, education and research is 

Dimensions 
of topics

Topics 
(with frequencies of topics and indicators)

Physical Land-use
Building / Housing
Transport networks (road, public 
transport)
Accessibility
Infrastructure / Utilities / Facilities / 
(Public and commercial) service
Green supply
(Physical) Environment (slope, etc.)

Legal / Political Priority / Budget (general)
Participation / (Civic) Involvement / 
Empowerment

Economic Financial costs/Budget (project) /
Financial gains
(Un)Employment

Demographic Population (/Household)
Housing (quality/price)
Mobility
Historical & Cultural aspects
Educational/Research (also in economic)
Sport(s)/Play & Recreation
(Satisfaction with) (local) 
community/environment / Civic society
Eco / Green Systems
Flora (plants)
Fauna (animals)
Soil
Air
Resource usage
Mitigation / Creation
Waste
Protection
Risk
Pollution / Disturbances

Other / Not given Health and well-being
Safety

Social / Cultural
/ Historical

Environmental / 
Ecologic

Legend
very frequently mentioned

frequently mentioned
averagely mentioned

below averagely mentioned
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commonly only referred to as ‘education(al)’ and sports, play, and recreation are commonly called simply 

‘recreation’. The environmental topics flora and fauna are addressed by most sources at once as biodiversity; 

however, flora is separately more often addressed as ‘vegetation’. Apart from that, the environmental aspects 

are commonly referred to just as in the grid. 

Still, of the around fifty topics addressed in the grid, about half have no consistent reoccurring naming. The 

other 20 to 25 topics are both consistent and reoccurring. This difference in consistent naming is not the same 

as the usage frequency of topics and indicators discussed before. A striking example is the topic called 

“Infrastructure/Utilities/Facilities/(Public and commercial)service” in the grid; the name already suggests a 

complete lack of consistency among authors for naming this cluster of indicators and indeed no common name 

was found in Appendix 5. However, the topics and indicators of this group are among the most-cited of the 

grid. A possible solution would be to split the topic, although that is definitely subject for debate as the cluster 

can also be truly one, though with many labels. 

INDICATORS  

The detached study of indicators is completely different from that of topics, since multiple indicators can be 

mentioned per topic. Therefore, the question is not whether sources agree on naming (as was the case with 

the topics); however, the question is which common indicators can be identified per topic. This is conducted 

by constructing Appendix 6. 

For the appendix, every topic has been studied and all indicators mentioned within the topic area have been 

compared. (Similar) indicators that reoccur within a topic, have been listed in the appendix. If indicators do not 

reoccur but still mention the same subject, this subject is listed separately. 

Obviously, topics that are mentioned more often are more likely to contain reoccurring indicators. Considering 

the previous subsections, it is, therefore, predictable the physical, demographic, and environmental 

dimensions have more significant numbers of common indicators. The common indicators can be viewed in 

Appendix 6 in a table, but will be described below as well. 

Considering the physical dimension, the topic land use is commonly indicated by land use type, land 

occupation, density of buildings or build area, and the surrounding land uses or distance to land uses. Building 

age, building condition and building density are common indicators for building and housing. Transport 

networks (or best known as infrastructure) have no clear indicators but access to public transport (PT), 

pedestrian, bicycle and car streets are common topics. Accessibility is often measured by the distance from 

certain facilities (such as green spaces, schools, and hospitals) and by the number of people within a certain 

distance from a facility. Facilities and services are also measured using the previous two methods; additionally 

the number of services within walking distance and the cover ratio of services are mentioned as indicators. 

Green supply has common indicators green cover ratio, green space ratio, maximum distance to green space, 

and portion of inhabitants within a certain time or distance from a green space. Lastly, the physical 

environment is most commonly indicated by slope, aspect or orientation, and elevation. 

Within the legal dimension less common indicators occur. The building height limit is a reoccurring legislation 

indicator, but it is hardly common. The budget or expenditure for a specific topic (given in a currency or as a 

share of the total) are all measures of priority or budget. 

On the economic dimension, the financial costs or gains or project budget are regularly indicated by the 

amount of money devoted. Generally speaking this topic is mostly measured by methods indicating the costs. 

(Un)employment is commonly indicated by (un)employment rates or numbers of (un)employed people. Also 

some indicators compare the number of houses or people with the number of jobs. 
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The demographic dimension, with much-cited topics, describes population size, population density and age 

structure as indicators of population. Housing prices and housing cost as share of the family income are given 

as indicators of housing. Housing quality is mentioned but not typically detailed. To describe mobility, the 

modal split, distance to PT, and transport demand (both freight and passenger) are frequent. The degree of 

motorization is mentioned but hardly detailed. 

For the social (cultural, historical) dimension, the distance to sports or recreational facilities or their number 

(per resident) is a popular indicator of recreational facilities. Historical and cultural aspects are also mostly 

measured by their number or the distance to them. The state of the community is often indicated by citizen 

satisfaction with the community or with a specific function. Crime is specified by the number of crime 

incidents per inhabitant, but details differ about what crime incidents. 

Considering environmental aspects, the green system is often indicated by the biotope structure. Green or 

greenery is said to be described by the biodiversity, but this is not detailed into concrete indicators. Flora is 

pointed out by vegetation cover. Both flora and fauna are described by species diversity. Soil is most often 

described by the (degree of) soil sealing. Air is indicated by population weighted exposure or days exceeding 

certain thresholds of mostly O3, SO2 and NOx. Furthermore, water and energy consumption (in total or per 

inhabitant) are common indicators of resource usage. Waste is indicated by the amount of solid waste or the 

ratios of waste deposition methods. Protection is repeatedly measured by two different methods, the amount 

of protection of a certain area or the distance from sensitive areas. Although not detailed, flood and seismic 

risks are the common subjects for risk. Pollution and disturbances are mostly measured by greenhouse gas 

emissions and traffic noise; however, air and water quality, protected use, urban intrusion and soil sealing are 

mentioned as well, but not detailed. 

Of the remaining topics, when discussing health and well-being various numbers about illness and early dead 

are used. The common indicator for safety is the level of criminal incidents in an area. 

The above forms a description of those topics that do have common indicators or indicators with similar 

subjects. About three-fifth of all the topics discussed in the grid, contain common indicators or have 

overlapping subjects. The other topics are either mentioned rarely or the described indicators differ greatly. By 

combining the topics’ frequencies (Appendix 3) and the found common indicators (Appendix 6) it becomes 

clear that of the topics for which no common indicators are found, the vast majority is altogether mentioned 

rarely. 

2.3.4. OTHER GENERAL RESULTS   
In addition to the detailed discussion of dimensions, topics, and indicators it is interesting to briefly note 

certain other aspects of the literature, before delving deeper into the influence of the context on the pyramid 

of dimensions, topics, and indicators.  

COMPLETENESS OF SOURC ES  

From the grid it is imminent many sources cover only parts of the wide possible spectrum of the pyramid both 

in width and in depth. It is already discussed some authors only cover certain dimensions (width). The findings 

from the grid confirm this statement that many sources are rather narrow and, therefore, might not serve the 

urban designer or planner well. 

In addition to the limited width, many sources lack certain parts of the pyramid’s depth. A few sources miss a 

description of dimensions, but do cover both topics and indicators (Dou, 2009; Kumari et al., 2010). Frequent 
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are other authors that describe dimensions, but skip the topics and describe the indicators directly.1 Many 

sources omit both dimensions and topics, paying little attention to thematic classification at all.2 This is in 

agreement with the earlier conclusion that only part of the sources used thematic categorization. 

On the other hand, a substantial part of the literature includes all levels of the depth of the pyramid.3 Among 

these sources are also those with thematic categorization systems other than that used in the grid (Svoray et 

al., 2005; URGE-team, 2004). 

To summarize, it is common among authors to describe the indicator and eventually the dimension it is 

considered part of, rather than to detail which topic the author wants to discuss by using the indicator. 

It could be more problematic if the topics are given, but no indicators are, since this can indicate there are no 

indicators for the topic or it is too hard to determine them or their value. Within the considered sources are 

only a few that omit indicators of given topics. Therefore, it is impossible to clearly identify, using the current 

grid, whether certain topics are too difficult to determine using indicators. 

DATA AND CALC ULATIONS  

W E I G H T I N G  

Weighting of indicators is an important aspects in many methods, such as multi-criteria analysis (MCA), as it 

determines the impact of different indicators. As a lot of sources in this study use some sort of MCA or alike 

method, it is expected many sources describe weights as well. However, not all source mention weighting; 

therefore, this will be elaborated on. 

A majority of the literature indeed describes weighting of the indicators.4 Still, there exists a wide variety in 

detail of the description. On the one hand, many sources briefly mention how they obtained the weights and 

list them. On the other hand, certain literature extensively describes method, experts, and type of weighting. 

Tudes & Yigiter (2010) use fuzzy weighting that is determined by pairwise comparison (PWC) performed by 

multiple experts. Other authors also include or describe the PWC process (Akıncı et al., 2013). 

In some case the authors, such as Rui (2003), give the weighting of the topics instead of that of the indicators. 

Rodenburg et al. (2001) give the structure of indicators, others describe the rank, but not the weights. The 

reasons for these cases remain unclear. 

Elaborating on source that lack weights, suggests a correlation to the type of methodology. Of all studies that 

are found to omit weights5, none has a MCA or similar methodology. Indicator projects, on the other hand, 

commonly lack weighting. Of eight sources from six indicator projects only Re Urban Mobil-team (2005) 

mentions weights and only does so within the context of an example.  

                                                            

1 (Kline, 2000; Pettit & Pullar, 1999; Re Urban Mobil-team, 2003; Scipioni et al., 2009; TISSUE-team, 2005b, 2005c) 
2 (Akıncı et al., 2013; Ambiente Italia Research Institute (Ambiente Italia), 2003; Regions for Sustainable Change, n.d.; 
Schädler et al., 2013; Tudes & Yigiter, 2010) 
3 (Dur et al., 2014; European Commission, 2000; Jeong et al., 2012; Re Urban Mobil-team, 2005; Rodenburg et al., 2001; 
Schetke & Haase, 2008; Statistics Netherlands (CBS) et al., 2015) 
4 (Akıncı et al., 2013; Dou, 2009; Dur et al., 2014; Jeong et al., 2012; Kumari et al., 2010; Paracchini et al., 2011; 
Pourebrahim et al., 2014; Re Urban Mobil-team, 2005; Schädler et al., 2013; Schetke et al., 2012; Svoray et al., 2005; 
Tudes & Yigiter, 2010; Zucca et al., 2008) 
5 (Ambiente Italia Research Institute (Ambiente Italia), 2003; European Commission, 2000; European Environmental 
Agency, 2005; Re Urban Mobil-team, 2003; Rosales, 2011; Scipioni et al., 2008; TISSUE-team, 2005b, 2005c; URGE-team, 
2004) 
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However, some more sources omit weights, both Rosales (2011) and Scipioni et al. (2008) for example. In the 

study of Scipioni et al. (2009) the forum panel could not reach consensus about the weights of the different 

indicators for the overall score. 

Generally speaking the presence of weights seem to relate to the type of methodology. However, possibly a 

more widespread underlying property influences the need for weights. When the study is bound to multiple 

alternatives the need for weights is imminent, similar when suitability needs to be determined. On the other 

hand, when comparing over time rather than on location or when the location is unknown, the weights are 

less important or are difficult to determine. For example, one of the indicator projects is an explicit monitoring 

study that focusses on the changes over time, rather than differences between locations or alternatives (EEA, 

2005). Indicator projects in general are not bound to a specific location, which might indirectly explain few 

mentions of weights. Nevertheless, sources do not state such reasons; therefore, it currently remains open to 

discussion. 

D A T A  M O D E L S  

Another element attracting attention within some sources is a data model. They seem to be used to structure 

and communicate the different data and information sources and flows the authors have used. Among the 

studied sources such models are quite rare; different models are used by a few authors (Akıncı et al., 2013; 

Dou, 2009; Kampichler et al., 2010; Kumari et al., 2010; Tudes & Yigiter, 2010). 

The model differs greatly in complexity, from basic models that look similar to a process diagram (Tudes & 

Yigiter, 2010) to models that combine process and data structure (Akıncı et al., 2013). However, most 

importantly data models are fairly uncommon among the sources. 

D A T A  S O U R C E S  

To be able to determine indicators, data is a necessity. However, data sources are generally hard to obtain at 

least from the primary sources in this study. Although the source might be noted, authors rarely specify details 

of data sets they gained (what, how, what type, and so on), let alone they detail the specific requirements of 

such a data set, which would be very helpful to reuse the concerned indicator. 

Some exceptions are Ambiente Italia (2003) and European Commission (2000); both are comparison studies 

were cities or towns can participate. To be able to retrieve all data from the participants, the requirements are 

made explicit; yet, these are exceptions. For those wanting to reuse certain indicators this is fairly unfortunate. 

C A L C U L A T I O N S  

Another important piece of knowledge to use a certain indicator is knowhow of its calculations. In most 

sources, however, little attention is paid to describing the calculations. 

A few sources describe both the MCA calculations and the algorithm for the indicators (Schetke & Haase, 2008; 

Svoray et al., 2005), and in some cases this is only done partly (Zucca et al., 2008). Another couple of authors 

mention the indicators’ calculations (Kampichler et al., 2010; Rui, 2003) and for example an instruction guide 

for the MOLAND model details the calculations, although it does not describe an indicator set (White, Engelen, 

Uljee, Lavalle, & Ehrlich, 2000). Pourebrahim et al. (2014) describe both the calculations and the method for 

scoring the alternatives. 

In contrast with the previous few sources, many lack indicator calculations. Some do include calculations for 

the general process, such as the MCA, but still lack indicator algorithms (Dur et al., 2014; Schädler et al., 2013; 

Scipioni et al., 2008); and others describe the model structure, but not the calculation (Institute for 



20 Urban planning indicators in SDSSs 2. Literature study 

Environment and Sustainability (IES) & Research Institute for Knowledge Systems (RIKS), 2004). However, a 

majority includes no calculations at all, which makes it harder to reuse the indicators.1 

For specific purposes additional calculation information (and often data) might be necessary. For example, 

explorative models, such as RIKS’ MOLAND and Metronamica, need calculation methods and data to be able to 

forecast indicator outcomes for the future. Such exploration-oriented information has hardly been found in 

other sources than the cited sources about MOLAND. 

INDICATORS ,  EXPERT KNOWLEDGE AND LOCATION-SPECIFIC SITUATIONS  

Many of the current studies rely heavily on expert knowledge. For example Paracchini, Pacini, Jones, & Pérez-

Soba (2011) note this multiple times, Dur et al. (2014) use expert survey-based weighting, so do Akıncı et al. 

(2013). Although combined with public opinion, Pettit and Pullar (1999) use expert weighting as well. In a fairly 

different manner Schetke and Haase (2008) employ interviews with experts to determine qualitative 

underlying principles. 

An intriguing question is whether predefined indicator sets could replace expert knowledge for determining 

best (highest on whatsoever the indicators) solutions, locations, and so on. 

Currently the range from expert-based to model-based solutions is wide. On the one hand, as Sutherland et al. 

described in 2004, in a bioreserve in the United Kingdom over three-fourth of the sources that were reviewed 

for their knowledge to guide management actions, were based upon individual judgement and common sense, 

instead of scientific proof (as cited in, Kampichler et al., 2010). On the other hand, PBL (2014) uses expert 

judgement only when data is unreliable or with low detail. 

Within MCA, for example Schetke et al. (2012) base an aggregated index on expert-based weighting of 

different indicators. Expert forum panels are used to determine weights of indicators in the overall score 

(Scipioni et al., 2009), Pourebrahim et al. (2014) even uses thirty experts to weigh both criteria and alternative, 

and Svoray et al. (2005) use expert knowledge to determine ranking, rating, and weighting of indicators. 

Schetke et al. (2012) utilize what they call a “participatory filter” of planning practitioners to pick the most 

applicable indicators from a big set. 

Some authors, such as Kampichler et al. (2010), see options for more computer-based methods. They test and 

compare machine learning to develop models, instead of creating models by knowledge engineering them 

based on expert knowledge. Still Kampichler et al. conclude “Expert knowledge will still be indispensable for 

the development of generalizable models valid at larger spatial scales.” (p.328). 

In general Kampichler et al. (2010) conclude “Land evaluation and land use decisions on a local scale are 

instead often based on the opinion of local experts, as opposed to the formal application of indicators or 

decision support systems for environmentally sound resource management.” (p. 320). Also Fürst, Volk, 

Pietzsch, & Makeschin (2010) argue regional experts should determine the local set of indicators and the 

weighting of these indicators. Pourebrahim et al. (2014) agree “(…), the set of best criteria should be selected 

from different indicators using expert opinion.” (p. 21). 

Certain authors make even stronger statements. Lavalle et al. (2011) state “As is the case with all modelling 

activities, the simulation of future land use/cover is based on a series of expert-based assumptions (…)” (p. 

                                                            

1 (Ambiente Italia, 2003; Dur et al., 2014; European Commission, 2000; Jeong et al., 2012; Kumari et al., 2010; Re Urban 
Mobil-team, 2003; Rodenburg et al., 2001; Scipioni et al., 2009; TISSUE-team, 2005b, 2005c) 
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119). And the PASTILLE Consortium, in their final report, claim to generally consider indicators in itself a 

specific form of expert knowledge (PASTILLE Consortium, 2002). 

An exception to this can be comparison studies between different areas (regions, towns, neighborhoods). In 

these studies a general set is determined beforehand, for example about what is deemed necessary to be an 

‘European Green Capital’ (EGCA-team, 2015). Other examples of such international sets are the EU’s Urban 

Audit (EC, 2000), European Common Indicators (Ambiente Italia, 2003) and Core Set of Indicators (EEA, 2005). 

Altogether, the definite conclusion is that expert knowledge is currently presumed essential to studies that use 

indicators, at least for selecting and weighting indicators. 

2.3.5. CONTEXT-SPECIFIC RESULTS  
Using the information about the context of the sources, it is possible to distinguish and cluster sources based 

on various context properties, such as scale, theme, and goal. From the grid it is visible that sources differ 

widely considering certain context properties, enabling the clustering of sources on such properties. 

As noted, the differences are significant; however, it is important to identify sources that are similar 

considering a certain context property. That way clusters can be made to distinguish different types of sources 

and to study whether this influences the resulting dimensions, topics, and indicators of these sources. 

Different context properties are covered in the following subsubsections. The clusters are discussed below; the 

sources can be found in the corresponding appendixes (legend in Appendix 7). The findings will be discussed in 

the subsubsections below.1 

THEME  

Themes of sources have been discussed before. Here sources will be clustered based on their overall theme, 

not the dimensions they address. Although the grid contains a column ‘theme’, the sources have been 

categorized more carefully in Appendix 15. As mentioned, many sources in recent urban planning literature 

have a sustainability perspective. Indeed, the most common theme of the sources is sustainability. A second 

cluster of literature is about urban growth, urban renewal, and reurbanisation. The third group focusses on 

green spaces, parks, and ecology. Two sources discuss tourism; however, two sources is rather small for a 

cluster to be able to draw conclusions on. The remaining sources, one-fourth of the total, is placed in ‘other’, 

this way each aforementioned cluster can be compared to the total set of sources. 

The resulting clusters and analysis of its impact on the dimensions, topics, and indicators are visualized in 

Appendix 8. For these sources, the theme has no relation to the scale of the found sources, neither does it 

generally influence the dimensions that are mentioned by the sources. One might expect the overall theme of 

the source to influence its dimensions (which are also thematic aspects), but this cannot be concluded from 

this literature. On the other hand, some themes do have more common research approaches. Both 

sustainability sources and studies on urban growth and renewal often use monitoring or comparison 

approaches. Studies on green (spaces) and parks use spatial MCE more often. 

Also some irregularities are found among the topics and indicators. Social indicators are more often 

mentioned by sustainability and green space sources. Green space sources mention no demographic 

indicators, but note more economic and social indicators of which demographic indicators can sometimes be 

considered part. Striking is that green space sources describe no more environmental or ecological indicators 

                                                            

1 As the findings here are based on a comparison of the sources in the cluster with all the sources in the grid, references 
to specific sources are rare in this section.  
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than other sources; although, one might have expected otherwise. The environmental indicators are 

altogether addressed similar among themes. 

GOAL  

As has been mentioned in the introduction, indicator projects or studies using indicators can have many 

different purposes. From the sources described in the grid the purposed or intended goal of the study has 

been determined, which is summarized in Appendix 15 as it was no part of the large grid. ‘Goal’ in this context 

focusses more on the ‘manner in which’, while the previous ‘theme’ focusses on the thematic direction. 

The following clusters of about equal size have been selected: indicator project; select; assess or analyze; and 

monitor or compare (which is party analysis as well). Two small clusters are ‘assist’ (either in general or 

decision makers) and ‘allocate or plan’. A few other sources remain. The clusters and results are shown in 

Appendix 9. 

The studies that intend to select something, almost entirely use spatial multi-criteria methods; additionally, 

they generally take part on a large, often regional, scale. Monitoring or comparison studies, on the other hand, 

also have monitoring or comparison methods (which is in this case obvious). At the same time these studies 

are almost completely about sustainability themes and most of this research is used at different locations 

across Europe (probably due to the number of studied EU projects). 

The dimensions and most of the topics and indicators are barely influenced by the type of goal the study has. 

This may be considered positive as it could indicate studies are addressing a variety of themes regardless of 

the specific goal. Exceptions to that are the absence of demographic indicators among selection studies and its 

multitude among assessment and monitoring research.  

SCALE  

Of the context scale, two types of clusters have been made. Firstly, sources have been ordered depending on 

their scope, from a small local scope to a regional and even larger scope. Secondly, the research has also been 

split into studies that address areas or alternatives ‘as a whole’ (aggregated) versus studies that address areas 

on a smaller level (pixel, vector or other) than the total area of interest (non-aggregated). 

The clusters of the latter distinction speak for themselves (aggregated and non-aggregated). The clusters for 

scope are in this order: site or neighborhood (small local); district or borough (small local); town or similar 

(large local); region; and ‘larger than region’. These two categorizations can be found in Appendix 11, 

respectively Appendix 10.  

The non-aggregated sources, such as sources with pixel grids or uniform analysis zones (UAZ’s), are very 

frequently found in studies with spatial MCE methods. There is no notable difference between coverage of the 

dimensions by aggregated or non-aggregated sources, but non-aggregated source do lack a considerable 

number of topics or indicators among most dimensions, that aggregated studies do cover. The only exception 

is the physical dimension, where non-aggregated sources are at least on par with the aggregated ones. A 

possible explanation for this differences is the potential difficulty in determining certain topics and indicators 

(such as civic involvement or income) on a small pixel-size level; for physical aspects this might be lesser of a 

problem. Finally, non-aggregated sources do more often focus on land use. 

From these sources it seems the scope of the research has no influence on both the theme, research 

approach, and dimensions used. Also within the legal and economic dimensions no notable differences were 

found for topics and indicators. Some environmental indicators, such as those about air and risk are not found 

on smaller scales. Two related topics ‘natural value’ and ‘greenery or green’ seem to interchange with each 
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other for scale. Small-scale sources describe mainly by ‘greenery or green’ aspects, while large-scale sources 

rely on methods to describe ‘natural value’. 

Some topics within the physical dimension are not covered for larger scales, such as green supply and 

transport networks. The latter, however, might have been replaced by indicators of accessibility, which is a 

reasonable method to indicate transport on large scales. The physical topic of buildings and housing is 

primarily addressed on the smallest local scale and little on larger scales, which might be declared by the 

difficulty or futility of building properties on bigger scales. 

OTHER  

In addition to the primary context properties discussed in the foregoing subsubsections, this subsubsection will 

briefly discuss a number of findings using other methods of categorization. 

L A N D  U S E  P L A N N I N G  

In the subsubsection about scale, it was found non-aggregated sources often focus on land use, as well as that 

non-aggregated sources missed a number of topics and indicators. As land use planning is of special interest 

within this study an additional split has been made between sources that focus on land use planning and other 

sources. 

The categorization and results can be found in Appendix 12. As was expected from the non-aggregated 

analysis, indeed sources with land use planning focus lack a considerable number of topics and indicators. 

These sources also describe a set of dimensions less often than other sources. The lacking topics are 

widespread, yet again excluding the physical dimension, which is properly addressed by most land use 

planning sources. Among the missing elements are the legal dimension and indicators about, among others, 

buildings (only missing indicator in physical dimension), production, tourism, mobility, waste, health, and 

safety. 

I N D I C A T O R  P R O J E C T  

As many of the found literature discusses indicator projects and such projects might be a solution to the lack of 

common indicators described in the initial findings, the indicator projects have been categorized separately as 

well.  

The sources that are concerned with indicator development, indicators collection, or cataloguing are clustered. 

The clusters and results are shown in Appendix 13. 

Indicator projects can be found on most scales and considering many themes, as there seems to be no 

influence from this categorization on both. However, the location is influenced by these categories; indicator 

projects frequently have no location or multiple locations, while this never occurs among non-indicator 

projects. Additionally, the research method or approach might be related to indicator projects as these often 

apply comparative or monitoring methods and hardly any spatial MCE. For non-indicator projects this is 

precisely the opposite. 

These categories also seems to influence the use of complete dimension sets. Indicator projects frequently 

cover a wide range of the dimensions, while this is less common among other sources. Among the topics and 

indicators a number of differences exist; some topics and indicators are hardly addressed by indicator projects 

on the one hand (such as physical environment and tourism), while others are clearly addressed more 

frequently by such projects on the other hand (for example civic society, most legal aspects, health, 

production, and education). Nevertheless, it is hard to determine any trend or reason for which indicators lack 

or flourish among indicator projects. 
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O U T P U T  O R I E N T A T I O N  

Lastly, as this study is oriented toward urban designers and planners, the ‘spatialness’ of the output of the 

different sources is of interest, since urban planners will need spatial information in various situations. 

Therefore, a distinction has been made between sources that are: oriented towards spatial output; oriented 

towards non-spatial output; and not specifically oriented towards a certain location at all. Within this context, 

completely aggregated outputs are considered non-spatial. These clusters are visualized in Appendix 14. 

Based on these sources, there seems to be no correlation to the themes. There is, however, a relation to scale 

and location. Almost all non-spatially oriented sources have an aggregated scale, which is not surprising given 

the selection criteria; however, many sources from the ‘not location specific’ category have an aggregated 

scale as well. 

The spatial output oriented sources mention dimensions considerably less often than the other sources. Also 

these sources discuss far less legal, demographic, economic, and social topics and indicators; while covering a 

considerable amount of the physical and environmental topics. The sources that are not oriented towards 

spatial output lack many physical topics and indicators. Finally, the sources that are not related to a specific 

location, cover much more economic topics than the other clusters. 

These results seem to confirm what was also suggested when zooming in on land use planning and indicator 

projects; that those sources that aim to generate location oriented or spatially explicit findings lack certain 

indicators and topics that other sources do cover. A possible explanation is the difficulty of determining certain 

indicators on a low spatial level or high detail. However, another explanation can from this research not be 

ruled out. 

2.4. CONCLUSION 
To recapitulate the studied current literature on urban planning indicators, the considered studies generally 

have a thematic viewpoint and hardly any general, overviewing, UDP-relevant sources can be found. The 

entire context (theme, scale, research approach, and so on) of the literature is divers. 

Numerous authors thematically categorize the indicators and topics they discuss; these thematic clusters are 

called ‘dimensions’ in this study. Multiple other categorization systems for indicators exist as well, among 

which process-oriented methods and others. Some sources use no categorization at all. 

This study identifies that although the dimensions that sources use differ greatly, a structure of environmental, 

social, and economic dimensions is most common. Also a physical dimension is frequent and legal and 

demographic dimensions are included in this study’s structure. About two-third of the studied source that use 

dimensions, (partly) matches this structure. Nevertheless, a couple of completely different structures occur in 

literature. 

Topics and indicators that are clustered in the dimensions, are most common among the physical and the 

demographic dimension, with topics such as land use and accessibility, respectively population. The 

environmental cluster includes many different, but less-cited, topics such as biodiversity and soil. Legal and 

social dimensions contain less frequent topics; so does the economic dimension. Of all different topics 

addressed in the structure about half can be found among multiple sources with a reoccurring naming. 

The indicators behind all these topics are most similarly found among the topics that are also mentioned 

often. The physical dimension has a considerable number of common indicators for its topics such as land use 

and buildings. The legal and economic dimensions have less common indicators. The demographic dimension 

contains common indicators for most of its topics, while the social dimensions does so for only part of its 
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topics. The environmental aspects are measured using many indicators, on topics such as air quality and 

resource usage. All of these are summarized in Appendix 6. However, by far not all source cover the whole 

range of dimensions, topics, and indicators, as topics are frequently omitted and so are dimensions. This study 

provides a novel UDP-relevant overview of indicators, topics, and dimensions in both depth and width. 

Weighting of indicators often remains undescribed by authors. While multi-criteria analysis (MCA) studies 

consequently mention them, indicator projects regularly lack such weights, which might be related to the lack 

of a specific location. Data models are generally neglected, so are specific details of data sources. Although 

some sources, in particular MCA studies, describe calculation methods, a majority includes no calculations at 

all. All of the previous impedes uncomplicated reuse of found indicators. 

While the range from expert-based studies to model-based solutions is quite broad, it clearly is general 

opinion that expert knowledge is currently indispensable for indicator studies, at least for selecting and 

weighting indicators. 

Considering the context of sources, the most common themes among sources are sustainability, urban growth 

and renewal, and green spaces and parks. The general theme of a source seems to have no influence on the 

used dimensions, nor do green space-related sources mention more environmental or ecological indicators. 

Frequent goals amidst studies are to select, assess or analyze, and monitor or compare. The research approach 

is strongly related to the goal. Selection studies for example almost exclusively use MCA, and similar for other 

goals. Selection research often studies a large scale level; and monitoring studies are strongly related to 

sustainability themes. The dimensions and topics used by the studies are barely influenced by the goal. 

Considering scale, sources that study their subject area at a non-aggregated level are frequently found in 

spatial MCA studies. Such non-aggregated (for example pixel-based) systems show no notable difference in 

coverage of the dimensions; however, such sources lack a vast number of topics and indicators that 

aggregated-scale sources do cover. The only exception to that is the physical dimension, which is properly 

covered by both types. This lack of certain indicators except physical ones, is also common among sources that 

focus on land use planning. The scale seems to have little to no relation with theme and research approach, 

nor influence the covered dimensions. 

Indicator projects can be found considering many themes and most scales; however, only certain research 

methods seem to be commonly combined with indicator projects. Furthermore, the indicator sets from such 

projects frequently cover a wider than average range of dimensions. 

Finally, in this study it is found that sources which output is oriented at spatial aspects, cover many dimensions 

to a lesser degree than other sources, except for the physical dimension. The points in the last three 

paragraphs suggest sources aiming at spatially-explicit results lack certain topics and indicators that other 

sources do mention. 
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3. IMPLEMENTATION 
3.1. INTRODUCTION 
After extensively investigating and discussing the (theoretical) findings from literature, this study is directed at 

the implementation and documentation of certain indicators for use in existing SDSSs. This more practical part, 

as well, contributes to the improvement of the suitability of SDSSs for urban designers and planners. This 

chapter discusses the work conducted in addition to the literature study in order to prepare for that final, 

more practical, part of this research.  

Firstly, the concept of ‘Quality of Life’ (QOL) will be introduced, as it will be the concept the further steps of 

this research will be guided by. In order to frame the further work and because of its importance to (among 

other areas) UDP and policy making, QOL is the central concept for the following SDSS improvement steps. The 

topic and definition of QOL are described in this chapter, so is a structure with selected topics and indicators 

based on it. 

Secondly, a number of interviews will be reported that have been conducted with UDP professionals to discuss 

the findings from literature and the structure based on QOL, as well as the (potential) usage of (S)DSSs or PSSs 

by these professionals. The interview protocol and findings are discussed in that section. 

Lastly, the approach for the further work on the SDSS improvement is described, which details the steps for 

the indicator implementation and documentation process. This includes the framing of the further study and 

includes the method for implementation and documentation. 

3.2. QUALITY OF LIFE 
Quality of Life (QOL) is a generally important concept to (among many others) both urban designers and 

planners and other decision makers in the built environment and spatial planning. Additionally, improving the 

QOL often is a policy and design (and political) goal. Because of its relevance and importance, QOL is the main 

concept used within this research to organize and direct the further work in the implementation and 

documentation step. The goal of the use of this concept is to concentrate and frame the further work from the 

broad literature study into a direction for implementation and documentation that is most certainly relevant 

and useful to urban designers and planners. 

Within this section the concept of QOL will be described and defined, especially considering the spatial 

planning-related orientation of this study. Finally, a QOL-based structure of ‘dimensions’, topics, and indicators 

will be given, around which the further research will be organized. 
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3.2.1. CONCEPT QOL 
‘Quality of life’ is a broad and multidisciplinary concept; it is multidimensional and multiscale. The concept 

spans across multiple (scientific) ‘domains’. Furthermore, a precise and common definition is absent.1 The 

broad definition of QOL by Mulligan et al. (2004) as cited in Marans & Stimson (2011b) can be used within the 

context of this study: 

“[Quality of life can be interpreted as] the satisfaction that a person receives from surrounding human and 

physical conditions, conditions that are scale-dependent and can affect the behavior of individual people, groups 

such as households and economic units such as firms.” 

Most sources agree that both objective (mostly quantitative) and subjective (sometimes qualitative) 

components can or should be used to describe QOL. Objective QOL is often based on (aggregated) secondary 

data, while subjective QOL is focused on primary data of individuals.2 Indicators are frequently mentioned as a 

method to describe the QOL in a given situation. 

3.2.2. QOL  STRUCTURE  
The interpretation of QOL within this study can be described by defining the structure of utilized QOL 

dimensions. This structure both reflects the importance of different ‘dimensions’ to the quality of (urban) life 

and presents topics and indicators commonly found in UDP literature. It is based on both the UDP literature 

(described in chapter 2.), the QOL literature3, and the opinions of the author and the UDP professionals 

interviewed (interviews described in section 3.3.). The structure focusses on the situation in developed 

countries. 

The found dimensions in literature, and often accompanying frameworks, have been listed. A simplified 

overview of the dimensions found in literature is given in Appendix 16. 

Since this research focusses on the application of indicators within SDSSs for urban designers and planners on 

a local scale, spatially explicit QOL indicators will be used. Furthermore, as SDSSs generally advice about 

possible future situations or alternatives, gaining data about subjective QOL is troublesome. Depending on the 

spatial scale these systems even describe reality at an aggregated level by design.4 Therefore, the approach for 

this study is to consider objective QOL. The indicators within the following structure are, thus, generally 

objective as well. 

The areas that are considered of importance to QOL for urban designers and planners within this study, are 

listed in Table 4 below as (‘dimensions’). Selected corresponding general topics are also given. Some topics 

have been grayed out as they are considered important to QOL, but show too little connection to the spatially 

explicit and urban design and planning indicators found in the UDP literature. 

  

                                                            

1 As noted by, among many others, Serag El Din, Shalaby, Farouh, & Elariane (2013), Costanza et al. (2008), and Lange & 
Kahila (2012). 
2 Described by Marans & Stimson (2011b) and others. 
3 (Costanza et al., 2007, 2008; Lange & Kahila, 2012; Magee, Scerri, & James, 2012; Marans & Stimson, 2011b; Massam, 
2002; Redefining Progress, 2016; Santos & Martins, 2007; Schalock, 2004; Serag El Din et al., 2013; Sirgy & Cornwell, 
2002; Talberth et al., 2007; UNDP, 2015; Van Kamp et al., 2003; von Wirth, Grêt-Regamey, & Stauffacher, 2014) 
4 For example RIKS’ Metronamica, and cellular automata models in general, aggregate spatially to a raster cell of given 
size.  



3. Implementation Rob Valk – 2016-06 29 

Table 4: QOL structure 

Dimensions Sub-dimensions Topics 

Environment 
(physical, natural, living) 

 Flora, fauna, biodiversity 
Air, water, soil*, noise 
Natural resources and supply, and natural value 
Waste 
Identity (layered, history, diversity) * 

 Residential / 
Housing 

Building/Housing quality 
Building/Housing prices 

Transportation / 
Mobility 

 Mobility: modes, costs, speed, trips 
Network: capacity, quality (of routes*) 

(Public) Services and 
facilities 

 Accessibility 
Facilities (quantity and quality) 
Service infrastructure* 
Energy (supply)* 
Usage 

Education  Accessibility 
Facilities (quantity and quality) 
Level (of population) 
Amount (of population) 

Health  Accessibility 
Facilities (quantity and quality) 
Illness, dead 
(Nutrition, drinking water*) 

Recreation 
(culture, leisure) 

 Accessibility 
Facilities (quantity and quality) 
 Green spaces* 
Usage 

Economic conditions  (Un)employment 
Income 
Wealth 

Safety / Risk  Crime 
Risk (, hazards) 
(Traffic) safety 

Social conditions / 
Community 

 Belonging, networks 
Participation, involvement 

*) Added based on the interviews (discussed in section 3.3) 

In the above table, education, health, and recreation could also partly be considered part of ‘Services and 

facilities’; however, given their importance to QOL, these are identified as separate dimensions. 

A number of topics are introduced in the above-described QOL structure. Those that are not ‘grayed out’, are 

briefly described here. 

‘Flora, fauna, biodiversity’ is considered with the presence and diversity of the ‘living’ natural aspects in the 

environment. Complementary is ‘air, water, soil’ (and to a lesser degree ‘noise’) which could be indicated as 

the ‘non-living’ natural assets. ‘Natural resources and supply, and natural value’ is concerned with how these 

natural assets are balanced and how they can be of (economic, QOL) value. The following topics in the 

sub-dimension ‘residential/housing’ describe the quality and value of the built assets in the environment. 

In the next dimension the ‘mobility’ topics are those that focus on the mobility of the population (and goods). 

While the ‘network’ topics focus more on the quality of the underlying infrastructure that enables the 

mobility. 
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Within the dimensions ‘services and facilities’, ‘education’, ‘health’, and ‘recreation’ the ‘accessibility’ focusses 

on the (potential) availability of the different specific types of facilities. The topic ‘facilities’ relates to the 

quality and quantity of the services or facilities itself instead of the accessibility to them. In terms of utility to 

users these two topics are strongly related. 

While the ‘(un)employment’ topic mostly speaks for itself; the ‘crime’ and ‘risk’ are two important aspects of 

safety. Crime relates to objective indicators of criminal incidents in the proximity. Risks are, on the one hand, 

for example locations or routes of dangerous substances and other comparable risk factors, and on the other 

hand, natural risks such as the threat of floods, earthquakes, or landslides and their possible impacts. 

INDICATORS  

The topics and (objective) indicators that were commonly found in UDP literature (see chapter 2) have been 

used to describe the topics and dimensions of the created QOL structure. By doing so it is intended to create a 

QOL collection of relevant topics and indicators for UDP professionals. Furthermore, some suggestions from 

the interviews with professionals have been used to extend the list of indicators. 

This structure of selected QOL dimensions and topics and corresponding UDP topics and indicators can be 

found in Table 5 below. In later sections this structure will be used to select the indicators to implement and 

document for use in the SDSSs. 
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Table 5: Urban design and planning literature indicators in QOL dimensions  

QOL Dimensions QOL Topics Topics Indicators found/suggested:
When no indicators found/suggested: 

Subjects found/suggested:
1a Environment

(physical, natural, living)
Flora, fauna, biodiversity Eco / Green Systems

Biotope structure

Greenery / Green - Biodiversity
Flora (plants) Vegetation cover

Species diversity
Protected species *

Fauna (animals) Species diversity
Protected species *

Air, water, soil*, noise (Surface) Water - Water quality
Water management *

Air Population weighted exposure / Days with 
exceeding O3, SO2, NOx

Air quality

Smell/Odor nuisance *
Soil (Degree of) soil sealing Soil contamination *
Noise Traffic noise (e.g. portion population noise above .. 

dB)
Other pollution / 
Disturbances - Protected area use / Urban intrusion

Natural value -
Resource usage (Potable) water consumption (per …)

(Electrical) energy consumption (per …)
Waste (Waste) Amount of solid waste

Ratio waste landfilled/incinerated/recycled
Identity* (City scape / Mental value) -
Other (Protection) Amount of protection (of sensitive/natural areas)

Distance from sensitive/natural 
interest/reserve/ecosystem areas
Maximum NOx depositions caused on sensitive 
areas *

(Land-use) Density of buildings/build land / Floor area ratio
Surrounding/distance to land uses

1b Building(/Housing) quality Building (/Housing) Building age
Building (technical) condition
Building density

Building/Housing prices Housing (quality/price) Housing prices / share of income Housing quality
Other Population / Household Population density

Household size
Household type

2 Transportation / Mobility Mobility Modal split Degree of motorization
Transport demand (freight, passenger)
(Distance to) public transport (PT) Access to PT, pedestrian, bicycle, road

Infrastructure (pedestrian, bicycle, PT, road)
3 Accessibility Accessibility Distance from … (commercial, supermarket, …) Access to PT, open areas, land use types (LUTs), roads

Number of people within range of …

Distance to/from … (other LUTs, supermarket, …) Proximity to (basic) services … (see all before)

Number of service … (basic, green space, 
amenities, …) within walking distance

Service infrastructure Infrastructure etc. Ratio of cover area for service … (water, electricity, 
…)

Energy (supply) (Infrastructure etc.) -
4 Education Accessibility Distance from school, university

Number of people within range of school, university

Facilities (quantity and 
quality)

Education(al) / Research
-

5 Health Accessibility Accessibility Distance from general practitioner (GP), hospital
Number of people within range of GP, hospital

Facilities (quantity and 
quality)

Utilities / Facilities
Number of inhabitants per doctor, hospital worker

Illness, dead (Health and well-being) - Numbers about illness and early dead
(Nutrition, drinking water) (Income / Poverty) -

((Surface) Water) -
Other Other - UHI (urban heat island) *

6 Recreation
(culture, leisure)

Historical & Cultural aspects Distance to / Number of archaeological/historical 
areas/sites

Sport(s)/Play & Recreation Distance to / Number of sport/recreational facilities 
(per resident)

Green supply Green cover ratio
Green space ratio / Share of green
Maximum distance to green space / Part of 
inhabitants within range (time/distance) from green 
space (with certain size)
ha green (absolute) *
ha green per capita *

Other (Cultural/Aesthetic value) -
7 Economic conditions (Un)employment (Un)Employment (Un)employment rates / numbers Housing/People vs. employment ratio

Income (Income / Poverty) -
Wealth (Income / Poverty) -
Other (Production / Products) -

8 Safety / Risk Crime Crime Number of crime incidents per inhabitant (splits in 
types)

Safety - Levels of criminal incidents in area
Risk (hazards) Risk - Flood risk

Seismic risk *
Landslide risk *

(Traffic) safety (Safety) -
Other (Other) Vulnerability *

9 Social conditions / Community Belonging, networks ((Satisfaction with) (local) 
community/environment / 
Civic society)

Citizen satisfaction with … (community, …)

Participation, involvement (Participation / (Civic) 
Involvement / Empowerment) - Citizen/Public involvement/participation in decision 

process

Facilities (quantity and 
quality)

Natural resources and 
supply, and natural value

Utilities / Facilities / (Public 
and commercial) service

Grayed out  topics are considered important to QOL, but show to little connection to spatially explicit and UDP indicators

QOL-focused Literature Urban design and planning-focused Literature & Interviews

*) Added based on interviews and supervisory suggestions.

Access (financially etc., 
accessibility)

Network: capacity, quality 
(of routes), etc.

Mobility: modes, costs, 
speed, trips

Accessibility; 
Facilities (quantity and 
quality)

Transport networks (road, 
public transport)

Environment:
      Residential / Housing

(Public) Services and facilities
(incl. accessibility)
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3.3. INTERVIEWS 
The goal of these interviews was twofold. Firstly, to gain more insight in the (potential) application and usage 

of SDSSs in practice. Secondly, to gather critical opinions from UDP professionals on the created structures of 

topics and indicators. 

The insight in the (potential) application of SDSSs is mainly intended to increase the critical reflection within 

this study on the purposed usage of such systems. As the interviewees are mostly (potential) users of SDSSs or 

PSSs, it is considered an enrichment to investigate their opinions about the proposed function of the systems. 

Furthermore, the professionals are expected to currently use a certain set of topics (and possibly indicators) 

when conducting their projects and tasks. Both their view on how topics within the field of UDP could or 

should be organized, and their opinion about the structures that have been found (literature study) and 

constructed (QOL, partly based on literature) in this research, form a valuable addition to the more theoretical 

approach taken up to this point. 

3.3.1. PROTOCOL  
In order to gain the insight described afore and since the interviews have an explorative intent, a considerable 

level of flexibility within the interview is needed. Therefore, the interviews are organized as semi structured. A 

protocol has been developed for this purpose. It is intended to direct the interview into dealing with both 

described aspects. 

The full protocol is attached in Appendix 17. Since the contacted professionals all speak Dutch, the protocol is 

written in Dutch as well. The main elements of the interview protocol are shown in Table 6. 

Table 6: Main structure of interview protocol  

Introduction of interviewer, subject and research  

Background interviewee  

Demo SDSS and indicators1 

Familiarity with (S)DSS, indicators and QOL of interviewee 
- Familiarity 
- Use (in profession) 

Potential application and intended/wanted use of (S)DSS and indicators for interviewee  

Discussion of structure of topics (and indicators) 
- UDP/QOL structure, topics (and optionally indicators) according to interviewee 
- Optionally: opinion of interviewee about proposed UDP/QOL structure of interviewer 

 

3.3.2. FINDINGS  
The interviews have been documented in interview reports (Dutch), which have been made available to the 

supervisors of this project. Appendix 19 provides a bullet point summary (English) of these reports. A list of the 

conducted interviews is available in Appendix 18. The general findings from the interviews are discussed 

below. 

                                                            

1 The SDSS that is used for the later-discussed implementation and documentation, has been used to demonstrate the 
functioning of such software and indicators to the interviewees. 
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B A C K G R O U N D  I N T E R V I E W E E S  

The five professionals that have been interviewed, are all Dutch professionals working in the field of urban 

design and/or planning. Some of them are Dutch 'stedebouwkundige' (best translated as the profession of 

integral urban designer and urban planning) and a number of them have an academic appointment as well. 

Together the interviewees operate at all scales from the street or block and neighborhood, to the regional 

scale. However, the emphasis is on the somewhat larger scale within this range. 

F A M I L I A R I T Y  W I T H  SDSS S ,  I N D I C A T O R S ,  A N D  QOL 

The interviewees have, generally, had little experience working with Spatial Decision Support Systems or 

Planning Support Systems, which corresponds to the idea from the literature study that such systems are not 

commonly used (yet) among urban planning and particularly design professionals. 

Some of the interviewees have a somewhat more abstract view of an 'indicator' in terms that it relates to an 

factor of influence and less to the (computer) technical definition of a parameter or value. This may be related 

to this other connotation of the Dutch word 'indicator'. 

The concept 'Quality of Life' is indeed - as expected - described as an important concept and also goal by the 

interviewees. 

PO T E N T I A L  A P P L I C A T I O N  A N D  U S E  O F  SDSS/ I N D I C A T O R S  

F O R  I N T E R V I E W E E S  

P R E S U M E D  A P P L I C A T I O N  A N D  U S E  

The interviewed UDP professionals have described many different potential applications of SDSSs or PSSs that 

they consider useful to their practice. Repeatedly mentioned are: support in their own or team's decisions; 

development or comparison of alternatives or scenarios; explaining choices, (stakeholder) communication in 

general and specifically demonstrating the different interests; and 'what if' style analysis. 

Also some professionals have indicated they expect such tools to be most suitable to the larger (city-)region 

scale. That may be biased by the shown application, but may also be explained by the possibly greater 

dependency on qualitative aspects on the smaller scale. 

Additionally, some interviewees described monitoring as another possible application of indicators, besides 

the use in SDSSs. 

F U N C T I O N S  O F  S Y S T E M  

As requested or expected features or requirements of such a system have been mentioned, among others, the 

integration with existing practices (such as indicators, software tools and currently used classifications) and 

integrated investigation of (market) trends and cost-calculating elements. Furthermore, multiple functions 

were suggested, but the interviewees had fairly different suggestions on this part. 

C I R C U M S T A N C E S  F O R  U S I N G  S Y S T E M  &  D I F F I C U L T I E S  

Considering the circumstances under which the interviewees would or would not use such a system, the 

transparency and understandability of the system are frequently noted as a precondition, as well as the 

acceptance of the proposed model or system. 

As obstacles to implementation are mentioned multiple times the costs (monetary and/or time-related) and 

the complexity. 
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D I S C U S S I O N  O F  S T R U C T U R E  O F  T O P I C S  ( A N D  I N D I C A T O R S)  

'D I M E N S I O N S '  R E L E V A N T  T O  UDP 

By themselves most interviewees came up with a variety of possible 'dimensions' or categorizations of their 

topics. These included to different degrees environmental or natural aspects, as well as social and/or 

economic categories. 

When shown the proposed structure of this research, the interviewees generally mentioned that many 

different categorizations are possible. They merely identified the shown structure is one possible way. This is 

neither a rejection nor a distinct appreciation of the found structure from literature. Merely it is a confirmation 

of the finding that many categorizations are present, as is the case in literature as well.  

In addition, some of the interviewees remarked that such categorizations and the selection of topics is also 

very dependent on other factors (such as the scale, stakeholders, location, goals, and process step) - which has 

also been mentioned in the literature study. 

T O P I C S  R E L E V A N T  T O  UDP 

Some of the interviewees have listed a number of different topics they consider, while it has again been 

mentioned that this remains location-specific. Most topics are also found in literature, but some are not or 

have not been given the priority the professionals would. 

In their reactions on the shown list of UDP topics they elaborated on this. Although the suggested list seems to 

be generally considered a useful general overview, for example water management and energy are mentioned 

as missing. Furthermore, a number of rearrangements between topics and categories were suggested. 

Additionally, some interviewees remark that the presence or commonness in literature need not indicate the 

actual importance of the topics. This is where the following QOL structure accounts for, as it is focused on 

importance to QOL rather than the commonness in literature. 

'D I M E N S I O N S '  A N D  T O P I C S  R E L E V A N T  T O  QOL   

( C O M P A R E D  W I T H  UDP) 

The interviewed professionals positively describe the proposed QOL structure of dimensions and topics as 

consisting of relevant aspects to the quality of life. Nevertheless, they have some additions and remarks. A 

number of these have been incorporated in the QOL structure now presented in this report. 

Firstly, it is mentioned the structure gives an overview that mostly applies to the developed or Anglo-Saxon 

world. Secondly, addition of aspects such as energy, soil, and identity are suggested. Thirdly, a number of the 

interviewees stressed the importance of different facilities and services to the QOL. 

Lastly, it is mentioned by some interviewees the QOL is also dependent on the creation of diverse and 

different qualities and opportunities. 

I N D I C A T O R S  R E L E V A N T  T O  QOL/UDP 

Finally, some interviewees have been asked to comment on the listed indicators. Although this is not an 

extensive interview study, some useful additions to the indicators listed under the QOL structure have been 

made. Mentioned a few times are some additions to the population and household indicators, such as 

household size or type. Other suggestions – such as about green areas, protected species, soil contamination, 

and air and water aspects – have been integrated in the QOL indicator structure. 
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To conclude, the interview sessions have given a broader understanding of the expectations, demands, and 

obstacles for urban designers and planners to use SDSSs or PSSs. Although the interviews form no extensive 

interview-based research, some useful suggestions by the interviewees are integrated in the used structure of 

QOL topics and (UDP) indicators as shown in this report. 

3.4. APPROACH:  DOCUMENTING AND IMPLEMENTING INDICATORS  

3.4.1. INTRODUCTION  
After the findings from the literature study, the prioritization by the important QOL concept, and the additions 

from the interviews, a comprehensive list of dimensions, topics, and indicators is now present (Table 5 in 

section 3.2). Using this set, and in particular the indicators within it, suggestions will be made to improve the 

suitability of existing SDSSs for urban designers and planners. That will include the documentation and 

discussion of indicator implementation possibilities, and where possible the implementation of indicators in an 

existing SDSS. The goal of that final phase is to answer the second main research question, and its sub 

questions.1 

In this section the methods for the final phase (improvement of existing SDSSs) will be detailed. This includes 

framing the further work and detailing the improvement process in steps. 

3.4.2. FRAMING  
The improvement of existing SDSSs will focus on the implementation within the software platform 

Metronamica/Geonamica® designed by Research Institute for Knowledge Systems (RIKS), but can also 

contribute to the implementation in other similar SDSSs. RIKS’ Metronamica/Geonamica®, and thus details 

about similar SDSSs, will be described below. Well-known similar software packages are SLEUTH and UrbanSim 

(Chalkidou & Arvanitis, 2015). 

RIKS has made available a number of working and calibrated applications of their software for use within this 

research project. In order to test and showcase the functions of implemented indicators, indicators need to be 

identified that can be calculated using the available data. Certainly, these indicators should also be considered 

relevant according to the structure created during this research (described in section 3.2). 

To prevent conducting irrelevant work, generally speaking, the indicators should not yet be available in the 

SDSSs of RIKS. Indicators that are already available within the SDSS and are relevant to the QOL structure, can 

be showcased nevertheless. Also advantages and disadvantages and possible improvements of the indicator 

can be discussed. 

Where possible, the implementation is showcased in an application of Metronamica/Geonamica® (called 

Metronamica from here on) or may otherwise be demonstrated using another option (such as a regular GIS 

package). The documentation is oriented towards the (future) implementation of described indicators in 

Metronamica specifically or land use change models and/or land use oriented SDSSs in general. Herein, the 

assumptions made about restrictions in data and algorithms are based both on RIKS’ Metronamica software 

and generic assumptions about similar land use models or SDSSs. 

RIKS’  METRONAMICA/GEONAMICA ®  

Metronamica is an integrated SDSS developed by RIKS and based on its own Geonamica® framework. It mainly 

enables planners to explorer future development of land use and impacts (of plans), in different scenarios. The 

                                                            

1 Summarized (sub) questions: How can SDSSs be improved by using indicators? Which indicators are feasible in the 
concerned SDSS? Which data and algorithms can be used and which results expected when implementing selected 
indicators? What are prominent properties of these indicators, such as possibilities, limitations, and meanings? 
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applications developed in Metronamica or Geonamica® utilize a cellular automata (CA) powered land use 

change (LUC) model1 which can be fed by multiple higher-level models, such as a regional/spatial interaction 

model and other economic and demographic models. A transport model can be added as well.2 The model is 

typically used with raster cells in the range of 50x50 to 1000x1000 meters (RIKS, 2012, p. 254). 

For this research RIKS has made available three complete and calibrated3 applications with the necessary data. 

Since the data collection and calibration of such models is very time-consuming, further steps in this research 

use (one of) these applications. 

3.4.3. APPROACH  
The approach for the indicator documentation, discussion, and implementation can be detailed as follows (and 

summarized as in Figure 7). 

Firstly (1), indicators are identified that conform to aforementioned requirements in the ‘framing’. In brief, 

they need to be both calculable using available data about the subject area and considered relevant from the 

UDP and QOL perspective. Secondly (2), identified indicators are investigated more thoroughly. Thirdly (3), 

with enough information available about an indicator, it is documented by describing the basic steps (detailed 

below) and discussing relevant implementations. Fourthly (4) – partly parallel to step 3 – the indicator is, when 

possible, implemented in the SDSS. When the third and fourth step for a certain indicator are (almost) 

finished, fifthly (5), the final results are described. These include the answers to the research (sub) questions 

that are not yet answered during the previous steps. 

 
Figure 7: Scheme of approach 

STEPS IN DETA IL  

(1) The first step involves comparing the common indicators from literature presented in the QOL structure, 

and the indicators already present in the SDSSs from RIKS. Additionally, the data already in the application and 

other easily accessible data will be investigated and compared to the basic requirements of the indicators. This 

is partly done in cooperation with RIKS. The goal is to determine the feasibility of the indicator implementation 

considering data availability and algorithmic possibilities. This should generally answer the first research sub 

question about implementation. 

(2) Although information on indicator calculation seems scarce in the literature considered in the literature 

study, academic literature and potentially software documentation do contain additional details about 

indicator calculation processes and algorithms. Such and other knowledge concerning indicator 

implementation is gathered in this step in order to properly document and implement the selected indicators. 

                                                            

1 LUC models come in many forms, for many purposes, and in many fields of study (Brown, Walker, Manson, & Seto, 
2004), among which planning (Koomen & Borsboom-van Beurden, 2011). Part of these models is based on a CA. 
According to Verburg et al. (2002) spatially explicit methods for LUC modelling frequently use CA to simulate the LUC. 
2 From RIKS (2012, 2016a, 2016b). 
3 Calibrating such models can be a complex and time-consuming task, as for example van Vliet et al. (2013) demonstrate. 
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(3) The relevant information about the indicator is documented in this step. As relevant information is 

considered that information that describes important properties of the elements in the indicator calculation 

process described in Figure 8 below. This step answers research sub questions b, c, and d from a theoretical 

point of view. 

 
Figure 8: Basic process of calculating an indicator  

(4) When sufficient information about the data requirements and the algorithm of an indicator has been 

gathered, this step is performed in parallel with step 3. It involves actually adding the considered indicator to 

the SDSS by using (already available or easily acquired) data and enabling or constructing an algorithm within 

the SDSS (and if necessary with the aid of other software or within other software). In this step the sub 

questions b, c, and d are answered from a practical point of view. 

(5) Lastly, when most of the implementation has been done, the remaining results are described based on 

both the considered theory and the practical implementation of the indicator in the system. 

This whole process is applied to a limited number of indicators, as the first step reveals that only a number of 

indicators are both feasible with data, algorithm, and time constraints and are not yet implemented by RIKS in 

one of its SDSSs. 

3.5. CONCLUSION 
In this chapter it has become clear how the further work has been framed by the concept of QOL. 

Furthermore, the discussion with professionals using interviews and the used approach for the further work 

were described. 

Since QOL is an important planning and policy goal and in order to guide and frame the subsequent work on 

indicator implementation and documentation, a structure of QOL dimensions has been proposed. Nine 

important QOL dimensions – selected from a literature search on QOL – and accompanying topics have been 

selected to organize the further work in an ‘objective QOL’, spatially-explicit, and UDP-relevant manner. These 

dimensions are environment, transportation/mobility, services and facilities, education, health, recreation, 

economic conditions, safety/risk, and social conditions/community; however, not all of them can be expressed 

with the found UDP indicators. The full proposed structure of dimensions, topics, and indicators is described in 

Table 5. The selection of a subset of UDP- and QOL-relevant indicators can be depicted as in Figure 9 below. 

Following, the five conducted interviews have increased background insight in the demands for SDSSs of 

professionals in the field. Important expected applications of SDSSs for the professionals are in the 

development or comparison/evaluation of alternatives/scenarios and in supporting and explaining their 

choices. Additionally, the professionals have responded and contributed to the UDP and QOL topics and 

structures. These responses were generally in line with the conclusion from literature that many ways of 

categorization are possible and a broad spectrum of topics is relevant. Additionally, they generally described 

the proposed QOL structure as a proper possible categorization. 

Lastly, the approach for the final stage of this research has been detailed, of which the results will be described 

in chapter 4. The first step is to select indicators that are feasible to implement in the utilized CA LUC SDSS 

Metronamica from the company RIKS. The resulting subset of indicators is depicted in Figure 9 below as well. 
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The following steps of this approach are to document the details of this subset of indicators from required 

data via used/proposed algorithm to resulting outcome, and finally to implement and showcase these 

indicators. 

 
Figure 9: (Sub)sets of indicators within different steps  of this study and chapters of this report 
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4. RESULTS 
4.1. INTRODUCTION 
This chapter describes the results of the indicator selection, documentation, and implementation process. In 

addition to the theoretical findings from the literature study, the goal of this chapter is to contribute in a more 

‘practical’ manner to the suitability of SDSSs for urban designers and planners. This is done by delving into 

possible answers to the second main research question (“How can (S)DSSs be made more suitable to urban 

designers and planners, by leveraging indicators?”) and its sub questions. 

Firstly, some of the terminology and the extend of this research will be described. Secondly, the final selection 

of spatially-explicit indicators is made that will be addressed in this study. Then thirdly, the SDSS Metronamica 

that will be used during the implementation is briefly introduced. Fourthly, the selected indicators will be 

discussed. These are organized into four sections, following the structure as introduced in the selection step. 

Fifthly and lastly – after all indicator implementations have been documented – a showcase is presented to 

demonstrate the value of the discussed indicators in an example using the simulation of the Metronamica 

model. 

FRAMING  

As has been described in the approach (detailed in section 3.4) the implementation, documentation, and 

discussion in this chapter mainly focus on the implementation in RIKS’ Metronamica package or in similar 

(cellular automata) land use change models and/or SDSSs. Similar models that are well-known are SLEUTH, 

UrbanSim, and CLUE-S.1 

Other types of models have different possibilities and restrictions and are, therefore, sometimes 

incomparable. Hence, the described implementations and the suggestions made in this report are most 

applicable to (cellular automata) land use change models and SDSSs. However, on a higher level of abstraction, 

multiple indicators may be implemented in a similar fashion in other packages. Thus, given data and algorithm 

availability, similar implementations in other SDSSs (and GISs) should be possible. 

Of major influence on the considered implementation possibilities is the fact that indicators in this type of 

explorative (cellular automata) land use change models are preferably based on data that is dynamically 

calculated within the model. However, this can severely reduce the amount of available data to base the 

indicator on. It is attempted to take this aspect into account as fully as possible within the developed 

indicators. 

TERMINOLOGY  

In the different sections that describe the indicators (4.4 - 4.7), multiple methods will be used to detail the 

algorithms used for computing the indicators. Two methods that will be frequently used are pseudocode and 

ArcGIS’ ModelBuilder; therefore, these are briefly introduced here. 

  

                                                            

1 Details on SLEUTH in Chaudhuri & Clarke (2013) and Linke (2008, p. 24), on UrbanSim in Waddell (2002), and on CLUE-S 
in Verburg et al. (2002). 
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PS E U D O C O D E  

Pseudocode is generally considered a type of writing that can transfer the meaning of programming code, but 

is more readable to humans and does not require the formal syntax of a true programming language. The style 

of pseudocode used in the following sections is inspired by the pseudocode in the Metronamica 

documentation (RIKS, 2012). 

A R C GIS  M O D E L BU I L D E R  

To build certain indicators that were not yet implemented within the applications of RIKS, the ArcGIS 

ModelBuilder of Environmental Systems Research Institute (Esri) has been used. In this piece of software 

within ArcGIS, models can be build that are composed of multiple inputs, outputs, and predefined tools. This 

results in a process, displayed as a scheme that can be executed as a new algorithm to complete a task within 

ArcGIS. For some of the indicators detailed below, such models have been built and their process schemes are 

shown in this chapter. The basic syntax of these ModelBuilder schemes is depicted in Figure 10. The function 

of each tool will be described either (briefly) in the scheme, or in the accompanying text. When a piece of data 

or a value is accompanied by a “P” it is an input or output parameter of the process. An “Iterator” can be 

considered as a ‘(for) loop’ in programming. 

 
Figure 10: ModelBuilder process scheme basic syntax (based on: Esri ArcGIS) 

4.2. SELECTION OF INDICATORS 
Before coming to the indicator descriptions, this first step in the implementation and documentation process 

investigates the possibilities and impossibilities considering the available Metronamica applications of RIKS. 

These findings are then compared with the expected requirements of the different relevant spatially-explicit 

QOL and UDP indicators. In this section these steps will be discussed and based on them, a selection of 

indicators is made. 

SELECTION METHOD  

In order to completely discuss different dimensions and indicators of QOL and UDP-indicators, much input 

data is required.1 (CA) LUC models are unable to generate all of this data, especially given their explorative 

character. Therefore, a selection of indicators must be made. To do so, the different applications of RIKS’ 

Metronamica framework that were made available have been investigated in order to find the available data. 

Additionally, the already available indicators within the applications have been studied. 

Appendix 20 lists the data found in the applications and accompanying data files, as well as the indicators that 

are already built into the applications. This information has been combined with the indicator list that is 

suggested from a QOL and UDP point of view (described in section 3.2 in Table 5). In cooperation with RIKS this 

combination has been evaluated. The goal of this process is to identify and select those indicators that are 

                                                            

1 Marans & Kweon (2011, p. 170) give a broad overview of the different types of data that have to be merged to form a 
holistic set of data about QOL.  

P 
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both relevant to QOL and to UDP, and are probably implementable in Metronamica (and similar CA LUC 

models), as is also depicted in Figure 9 in section 3.5. 

Therefore, the expected data and algorithm requirements of each indicator have been evaluated, within the 

context of Metronamica specifically and CA LUC models in general. Additionally, it has been discussed whether 

these indicators (or very similar ones) had been built by RIKS in other applications before, as that would make 

adding them less relevant. 

This process, in collaboration with RIKS, has resulted in an adapted overview of the spatially-explicit QOL- and 

UDP-relevant indicators that also displays the feasibility of implementing each indicator. Furthermore, 

suggestions for the practical implementation method within Metronamica are described. The overview with all 

these aspects can be found in Appendix 21. 

RESULTS :  INDICATOR SHORTLIST  AND ‘TECHNICAL ’  CATEGORIZATION  

From the overview given in Appendix 21, a number of indicators (and some topics) have been selected. These 

are indicators that are supposed to be feasible considering the available data and have an acceptable practical 

implementation. Additionally, they are relevant to QOL and UDP. Lastly, together these indicators can cover a 

relatively broad spectrum of different QOL dimensions and topics. The selected indicators (also highlighted in 

Appendix 21) are shown in Table 7. 

Table 7: Shortlist of selected indicators 

QOL/UDP  
indicator/topic description 

 
Suggested practical implementation (Metronamica) 

Traffic noise (Summed) distance-function from roads/infrastructure 

Air quality (Summed) distance-function from roads/infrastructure and industries 

Urban intrusion Land use change (LUC) indicator 

Protected area use -  Protection map(s), overlaid with LUC indicator 
-  Numerical zoning map(s), overlaid with LUC indicator 

Distance to (public) 
services/facilities 

Shortest distance indicator from ‘residential’ to commercial land use 
types (LUTs) 

Population within certain distance 
of (public) services/facilities 

(Estimated) population map, overlaid with shortest distance indicator 
from ‘residential’ to commercial LUTs 

Distance to education Shortest distance indicator from ‘residential’ to educational LUTs 

Population within certain distance 
of education 

(Estimated) population map, overlaid with shortest distance indicator 
from ‘residential’ to educational LUTs 

Distance to (urban) green spaces Shortest distance indicator from ‘urban residential’ to ‘green’ LUTs 

Amount of green per capita -  Zonal map with area of ‘green’ LUTs divided by population 
-  ‘Neighborhood indicator’1 with area of ‘green’ LUTs within range 

divided by population within range 

 

These selected indicators – which will mostly be showcased in section 4.8 – can be categorized based on their 

‘technical’ implementation method. Before the showcase will display their practical function, the different 

categories of indicators will be ‘technically’ discussed. The categorization listed below is used, and this 

categorization also forms the outline of the following sections (4.4 - 4.7). Each of these sections addresses the 

context and introduction of the indicator category, required data and parameters, used algorithms, outputted 

results, and a discussion. Herein, the discussion can detail (dis)advantages, limitations and possible 

alternatives.  

                                                            

1 What the ‘neighborhood indicator’ is, will be discussed in subsection 4.7.2. 
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- Distance and other accessibility measures 

o Shortest distance 

o Population within range 

- Land use change and protected area use 

o Land use change 

o Protected area use 

- Traffic noise disturbance and air pollution 

o Traffic noise disturbance 

o Air pollution (suggestions) 

- (‘Green’) land use per capita 

o Zonal/regional land use per capita 

o Neighboring land use per capita 

4.3. INTRODUCTION TO THE APPLICATION 
For this study the application of RIKS’ Metronamica for the Auckland region and its accompanying data has 

been used. The application covers the larger Auckland region in New Zealand and has been developed within 

the ‘Sustainable Pathways 2’ project in which RIKS participates. It is an ‘integrated SDSS’ that uses a cellular 

automaton to compute land use change (LUC). This application has been chosen from the applications made 

available by RIKS, because it has the finest resolution; therefore, it is hoped that this application is the most 

adequate for smaller scales as well. 

This application contains, in addition to the LUC model, a demographic and an economic model. These two 

‘regional’ models determine the demand for the ‘local level’ land uses. 

Part of the application interface is shown in Figure 11. On the left side it shows the ‘Main window’ from which 

inputs (‘Drivers’) can be set for ‘Scenarios’ and outputs can be derived and examined (among other options, 

from ‘Indicators’ and ‘Analysis’). Furthermore, on the right side the land use map is placed that displays the 

land use of the current (modelling) year. From the menus and these windows the other options can be 

accessed. 

 
Figure 11: Preview of used RIKS’ Geonamica/Metronamica application 
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The used LUC model has a 50 x 50 meter raster cell resolution for describing the land use types (LUTs). The 

different LUTs in the application are listed in the legend accompanying the example of the data in Figure 12. 

Additionally, Appendix 22 lists the model categories the LUTs belong to,1 as well as overviews of the LUTs that 

are assumed ‘green’, ‘natural’, ‘residential’, ‘urban’, and ‘built’ during this research. 

 
Figure 12: Example of the used LU data 

The LUC model uses the so-called ‘transition potential’ (TP) to allocate the demand for different LUTs. This TP 

is based on neighboring land uses, accessibility, suitability, and zoning for each dynamically calculated 

(‘function’) LUT. Using the described model components, the application can be run from 2007 and 2013 up to 

respectively 2041 and 2051 to explorer possible future land use and connected effects for different scenarios. 

The supplied application contained two scenarios already. One with and one without the current zoning plans 

of the region. Small changes have been made to the scenario with zoning plans as these rendered some 

peculiar results.2 

4.4. DISTANCE AND ACCESSIBILITY INDICATORS 
This first section to describe a set of indicators, will describe the distance and accessibility indicators used in 

the implementation as well as discuss these indicators more generally. Distance indicators are a widely-used 

type of indicator that can be used as a type of accessibility indicator. There is a large variety of both 

accessibility and distance indicators. 

4.4.1. DIFFERENT DISTANCE AND ACCESSIBILITY INDICATORS  
Both technically and conceptually many variations of this type of indicator are used and described in urban 

(land use) and transportation planning. Makri & Folkesson (1999) detail different types of accessibility and 

distance indicators by making a main division between ’place accessibility’ (aggregated) and ‘individual 

accessibility’. Talen (as cited in Lofti & Koohsari, 2009a) describes various factors distinguishing accessibility 

measurements: origins, destinations, travel modes, route properties, and distance calculations. For 

non-individual accessibility, alternatives such as shortest distance, gravity-based, and utility-based methods 

                                                            

1 Metronamica distinguishes vacant, function, and feature LUTs in its model (RIKS, 2012, p.11). 
2 Some areas that were indicated as roads in the zoning map occupied raster cells much larger than the actual roads. 
Since these areas were set as prohibited to certain LUTs this caused unwanted changes of the LUTs over time. These 
settings have been merely removed from the zoning settings. 
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are generally speaking available. Additionally, Lofti & Koohsari (2009b) mention container (larger aggregated 

container area), coverage, and travel cost alternatives. 

Important to the computation process in particular is the type of distance calculation. The most common 

methods are the so-called Euclidean or straight line distance, the street block or Manhattan block distance, 

and the network distance, also listed by Talen (as cited in Lofti & Koohsari, 2009a). 

4.4.2. METRONAMICA AND LITERATURE  
Currently the Metronamica application contains a distance indicator that can calculate the (almost1) shortest 

straight line distance from certain land use types to other types. Thus, this is a place-aggregated (per raster 

cell) shortest distance indicator calculated with (an estimate of) the Euclidean distance. Given the aggregated 

raster cells of Metronamica and similar packages, it seems inherent to CA LUC models that these will use ‘place 

accessibility’ indicators instead of individual accessibility indicators. Furthermore, the indicator 

implementation in Metronamica already contains some options, to assign certain infrastructure elements as 

obstacle and to require a certain cluster size for the destination LUT(s). 

In the UDP literature2 the distance or accessibility indicator was mostly found in two forms. Firstly, the 

distance to or from a certain type of facility, service, or amenity. Secondly, the number or portion of people 

within a given range (most commonly given by travel distance) from a certain type of service, facility, or 

amenity. In both forms it can be applied in many QOL dimensions, as is clear from the indicator list in Table 5 

(p. 31). 

These two indicators will be described below, detailing their requirements, methods, and applications (data, 

algorithm, results). Furthermore, their benefits, difficulties, and possible improvements and alternatives will 

be discussed. 

4.4.3. SHORTEST DISTANCE (TO FACILITY ,  SERVICE ,  AMENITY)  INDICATOR  
As has been mentioned, a shortest distance indicator is already present in Metronamica for calculating 

minimum distances between specified LUTs. Also in other models and GISs this is a rather common option. 

Therefore, this indicator will be used for the QOL indicator applications and this section will considerably 

address the discussion of the current indicator. The Metronamica documentation (RIKS, 2012, p. 196) lists the 

main properties and assumptions of the implementation in the software.  

DATA  

Given the method available in Metronamica, the main (and only necessary) data requirement is a land use 

map. The major advantage of this approach in connection to LUC models is that the land use map is 

dynamically calculated by such models. Therefore, the indicator can be dynamically calculated with the model 

as well. 

As input parameters, at least the source (origin) and target (destination) LUT(s) need to be given. For the 

Metronamica implementation, additionally, certain infrastructure types can be set as obstacle using the 

corresponding parameters and a minimum cluster size for the target may be set. Some other models may have 

the option to set certain LUTs as obstacle. 

                                                            

1 Due to the makeup of the algorithm it can slightly overestimate the distance, this is detailed by RIKS (2012, p. 196). 
2 For example Dur et al. (2014), Regions for Sustainable Change (n.d.), Rodenburg et al. (2001), and Tudes & Yigiter (2010). 
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ALGORITHM  

Since the indicator is present in Metronamica, that algorithm is used. The functioning of the algorithm is 

described in detail in the Metronamica documentation (RIKS, 2012, p. 197). Very basically, it functions as 

follows: the target cells are selected and their value set to 0; then the values of neighboring cells are calculated 

using the cell size and a list of already calculated cells, until all cells are calculated; finally, only the sources cells 

keep their value. The advantage of this algorithm is that it can easily be calculated within a (CA) raster (LUC 

model). 

RESULT S  

This calculation results in a map in which the values of the source cells – with ratio level of measurement and 

real datatype – represent the distance to the nearest target LU of the given cluster size. This could be 

measured in any deserved distance unit. When certain infrastructure types have been given as obstacle this is 

adhered in determining the distance. Figure 13 shows an example of this indicator when used for the distance 

from ‘residential’ LUTs to commercial LU. It has been generated using Metronamica and is displayed using a 

general-purpose GIS. 

Additionally it is possible to calculate, for example, averages for certain areas such as regions. Although not 

detailed in the documentation, this option is available in Metronamica. 

 
Figure 13: Example of shortest distance indicator  

RE L E V A N T  QOL  A P P L I C A T I O N S  

The used type of shortest distance indicator can be used for the distance to a number of facilities or amenities 

that are relevant to urban designers and planners (in a QOL context) and that are also calculable with available 

data. Within this study, the following applications of this indicator have been calculated. 

- Shortest distance from (urban/rural) residential land uses to educational land use 

- Shortest distance from (urban/rural) residential land uses to commercial land use 

- Shortest distance from urban residential land uses to ‘green’ land uses 1 

If the required data would be easily available it certainly had also been of interest for the QOL to determine 

the shortest distance to recreational land use. The indicators listed above are showcased in section 4.8 in a 

possible application for urban designers and planners. 

  

                                                            

1 As mentioned earlier, the LUTs that are considered ‘residential’, ‘green’, etcetera are listed in Appendix 22. 
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D ISCUSSION  

Generally speaking this implementation of the shortest distance indicator has certain limitations, a number of 

strengths and weaknesses, and possible improvements. These will be discussed in this subsubsection. 

In a similar fashion as with the algorithm used for this implementation, it is also perfectly possible to calculate 

the distance from certain LUTs to more specifically defined destinations (for example supermarkets or 

shopping malls instead of commercial LU). However, the main limitation within these models is that such more 

detailed calculations (and corresponding indicators) cannot be dynamically calculated with the rest of the LUC 

model, since the model only dynamically produces the LU map with the defined LUTs. Such detailed types are 

generally merged to one more generic LUT when the LU map is created. 

Additionally, for LUC models it may be considered a limitation that it remains unfeasible to upgrade the 

distance calculation algorithm to an over-the-network method – which is normally more accurate – as long as 

the network does not update automatically. LUC models are designed to update the LU map and generally not 

the network map; therefore, over-the-network calculations would probably be inaccurate. 

A strength of this implementation is its quick calculation within a CA system, which is particularly relevant with 

both long simulations and detailed (fine) rasters. As has been mentioned, the method may overestimate 

certain distances; however, this error is limited and the method will be reasonably accurate for most 

applications. A downside of the current method is its lack of an option to avoid certain LUTs. 

From the aforementioned disadvantage follows the recommendation to add an option to assign certain LUTs 

as ‘impassible’, such that the distance algorithm avoids them for calculating the shortest distance. This can be 

an especially relevant addition in areas where clear natural features (such as water bodies) cause longer actual 

distances than the current algorithm calculates. However, an immediate remark is necessary. This addition 

would ignore the ability of infrastructure to, literally or figuratively, bridge the obstructions caused by certain 

LUTs. As a possible measure to tackle this, an additional parameter could indicate the land underneath (certain 

types of) infrastructure has to be set as ‘passible’ despite the fact that their LUT is marked as ‘impassible’. This 

requires an infrastructure map/network as additional input. This addition can increase the accuracy of the 

shortest distance indicator’s implementation, though also raise its complexity. 

A difficulty with both assigning certain ‘impassable’ LUTs and marking land with infrastructure ‘(im)passible’ is 

the transformation from relatively small or thin (linear) elements (such as roads and rivers) to the model’s 

raster cells. In the method for determining impassible and passible land as well as the distance calculation 

across or along the impassible LUTs this needs to be considered. No suggestions will be made in this report 

considering this issue, but it needs consideration or investigation when such methods would be implemented. 

A last suggestion for improvement may be the use of travel time instead of travel distance. This suggestion is 

derived from the interview sessions in which professionals have mentioned it as a (possibly improved) 

alternative to the travel distance. Nevertheless, this can be very hard in practice as it might need an over-the-

network calculation (difficulties discussed before) or another method to circumvent that need. 

4.4.4. POPULATION WITHIN RANGE (OF FACILITY ,  SERVICE ,  AMENITY)  

INDICATOR  
The second distance or accessibility indicator frequently listed in UDP literature and relevant to QOL as well, 

can be briefly described as the amount of people or portion of the population living within a certain range of a 

type of facility, service, or amenity. This type of indicator relates to a type of indicator referred to as ‘cover’ or 

‘coverage’ indicator, which will be briefly described before detailing the implemented indicator. 
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A basic method to describe the availability of a service is to describe the area supplied by the service; this can 

be denominated as the ‘cover area’ or ‘coverage area’1. To calculate a portion or to aggregate this information 

for certain zones (such as regions or neighborhoods) a ‘cover ratio’ or ‘coverage ratio’ can be used. 

Examples of typical services, relevant to both UDP and QOL, are water and electricity supply, sewage 

connection, ambulance services, etcetera. However, in the context of (cellular automata) land use change 

models such data may hardly be available, especially when exploring future land use. Nevertheless, the 

availability of certain facilities (such as commercial land uses) and other amenities (for example green spaces) 

can be determined to a certain degree from many land use (change) models, such as RIKS’ Metronamica. 

For facilities or amenities (or services) that are located at specific locations, a distance indicator and maximum 

allowed distance to the facility can be combined to create an indicator about the portion of the population 

covered residing within acceptable distance of the facility or amenity. Such an indicator is calculated for 

certain selected zones (choropleth map). This implementation will be described in this subsection, for facilities 

or amenities that can be described by available LUTs on the LU map. 

Of course, it is also possible to indicate which exact areas are inside or outside the maximum distance to the 

‘facility’ (LUT). This, however, merely is a distance indicator with an adapted legend. The legend can be set to 

display only two categories, one for distances up to the maximum distance and one for distances exceeding 

the maximum distance. However, this does not indicate which portion of the population lives within the set 

range. 

DATA  

In addition to the necessary data needed for the distance indicator (in Metronamica only the land use map), 

this indicator needs information about the (residential) population density in all areas or for each land use 

type. Since LUC models can incorporate higher-level demographic models, these sometimes supply numbers 

for estimating the population density in certain areas or for LUTs. This can, among other options, be the 

population allocated to each zone/region or the population allocated to each cell with a certain LUT. 

Alternatively, the population density may be given in a separate map or can be estimated by filling estimations 

as parameters of the indicator. 

This implementation focusses on the use of the LUT of cells to determine the cells’ population. This method is 

chosen because it is more spatially-explicit than the alternative using the population per region, and because it 

can be calculated in the selected application of Auckland and similar models. 

In addition to the data, a number of input parameters have to be set: 

- Same as distance indicator: at least ‘source’ and ‘target’ LUTs and minimum cluster size 

- Maximum allowed distance from ‘target’ LU 

- Population density model parameters, manual estimation, or map 

o Model parameters with population density per LUT 

o Optionally: manually estimated population density per LUT (incl. checkmark to override model 

parameters) 

o Or for alternative implementation: a complete population density map 

- Map of zones/regions 

  

                                                            

1 For example described by Lee (2014). 
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ALGORITHM  

Using aforementioned inputs the following algorithm can calculate the indicator. 

The blocks of pseudocode that create the temporary population density map have been indicated, as these 

could be replaced with an alternative implementation if a population density map is already available. 

PS E U D O C O D E  

//prepare population density map 

if specific population density data is available per land use type and not overridden (suggestions below) 

 use model population density data per land use type 

else 

 use input parameters to estimate population density data per land use type  

end if 

assign population density to all land use types 

//end prepare population density map 

run distance indicator algorithm, herein v(c) denotes the distance value of cell c 

(parameters: ‘source’ and ‘target’ land use types, and minimum ‘target’ cluster size must be set; 

infrastructure obstacles can be set) 

//create population density map 

let p(c) denote the population in cell c 

for each cell c that has v(c) ≠ ‘no data’ 1 

 assign p(c) based on population density of the land use type of cell c 

end for 

//end create population density map 

let vmax denote the maximum allowed distance from the ‘target’ 

for each region 

 assign to pregion,sum,max the sum of p(c) of all cells c in region that have v(c) ≤ vmax 

 assign to pregion,sum the sum of p(c) of all cells c in region 

 calculate result: pregion,sum,max / pregion,sum * 100 

end for 

Suggestions population density data: For example the regional (spatial) interaction model may output the 

density in people per cell for each land use type.2 Or the demographic model contains parameters that define 

the population density for certain land use types.3 These outputs or parameters from other model components 

can be used as input for this indicators population density estimation. 

PR O C E S S  S C H E M E  

The algorithm described in the pseudocode above has been transformed into an ArcGIS ModelBuilder process 

scheme (Figure 14) as well, to actually execute the calculation with ArcGIS. This reflects the actual practical 

implementation used for this report. In this scheme the ovals represent data (either maps or values) that are 

used as input and/or generated as output by the tools represented as rectangles. Those ovals with an 

accompanying “P”, are input or output parameters of the built model. 

Herein, the existing Metronamica distance indicator is used to calculate the ‘Input Distance map’ – which is 

used with the ‘Expression’ that contains the maximum allowed distance from the target LU – to calculate the 

‘Conditional’ population within the maximum distance. This population as well as the total ‘source’ population 

                                                            

1 ‘no data’ is the value a raster cell is assigned to indicate the absence of data for the given cell. 
2 For example RIKS’ Xplorah application. 
3 For example RIKS’ Auckland application. 
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is derived by using the ‘population density parameters’ to reclassify the LU map to a population map. For each 

zone/region these two population numbers are summed and then divided (and transformed to a percentage). 

 
Figure 14: Process scheme Population within range indicator  

RESULT S  

The described process results in a choropleth map (example in Figure 15) that displays the portion or 

percentage (real datatype) of people within each ‘region’ that resides within the defined maximum distance 

from the LUT that the facility or amenity (or service) is associated with. 

Some regions remain blank (‘no data’) in the resulting map. This is the result if no ‘source’ LUT with assigned 

population is present in the zone/region, which means no people that are considered for the indicator reside 

in the area. 

 
Figure 15: Example of population within range indicator  

RE L E V A N T  QOL  A P P L I C A T I O N S  

This indicator type can be applied to the same topics as the shortest distance indicator, resulting in the 

following QOL-relevant applications: 

- Portion of the (urban/rural) residential population within certain distance of educational land use 

- Portion of the (urban/rural) residential population within certain distance of commercial land use 

- Portion of the urban residential population within certain distance of ‘green’ land uses 
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D ISCUSSION  

A few remarks can be placed considering (this implementation of) the indicator. Firstly, if infrastructure 

obstacles are selected in the distance indicator part, the cells overlaid with obstacles will get no distance value 

and thus the population in these cell cannot be taken into account. Secondly, when people live in a LUT other 

than the ‘source’ LUTs defined for the indicator, these people will not be accounted for in the indicator, which 

may or may not be an issue depending on the application. 

A weakness of this indicator that applies to similar (‘cumulative’) indicators in general is the problem outlined 

by Makri & Folkesson (1999). They highlight that these ‘cumulative’ indicators are very dependent on the 

defined cut-off distance – in the case of this indicator the maximum allowed distance from the ‘target’ LU. 

Makri & Folkesson state that a method for determining the cut-off distance is not clearly described in 

literature. It is expected this also applies for the similar (maximum allowed distance) parameter of this 

indicator. 

Furthermore, generally speaking this implementation is based on generic assumptions about the population. 

For the entire mapping area the population density in a cell with a certain type of land use is assumed equal. 

On the other hand, the advantage of this method is that an estimation can be made with rather limited input 

information. In the barest implementation only the land use map and a manual estimation of the population 

per land use type need to be supplied, together with a (constructed) zonal/regional map. 

For more precise questions this method might be too inaccurate. For example in most areas assigned as 

‘commercial’ in the LU model, people will reside as well. However, representing this mixed (residential and 

commercial) land use in the current CA LUC model of RIKS is limited. Yet, RIKS is working on a model that uses 

fuzzy CA to be able to represent the actual ‘fuzziness’ of a model’s raster cells (multiple land uses within one 

cell). This may form a way to improving the accuracy considering the mentioned current limitation. 

Another, aforementioned, method to improve the calculation method of this indicator would be the use of a 

separate population layer. Also, for example for the distance to ‘education’, the population under a certain age 

might be used. RIKS is currently working on an application that can incorporate a population layer in the 

future. In such a model it would be possible to calculate the population figures directly from this layer (also in 

explorative future scenarios), instead of estimating them using the average population density per LUT. If this 

population layer is reasonably accurate, the improved method is expected to be much more accurate than the 

current method. 

4.4.5. ALTERNATIVE SUGGESTED ACCESSIBIL ITY INDICATORS  
As has been discussed in subsection 4.4.1 a wide variety of accessibility measures exists. Therefore, it is not 

remarkable that many more suggestions can be made. One alternative is discussed more extensively; 

afterwards, a few other suggestions are mentioned as well. 

SPATIAL INTERACTION  POTENTIAL ,  AN ESTIMATION  

This first suggestion is discussed because it is a very common measure in spatial interaction modelling. Within 

spatial interaction models, potential models can be used to describe all potential interactions between one 

location and all others (Rodrigue, 2013a). The total potential of a location is a measure of the availability and 

accessibility of all other locations. It could, therefore, be used to describe for example the relation between 

residential locations and all potential commercial locations or green areas. 

The basic formula for the total potential of a point (location) is given in Equation 1 (based on Rodrigue, 2013b). 

The formula describes a sum of potentials, where the contribution of the other locations to the total potential 

decreases with an increasing distance. 
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𝑇𝑖 =∑
𝑉𝑗

𝑑𝑖,𝑗
𝛼

𝑗

 

𝑇𝑖 : total potential interaction of location 𝑖 

𝑉𝑗  : value(s) or attributes of location 𝑗 

𝑑𝑖,𝑗  : distance between location 𝑖 and location 𝑗 

𝛼 : positive coefficient for the influence of distance (In this application 𝛼 = 2 is assumed1) 

In most cases such spatial interactions are modelled between a number of points. Using all mutual distances 

between the points, the total potential interaction can be computed for a certain point (or all points). 

However, in the case of a raster map, the number of considered points is enormous (if each cell of a certain 

LUTs is considered a point). Therefore, this method cannot be practically applied to the raster data as is. A 

brief online search has been conducted into raster alternatives for such potential or gravity interaction 

models. However, nothing has been found that clearly implements this functionality, which may not be 

surprising if the aforementioned problem has not (yet) been overcome. For example ArcGIS lists no such tool 

among its popular spatial analysis tools (Esri, 2016a, 2016b) and other SDSSs that incorporate similar 

accessibility indicators lack such a measure as well (for example Stevens, Dragicevic, & Rothley (2007)). 

Since no similar raster alternative has been found, an estimation of the total potential calculation is suggested 

instead. The concept of this estimation is as follows. Instead of summing all potentials of all the other locations 

(‘target’ raster cells), a number of averages within a maximum range2 are summed. This is described by 

Equation 2 and depicted as in Figure 16 (in which an example is given for all commercial LU cells within the 

maximum range of a considered residential LU cell). In this case, the maximum range is divided into three parts 

(𝑅 = 3) to keep the corresponding algorithm manageable. For each part the total value of found cells is 

divided by the square of the mean distance of the part; then the parts are summed. 

𝐸𝑇𝑖 =∑
∑ 𝑉𝑐𝑐∈𝑅

�̅�𝑖,𝑟
2

𝑟

 , 𝑟 = 1,2, … , 𝑅 

𝐸𝑇𝑖  : estimated potential interaction of ‘source’ cell 𝑖 

𝑟 : identifies a ring of cells around ‘source’ cell 𝑖 between 𝑑𝑖,𝑟−1 and 𝑑𝑖,𝑟 (also see Figure 16) 

𝑑𝑖,𝑟 : the maximum distances from ‘source’ cell 𝑖 to cells in ring r, 𝑑𝑖,0 = 0,  𝑑𝑖,𝑟 > 𝑑𝑖,𝑟−1  

�̅�𝑖,𝑟 : mean distance from ‘source’ cell 𝑖 to cells in ring r, �̅�𝑖,𝑟 = 1
2
(𝑑𝑖,𝑟 + 𝑑𝑖,𝑟−1) 

𝑉𝑐  : value of each raster cell 𝑐 (In this application 𝑉𝑐  is assumed the surface area of the cell (0.25 ha) if the LUT 

of cell 𝑐 is a ‘target’ LUT, otherwise 𝑉𝑐 = 0 is assumed) 

 
Figure 16: Illustration of potential interaction estimation 

                                                            

1 This is often assumed, but should ideally be calibrated. 
2 The use of a maximum range is arguable since the impact of distant locations on the total potential vastly decreases due 
to the exponential distance function. 

1 

2 
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The method as detailed above has been constructed in ModelBuilder in order to test its functioning as 

accessibility indicator. The (seemingly) complex process scheme in Figure 17 below executes the same steps as 

Equation 2. Each similar block in the middle of the figure performs the process for a certain distance ‘ring’ 𝑟. 

 
Figure 17: Process scheme potential interaction estimation 

This process results in an output map with values for the (residential) ‘source’ cells only. For each cell this 

value depicts the estimated potential for the ‘target’ LU cells within the largest search radius. Figure 18 and 

Figure 19 exemplify two cases of the use of this type of indicator. 

 
Figure 18: Example of potential interaction estimation (all residential LUTs to commercial LUT) 

 
Figure 19: Example of potential interaction estimation (urban residential LUTs to ‘green’ LUTs)  
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As can be seen from the resulting examples it may be very dependent on the ‘target’ LUTs and search radius – 

which also strongly influences the computational time – whether this indicator can usefully represent the 

proximity or accessibility of certain functions. For the ‘green’ areas (Figure 19) the indicator might be 

representative for the potential use or ‘interaction’ of the residential population with nearby green areas. 

However, the example in Figure 18 with commercial use seems to indicate large residential areas having very 

little potential interaction with commercial LUTs, while this is not necessary the case. Local commercial areas 

can be very small and since currently the surface area represents the value of ‘target’ locations, these small 

areas are hardly taken into account in this estimation of the total potential interaction. This may not accurately 

represent the value of these locations for the residential population. Therefore, other methods to estimate the 

interaction value of the cells (other than solely the surface area) may be studied. 

Altogether, it may be very dependent on the purpose and the selected settings of this indicator whether it is 

an appropriate measure. Future research could be done into other (existing) raster alternatives for the total 

potential model. If this method turns out to be a truly appropriate estimation technique – which has not been 

thoroughly investigated in this study –three options for further development would be the optimization and 

improvement of the algorithm, the estimation or calibration of parameter 𝛼 (see Equation 1), and the further 

study of the interaction value 𝑉𝑐  (see Equation 2). 

OTHER  UDP-RELEVANT MEASURES  

Finally, in addition to the accessibility indicators and suggested estimation discussed before, the following 

alternatives are also worth mentioning. One alternative is the number of facilities within a certain distance 

from a residential place (cell) or a resident. This may be represented by a raster map. This indicator is part of 

the category Makri & Folkesson (1999) described as ‘cumulative measures’. 

A second option is the number of facilities per resident (in a certain area), which need to be presented as a 

choropleth map. These both alternatives are not detailed within this report, but could be studied in future 

work within this context as they can be relevant to QOL as well and are mentioned in the UDP literature. 

4.5. LAND USE CHANGE AND PROTECTED AREA USE INDICATORS 
An indicator type that is already present in Metronamica is the land use change indicator. This is a very generic 

indicator that is, unmistakably, connected to LU change models. Since the indicator can be set very diversely, it 

can be used for many different purposes. What these have in common is the fact that they indicate a certain 

change of land use over time.  

Another indicator about the use of protected land is suggested in the context of UDP and QOL as well. Since, it 

is also concerned with the change of LU, it is also discussed in this section. Therefore, this section will first 

address the current (Metronamica) LUC indicator and then elaborate on the possible extensions that 

specifically consider protected land. 

4.5.1. LAND USE CHANGE INDICATOR  
As has been said, the LUC indicator is a general purpose indicator that identifies the changes between two land 

use maps. Since this indicator is present in Metronamica and documented in the Metronamica documentation 

(RIKS, 2012, p. 201), the required data, the algorithm, and its results will only be briefly discussed. 

DATA  

In order for the indicator to function at least two land use maps, with identical land use types, are needed. 

These maps are most often of different years in the same scenario or simulation run. In Metronamica one map 

is preset as ‘base year’ and the second map is the current year of the calculation. In theory it is also possible to 

make other combinations of maps. 



54 Urban planning indicators in SDSSs 4. Results 

In addition to the maps, one set of parameters is important. This is a large set of all possible transitions from 

one LUT to another, normally displayed as a substantial table with ‘from LUTs’ in the rows or columns and ‘to 

LUTs’ in the other (Figure 20 shows Metronamica’s implementation, note the size of the scroll bars).  

 
Figure 20: Preview from Metronamica's input table  (source: RIKS Metronamica) 

ALGORITHM  

The algorithm developed by RIKS and detailed in the documentation can be used (RIKS, 2012, p. 201). The 

algorithm basically evaluates the change of each cell between the two maps and compares this with the 

parameters in the table to assign a value to each cell. The documentation also describes an option to filter the 

results from the LUC for a certain area; however, this options currently seems to be absent in the application. 

RESULT S  

This algorithm computes a map with a categorical (nominal) legend – which is saved as an integer datatype – 

that matches the values entered into the parameter table. This represents the selected changes in land use 

between two land use maps, normally different years of the same scenario run. (For comparison of different 

scenarios, at least in the Metronamica workflow, different tools are generally used.) What these LU changes 

identify is completely dependent on the specific application and set parameters. 

QOL- R E L E V A N T  A P P L I C A T I O NS  

For QOL and UDP this indicator was selected to display ‘urban intrusion’, as a topic of disturbance of the 

(natural) environment. Also from the interviews it followed that green areas are generally considered 

important to QOL and UDP for multiple reasons (such as recreation, health, real estate value, etcetera), 

therefore a land use change indicator has been set up to identify multiple changes to green areas: 

- change from ‘green’ and ‘natural’ LUTs to ‘built’ and other LUTs, as well as the appearance of new 

‘green’ and ‘natural’ LUTs (Figure 21). 

 
Figure 21: Example of land use change indicator  
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D ISC USSION  

A strength of this indicator is its diversity. Because of the flexibility from the parameter table the same 

indicator algorithm can be used for many purposes. At the same time this can cause difficulties for the user of 

the application. The user has to be very careful to correctly and completely understand its implementation of 

the indicator and correctly enter the parameters accordingly. 

Related to this difficulty, is the following suggestion for improvement. In addition to the current, full size, LUC 

parameter table (only one-sixth is visible in the example in Figure 22 below) a grouped version may be added. 

Instead of defining each individual LUC combination, the transitions between the groups of LUTs would be 

defined. In this research such groups are the ‘green, ‘natural’, ‘built’, and other groups of LUTs that have been 

mentioned before and are described in Appendix 22.  

 
Figure 22: One-sixth of the parameter input table (source: RIKS Metronamica) 

If for example the seven different categories that are identified for the QOL indicator about ‘urban intrusion’ 

are modelled in the Auckland application, over 700 cells in the parameter table need to be filled. Although 

many rows and columns are identical it is a strenuous and error-prone task. Alternatively, if the LUTs could be 

grouped first into a number of (in this case 5) groups, only a small parameter table (for this application 25 

cells) would have to be filled. The software could then calculate the full parameter table from the defined 

groups and the simplified parameter table. Table 8 previews such a simplified table for the ‘urban intrusion’ 

indicator. 

Table 8: Preview simplified/grouped parameter input table 

             \ To LUT 
From LUT  

Group 
‘green’ 

Group 
‘natural’ 

Group 
‘built’ 

Group 
‘other’ 

Group 
‘ignore’ 

Group ‘green’ 0 6 4 5 0 

Group ‘natural’ 3 0 1 2 0 

Group ‘built’ 7 6 0 0 0 

Group ‘other’ 7 6 0 0 0 

Group ‘ignore’ 0 0 0 0 0 

 

Obviously this option reduces the flexibility and number of options compared to the original LUC parameter 

table, but there is no need to replace the original. It can even function as a small tool to help generate the full 

parameter table, that can be edited afterwards. The great advantage of this method is that it simplifies the 

parameter definition and increases the potential to check the constructed table, thereby decreasing the 

chance of errors. 
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4.5.2. PROTECTED AREA USE INDICATOR  
As mentioned in the introduction of this section, an indicator considering the use of protected areas or 

protected LUTs is discussed here. To implement such indicators one option is to build them as an extension of 

existing LUC indicators, as they are also concerned with the change of – specific – land (use). This approach is 

taken in this research. The goal of this indicator is to identify areas on the land use map in which a certain LUT 

develops in conflict with the applicable or preferable protection or zoning. For example the development of 

residential land in a protected nature reserve. 

DATA  

As input for this indicator multiple options are possible. If specific protection maps, for example for natural 

reserves, are applicable and available these can be used. In that case, a possible use is the comparison of the 

scenarios on the impact they may have on the protected areas. 

Alternatively, zoning plans can also be used. This can, among other applications, help identify whether the 

zoning is set up as deserved in the case of a scenario with zoning, or help find areas where (unwanted) 

development takes place if zoning plans are ignored. 

In the case of the Auckland application no additional protection maps are easily accessible, but extensive 

zoning maps are available. Therefore, this implementation and documentation focus on the method that uses 

the zoning maps to investigate the use of areas that are (semi-)protected by restrictive zoning. 

For this implementation, thus, one or multiple zoning maps are necessary. These need to be translated to 

(levels of) limitations or stimulation for specific LUTs. This is required as well when one wants to interpret the 

maps into the Metronamica zoning tool. This is detailed in the Metronamica documentation (RIKS, 2012).1 In 

the case of the Auckland application these steps have already been fulfilled, which results is the availability of 

‘numerical zoning maps’. 

In Metronamica these ‘numerical zoning maps’ are normally available when the zoning is completely set up, 

which is the case in many or most calibrated applications. Numerical zoning maps are a numerical translation 

of the zoning for each LUT that is dynamically modeled (example in Figure 23). The values on the map (0 to 1 

normally, >1 is stimulation) are a factor in calculating the ‘transition potential’ which will partly determine 

whether a raster cell changes from one LUT to another. 

 
Figure 23: Example of a numerical zoning map 

If the value on the ‘numerical zoning map’ for a certain LUT is low, this means the area is not or hardly 

intended for that LUT according to the zoning map(s). Therefore, the ‘numerical zoning maps’ can be used to 

                                                            

1 Practical documentation on p. 12-13, 23, 29-30, 74-81, 256-258 and technical on p. 182-187. 
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determine the assumed appropriateness according to the underlying zoning maps. They will be used in this 

implementation. 

Additionally, a LUC map is needed that identifies which areas are transformed into the considered LUT. For 

example if one wants to identify the development of industrial LU at locations where it is considered hardly 

allowable, a LUC map is needed that registers all changes of other LUs to industrial LU. Such LUC maps can be 

created with the LUC indicator described before. 

To summarize, a LUC map of all transitions to the considered ‘target’ LUT is needed, as well as a (‘numerical 

zoning’) map describing where the considered ‘target’ LUT is (in)appropriate according to the zoning. 

ALGORITHM  

The goal of the algorithm is to identify those areas on the map that have both changed from another LUT to 

the ‘target’ LUT and that are at the same time considered hardly appropriate or inappropriate for that new 

‘target’ LUT. 

The basic method of the algorithm is to overlay a LUC map that identifies all land use changes to the selected 

LUT with a map that contains the areas in which the LUT is the least appropriate. If the LUT was already 

present at that location, it should be ignored. 

Since this algorithm is not available in Metronamica as such, it is constructed partly using the existing 

Metronamica LUC algorithm and extended using a process in ArcGIS ModelBuilder. This process is developed 

in such a way that one generic LUC map containing the land use changes to multiple different LUTs, can be 

used to evaluate the changes of these LUTs separately. This results in the process diagram in Figure 24. 

 
Figure 24: Process scheme protected area use indicator with numerical zoning map 

The processes of the three (rectangular) process blocks can also be combined by one conditional ‘Con’ 

statement in the ArcGIS ‘Map Algebra’ language:1 

Con(   

    ("%Input Generic LUC map%" == %LUTnum%) & ("%Numerical zoning map of LUT%" < 0.5) , 

    "%Numerical zoning map of LUT%" 

) 

The first parameter (on second row) is the condition. The second parameter (on third row) is the value that 

will be used as output. Thus, for every cell that meets the condition, the original value of the numerical zoning 

map will be saved to the output map. 

                                                            

1 Details about ‘Map Algebra’ by Esri (2016c). 
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Instead of completely calculating the different intermediate maps and then inputting these maps into the next 

processing step (as is done in Figure 24), the process can also be designed at a cell-to-cell basis. Then each cell 

is processed completely until the output value is known, then the next cell is processed. This version of the 

process can be described using a short piece of pseudocode, which is given below. 

for each cell c 

 if land use type of c has changed to the ‘target’ land use type (use LUC indicator algorithm) 

  if c has a numerical zoning value below the threshold (in this case 0.5) 

   assign c the numerical zoning value 

  else 

   assign c the value ‘no data’ 

  end if 

 else 

  assign c the value ‘no data’ 

 end if 

end for 

It may be investigated which of the aforementioned methods would be more efficient in a considered 

software package. 

RESULT S  

Either of these processes results in a new map containing the areas that have changed to the chosen LUT 

although the zoning is not in favor of that LU change. The values of these selected cells are the original 

numerical zoning values, representing how unfavorable the changes are according to the zoning. Since the 

least appropriate areas are selected, the value will be somewhere between 0 and the cut-off value (in this case 

0.5). An example is given in Figure 25.  

When dynamical LUC modelling is considered, the change to the new LUT – despite the unfavorable zoning – 

can indicate that other aspects such as the proximity of other land uses (‘neighborhood potential’), the 

accessibility, or the suitability are highly favorable for the considered LUT at that location. Another cause can 

be a high demand for the considered LUT. Lastly, even stricter zoning and/or worse conditions (neighborhood 

potential, accessibility, etcetera) at other locations can cause the LUC. 

 
Figure 25: Example of protected area use indicator with numerical zoning map  

If the zoning function is enabled in the modelling process, the indicator will never output 0, because then that 

LUC would have been completely prohibited during the dynamic LUC calculation.1 

                                                            

1 Technically speaking; the total transition potential (TP) to the considered LUT would be 0, because the zoning value used 
for the calculation of the TP would be 0. 
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D ISC USSION  

One of the main strengths of this indicator is that it can be calculated directly with the dynamic outputs of the 

(Metronamica) LUC model and the generally available input ‘numerical zoning maps’. The potentially used 

algorithms are also relatively simple and lightweight, which limits computation time. Furthermore, this 

indicator is straightforward in its meaning and hence easy to understand for potential users. 

However, it can be rather complicated to identify why the LUC model has changed the considered location to 

the LUT. Metronamica has an option to view all transition potentials (TPs) for a certain cell (preview in Figure 

26); possibly this option can be integrated in the new map view for this suggested indicator, to help evaluate 

the cause of the LUC. Nevertheless, in some application of this indicator it may not be the main interest why 

the LU changed, but rather how much and where it changed; this indicator can certainly highlight that. 

 
Figure 26: Preview of existing transition potential table for cell in Metronamica (source: RIKS Metronamica)  

A limitation of this indicator implementation is that it cannot identify all changes from a certain LUT to other 

types, but only to a specific LUT. This is due to the use of the ‘numerical zoning maps’ as input, which cannot 

indicate the ‘protected’ status of an existing LUT at a certain location but merely list the allowance of a 

potential new LUT to develop at that location. 

A L T E R N A T I V E  

An interesting alternative that overcomes the aforementioned limitation is to use separate protection maps, 

as has been mentioned before. The greatest advantage of this method is that it is possible to investigate all 

changes from a certain LUT to whatever other LUT. This is in contrast to the method just detailed. By using 

such a different method, also other questions can be answered. For example the amount of protected natural 

area that is transformed into all other LUs. 

Normally, such ‘protection properties’ could probably be derived from the zoning maps. In that case it would 

be feasible to make this other type of indicators in addition to the type detailed before. The results could then 

be calculated by overlaying the protected area map with the LUC map that contains all LU changes from the 

protected LUT to other LUTs. In the case of Auckland, the zoning maps are already inputted completely into 

Metronamica, where such protection rules are not specifically listed; therefore, the original zoning maps 

should be obtained, investigated, inputted, and used. Thus, it is relatively hard to determine such protected 

areas in the Auckland example. Therefore, it is not shown with an example within this research and merely 

mentioned as an important alternative to consider. 
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RE L E V A N T  QOL  A P P L I C A T I O N  

For applying the newly proposed ‘protected area use’ indicator within the context of QOL, a particularly 

relevant application is to identify the depletion of certain protected areas (for example forests or nature 

reserves) by change to other LUTs. As has been described, this version of the indicator has proven hard to 

implement for the Auckland application, due to the lack of input data. Nevertheless, given the sources on QOL 

and UDP, this alternative is expected to be the most applicable ‘protected area use’ indicator to QOL. 

4.6. TRAFFIC NOISE DISTURBANCE (AND AIR POLLUTION)  INDICATOR  
The following suggested traffic noise disturbance indicator and suggestions for an air pollution indicator are 

also derived from the QOL and UDP selection, but have no comparable predecessor in Metronamica such as 

the previously discussed indicators. Also they consider two rather complicated concepts; therefore, an 

estimation will be proposed in this section. 

As both these concepts are very hard to predict, especially with the limited data available, it is inevitably to 

make very rough estimates based on general assumptions. In contrast, for (traffic) noise disturbance1 as well 

as air pollution2 extensive models are being developed to predict them. These models generally use much 

more parameters and input data than are available in Metronamica and probably other (CA) LUC models; 

furthermore, they use completely different algorithms to calculate the results. Nevertheless, an attempt will 

be made in this section to make a rough approximation of the impact of these two phenomena. 

4.6.1. TRAFFIC NOISE DISTURBANCE INDICATOR  
Traffic noise disturbance is here considered the nuisance or disturbance that people experience due to noise 

produced by traffic. This subsection will discuss a methods for approximating these disturbances using a 

general GIS. First some theory about traffic noise is discussed and general assumptions are described, since 

these suggestions for a new indicator require a number of simplifications and assumptions. 

TRAFFIC NOISE THEORY AND ASSUMPTIONS  

Extensive traffic noise models can predict the production of traffic noise at road level as well as the 

propagation in the surroundings. Models for rail and air traffic noise exist as well. Given the limited input data 

available in an explorative (CA) LUC model, attention has been paid to finding sources that describe 

predictions of traffic noise with a limited range of data sources and parameters. This has unfortunately proven 

rather difficult. 

To start with, most sources about traffic noise describe a number of major influence factors to the noise level. 

The traffic volume, traffic speed, and number of heavy vehicles are frequently mentioned to influence the 

noise production (Forkenbrock & Weisbrod, 2001; Illinois Department of Transportation (IDOT), 2011). The 

Department of Transport Welsh office (1988) mentions the road surface and gradient as well. From a LUC 

model with an accompanying traffic model, at least the traffic volume and speed may be derived. However, 

the used Auckland application has no such traffic model. Therefore, an estimation will be made of these 

parameters to determine the source sound level of the different road types present in the application’s 

network map. 

The estimation of the source noise levels has been based on the sound levels that Grove (1973) describes for 

different road types and traffic intensities. These levels are measured at 25 meters from the source and 

                                                            

1 Models described for example by The Department of Transport Welsh office (1988). 
2 Models described for example by Hritonenko & Yatsenko (2013). 
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transformed to a scale from 1 till 0 for the different road types in the application. This process is described in 

Appendix 23. 

Furthermore, the sound propagation is of influence on the perceived disturbance. As determining factor of the 

actually received sound level are listed (among other elements): the ground cover, obstructions, and the 

distance from the source (Department of Transport Welsh office, 1988; IDOT, 2011). The ground cover and 

obstructions cannot be accurately taken into account in the (current) LUC model, although suggestions to 

estimate these are made in the discussion part of this subsection. 

However, the distance is a very important factor in the sound propagation that can be measured in this model. 

Grove (1973) describes that the noise level decreases on average by 3 to 6 dB(A) when the distance to the 

source is doubled. For this research this decrease is assumed to be 5 dB(A). Furthermore, IDOT (2011) 

describes people percieve a 10 dB increase of noise as a doubling of the noise to the human ear. By combining 

these two properties a simple estimation of the noise propagation can be made. For every time the distance to 

the source quadruples the humanly perceived noise level is halved. The noise level of the source is 

incorporated as a weighting factor for the different source types. The loudest source is assigned weight 1. 

Comparable to the above, when a source type is 10 dB(A) weaker than loudest source the weight is halved. 

Finally, this gives the following equation for estimating the humanly perceived nuisance by traffic noise at a 

certain distance from a source type (road type): 

𝑛𝑠 =

{
 
 

 
 
𝑤𝑠 × (

𝑑

𝑑𝑚𝑒𝑎𝑠𝑢𝑟𝑒
)
− 
1
2

if 𝑑 ≥ 𝑑𝑚𝑒𝑎𝑠𝑢𝑟𝑒

|||
𝑤𝑠

|||
if 𝑑 < 𝑑𝑚𝑒𝑎𝑠𝑢𝑟𝑒

 

𝑛𝑠 : the humanly perceived nuisance by traffic noise of source type 𝑠 ,  0 < 𝑛𝑠 ≤ 1 

𝑤𝑠 : the weight of source type 𝑠 (detailed in Appendix 23) 

𝑑 : the distance from the source in meters 

𝑑𝑚𝑒𝑎𝑠𝑢𝑟𝑒  : the distance at which the noise is estimated in meters (𝑑𝑚𝑒𝑎𝑠𝑢𝑟𝑒  should be smaller than the cell 

size of the grid1) 

The traffic noise is not calculated for every individual road piece as that is a very time-consuming calculation 

and also complicated to program efficiently. Due to the exponential decrease of sound over distance and the 

logarithmic scale for decibels this may not even be of great impact on the results for many areas.2 

Initially, railway and airport noise were also intended to be implemented. However, no sources have been 

found that could describe the relative magnitude of these different sources of noise in terms comprehensible 

within the scope of this research. Therefore, it will not be incorporated in the following GIS-calculated 

indicator, but an assumption will be used in the Metronamica alternative discussed secondly. 

INDICATOR  SUGGESTION  

Considering the assumptions discussed in the introduction to traffic noise theory, an indicator has been 

developed in GIS that can give a rough approximation of the noise disturbance to humans caused by road 

traffic (as mentioned other traffic types cannot be reasonably approximated). This method is tailored to the 

Auckland application but could be used in other applications as well. Although not conducted within the scope 

                                                            

1 Otherwise, 𝑛𝑠 cannot be calculated reasonably accurate near the source. 
2 The summation table for decibels given by Grove (1973) on p. 12 is illustrative for this. When two decibel sources with 
over 5 dB difference between them are added, the resulting total is maximum 1 dB higher than the highest of the two. 

3 
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of this research, such an indicator can theoretically be constructed in Metronamica as well – for example an 

algorithm to calculate the distance to roads is already present. 

D A T A  

As has arisen from the theoretical introduction, this indicator at least requires a map with the transport 

network. Preferably this transportation network distinguishes at least different types of infrastructure, or even 

better, contains traffic speed and traffic volume, and when possible traffic type. The first two are particularly 

interesting because these are two properties often present in datasets of transport networks and certainly in 

transportation models, that are important to the noise production of the infrastructure type. 

Using some reference source on traffic noise, the ‘weights’ of the different infrastructure types need to be 

determined. For this application this process has been detailed in Appendix 23. This process results in a 

parameter table with a weight for each infrastructure type. This weighting table is another input for the 

algorithm. 

A L G O R I T H M  

Since the considered algorithm is not available in Metronamica, a process has been built ModelBuilder to 

execute the algorithm. The basic steps the algorithm executes are as follows. The road network is split into the 

different source/road types and looped. For every source/road type the distances on the map to that part of 

the network are calculated. Using the weighting table as input and the previously described formula the 

perceived traffic noise for each source/road type is calculated in two steps. Then, the multiple results from the 

loops are compared and for each cell in the map, the highest found level is outputted. The corresponding 

ModelBuilder scheme is shown in Figure 27; as can be seen, in ModelBuilder such looping is called ‘iterate’. 

 
Figure 27: Process scheme traffic noise disturbance indicator 

RE S U L T S  

This process results is a map with values from 1 until 0 – real datatype and ratio level of measurement. These 

values represent the approximation of the humanly perceived nuisance by traffic noise from road traffic. 1 

represents the highest perceived nuisance found on the map and a certain denominator of 1 (for example ½) 

represents how many times less nuisance is perceived (in the example 2 times less). Figure 28 shows an 

example of this indicator for the Auckland area. 
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Figure 28: Example of traffic noise disturbance indicator 

D ISC USSION  

The major point of discussion for this newly developed indicator is the large amount of assumptions it is based 

upon. It is inevitable to make such major assumptions in order to approximate complex phenomena as noise 

generation and noise propagation with a, in this aspect, rather limited model and with little input data. 

Nevertheless, these assumptions can seriously influence the value and trustworthiness of the results. To 

summarize the assumptions, this implementation ignores the influence of surroundings, buildings, noise 

barriers, etcetera on sound propagation. Additionally, it simplifies the sound production to a parameter based 

only on the road type. Furthermore, no specific method for combining (summation, multiplication, or other 

calculation) noise from multiple source types is used. 

Apart from the weaknesses considering the traffic noise theory, another serious limitation is in the fact that 

this indicator is based solely on the transportation network. Since the transport network (at least in 

Metronamica) is not dynamically adapted by the model, this indicator as currently proposed is relatively static 

and can therefore not fully contribute to the explorative component of the LUC model. On the other hand, 

when new infrastructure is proposed as a scenario, the differences between the scenarios can be seen with 

this indicator. Depending on the infrastructure types that are added between the scenarios, one could 

consider incorporating only some of the infrastructure types as sources of traffic nuisance.  

Additionally, the outcome has been compared with traffic noise maps of comparable scale found within a brief 

online search.1 Most of these found maps show a similar emphasized effect of major infrastructure (such as 

highways), which is – seemingly – of relatively great impact on the total noise disturbance. While in the 

assumptions it was considered a potential problem the proposed method used no ‘real’ combination method 

((logarithmic) summation, etcetera) for the different roads and road types, this is not directly recognized as a 

major problem when comparing the outcome with the found online maps. 

Generally speaking, a potential improvement would be the addition of other types of traffic noise 

disturbances. In the Auckland application data of airports and railways is available as well. However, their 

parameters cannot be underpinned (yet) with any assumptions about the relative impact of different types of 

noise disturbances, as no proper sources have been found to underpin these various types of traffic. 

                                                            

1 https://rigolett.home.xs4all.nl/ENGELS/maps/amsterdam03.jpg, https://i.imgur.com/UtcUDsu.jpg?1, 
http://www.qside.eu/img/Figure5_pltmap1_srmaw_alt_plus_cropped.png, 
http://cloudnsci.fi/wiki/uploads/HeatMiner/TrafficNoiseInHelsinki/traffic_noise_helsinki_day_heatmap_by_HeatMiner.jp
g, http://noisemap.orbisgis.org/assets/img/portfolio/LDEN_2002_Routier_CUnantes.jpg, http://envis.praha-
mesto.cz/(4moly4nhmv4w2355v102c3r2)/rocenky/Pr11_html/media/b5_1.jpg, 
http://www.sngularmeaning.team/blog/wp-content/uploads/2013/10/ruidomadrid.jpg,  
 

https://rigolett.home.xs4all.nl/ENGELS/maps/amsterdam03.jpg
https://i.imgur.com/UtcUDsu.jpg?1
http://www.qside.eu/img/Figure5_pltmap1_srmaw_alt_plus_cropped.png
http://cloudnsci.fi/wiki/uploads/HeatMiner/TrafficNoiseInHelsinki/traffic_noise_helsinki_day_heatmap_by_HeatMiner.jpg
http://cloudnsci.fi/wiki/uploads/HeatMiner/TrafficNoiseInHelsinki/traffic_noise_helsinki_day_heatmap_by_HeatMiner.jpg
http://noisemap.orbisgis.org/assets/img/portfolio/LDEN_2002_Routier_CUnantes.jpg
http://envis.praha-mesto.cz/(4moly4nhmv4w2355v102c3r2)/rocenky/Pr11_html/media/b5_1.jpg
http://envis.praha-mesto.cz/(4moly4nhmv4w2355v102c3r2)/rocenky/Pr11_html/media/b5_1.jpg
http://www.sngularmeaning.team/blog/wp-content/uploads/2013/10/ruidomadrid.jpg
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Additionally, airports are more troublesome as their disturbance seems not so much related to their exact 

location, but more dependent on the common flight paths. 

Apart from the option to use a (more) dedicated traffic noise model, three other suggestion remains. Firstly, 

the use of traffic speed and traffic intensity (from a transport model) as input for the noise production would 

be an improvement over the current category-based method. Secondly, an interesting future improvement 

would be to incorporate the different impacts of the LUTs on the noise propagation. For example a ‘high 

density residential’ LUT is more likely to reduce the sound propagation than an ‘open space’ LUT. However, 

this would need further investigation. Lastly, future work could focus on trying to compare or validate this 

method (with suggested additions and varying parameters) with a dedicated traffic noise model. 

When an acceptable traffic noise model is used, a different addition could increase the potential of the 

indicator. The calculated nuisance information, could be combined with the LU information or estimations 

about the population, to calculate the impact of the nuisance. Since, when an area with (for example) 

residential use is disturbed by high traffic noise the impact is probably much higher than when the same noise 

levels occur at a location with industrial LU. This may be calculated in Metronamica by combining the 

considered traffic noise model output with the existing ‘mask/mapping’ indicator (RIKS, 2012, p. 199); 

alternatively, (a certain function of) the nuisance value of a cell can be combined with parameters 

representing the values of LUTs. 

To conclude, nuisance by traffic noise has proven to be a complex phenomenon that requires many 

assumptions and simplifications in order to model it with data available in a CA LUC model. The presented 

method rather remains a suggestion that may be further studied or validated. Nevertheless, if proven worthy, 

it can give an approximation of the effect relatively easily and might be used as input for further indicators. 

4.6.2. AIR POLLUTION INDICATOR SUGGESTIONS  
Air pollution is also dependent on, among other things, traffic. Therefore, it is discussed in combination with 

the previous traffic noise disturbance indicator suggestion. As is the case with traffic noise, air pollution is also 

very dependent on different parameters and normally predicted using complex dedicated models. Once more 

the considered parameters cannot be readily determined with a (CA) LUC model.1 Therefore, in this subsection 

only a number of suggestions will be described that could help planners identify elements in the proximity that 

contribute to air pollution. 

In addition to the air pollution caused by traffic, additional sources – that can be determined from the 

Auckland LUC model – are both industrial, and ‘mines’ LUTs. These two LUTs are generally known for their 

potential impact on the air quality. However, a standard LUC model contains no details about actual air 

pollution caused by LUTs or specific locations. Therefore, only indicator suggestions based on general 

assumptions about the amount and proximity of potential pollution sources are constructed. 

For this task existing indicator modules within Metronamica have been considered in order to construct an 

indicator that can describe the amount of ‘polluting’ LU in the proximity. One option that is considered is the 

shortest distance indicator. Another is the so-called ‘neighborhood indicator’ that calculates its values based 

on the presence of certain LUTs within a set search radius. Ultimately, this may be combined with a certain 

estimation of traffic-caused air pollution. 

                                                            

1 Hritonenko & Yatsenko (2013) discuss a multitude of influence factors for air pollution, that are not calculable with a 
standard LUC model. 
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SUGGESTION SHORTEST DISTANCE IND ICATOR  

Using the shortest distance indicator is straightforward and the result is easy to interpret. It uses the algorithm 

detailed before and is shown in Figure 29. However, this method does not take into consideration the amount 

of ‘polluting’ LUTs that are located at the specified distance. The cluster option of Metronamica can be used to 

select only larger areas of such LUTs, but this still only distinguishes between two sizes of clusters (either ‘to 

small’ or ‘large enough’). 

 
Figure 29: Example of shortest distance indicator to 'polluting' LUTs  

SUGGESTION NEIGHB ORHOOD INDICATOR  

Alternatively, the neighborhood indicator can be used to describe the amount of ‘polluting’ LUTs in the 

proximity. The functioning of this indicator is described in more detail in subsection 4.7.2. In brief, it can count 

parameter values of LUTs that are found within a set search radius. This is calculated for every individual cell in 

the raster. The advantage of this method is that it can describe the amount of the considered LUTs in the 

proximity, it is even possible to give different weights to different LUTs. An example for the amount of 

industrial LU and mines within 1 km is shown in Figure 30 (overlaid with the selected LUTs). The value is 

currently a dimensionless number because industrial LU is assigned a different ‘pollution weighting’ than 

mining LU. Nevertheless, when all considered LUTs are assigned the same value or weight, the outcome can be 

translated to a surface area measure. 

 
Figure 30: Example of neighborhood indicator for 'polluting' LUTs  

The major downside of the neighborhood indicator is that it is very time-consuming to calculate, especially 

with large search radiuses. In the case of the air pollution a radius of interest of 1 km has been chosen. In the 

Auckland application this sole indicator then took up to three times the computing time in which the entire 

model normally ran. 

SUGGESTION C OMBINED  PROXIMITY OF TRAFFIC AND LUT  POLLUTION  SOURCE S  

Although the neighborhood indicator is very slowly calculated, the fact it incorporates the amount of ‘polluting 

LUs’ enlarges its value. Therefore, it will be used in the suggestion for a combined traffic and industrial 

pollution source indicator that will be briefly described here. 
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In order for the traffic pollution sources and LUT pollution sources to be combined, a weighted summation is a 

possible method. Since air pollution modelling is such a complicated topic, no specific theoretical underpinning 

is used in this stage to determine the summation of the types of pollution sources. Possibly a different 

summation method is more theoretically correct. Hence, this is merely a proof of concept. 

The suggested weighted summation is accomplished in ArcGIS using the ModelBuilder scheme shown in Figure 

31. It first translates a distance-to-infrastructure and the aforementioned neighborhood map into ratio maps. 

Then these two maps are weighted and added. It is relevant to note the difference between the distance-to-

infrastructure map (which does not incorporate the amount or type of near infrastructure) and the 

neighborhood map (that is based on the amount of near ‘polluting’ LU). 

 
Figure 31: Process scheme combined proximity traffic and LUT pollution sources 

This process results in a map (example in Figure 32) with a dimensionless scale. Thus, this represents the 

weighted amount of ‘polluting’ LU in the search radius and the proximity of infrastructure. Just as the previous 

two suggestions, it remains a map indicating the presence of elements (LUs and infrastructure) that potentially 

cause air pollution. This map is not an air pollution map. 

 
Figure 32: Example of combined proximity of 'polluting LUTs’ and infrastructure 

Evaluating this basic suggestion for a combined map of air pollution sources’ proximity, certainly the weighting 

and combination of the two elements can be further studied. Additionally, the search radius for the 

neighborhood indicator can be studied. Considering the traffic related component, this can be improved by 

utilizing transport model data or by specifying the impact based on the infrastructure type. Nevertheless, this 

suggestions remains a relatively doubtful construct. 

CONCLUSION AIR POLLUT ION INDICATOR SUGGES TIONS  

So far two relatively general suggestions and one combined suggestion have been made for indicators that can 

help assess the amount of air pollution presumably caused by certain LUTs as well as infrastructure in the 

proximity. All methods have their advantages and disadvantages. More importantly, the major common 

drawback of these indicators is in their resemblance to the actual phenomenon. Air pollution and its spread 

are highly dependent on factors such as wind and other meteorological factors. Therefore, these suggestions 

do not resemble actual air pollution levels, but merely highlight a few of the factors that can contribute to (the 



4. Results Rob Valk – 2016-06 67 

creation of) air pollution. Nevertheless, when the LUC model is used to calculate such indicators, the main 

suggestion for future work would be the underpinning of a combined method. 

4.7. (‘GREEN’)  LAND USE PER CAPITA INDICATORS  
In this section two indicators will be described that are concerned with the amount of a certain land use per 

capita, located in the proximity. Within this research, this type of indicator originates from the QOL and UDP 

topic ‘green supply’ that is concerned with metrics such as the ‘green cover ratio’ and ‘green space ratio’, the 

distance to green space, and the amount of green (per capita). Therefore, the indicators suggested in this 

section are relevant to QOL and UDP in particular considering the amount of (urban) green per capita. Since 

these methods might be applied to other LUTs as well, the indicators are considered generally. However, all 

examples and applications are from the ‘green supply’-related indicators. 

The first indicator discussed is a ‘basic’ service or amenity per capita indicator. However, as will be described, 

such an indicator ignores the actual distance from the population to the amenity (in this case ‘green’ LUTs). As 

in some cases this distance is certainly relevant, a second type of indicator is discussed. For this indicator – 

that will be described as the ‘neighborhood LU per capita’ indicator – a number of alternatives are described 

that attempt to incorporate both the distance (‘neighborhood’) and ‘per capita’ aspect in one indicator. 

4.7.1. ZONAL/REGIONAL LAND USE PER CAPITA INDICATOR (CHOROPLETH) 
As introduced, this indicator describes the amount of a certain land use type or types within each region in 

relation to the population number in that region. It does so by summing the area of the considered LUTs and 

summing the population in each zone/region and dividing these two. 

Technically, it is somewhat comparable to the ‘population within range’ indicator that is introduced in section 

4.4. However, while that indicator studies the portion of the population within range (percentage), this 

indicator investigates the ratio between population and the considered LUT(s). Nevertheless, technically both 

incorporate an element to determine population numbers and a component to aggregate for a certain 

zone/region. 

DATA  

As input, once more, the land use map is used. Furthermore, the population density in each zone or in each 

cell needs to be determined. In section 4.4, a number of alternative methods to determine the population 

density have been described; therefore, this will not be detailed here. For the Auckland application the 

method for creating a population density map again is the transformation of the LU map using parameters 

from the demographic model. Lastly, this indicator also requires a map of the considered zones/regions. 

This indicator, furthermore, requires a number of parameters to be set. Most importantly the ‘target’ LUT(s) 

need to be selected. These are the LUT(s) of which the area will be counted (in this example all ‘green’ LUTs). 

Furthermore, the used zonal/regional map needs to be selected. Lastly, certain population density parameters 

may be required (detailed before). 

In this case all the calculations are performed from cell-level input data. Theoretically it is perfectly possible to 

calculate the outcomes by only using the total zonal LUT numbers and the total zonal population. When this 

information is available in the model or from other sources, it is more efficient to calculate the outcomes using 

that data as the calculations are simpler. Since this information is not accessible in the currently utilized model, 

the suggested cell-based data inputs are used. Another advantage of the cell-based method is that different 

zones/regions can be used and the outcome can still be easily calculated with the same algorithm. 
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ALGORITHM  

Generally speaking, the algorithm for determining a choropleth map with the amount of a certain set of 

‘target’ land uses types (in this case ‘green’ LUTs) per capita can be described as follows. For each raster cell 

the population density and land use are known or determined. For each zone/region the population is 

summed of all cells in the region. If this regional population is larger than zero, the selected land uses in the 

region are measured and translated to surface area. This area is divided by the population and assigned to (all 

raster cells in) the region. 

PS E U D O C O D E  

The general process described above could be executed on the Metronamica raster map using the following 

algorithm. 

let a(c) and a(r) denote the ‘target’ area value of cell c respectively region r 

for each cell c  

 if land use type of c is listed as ‘target’ 

  set a(c) to the area of the cell in ha (resolution in meters^2 / 10000) 

 else 

  set a(c) to 0 

 end if 

end for 

//create population density map 

let p(c) and p(r) denote the population in cell c respectively region r 

for each cell c 

 assign p(c) based on population density of the land use type of cell c 

end for 

//end create population density map 

let v(c) and v(r) denote the ‘ha per capita’ value of cell c respectively region r 

for each region r 

 p(r) = the sum of the values of p(c) of all cells c in region r 

 if p(r) > 0 

  a(r) = the sum of the values of a(c) of all cells c in region r 

  calculate result: v(r) = a(r) / p(r) 

  for each cell c in region r:  

   v(c) = v(r) 

  end for 

 else 

  set result v(r) to ‘NULL’ 

  for each cell c in region r 

   v(c) = ‘no data’ 

  end for 

 end if 

end for 

Since this algorithm can currently not be completely executed within Metronamica, is has been built as an 

ArcGIS ModelBuilder process scheme as well (Figure 33). This process has been used to calculate the examples. 
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Figure 33: Process scheme zonal land use per capita  

RESULT S  

Both the pseudocode and the ModelBuilder process result in a raster type map with numerical values – ratio 

level of measurement and real datatype – saved for every cell (not as a vector for a whole region at once). 

These values plainly represent the total ‘target’ LUT(s) surface in the zone divided by the total population in 

the zone, for example expressed in hectares (ha) per capita. Figure 34 gives an example of this indicator, for 

‘green’ LUTs. Some areas have no value, this is the case when the population in the area is 0. 

 
Figure 34: Example of zonal land use per capita indicator 

The pseudocode addresses that the values for each zone can be save separately as well. These zonal/regional 

calculated results – v(r) in pseudocode – can for example also be shown in a table with each region and its 

value listed. 

RE L E V A N T  QOL  A P P L I C A T I O N  

As has been discussed in the introduction, this type of indicator is particularly relevant to the amount of 

‘green’ LUs in different (urban) neighborhoods. The availability of (urban) green areas is considered as highly 

important to QOL for multiple reasons (health, recreation, natural value, etcetera). Therefore, all used 

examples describe the ‘green’ LUTs. 

D ISC USSION  

As with some other of the more ‘straightforward’ indicators, one of the advantages of this indicator is that it 

can be computed relatively easily. Due to the estimation of the population – which is a considerable 

simplification – the algorithm is a bit more complex, but generally the calculation is simple. An additional 

strength thereof is it comprehensibility for potential users. What, furthermore, contributes to easy application 

is the fact that similar measures (for example ‘green space per capita in a neighborhood/borough’) are listed 
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by institutions such as statistical bureaus.1 This increases the likelihood users are already familiar with the 

metric. 

On the other hand, a major downside of this zonal indicator is the fact that it is limitedly location-specific. 

Depending on the size of the zone/neighborhood and the exact location of its boundaries the result may be 

strongly influenced. For example, when a zone has very little ‘green’ LU it cannot be identified where the 

problem is most pressing. When small zones are used relative to the total map, this seems to be reduced; 

however, this increases the potential disturbing effects of specific locations of zonal boundaries. For example, 

when the zonal boundary lies in between a large park and a residential neighborhood, the residential 

neighborhood may still have a low value of zonal green. 

This leads to an additional shortcoming of this type of indicator. As has been mentioned, it ignores the 

distance between the ‘source’ (population’s residential location) and the ‘target’. The fact that this is relevant 

may best be illustrated by the following Figure 35. 

 
Figure 35: Illustration of two very different situations with equal zonal 'green' LU per capita  

As can be seen from the illustration, the zonal ‘green’ LU per capita is equal in both shown situations. 

However, the (average) distance from the residential LUTs (red) to the ‘green’ LUTs (green) is completely 

different. Therefore, an additional indicator is suggested. Nevertheless, due to its high understandability and 

relatively wide use, this indicator may be very appropriate in certain situations. 

4.7.2. NEIGHBORING LAND USE PER CAPITA INDICATOR  
This new indicator specifically tries to tackle two aspects the indicators so far have only focused on separately. 

While the ‘population within range’ indicator addresses the impact of distance to a certain LUT, it is unable to 

incorporate the amount of the destination LUT(s) in its outcome. The ‘land use per capita’ indicator just 

described addresses this amount relative to the population, but it ignores the distance from the considered 

population to the chosen LUT(s). 

For some applications – such as the QOL-relevant ‘green supply’ for residential land uses – both the amount 

and the proximity of the ‘target’ LU are of interest. Therefore, the alternatives suggested for this new indicator 

all try to address both these aspects in one indicator. A possible indicator following from these suggestions 

could for example be the ‘amount of green space per capita within walking distance’. 

To incorporate both nearness and amount, the algorithms suggested in this research partly utilize a so-called 

‘neighborhood indicator’ that is currently built into Metronamica. This neighborhood indicator calculates for 

every cell a value based on the sum of numerators and sum of denominators found within a surrounding 

search radius. These numerators and denominators are parameters defined for each LUT on the LU map. Thus, 

the indicator describes a ratio of summed values based on the proximity of certain LUTs. According to RIKS this 

can be used to visualize “supply of, or demand for, certain land uses by other land uses within a specified 

                                                            

1 For example PBL (2010). 
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radius” (RIKS, 2012, p. 195). This algorithm will be used to calculate the amount of ‘target’ (‘green’) LUTs in the 

proximity. A more detailed description of RIKS’ implementation can be found in the Metronamica 

documentation (RIKS, 2012, p. 195-196). 

DATA  

For all investigated and discussed alternatives the input data is the same; moreover, it is almost equal to the 

input used in the above-described implementation of the ‘zonal land use per capita’ indicator. This 

encompasses the land use map and a population density map or data to estimate one. The zonal/regional map 

is no longer needed as the suggested indicator resolves the need to simplify the outcome to a zonal map. 

The input of a land use maps is straightforward. The different possible methods to obtain an estimate of the 

population density have been detailed before in subsection 4.4.4. Once more, the same method is used (as in 

the referred subsection) to estimate the population. 

In addition to the described input data, the following parameters are needed as input for all or most of the 

investigated algorithm alternatives: 

- The ‘source’ and ‘target’ LUTs (the ‘source’ LUTs need to have a population >0) 

- Maximum search distance (radius), from the ‘source’ LU 

- Population density model parameters (discussed on p. 46-50) 

ALTERNATIVES  

Multiple alternative algorithms (also simpler ones) have been tested and compared, in order to identify the 

most suitable calculation method. These alternatives include: 

1) the amount of people within range from a certain (‘green’) LU cell, 

2) the amount of (green) LU within range from a certain ‘populated’ LU cell,  

3) the amount of (‘green’) LU divided by the amount of people within range from a ‘populated’ cell, 

4) the inverse of the previous (people divided by (‘green’) LU within range of ‘populated’ cell), 

5) the amount of ‘weighted’ (‘green’) LU within range from a ‘populated’ cell, ‘weighted’ LU means 

that first the target (‘green’) LU cell is divided by the amount of people in its own proximity. 

From testing these alternatives it has been found that alternative (1) may be of interest for investigating the 

‘load’ (amount of near people) on a certain (green) area; however, it is not directly relevant for the indicator 

intended here.  

Alternative (2) is simpler and easier to calculate than the following alternatives. Although in some map areas it 

is remarkably similar to the later indicators, it has shown incapable of resembling the other more sophisticated 

indicators in certain map areas.  

Alternative (3) is the first to be described in more detail as it successfully describes a location-specific ratio 

between LU (‘green’) and population.  

Alternative (4) has been tested since the inversed value might be more readable (for example 200 instead of 

0.005 as outcome); nevertheless, this has shown impractical since the value cannot be calculated when there 

is no target (‘green’) LU in the proximity (divided by zero).  

Lastly, alternative (5) is a more complex indicator that will be detailed because it attempts to address the 

‘load’ (amount of near people) on a certain target (‘green’) LU, as well as the impact of this ‘load’ on the value 

that target (‘green’) LU has for near ‘populated’ land uses. 

The alternatives (3) and (5) will be discussed in more detail hereafter, as from the comparison these 

alternatives seem to best describe the neighboring (‘green’) land use per capita. Both indicators use the same 

process as described before to estimate a population density map; therefore, this is not described over again. 
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ALTERNATIVE (3):  NEIGHBORING LAND USE PER CAPITA  

This algorithm alternative aims to calculate the ratio between the amount of certain LUTs (in this case ‘green’) 

and the amount of people, in fact just as the zonal/regional indicator described before. However, this indicator 

is intended to be more spatially-explicit; therefore, the Metronamica neighborhood indicator is utilized. 

What this algorithm takes into account can be depicted using Figure 36. Within the search radius (circle) all 

found ‘target’ (‘green’) LUTs have a numerator value with their surface area in hectares (ha). All the 

‘populated’ LUTs have a denominator set to their population number in people; therefore, the ‘source’ LUTs 

need to have a population greater than zero, otherwise their value might not be calculable. 

All numerator and denominator values are summed for the cells within the search radius (including the 

‘source’ cell itself). Then the numerator and denominator sums are divided, generating the result for that cell.  

 
Figure 36: Illustration of neighborhood indicator usage 

This algorithm can be almost entirely computed within Metronamica; nevertheless, a small step in GIS is 

necessary to extract the part of the map with only the ‘source’ LUTs. The current limitation in Metronamica is 

that it calculates the indicator value for every cell. However, for this application it is not of interest what the 

‘hectare green per capita’ is of for example an industrial LU cell. Therefore, using ArcGIS ModelBuilder the 

following steps (Figure 37) are executed to complete the process and extract the values of the ‘source’ LUTs. 

 
Figure 37: Process scheme additional steps ‘neighboring land use per capita’ indicator  

RE S U L T S  

After the neighborhood indicator calculation and the extraction in GIS, a map results that contains the 

following value. For each LU cell with a ‘source’ LUT, the value is the total ‘target’ surface area within the 

selected search distance divided by the total population number within the same search distance. In the case 

of the ‘neighborhood green per capita’ indicator this means the total amount of ‘green’ LU within 400 meters, 

divided by the total population within 400 meters.1 This is shown for all ‘urban residential’ land uses, which 

can be seen in Figure 38. 

                                                            

1 The justification for the chosen 400 meter radius is given in section 4.8. 
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Figure 38: Example of ‘neighboring land use per capita ’ indicator 

ALTERNATIVE (5):  POPULATION-WEIGHTED NEIGHBORING LAND USE  

The second considered alternative uses a more complex and layered algorithm. The underlying idea of this 

alternative is that it addresses the fact that the value of a ‘target’ LUT, may better be estimated by measuring 

the population in the proximity of the ‘target’ cell, than the population in the proximity of the ‘source’ cell 

(which is the case with alternative 3). 

This concept can be visualized as depicted in Figure 39. First the surface area (of one ‘target’ cell) is divided by 

the population in its proximity. Then this information is used in the second neighborhood-step to sum the total 

target ‘population-weighted surface areas’ as found in the proximity of the ‘source’ cell. 

 
Figure 39: Illustration of two layered ‘neighborhood indicators’ used 

This algorithm cannot currently be created in Metronamica, thus it has been modeled in ArcGIS ModelBuilder. 

The process scheme is shown in Figure 40. It includes the two ‘neighborhood summation’ steps which are 

depicted as “Calculate (…) Total (…) within range”. The resulting process is rather complicated and the 

implications of the outcome may also be hard to comprehend. 

 
Figure 40: Process scheme ‘population-weighted neighboring land use ’ indicator 
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RE S U L T S  

This algorithm, as well, generates a map with numerical values for the ‘source’ LUTs. These values contain the 

sum of the ‘population-weighted target areas’ in the proximity of that ‘source’. The results is shown in Figure 

41. 

As can be seen in comparison with the previously described neighborhood indicator, this method renders 

somewhat higher output values, which is in accordance with expectations. This method only considers 

population that is within range from the ‘target’ LUTs, while the previous method also summed population 

that was in the proximity of the ‘source’ LUTs and not in proximity of the ‘target’ LUTs. Therefore, the 

denominator is expected to be lower and hence the output numbers higher. 

 
Figure 41: Example of population-weighted neighboring land use indicator  

D ISCUSSION  

Now that both alternatives have been detailed, the (dis)advantages of both methods will be discussed. As well 

as the strength, weaknesses, limitations and possibilities of these neighborhood-based indicators in general. 

Ultimately, a cumulative or utility based (attraction) model could be dedicated to describe the use and 

availability of amenities such as urban green. However, within the context of these QOL and UDP indicators 

that would probably be a too complicated and time-consuming approach. Therefore, these alternatives have 

been investigated. 

In general – considering the use for assessing the green in urban areas – the work of Gupta, Kumar, Pathan, & 

Sharma (2012) is also of particular interest. The authors developed a method to determine an indicator that is 

dependent on the percentage of green area, the proximity to green, the built up density and the height of 

structures. What distinguishes the suggestions in this subsection is that they can be calculated from little more 

than the LU map, which makes them particularly suitable for LUC models. 

More specifically about the two considered methods, the main advantages of the first described method over 

the second are its relative comprehensibility and the almost complete algorithmic availability in the 

Metronamica package. A possible suggestion for the extension of Metronamica would be the addition of the 

option to specify which LUTs to calculate and display the neighborhood indicator for. 

A common problem with these indicators (and the neighborhood indicator in general) is with the scale. For 

example with the neighborhood green, while in populated areas an appropriate scale may be between 0 and 

0.05, rural areas might reach values as high as 50. Even with exponential or geometric scales this can hardly be 

properly addressed. Furthermore, the Metronamica algorithm and other similar ones are relatively 

time-consuming, especially with large search radiuses. This is a major downside of these two alternatives 

compared to for example the zonal ‘land use per capita’ indicator. 
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The second suggestion (alternative (5)) is hard to comprehend due to its complex algorithm and therefore the 

results are harder to interpret. Nevertheless, this indicator might be considered more correct in approximating 

the value of near green LU. This can be shown by the following example. 

Consider the corner of a green area (for example park) next to residential areas. Near this corner, the amount 

of green per capita (at a certain distance into the residential area) is lower than on a ‘straight’ edge between 

park and residential areas. The first described indicator – alternative (3) – cannot correctly represent this, 

while the second indicator – alternative (5) – 7does demonstrate this effect. This can be seen in Figure 42. 

(3)

        

(5)

  
Figure 42: Comparison of alternative (3) and alternative (5) on corners 

However, alternative (3) might in the end be considered more favorable. In addition to the longer calculation 

time of alternative (5), it is troublesome due to the greater complexity in calculation and the difficulty of the 

measurement unit. This makes alternative (3) much more comprehensible to the user. Since the found 

difference are relatively minor on the normal scale of the model, alternative (3) ‘neighboring land use per 

capita’ is considered the most favorable for this application. 

4.8. SHOWCASE  
After the more ‘technical’ description and discussion of the applied existing and developed new indicators, this 

section will showcase the potential of a number of the described indicators to assist urban designers and 

planners in their QOL-related planning decisions. Therefore, the Metronamica model of Auckland has been run 

to explorer the future land use of two different scenarios that will be briefly introduced. Subsequently, a 

selection of indicators has been calculated for both scenarios; these indicators are shown, and used to 

highlight the differences between the two scenarios on the topics the indicators are concerned with. 

For this showcase the Metronamica Auckland application is focused on part of the city’s center on the 

Auckland isthmus. The visible area – shown in its 2013 situation in Figure 43 – is about 29 by 8 kilometers and 

chosen because many different spatial elements are present, initial model runs revealed quite some change 

takes place there, and a number of QOL-relevant potential changes are possible (that are visible at this scale as 

well). For this showcase the (LU) developments will be explored from 2013 to 2035. 
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Figure 43: Initial (2013) LU map of the considered Auckland area  

4.8.1. SCENARIOS AND LU  OUTCOME  

SCENARIOS  

As baseline scenario a slightly adapted version is used of one of the originally present scenarios built in the 

application before. A scenario with the current zoning plans is used. 

A second scenario – ‘QOL scenario’ – is intended to develop a number of UDP- and QOL-relevant changes to 

the urban environment. These changes and their consequences may evoke changes to the proposed UDP and 

QOL indictors. As this study is not focused on the specific actual changes to the Auckland environment, these 

suggested changes are completely hypothetical – although they are placed at seemingly face-valid locations – 

and there is no intend to actually suggest these changes for the region of Auckland, rather to showcase the 

discussed indicators in a potential application. 

On the original LU map, a number of locations have been found where residential areas are directly adjacent 

to industrial areas, something that seems undesirable for the QOL. Therefore, a number of new urban green 

areas are imposed using a new zoning map (one large and three smaller areas). Associated commercial areas 

are intended to increase the value of these new locations even further. These two elements on the zoning map 

(shown in Figure 44) are added to the second ‘QOL scenario’ and enabled in the model halfway the modelling 

period (in 2024).1 

 
Figure 44: Used additional zoning map for the QOL scenario 

                                                            

1 For ‘New green area’ all ‘built’ LUTs are set to ‘Prohibited’ (0 score) in the zoning tool of Metronamica. 
   For ‘New commercial area’ the commercial LUT is set to ‘Actively stimulated’ (1.2 score) in the zoning tool, the others to 
‘Non-complying’ (0.2 score). 
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In order for the model to adopt the imposed changes, the ‘de facto zoning’1 has been effectively disabled. 

Furthermore, initial model runs revealed a large amount of sprawl (especially in the form of lifestyle blocks) 

which generally depletes natural values and can, therefore, damage QOL as well. Therefore, two interventions 

are made in the second ‘QOL scenario’. Firstly, as the above figure already shows, residential expansions are 

restricted in a considerable ‘green’ (natural and agricultural) area.2 Additionally, changes have been made in 

Metronamica’s ‘socio-economic policy measures’ section. Here an increase in the use of higher-density 

residential LUTs is imposed over time, for the sake of this showcase it is assumed such (policy) measures – as 

well as the aforementioned planning measures – are possible. To complete the new scenario, a number of 

roads (Figure 45) are being removed in 2024 from the areas where the new parks are imposed. 

 
Figure 45: Removed roads in the QOL scenario 

LU  OUTCOME  

After setting up the applications as described afore, both the baseline and QOL scenario were run once in 

Metronamica to explore the potential impact on the future land use in 2035. These runs resulted in the 

following land use maps shown in Figure 46. 

 

 
Figure 46: Resulting (2035) LU maps for baseline (upper) and QOL (lower) scenarios  (legend in Figure 43) 

As can be seen from the two land use maps the QOL scenario (lower in Figure 46) successfully reduces the 

amount of sprawl of lifestyle blocks and the proposed green areas are developed. However, it seems rather 

difficult to identify specific (other) changes from the LU maps. Therefore, additionally comparative analysis can 

                                                            

1 ‘De facto zoning’ can set the zoning of LUTs to ‘allowed/permitted’ based on the current LUT at the location, overriding 
the zoning imposed by the zoning plans, which is unwanted in this case. Details by RIKS (2012, p.123-124). 
2 For ‘Area with restricted urban expansion’ the different residential LUTs are restricted (lifestyle blocks and low-density 
residential to ‘Non-complying’ (0.2 score), and medium- and high-density to ‘Prohibited’ (0 score)). 
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be run. Many of such comparison methods are available in the Map Comparison Kit (MCK).1 One method is to 

reveal all different land uses between two maps. When comparing the LU outcomes of the two scenarios for 

2035 this results in the following map shown in Figure 47. Theoretically it is also possible to perform such 

analysis in order to compare indicator output maps. 

 
Figure 47: All LU differences for 2035 between baseline scenario and QOL scenario   

4.8.2. QOL  AND UDP  INDICATORS  
(LU) comparisons such as the above, however, do not identify, clarify, and/or specify the performance of the 

different alternative on specific (QOL-relevant) aspects. For that, indicators can be used.  

In this subsection a number of the QOL- and UDP-relevant indicators selected before in section 4.2 are shown 

to describe the two scenarios and the differences and/or similarities. Most but not all indicators discussed 

afore are displayed, as it is dependent on the LU model and the scenario inputs whether the indicators can 

potentially show any difference at all. Since spatially-explicit indicators have been used as much as possible in 

this study, the indicators are shown using maps. Obviously, it would also be possible to calculate and compare 

(regional) statistics – such as averages – of these indicators.  

ROAD TRAFFIC NOISE NU ISANCE  INDICATOR  

This newly suggested road traffic noise nuisance indicator is intended to show the amount of humanly 

perceived noise disturbance (relative to the maximum found level), although it is only a suggestion for 

development of such an indicator. For this showcase the indicator suggestion detailed in subsection 4.6.1 is 

used. 

The results of this indicator for both scenarios in 2035 are shown in Figure 48. These maps reveal that it is very 

hard to see actual differences between the scenarios (small changed marked by circles). As shown before in 

Figure 45 a small number of local roads is changed in the QOL scenario. From this example it can be concluded 

that this indicator is only likely to reveal fairly visible changes when major roads or many roads are changed. 

This may be in accordance with reality wherein the change of a few local roads is hardly noticeable on the 

used scale. Nevertheless, this estimation of the nuisance has not been calibrated by any existing noise model 

to verify such hypotheses. 

Another point to note is that the shown result is not dependent on the dynamic LU change in the model, but 

only on the entered road network maps. This can change when a coupled transport model is used as input for 

the traffic noise nuisance calculation, when the nuisance is linked to impact parameters per LUTs, or when the 

results are filtered for certain LUTs (such as residential LUTs). 

                                                            

1 (Netherlands Environmental Assessment Agency & Research Institute for Knowledge Systems (RIKS), 2011)  
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Figure 48: Road traffic noise nuisance indicator for 2035 baseline (upper) and QOL (lower) scenarios 

A IR  POLLUTION SOURCES  SUGGESTION  

The ‘air pollution sources’ indicator is merely a suggestion for the development of such an indicator, as 

detailed in subsection 4.6.2. Nevertheless, the suggestion is tested in this showcase. Herein, the results from 

the air pollution are shown for the residential LUTs only, since these are very QOL-relevant areas and it eases 

seeing the differences between the scenarios. 

One of the aspects this indicator reveals is a decrease of estimated near air pollution sources in the QOL 

scenario in the areas marked in Figure 49. These are the residential areas that were directly adjacent to 

industrial LU before the ‘QOL intervention’. Thus, this indicators seems to suggest those two imposed new 

green spaces in the QOL scenario have a small effect on the nearness of air pollution sources. 

 
Figure 49: Air pollution sources suggestion for 2035 baseline (upper) and QOL (lower) scenarios  
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URBAN INTRUSION  INDICATOR  

This implementation of the existing (Metronamica) land use change indicator is intended to highlight changes 

to the natural environment, in particular depletion of green and natural values by urban intrusion. It shows 

changes from certain LUTs to others over time. This indicator’s setup is detailed in subsection 4.5.1. 

Figure 50 reveals the selected LU changes for both scenarios between 2007 and 2035. From the LU map 

discussed before (Figure 46) it already became clear that large areas of lifestyle blocks develop in the baseline 

scenario, while this development was reduced as intended in the QOL scenario. From the LU maps, however, it 

was not clearly visible that in the same map area a number of areas with low-density residential LU developed 

(which are much denser than lifestyle blocks). These areas are identified by use of this indicator, as can be 

seen in the light red color on the left side of the figure below. This may be caused by the changed demand in 

different residential LUTs as described before; however, such information (the cause) cannot be directly 

obtained from this indicator. Nevertheless, these low-density residential areas have developed from ‘green’ LU 

instead of ‘natural’ LU, which makes their assumed impact smaller. Furthermore, the newly developed green 

spaces in the QOL scenario are visible, as well as, another urban expansion in the baseline scenario in the 

bottom middle of the figure.  

If needed it would also be possible to extract how much change there has been in certain areas (such as 

regions). 

 
Figure 50: Urban intrusion indicator for 2035 baseline (upper) and QOL (lower) scenarios  

In addition to this urban intrusion indicator, two related protected land use indicators have been proposed 

(subsection 4.5.2). Since the most QOL-relevant alternative (that uses protection maps and LUC data) cannot 

be calculated for this area without additional data, these protected land use indicators are omitted from this 

showcase. 

ACCESSIBILITY OF (PUBLIC)  SERVICES AND FACILIT IES INDICATORS  

Two indicators are used that can describe the accessibility to certain functions. Since the LU data does not 

contain such precise information, this is estimated by simplifying to the shortest distance between (urban and 

rural) residential LUTs and the commercial LUT.  

First, the shortest distance indicator is shown (Figure 51) that has been detailed in subsection 4.4.3. This 

indicator displays the distance in kilometers to the nearest commercial LU for every residential LU. Using the 

LU map and the urban intrusion indicator it was already identified that there is a large difference between the 
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scenarios considering development of (rural) residential areas. Therefore, it is expected that in these areas 

difference are visible as well. In addition to the described areas (the residential LUTs) a number of changes has 

also occurred in the commercial LU, as between the scenarios some areas have longer distances than others. 

Since commercial LU requires enough market to develop, the expansion areas were also expected to have 

lower commercial levels. However, the changes in the baseline scenario are quite drastic, as large areas seem 

to have no commercial LU in 4 km. This can indicate that there is little market according to the model, or the 

zoning, suitability, and/or accessibility is very unfavorable. 

In general, the differences between the scenarios – in distances due to the locations of commercial LU – 

appear to be small. Furthermore, the interventions in the QOL scenario to develop commercial LU near the 

new parks, seem to have little impact. 

 
Figure 51: Shortest distance to commercial LU indicator for 2035 baseline (upper) and QOL (lower) scenarios  

The second accessibility indicator is the ‘population within range’ indicator, which is detailed in subsection 

4.4.4. This indicator results in a zonal (choropleth) percentage map as shown in Figure 52 that depicts the 

percentage of the population within 400 meters from commercial LU. The figure below shows the difference 

between the scenarios considering the distances are rather small – as was also noted from the previous 

indicator. 

The impact of the population on the difference in outcome between the two alternative indicators cannot be 

determined. Furthermore, the zonal map below is not useful for the large regions on the western side of the 

maps below. Alternatively, when changes are substantial enough to change the value of a whole region this 

becomes very visible, as can be seen in the small marked region. This dependency on the choice of regions was 

already expected and described in subsection 4.4.4. 
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Figure 52: Zonal population within 400m of commercial LU indicator for 2035 baseline (upper) and QOL 

(lower) scenarios 

When comparing these two accessibility indicators there is an important difference in visual form and amount 

of ‘spatially-explicitness’. However, there is also a relevant distinction in meaning, while the second zonal 

alternative incorporates the amount of people in the indicator, the first shortest distance indicator lacks this. 

Yet, as described, the impact of this difference cannot be determined from this showcase. 

The similar indicator implementations for the accessibility of educational LU (as suggested in section 4.2) are 

not showcased because technically these implementations are identical and the education LU is not modelled 

dynamically. Therefore, changes would only be caused by the changes in residential LUs, which would make 

those versions less interesting for this specific case than the ones described above. 

Similarly, the shortest distance to green space is not shown as two green space per capita indicators (of which 

one also takes into account the distance to the green) are already discussed in the following examples. 

GREEN SPACE PER CAPIT A INDICATORS  

Two of the suggested alternatives (section 4.7) for the green space per capita are shown. Firstly, the zonal 

alternative is shown. Lastly, the ‘neighborhood indicator’ alternative considered most comprehensible (called 

alternative (3) in subsection 4.7.2) is displayed as well. 

The zonal alternative (discussed in subsection 4.7.1) results in the maps for the scenarios shown in Figure 53. 

These display the total hectares (ha) of ‘green’ LU in each region divided by the estimated population. A 

number of changes can be identified between the scenarios and it is evident that the western areas on the 

map contain more green areas. At the same time the changes to these western areas (visible on the LU maps) 

are invisible on these maps due to the large regions. This is the same difficulty as described for the previous 

‘population within range’ indicator. However, in this case the effect of the intervention with green parks in the 

QOL scenario is visible in the indicator as well (marked on eastern side of map). 
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Figure 53: Zonal green LU per capita indicator for 2035 baseline (upper) and QOL (lower) scenarios  

Lastly, the ‘neighborhood indicator’ for this green per capita indicator is shown. The “alternative (3)” from 

subsection 4.7.2 is used as it is considered the most comprehensible. This depicts the amount of ‘green’ LUTs 

in hectares divided by population, both within walking distance1 of every considered urban residential LU cell. 

Since this indicator is expected to show the impact of all four imposed new green areas in the QOL scenario, 

these have been marked in the maps in Figure 54 below. Furthermore, two prominent changes are spotted in 

the bottom middle of the maps. Other than expected, one of the areas has lower values in the QOL scenario. 

For three out of four imposed new green areas the change is clearly visible on the edges of the green areas. 

Nevertheless, this change is only visible near to the new park (within the maximum 400m range). However, for 

the small area in the top middle this is not the case. More detailed study of the LU map reveals that 

high-density residential LU has developed directly adjacent to the new park; this may be the reason the green 

per capita in the area did not decrease. 

 
Figure 54: Green LU per capita within 400m indicator for 2035 baseline (upper) and QOL (lower) scenarios  

                                                            

1 Donahue (2011) describes how different planning institutions define maximum distances to local parks. Often noted is 
the ‘quarter-mile’ distance, about 400 meters. Hence, in this showcase a 400 meter maximum walking distance is used. 
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When comparing these two (zonal and neighborhood) methods, both have revealed the impact of the newly 

imposed green spaces in the QOL scenario. An important advantage of the ‘zonal’ alternative is that – when 

the zones/regions are properly composed and changes are sufficient, this can clearly be seen on the resulting 

map. A considerable advantage of the ‘neighborhood’ alternative is its high level of ‘spatially-explicitness’. 

SHOWCASE INDICATO R CONCLUSION  AND DISCUSSION  

The different shown indicators – except for the traffic noise nuisance indicator – have been able to reveal a 

number of QOL- and UDP-relevant properties of the scenarios and particularly differences between them. 

Therein, they have revealed the imposed green spaces in the ‘QOL scenario’ improve the amount of green per 

capita within walking distance but only for a small part of the population, and the parks have reduced some of 

the nearness between air pollution sources and residential areas. Additionally, the impact on access to 

commercial LU was minimal except for the rural residential sprawl areas. Lastly, the QOL scenario has reduced 

urban sprawl of lifestyle blocks and the total depletion of natural areas (most certainly due to the changed 

demand in residential LU types).  

Nevertheless, for some of the indicators in this showcase it cannot yet be determined whether the amount of 

change the indicators reveal truthfully reflects the actual changes. Indicator suggestions such as the ‘traffic 

noise nuisance’, ‘air pollution source’, and ‘green per capita within walking distance’ require further testing to 

detail the meaning and connotation of their values. For these indicators it can, therefore, not yet be said 

whether they reveal few/many differences because the actual (QOL) impacts changed little/much or because 

the indicators are (in)sensitive. To determine that, benchmarks or validations should be performed. However, 

for the indicators with a clearly-defined meaning this is not an issue. For these indicators (such as the urban 

intrusion indicator, shortest distance indicator, and population within range indicator) detailing their 

definitions and assumptions can most probably clarify enough to apply these indicators already. 

4.9. CONCLUSION 
To conclude this chapter the main findings are briefly recapitulated. In the first sections it is detailed which 

indicators may be determined with the available data and are not yet available in RIKS’ SDSSs. This resulted in 

a specific set of ten different QOL- and UDP-relevant indicators that have been selected for further study 

because of their feasibility. These indicators involve two different types of existing indicators, three types of 

extensions of existing indicators, and two (relatively) new types of indicator implementations. Additionally, a 

number of further suggestions are made throughout the chapter. 

After introducing the used Metronamica CA LUC software application from RIKS – and its application for the 

Auckland (NZ) area of which a version has been made available for this research – the indicators are discussed 

consecutively based on their type of ‘technical’ implementation. For all these considered indicators the 

relevant context, required data and parameters, the used or developed algorithm, resulting outcomes, and an 

extensive discussion are given.  

Firstly, the described distance and accessibility indicators are shown to be clear in their meaning and relatively 

straightforward to implement. This involves a relatively simple indicator describing the shortest distance from 

a source to target, which was already available in Metronamica. This is extended with an indicator detailing 

the percentage of ‘population within range’ of such a target. 

Secondly, multiple (protected) land use change (LUC) indicators are described. From a base LUC indicator, one 

extension focusses on the use of existing zoning maps (which are also available in the used application). 

Another extension, which is most preferred for QOL, requires additional maps of protected areas but is briefly 

discussed nevertheless.  
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Thirdly, a traffic noise disturbance indicator (and air quality indicator) are suggested. To implement these 

indicators, numerous assumptions and simplifications have to be made. Although, an underpinned ‘road traffic 

noise nuisance’ indicator is suggested, this type of indicator is rather complicated and troublesome. 

Furthermore, a few suggestions are made of indicators that can describe the proximity of possible air pollution 

sources, but not of air pollution itself. 

Fourthly, a number of alternatives for ‘land use per capita (in the proximity)’ are suggested. Some of these 

alternatives are more advanced and use complicated algorithmic constructs that may be hard to interpret. 

One such indicator is the ‘population-weighted’ amount of a certain land use in the proximity. Other indicators 

are more straightforward and very comprehensible to users, such as the common ‘zonal green space per 

capita’ indicator. Both simpler and more complex alternatives have been successfully implemented, but have 

rather different meanings. 

Altogether there is a wide range in complexity and comprehensibility of discussed indicators and indicator 

types. Nevertheless, it has been shown that quite an extensive number of indicator types may be added to the 

(CA LUC) software and that these can generally be computed from a land use map only. 

Finally, the showcase has revealed the added value and required level of detail of a number of the indicators in 

describing and identifying QOL- and UDP-relevant aspects of different scenarios. In this case the difference in 

‘traffic noise nuisance’ was hardly visible and it will only become visible if major or many roads are changed. 

The ‘air pollution sources’ suggestion did reasonably display changes, as did the ‘green space per capita’ 

indicator. Changes to the zonal (choropleth) alternative draw more attention, if they are actually revealed. 

That may be impeded by choice of zonal borders and zonal size, which is also the case for the ‘population 

within range’ indicator. Additionally, it is harder to relate what actually changed with the zonal alternatives. 

Lastly, the LUC indicator was clear and compressible. Generally speaking, these practical implementations of 

the indicators can potentially support UDP professionals in identifying properties of and differences between 

(for example) scenarios that are not easily found from the land use maps themselves. 
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5. CONCLUSION AND DISCUSSION 
5.1. CONCLUSION 
This research has focused on enhancing the applicability of SDSSs for use in the field of urban design and 

planning (UDP), in particular considering indicators and indicator sets that are suitable for the integral and 

multi-thematic considerations UDP professionals make in their design, planning, and policy making. 

An initial literature review revealed that little has been written on comprehensive and non-thematic sets of 

(local level) indicators for urban designers and planners. Therefore, first an extensive literature study has been 

conducted, of which the intent is to answer the first main research question “What are common indicators, 

indicator topics, and their structures, suitable for urban designers and planners, within different (primarily 

local) contexts?” and its sub questions.1 The purpose hereof is to increase the overall insight in the broad 

multi-thematic spectrum of potentially UDP-relevant topics and accompanying indicators. 

Thereafter, the planning- and policy-relevant concept of ‘quality of life’ (QOL) has been introduced to guide 

the further work into a certainly relevant, as well as, more narrow direction. Additionally, interviews have 

been conducted to test and extend the theoretical findings with more practical opinions from professionals 

from the field. 

Lastly, a selected number of indicators has been documented, and implemented in a cellular automata land 

use change SDSS developed by RIKS and called Metronamica.2 This has involved selecting feasible indicators, 

documenting their requirements and possible implementation techniques (such as algorithms), and actually 

implementing them in the considered software application. This last stage aims to answer the second main 

research questions “How can (S)DSSs be made more suitable to urban designers and planners, by leveraging 

indicators?” and its sub questions,3 as well as, contribute to the ‘practical’ suitability of SDSSs for UDP 

professionals. 

KEY FINDINGS  

Overall, the previously described steps have resulted in a number of different findings, starting from more 

theoretical ones and developing to more practical ones as well. Firstly, this study provides an overview and 

analysis is given of common indicators, indicator topics, and their structures, mainly from urban (land use) 

planning literature. Additionally, a QOL-prioritized and UDP-relevant list with spatially-explicit indicators is 

presented, which has been discussed with professionals from the field as well. Finally, documentation and 

discussion is given for the practical implementation of selected indicators or indicator types in SDSSs. This 

includes input requirements, (proposed) methods, resulting outcomes, and possible alternatives. Furthermore, 

a number of indicators are actually implemented and showcased in a potentially UDP-relevant application. 

                                                            

1 Summarized sub questions: (How) do sources coincide or deviate from one another considering indicators, indicators 
topics, and their structures/categorization; do commonalities exist; and (how) are the aforementioned dependent on the 
context-properties of the sources? 
2 Cellular automata land use change models and Metronamica are detailed in subsection 3.4.2. 
3 Summarized sub questions: Which indicators are feasible to be added to the considered existing SDSSs; which data and 
algorithms can be used and which results expected when implementing them; and what are prominent properties of 
these indicators, such as possibilities, limitations, and meanings? 
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L I T E R A T U R E  S T U D Y  

To begin with, this study gives a broad overview of indicators in urban (land use) planning literature. It 

identifies that found sources in the current literature generally have a thematic viewpoint and hardly any 

general, wide viewpoint is taken. Many authors have organized their indicators into thematic clusters (called 

‘dimensions’ in this research), of which the most common are the environmental, social, and economic 

dimensions and to a lesser degree a physical dimension. A legal and a demographic dimension are separately 

identified in this study as well. Topics and indicators among these dimensions are most common among the 

physical and demographic dimensions, while the environmental dimensions contains many infrequent topics. 

The other dimensions contain less common topics. Behind these dimensions and topics is a vast amount of 

indicators. Of all these dimensions, topics, and indicators the most common ones are summarized in Appendix 

6. However, most sources do not cover the whole broad range of dimensions, topics, and indicators as 

presented here. Furthermore, the limited documentation of the used indicators impedes easy reuse of the 

found indicators. Moreover, it is often recognized that expert knowledge is currently indispensable in indicator 

studies.  

Considering the context of the sources, both the thematic background, the goal, and the scale of the study 

seem to have little general relation to the used dimensions. Detailed, ‘non-aggregated’1 systems, as well, cover 

the dimensions in a similar fashion; however, these sources miss a considerable number of topics and 

indicators that aggregated studied cover. Indicator projects,2 on the other hand, do often cover a wider range 

of dimensions. Lastly, sources that focus on spatial-explicit output cover the topics and indicators within most 

dimensions to a below-average degree. In conclusion, common indicators and categorizations do exist and 

have been organized for a wide range of topics and dimensions in this study, while complete and common sets 

are absent. 

QOL  A N D  I N T E R V I E W S  

In addition to the dimensions commonly found in urban design and planning (UDP) literature, a prioritized 

structure around the UDP-relevant concept quality of life (QOL) is proposed. This includes nine important QOL 

dimensions in which selected topics and indicators from the UDP literature are organized (Table 5 in 

subsection 3.2.2). This structure focusses on ‘objective QOL’ and spatially-explicit topics and indicators. It 

includes the dimensions environment, transportation/mobility, services and facilities, education, health, 

recreation, economic conditions, safety/risk, and social conditions/community. These can, however, not all be 

expressed using the found UDP indicators. 

Moving towards the more practical and SDSS-oriented contributions, interviews with UDP professionals have 

generally confirmed the finding from literature that multiple different indicator categorizations are possible 

and a broad spectrum is relevant to UDP. These professionals, furthermore, agreed with the proposed QOL 

structure as a possible method. Additionally, they described possible desired applications of SDSSs, of which 

‘development or comparison of alternatives/scenarios’ and ‘explaining their choices’ are frequent. 

I N D I C A T O R  D O C U M E N T A T I O N  

A N D  I M P L E M E N T A T I O N  

Lastly, the final, ‘most practical’ contribution of this research has resulted in the implementation and 

documentation of multiple different indicators from the QOL structure in order to make SDSSs more suitable 

to UDP professionals. Indicators are used that are feasible to implement in the utilized SDSS Metronamica, 

                                                            

1 In this context, non-aggregated studies/systems do not aggregate the indicators for large areas such as neighborhoods. 
2 A category of sources, discussed in chapter 2, that specifically focusses on development of indicators or indicator sets. 
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which is a cellular automata land use change model. These indicators are detailed consecutively based on their 

‘technical’ implementation type. The relevant context, required data and parameters, the used or developed 

algorithm, resulting outcomes, and an extensive discussion are described. Two distance and accessibility 

indicators are discussed. A ‘shortest distance to facilities’ indicator identifies the distance between residential 

land uses and selected destination land uses. An extension hereof, ‘population within range from facilities’, 

describes the percentage of the population that resides within a certain distance from these destination land 

uses. Both indicators are clear in their meaning and relatively straightforward to implement. Two extensions of 

an existing land use change indicator are detailed that focus on the use of protected land. One alternative uses 

zoning maps to identify such use of protected land, while the most preferred alternative for QOL, requires 

additional maps of specific protected areas. For a following set of ‘traffic noise nuisance’ and ‘air pollution’ 

indicator suggestions, numerous assumptions and simplifications need to be made. Although an underpinned 

alternative for road traffic noise nuisance is implemented, these indicators are rather complicated and 

troublesome and seem to reveal few changes between the scenarios. Lastly, alternatives are described for 

indicators of the ‘amount of certain land use per capita (in the proximity)’. These include a straightforward and 

comprehensible ‘zonal’ alternative, which describes the amount of certain land use types per capita in each 

zone. More spatially-explicit and complicated versions include an indicator of this ratio between people and 

land use, within a specified range. Altogether, a number of these implemented indicators can identify certain 

QOL and UDP relevant aspects, as is revealed in the showcase. Their implementation as well as their 

constructed documentations and suggested alternatives, limitations, and possibilities can make SDSSs more 

suitable to urban designers and planners. 

5.2. DISCUSSION 
In this section the different results discussed before are critically reflected and related to a wider context. 

L I T E R A T U R E  S T U D Y  

First of all, the extensive literature study gives insight in the commonness of topics and indicators in urban 

(land use) planning literature. This can be used to describe the broadness of the scope of urban (designers’ 

and) planners’ work, as well as, assist in finding suitable indicators considering these topics. However, from 

this literature study it cannot be concluded why certain topics and indicators are common and whether they 

are for certain important. The commonness may be caused by the fact that the indicators are easily calculated, 

as well as, that they are actually considered important. 

This literature study has focused on few types of sources, namely academic literature and indicator projects. 

Additionally, it would be of interest to investigate actual projects carried out by UDP professionals, as well as, 

a broad range of existing SDSSs and planning support systems. Both could be used to increase the 

understanding of commonness and importance of different topics and indicators to the integral UDP process. 

The interviews could have been extended to cover this more thoroughly as well. Furthermore, this study has 

mainly delved into and focused on the indicators that are common; therefore, less statements can be made 

about those indicators that are uncommon or topics that lack indicators. The fact that this study is limited to 

the aforementioned extends is a consequence of the pronounced focus on the broad integral spectrum. This 

view is much broader than found in many other works in literature and at the same time less thematic than 

most ‘indicator projects’. 

Recapturing the current literature, it may be stated that this literature is wide and varied, and lacks consensus 

on which topics and indicators are relevant, as no common set of indicators can be found. Actually, many 

sources describe the importance of expert knowledge and some suggestions are made of the influence of 

location-specific properties. Therefore, a general set of indicators might not be feasible at all. On the other 
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hand, a clear overview of possibly applicable indicators (a catalogue) has potential to overcome this downside 

of general indicator sets. Such indicator catalogues, as well, are rare and only available at thematic level (such 

as the URGE and TISSUE projects). The Environmental Data Compendium (CBS et al., 2015) is the least 

thematic source that forms such a catalogue; however, it as well lacks parts other sources cover and has its 

own downsides such as an uncommon thematic categorization system. This study can contribute to the 

development of non-thematic, UDP-broad, indicator catalogues. 

QOL  A N D  I N T E R V I E W S  

Following, the proposed QOL structure does describe an assumed importance of different dimensions or topics 

that the general overview of the UDP literature lacks. In doing so it takes a certain stance in selecting topics; a 

stance that was generally agreed upon by the interviewed professionals. However, many of the listed QOL 

topics are neglected when applying the scheme (‘grayed out’) as they currently show too little connection to 

the available spatially-explicit UDP indicators. At the same time the structure remains a relevant method to 

frame the further study and in the same way it could potentially help frame future indicator development that 

is spatially-explicit, related to ‘objective QOL’, and UDP-focused. The downside of such a framing is that it also 

limits the potential documentation and implementation of indicators, leaving other UDP-relevant topics and 

indicators (outside scope of QOL or not spatially-explicit) undiscussed. Such would, for example, be inadvisable 

for an indicator catalogue. On the other hand, some of such catalogues were found but they lacked sufficient 

indicator details. During this narrowing step in this study, the work is focused on the documentation and 

development of a few indicators, rather than only touching upon all indicators briefly as most indicator 

catalogues and some other sources so far have done. 

Additionally, the conducted interviews have increased the practical embedment of this study. Nevertheless, 

their limited number makes it impossible to make rigid statements and to describe results based on the 

interviews alone. Therefore, all findings from the interviews are considered in relation to the preexisting 

interpretations based on the literature. Furthermore, the interviews are limited by the fact that the 

interviewees generally had no personal working experience with SDSSs or similar systems. Nevertheless, the 

(mostly integral UDP) background of the interviewees contributed to relating this study to the potential users. 

I N D I C A T O R  D O C U M E N T A T I O N  

A N D  I M P L E M E N T A T I O N  

Finally, by documenting the steps required in the implementation of UDP-relevant indicators, the last research 

phase reveals more practical aspects of improving the suitability of SDSSs for urban designers and planners. 

For this step a limited number of indicators was selected. This was done while mostly focusing on cellular 

automata land use change models in general and the utilized RIKS’ Metronamica SDSS software in particular. 

This implementation part, therefore, is limited to a number of indicators feasible within this described context, 

which may limit the applicability of the findings in other situations. As the indicator implementations are, 

additionally, only based on data already available in the application, they are largely based on land use map 

data. Since this data is widely available, the indicators can probably be used in other (types of) SDSSs as well. 

Therefore, on the one hand, the focus on available data has been a limitation of possible implementable 

indicators and may have caused simpler indicator versions. On the other hand, it gives more opportunities for 

future utilization of the indicators. Nevertheless, without the aforementioned restrictions, it would be possible 

to document and implement completely different QOL- and UDP-relevant indicators, although that also 

requires thorough additional investigation of the required techniques. Within the documentation, attention is 

paid to data requirements, algorithms, and outcomes; given the limited available data, this study has been 

brief in documenting the impact of different data on the resulting indicator, this could be investigated more 

thoroughly. 
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Speaking of the specific developed indicator types, the described distance and accessibility indicators are 

useful as is, but many possible improvements are suggested, such as more advanced distance algorithms. 

Whether such improvements are useful depends on the actual application. The utilized land use change 

indicator and ‘protected land use’ additions are most clear in their meaning and function of all discussed 

indicators. Furthermore, they indicate changes that are hardly disputable and are therefore convincing. In 

contrast, the ‘traffic noise nuisance’ and ‘air pollution sources’ indicators are rather complicated. These 

indicators attempt to simplify the complex underlying phenomena (respectively noise production and 

distribution, and air quality influences) to partial aspects that can be modeled with the land use and 

infrastructure data only. In comparison to more advanced methods in literature and practice for estimating 

such phenomena, these indicators are fairly limited and represent a simplified meaning about the concepts. 

However, the models from literature cannot be computed with the limited input data available. Nevertheless, 

from this study no statements can be made as to the representability of these newly suggested ‘noise’ and ‘air’ 

indicators, as therefore they would need comparison or even validation. Lastly, a number of alternatives for 

‘(green) land use per capita’ are proposed. A simple ‘zonal’ alternative is common in related practices such as 

outcomes from statistical bureaus, which makes it particularly useful due to its recognition. More advanced 

alternatives are more spatially-explicit and refined; however, their added value to professional users has yet to 

be determined. 

Generally speaking about the described indicators, their documented and shown implementations have all 

been influenced by the available data and in particular the land use (LU) map. Therefore, these indicators are 

very dependent on the selection and level of detail of the used land use types on the LU map. This property is 

inherent to most cellular automata land use change models, but may be overcome in other tools and SDSSs by 

utilizing additional data, for example census or remote sensing data. 

Additionally, a showcase revealed that it is very dependent on the application whether indicators do actually 

clearly reveal certain changes. As has been briefly said, this study has not validated whether these indicators 

are truly representative for the phenomenon they describe. Therefore, it cannot be stated whether certain 

meager results from the showcase are caused by limited actual changes in the considered scenarios, or by the 

limitations of the indicators. For indicators such as the ‘traffic noise nuisance’ this is particularly relevant, while 

for indicators such as the ‘shortest distance to facilities’ it may be sufficient to clearly state the assumptions. 

Some of these shortcomings may be overcome by using an actual situation in the test and the showcase, 

instead of a fictional scenario. However, it is beyond the scope of this research to perform described 

comparison and validation of the indicators. 

O V E R A L L  R E S E A R C H  

Returning to the overall scope of this research, it can be concluded that this study has dealt with a wide range 

of aspects relevant to the improvement of SDSSs for UDP- and QOL-related applications, by using indicators. 

However, in this context, there has been relatively little attention for the global usage process of SDSSs (see 

section 1.2.5) by UDP professionals – the potential users – except for part of the interviews. This can be 

related back to the introduction of this study, in which it was assumed that improving the suitability of 

indicators in SDSSs will deliver a valuable contribution to the overall improvement of the SDSSs for UDP 

applications. Therefore, this study touches upon the most relevant aspects of the indicator usage process in 

SDSSs. 
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5.3. RECOMMENDATIONS  
From the found results of this study, the conclusions drawn from these results and the critical reflection 

thereon, a number of wider recommendations can be made, both for the utilized tool and for future research 

in the fields of SDSS and urban (land use) planning and urban design. 

5.3.1. RECOMMENDATIONS FOR SDSSS  
Specifically discussing the considered SDSS Metronamica of RIKS and similar models, a number of suggestions 

for indicator implementation are now present in the form of the results from this study in chapter 4. In 

summary, the following general recommendations can be made for improvements that may make these kinds 

of systems more suitable for use with UDP-relevant indicators and thus for use by urban designers and 

planners. For distance algorithms, the addition of an option to avoid certain land use types when calculating 

the distance would be a valuable enhancement. For the land use change indicator it would be useful to be able 

to group certain land use types. For multiple indicators – and certainly for the ‘neighborhood indicator’ – it 

could be useful to include an option to only calculate the indicator for certain selected land use types or only 

show the results for these types. Furthermore, for all or most population-related indicators it would be a 

considerable improvement if the development of a separate population layer in the cellular automaton is 

completed.1 Lastly, the availability of more detailed land use classifications/types in land use change models 

can enable the computation of more precise indicators as well. 

Broadly speaking, the developers of the utilized SDSS and of SDSSs in general are encouraged to further 

implement and develop UDP-relevant indicators – such as those suggested in this study – as that can greatly 

improve the suitability of these systems for urban designers and planners. 

5.3.2. FUTURE RESEARCH AND DEVELOPMENTS  
Considering the general fields of research and the findings from this study, recommendations can be made for 

future work into the theoretical aspects as well as the more practical elements. 

Relevant future work in relation to the theoretical literature study would be the extension of such an overview 

of possible dimensions, topics, and indicators with the input from actual projects of professionals in the field 

and with indicators and categorizations of (thematic) existing SDSSs and other indicator tools. Furthermore, an 

extensive interview study could be of interest, investigating used dimensions and topics (and possibly 

indicators) by UDP professionals, as well as their broader expectations of and requirements for SDSSs. All of 

this can help deepen the understanding of possible UDP indicators and answer the question which topics and 

indicators can be important to a project, rather than common. This could, ultimately, lead to the development 

of a non-thematic, UDP-broad catalogue of possibly applicable indicators and their descriptions and possible 

implementations, which may considerably support professionals in finding proper indicators for their relevant 

topics. 

For research focusing on QOL in relation to (spatially-explicit) UDP, it can be relevant to investigate the 

omitted dimensions of the proposed QOL structure and how to use indicators to describe those. These are 

dimensions such as the economic and social conditions, for which hardly any UDP indicators were found in this 

study. 

Relating to the more practical components of this research, future work could focus on developing and 

implementing indicators – and properly documenting this in particular – for wider application than the 

implementations in this study that focus on cellular automata land use change models. In such future 

                                                            

1 RIKS is already currently developing such a layer. 
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implementations, different alternatives or versions of indicators can be proposed that relate to the available 

data and possible other criteria. Especially when representing complex phenomena (such as the traffic noise in 

this study), useful future work would be to test the trustworthiness and value of (new) indicators by evaluating 

existing situations and possibly benchmarking or even validating the indicators with other data or existing 

indicators. When more relevant implementations are properly documented as well, this could become an 

integral part of the aforementioned catalogue of UDP-relevant indicators. 

To summarize, this study has addressed a number of subsequent steps that are relevant to the 

implementation of suitable UDP indicators in SDSSs. All these steps can be studied in more detail as well. At 

the same time this study is (generally-speaking) only concerned with the indicator-related aspects of using an 

SDSS by UDP professionals. Still, the wider process of these professionals using an SDSS also requires 

investigation. Ultimately – when such research and technical developments take place and are accompanied 

by greater acceptance of such systems by professionals in the field – the use of SDSSs can become more 

commonplace in the field of UDP, and the field of SDSS can better tailor its systems to the needs of UDP 

professionals, leading to better informed urban design and planning decisions. 
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APPENDIX		1:	LONG	LIST	SOURCES

id First author

Year 
of 
pub. Title (Project name) Other author(s)

Type of 
docume
nt (Journal title) Scale Country Theme Approach Other Fo

cu
s 

on
 la

nd
-u

se

Fo
cu

s 
on

 a
pp

ro
pr

ia
te

 s
ca

le

Remarks

001
Pissourios, Ioannis 
A. 2015

Critical analysis of the official Greek urban 
planning indicators of private uses - - article Land Use Policy Town / City Greece

urban planning 
private use

evaluation of 
current 
indicators x --

Not elaborated, because no 
indicators given

002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for the 
automated assessment of land-use options -

Finkela, Michael; Bleicherb, 
Alena; Morioa, Maximilian; 
Gross, Matthias article

Landscape and 
Urban Planning

Neighborhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x

003 Jeong, Jin Su 2012

Integrating buildings into a rural landscape 
using a multi-criteria spatial decision 
analysis in GIS-enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural landscape 
building 
integration Spatial MCE tourism function x --

006 Schetke, Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking cities. 
Experiences from eastern Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighborhood as 
a whole Germany shrinking cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x)

004 Schetke, Sophie 2012

Towards sustainable settlement growth: A 
new multi-criteria assessment for 
implementing environmental targets into 
strategic urban planning - Haase, Dagmar; Kötter, Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x)

005 Rosales, Natalie 2011

Towards the modeling of sustainability into 
urban planning: Using indicators to build 
sustainable cities - -

conferen
ce paper

Procedia 
Engineering None None

(framework for 
sustainability 
indicators)

process 
description (x) (x)

Not elaborated, no topics given, 
just outline framework

007
A Zucca, Antonella 2008

Application of spatial multi-criteria analysis 
to site selection for a local park: A case 
study in the Bergamo Province, Italy -

Sharifib, Ali M.; Fabbri, Andrea 
G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
creation set x --

007
B Zucca, Antonella 2008

Application of spatial multi-criteria analysis 
to site selection for a local park: A case 
study in the Bergamo Province, Italy -

Sharifib, Ali M.; Fabbri, Andrea 
G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also includes 
creation set's outcome: 

'suitability index' from 007A ↑.

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated in a GIS 
using a multi-criteria mechanism - Bar (Kutiel), Pua; Bannet, Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

009 Scipioni, Antonio 2008

The ISO 14031 standard to guide the urban 
sustainability measurement process: an 
Italian experience -

Mazzi, Anna; Zuliani, Filippo; 
Mason, Marco article

Journal of Cleaner 
Production Town as a whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) --

015 Scipioni, Antonio 2009

The Dashboard of Sustainability to measure 
the local urban sustainable development: 
The case study of Padua Municipality -

Mazzi, Anna; Mason, Marco; 
Manzardo, Alessandro article

Ecological 
Indicators Town as a whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

010 Kline, Eslizabeth 2000

Planning and Creating Eco-cities: Indicators 
as a tool for shaping development and 
measuring progress - - article

Local Environment: 
The International 
Journal of Justice 
and Sustainability None None

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))

change 
description (from 
traditional to 
ecocity 
indicators)

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions. -- (x)

011 Pettit, Christopher 1999

An integrated planning tool based upon 
multiple criteria evaluation of spatial 
information - Pullar, D. article

Computers, 
Environment and 
Urban Systems

Both 
regional/town 
and urban 
planning/design 
possible None (focus on tool) Spatial MCE (x) (x)

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for Green 
Development in Cities

EU EC URGE 
(Development of Urban 
Green Spaces to 
Improve the Quality of 
Life in Cities and Urban 
Regions)

Baycan-Levent, Tuzin; Leeuwen, 
Eveline van; Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

013 Caijun Zhao 2011

Urban planning indicators, morphology and 
climate indicators: A case study for a north-
south transect of Beijing, China - Guobin Fu; Xiaoming Liu; Fan Fu article

Building and 
Environment

Neighborhood 
(500m radius 
circles) China urban climate

investigate 
relation between 
urban planning 
and urban 
climate 
indicators

common 
Chinese urban 
planning 
indicators x x

014 Li Rui 2003

Urban Renewal at Neighborhood Level A 
case study of Huangjiadun neighborhood in 
Wuhan city - - thesis - Neighborhood China urban renewal MCE

underdeveloped 
area (x) x

016 Akıncı, Halil 2013
Agricultural land use suitability analysis 
using GIS and AHP technique -

�Özalp, Ays e Yavuz; Turgut, 
Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x)

017 Dur, Fatih 2014

A spatial-indexing model for measuring 
neighbourhood-level land-use and transport 
integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighborhood - 
District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

018 Kaili, Dou 2009
Selection of Residential Land based on 
Integration of MCDA and Gravity Model - Qingming, Zhan; Shiguo, Li

conferen
ce paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, 
MASS 2009 District China

residential land 
selection Spatial MCDA (x) (x)

019 Tudes, Sule 2010

Preparation of land use planning model 
using GIS based on AHP: case study Adana-
Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, suitability 
evaluation Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating of 
indicators differs per land use

021 Kumar, S. 2010
Identification of potential ecotourism sites in 
West District, Sikkim using geospatial tools - Behera, M.D.; Tewari, H.R. article Tropical Ecology Region India ecotourism

Spatial suitability 
analysis, Spatial 
MCA x --

022 Meinel, G. 2010

Monitoring of settlement and open space 
development on the basis of topographic 
spatial data - Concept, realization and first 
results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 
Information 
Sciences - ISPRS 
Archives

Municipality as a 
whole, Buildings 
as a whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy AHP for 
conservation priority assessment in coastal 
areas: Case of Khuzestan district, Iran -

Hadipour, Mehrdad; Mokhtar, 
Mazlin Bin; Taghavi, 
Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-use 
planning

Fuzzy AHP-
VIKOR (MCE-
based selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility" topics are 
matched with existing categories 

of this grid.

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and Key 
Indicators of Reurbanisation with Reference 
to Demographic Change EU EC Re Urban Mobil

Steinführer, Annett; Kabish, 
Sigrun

"paper" / 
research 
report -

Region - 
Neighborhood Europe, multiple reurbanisation

Inventarisation of 
possible 
indicators -/(x) (x)

502 Mihelic, Breda 2005

GIS-tool for analysis and multi criteria 
evaluation. Final report. The case of 
Ljubljana EU EC Re Urban Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

research 
report -

Micro / 
Neighborhood Slovenia reurbanisation

compare 
indicators, attend 
worst first -/(x) x

570
Ambiente Italia 
Research Institute 2003

European Common Indicators Towards a 
Local Sustainability Profile

EU EC European 
Common Indicators 
(ECI) -

evaluatio
n report -

Local 
(town/district/city
) as a whole Europe, multiple

(environmental) 
sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x)

522
A UFZ 2004 Making greener cities - A practical guide

EU EC URGE (URban 
Green Environment) Project team manual - City as a whole Europe, multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) --

Not elaborated because of 
mismatch with target scale and 

large number of indicators.

522
B UFZ 2004 Making greener cities - A practical guide

EU EC URGE (URban 
Green Environment) Project team manual -

Site as a whole 
(Local) Europe, multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The Urban 
Audit Yearbook Overview EU EC Urban Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region) Europe, multiple quality of life

assessment and 
comparison of 
cities by 
indicators, 
monitoring (x) --

mult
i

XARXA project 
team

2004
?

The XARXA - The Catalan Network of Cities 
and Towns towards Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only 'Pattern' 
indicators, that 
focus on urban 
structure and 
sustainable 
development (x) (x)

601
A IES; RIKS 2004

The MOLAND model for urban and regional 
growth forecast
A tool for the definition of sustainable 
development paths

EU EC MOLAND (on 
Dublin) Project team report -

Town - Region 
(pixel 1-4 ha) Ireland

urban and 
regional growth 
forecast, 
sustainable 
development cellular automata Regional level x (x)

Only Clusters are given, no clear 
topics.

601
B IES; RIKS 2004

The MOLAND model for urban and regional 
growth forecast
A tool for the definition of sustainable 
development paths

EU EC MOLAND (on 
Dublin) Project team report -

Town - Region 
(pixel 1-4 ha) Ireland

urban and 
regional growth 
forecast, 
sustainable 
development cellular automata Local level x x

Only Clusters are given, no clear 
topics.

571 EEA 2005 EEA core set of indicators Guide
EU EEA Core Set of 
Indicators (CSI) Project team report - EU - National None

indicator 
development, 
environmental

indicator 
development, no 
application -- --

Not elaborated, because of 
complete mismatch

751
CBS; PBL; 
Wageningen UR

2015 
(conti
nu)

Compendium voor de Leefomgeving' 
(Environmental Data Compendium)

Compendium voor de 
Leefomgeving' 
(Environmental Data 
Compendium) Project team

website 
containin
g many 
reports -

(Regional -) 
National The Netherlands the environment

Collection of 
indicators (x) --

This sources sometimes uses 
multiple internal references (e.g. 
two topics referring to the same 

subtopic).

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole') Europe, multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole') Europe, multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

x x Done
(x) (x) Incomplete, but Done
-/(x)
-- --

Basic identification Additional identification Context

A bit
(Mostly) No

Legend Partly/Maybe/Generally
(Mostly) Yes
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APPENDIX 	2: 	LITERATURE 	GRID 	SOURCES 	& 	ANALYSIS 	OF 	GRID 	 	
The literature grid, containing (thirty) relevant sources, is attached as both a PDF file or print, and an Excel file. 

The grid and a basic analysis of the grid are combined in one file. The color coding at the top and bottom 

contains the analysis outcomes, for which the legend is in the bottom‐left corner of the file. 

READING 	GUIDE 	GRID 	
Within the grid, sources (rows) are plotted against context properties, dimensions, topics, and indicators 

(columns). 

Every double row contains one source with at first identification information, then the context properties, next 

the dimensions, and at last both the topics (upper row) and indicators (lower row).  

To find all properties of a specific source, search the corresponding two rows. To find information from 

multiple sources about a certain context property, dimension, or topic and indicator, search the respective 

column. 

The PDF file is or could be printed as, just readable, A0 plot and contains an overview of all dimensions, topics 

and indicators; however, not all indicators for all sources fit within the print’s format and thus some text is 

dropped. 

Using the Excel file all indicators from all sources can completely be read on a computer.  

(Akıncı et al., 2013; Dou, 2009; Dur et al., 2014; Jeong et al., 2012; Kline, 2000; Pettit & Pullar, 1999; Rodenburg et al., 2001; Rui, 2003; 

Schädler et al., 2013; Schetke et al., 2012; Schetke & Haase, 2008; Scipioni et al., 2009, 2008; Svoray et al., 2005; Zhao et al., 2011; 

Zucca et al., 2008) (Ambiente Italia Research Institute (Ambiente Italia), 2003; European Commission, 2000; Kumari et al., 2010; Meinel, 

2010; Pourebrahim et al., 2014; Re Urban Mobil‐team, 2003, 2005; Regions for Sustainable Change, n.d.; Statistics Netherlands (CBS) et 

al., 2015; TISSUE‐team, 2005c, 2005b; URGE‐team, 2004)  
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002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for 
the automated assessment of land-
use options -

Finkela, Michael; 
Bleicherb, Alena; Morioa, 
Maximilian; Gross, 
Matthias article

Landscape and 
Urban Planning

Neighborhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x x To

pi
cs

x x x x x x x x x

In
di

ca
to

rs

Residential areas 
in the 

surrounding 
area, Green 

spaces in the 
surrounding 

Commercial 
areas within 

walking distance, 
Local amenities 

in walking 
distance, Primary 

Historically 
relevant 
buildings

Great influence 
on cityscape

High value 
tree/plant 
population

Site is part of a 
local habitat

Site contains 
>40% sealed 
soil, Area 
strongly 
contaminated

Direct vicinity to 
nature reserve

Neighbouring 
uses sensitive to 
emissions

003 Jeong, Jin Su 2012

Integrating buildings into a rural 
landscape using a multi-criteria 
spatial decision analysis in GIS-
enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural 
landscape 
building 
integration Spatial MCE tourism function x --

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental To
pi

cs

Land Use Infrastructure

Water source, 
Urban area 
proximity, 

Residential area 
proximity, 

Tourist/Agricultur
Orientation, 
Morphology

External visibility, 
Internal visibility Population

Archaeological 
areas Vegetation type NATURA 2000

In
di

ca
to

rs

Several land use 
types/policies; Site access

Distance from 
water source; 
Distance from 
Urban area; 

Distance from 
residential area; 

Slope gradation, 
Orientation

Visibility from 
roads/rails; 

Visibility from 
residential areas

Population 
density

Archaeological 
areas

Several land 
cover types

Distance from 
sensitive 
ecosystem 

006
Schetke, 
Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking 
cities. Experiences from eastern 
Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighborhood 
as a whole Germany shrinking cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x) Social Social Social Ecological To

pi
cs

Infrastructure Infrastructure Green supply Population
Urban fabric and 

housing

Quality of urban 
green, 

Persistence of 
quality of urban 

green Soil quality
Hydrology, water 

balance

In
di

ca
to

rs

Max. distance to 
main roads

Max. distance to 
primary school, 
Persistence of 

leisure facilities, 
Max. distance to 

supermarket, 

Recreational 
area in

50 m distance, 
Area 

neighbourhood
green (500 m), 

Total population, 
(Other unclear 
indicators)

Share of non-
renovated 
houses, Share of 
renovated 
houses, Share of 
demolition

Leaf Area Index, 
Largest patch 
Index, Shannon's 
Diversity Index 
(SHDI)

Degree of 
sealing

Surface run-off, 
Seeping rate, 
Etpμ, Growth 
Housing floor 
space

Protection of 
green, Growth of 
green area, 
Degree of 
isolation

004
Schetke, 
Sophie 2012

Towards sustainable settlement 
growth: A new multi-criteria 
assessment for implementing 
environmental targets into strategic 
urban planning -

Haase, Dagmar; Kötter, 
Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x) Environmental To

pi
cs Ecosystem 

functions
Resource 
protection Risk potential

In
di

ca
to

rs

Climate 
regulation 
function, Biotope 
quality, Seepage, 
Isolation/use of 
biotope 

Protected areas, 
Soil quality/Yield 
stability Flood risk

007
A

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
creation set x -- x x Environmental Environmental To

pi
cs

Restoration of 
degraded

urban areas

Protection of 
agricultural

areas

Protection and 
valorisation of 

rural, historic and 
architectural 

assets

Mitigation and 
environmental 

compensation of 
impacts of new 
infrastructures

Protection of 
high natural 

value areas and 
assets

In
di

ca
to

rs

Distance from 
degraded areas

Presence of 
agricultural areas

Distance from 
typical landscape 
elements, 
Distance from 
historic-
architectural 

Distance from 
new 
infrastructures

Distance from 
natural assets 
(points, lines, 
areas), Distance 
from features 
with ecological 

007
B

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also 
includes creation set's 
outcome: 'suitability 
index' from 007A ↑. Suitability (from 

row 007A)

Economic, 
Suitability (from 

row 007A)
Social, Suitability 
(from row 007A)

Environmental and 
ecological, 

Suitability (from 
row 007A) To

pi
cs

Evaluation set 
also includes 
creation set's 

outcome: 
'suitability index' 

from 007A ↑.
Suitability (from 

row 007A) x
Financial costs,

Gains Benefits loss, x
Financial costs, 

Gains
Suitability (from 

row 007A)
Suitability (from 

row 007A)
Education/sights
eeing Recreation Fragmentation

Suitability (from 
row 007A), 

Connection of 
existing regional 

parks

Suitability (from 
row 007A), Limit 

urban sprawl, 
Creation of a 

protection buffer 
for existing 

In
di

ca
to

rs

Suitability (from 
row 007A)

Number of 
municipalities 
involved

Fixed costs, 
Costs for park 
activities, 
Standard 
deviation of 
municipalities’ 

Income loss for 
restrictions in 
agricultural and 
breeding 
activities;
Number of 

Decrease of land 
value (inside 
park), Increase 
in land value 
(outside park)

Suitability (from 
row 007A)

Suitability (from 
row 007A)

Number of 
cultural values 
inside the park, 
Number of 
historic-
architectural 

Population 
served, 
Dimension (size), 
Total length of 
cycle paths, 
Distance from 

Infrastructure 
Fragmentation 
Index (IFI)

Suitability (from 
row 007A)

Suitability (from 
row 007A), 
Pairwise 
comparison of 
potential sprawl 
limit, Combined 

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated 
in a GIS using a multi-criteria 
mechanism -

Bar (Kutiel), Pua; Bannet, 
Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria) To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Distance from 
existing land-

uses
Topography; Soil 

type Vegetation Habitat

In
di

ca
to

rs

Distance from 
residences, 

Distance from 
nature reserves, 
Distance from 

forests, Distance 

Slope, Aspect; 
Soil formation, 
Salinity, Depth, 
% CaCO3, % 
clay, Stone 

cover, Parent-
Vegetation cover 
(NDVI)

Habitat 
Heterogeneity 
Model

009
Scipioni, 
Antonio 2008

The ISO 14031 standard to guide 
the urban sustainability 
measurement process: an Italian 
experience -

Mazzi, Anna; Zuliani, 
Filippo; Mason, Marco article

Journal of Cleaner 
Production

Town as a 
whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) -- Economic Social Environmental To

pi
cs

Tourism Population Mobility Car accidents Soundness
No indicators given

015
Scipioni, 
Antonio 2009

The Dashboard of Sustainability to 
measure the local urban 
sustainable development: The case 
study of Padua Municipality -

Mazzi, Anna; Mason, 
Marco; Manzardo, 
Alessandro article

Ecological 
Indicators

Town as a 
whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

(Health-Justice 
(combined))

Health-Justice 
(combined) Economic

(Social 
(combined)) Social (combined) Environmental

Health-Justice 
(combined) To

pi
cs

x (combined) x x x x x x x x x x x x x x x x x (combined)

In
di

ca
to

rs

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 

hospital 
attendant Inflation, GDP

Poverty 
threshold

Unemployment 
rate

Visitors to 
museums, 
Tourist arrivals, 
Tourist 
presence, Hotel 
use rate, 

Entrepreneurial 
attitude, New 
companies, 
Insolvent 
companies

Population 
density, Birth 
rate Habitable space

Motorization rate, 
Bicycle lanes, 
Pedestrian 
areas, Road 
accident rate, 
Death rate, Injury 

Migratory 
balance, 
Immigration rate, 
Foreign 
immigration rate, 
Chief town 

Sport and 
recreation 
facilities, Public 
parks and 
gardens

Murders, Thefts, 
Bag-snatchings 
and 
pickpocketings, 
Juvenile 
criminality

Potable water 
consumption, 
Electrical energy 
consumption Waste

Sulphur dioxide 
(SO2), Nitrogen 
dioxide (NO2), 
Ozone (O3), 
Carbon 
monoxide (CO), 

Air temperature, 
annual rainfall, 
Average humidity 
(%)

Hospital 
admissions, 
Average stay in 
hospital, Causes 
of death, No. of 
health issues, 

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 
hospital 
attendant 

x x x x x x x x x x x

In
di

ca
to

rs

E.G.: How many 
people missing 
from public 
meetings and 
testimonies, 
Degree of 

E.G.: Provides 
jobs and spends 
money within a 
community

E.G.: Provides 
training, 
education and 
other forms of 
assistance

E.G.: Variety of 
businesses, 
industries and 
institutions

E.G.: Percentage 
of household 
income to 
housing

E.G.: Trust in 
neighbours, 
volunteering, 
voting, cultural 
and art event 
participation ---

E.G.: Volume 
that used to be 
landfilled and is 
now recycled ---

E.G.: Children 
vaccinated

E.G.: Crime 
statistics, 

perception of 
crime and safety

x x x x x

In
di

ca
to

rs

Existing 
development

Proximity to 
public transport 
(rail stations), 
Proximity to 

roads
Proximity to 

schools
Proximity to 

existing parkland Slope

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for 
Green Development in Cities

EU EC URGE 
(Development of 
Urban Green 
Spaces to 
Improve the 

Baycan-Levent, Tuzin; 
Leeuwen, Eveline van; 
Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit To

pi
cs Utilization - 

Accessibility
Utilization - 
Availability

Utilization - 
Multifunctionality Public authorities Finance Employment Production Education (Aesthetics) Education Regulation Preservation Merit: Safety

Merit: 
Aesthetics;

Barrier function;
Substitution 

function.

In
di

ca
to

rs

Number of 
residences within 

a maximum 
walking distance 

of 500 metres 
from the urban 

Total area of the 
urban green 

space concerned 
as a percentage 
of the total area 
of urban green 

Number of 
permanent 
functions in 

relation to the 
total area of the 
park, Number of 

Number of hours 
planned or spent 
on urban green 
policy as a 
percentage of 
total hours 

Amount of 
budget or 
expenditure on 
development / 
maintenance / 
revitalisation per 

Number of 
‘green’ jobs per 
square kilometre 
of urban green 
space, Number 
of ‘green’ jobs 

Number of 
products 
delivered by 
urban green 
space per square 
kilometre of 

Costs of 
education and 
research projects 
with regard to 
(urban) green 
per square 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

Number of 
students 
following some 
kind of ‘green’ 
education as a 
percentage of 

Amount of 
pollution in the 
air and around 
the park 
compared with 
an area with no 

Annual 
discounted future 
savings of costs 
for protection of 
urban wildlife 
and urban 

Annual number 
of incidents in 
the park 
compared with 
the annual 
number of urban 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

013 Caijun Zhao 2011

Urban planning indicators, 
morphology and climate indicators: 
A case study for a north-south 
transect of Beijing, China -

Guobin Fu; Xiaoming Liu; 
Fan Fu article

Building and 
Environment

Neighborhood 
(500m radius 
circles) China urban climate

investigate 
relation 
between urban 
planning and 
urban climate 

common 
Chinese urban 
planning 
indicators x x x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards Urban structure, 
Urban cover Urban structure

Urban cover, 
Urban fabric

Urban cover, 
Urban fabric Urban structure Urban cover

Urban 
metabolism

Urban 
metabolism

Urban 
metabolism

In
di

ca
to

rs

Floor Area Ratio, 
Building Density, 

Green Space 
Ratio, 

Parameters for 
building 

Building Density, 
Building Height 

Limit, 
Parameters for 

building 
distances

Green Cover 
Ratio, Green 
Space Ratio

Green Cover 
Ratio

Building Height 
Limit

Green Space 
Ratio --- --- ---

014 Li Rui 2003

Urban Renewal at Neighborhood 
Level A case study of Huangjiadun 
neighborhood in Wuhan city - - thesis - Neighborhood China urban renewal MCE

underdeveloped 
area (x) x Physical (focus) (Legal) (Economic) (Social) To

pi
cs

Land-use Building
Road, 

Infrastructure Road

Public and 
commercial 

service Environment
In

di
ca

to
rs Land-use 

proportion, Open 
Area Ratio, Floor 

Area Ratio

Building 
condition, 

Building age

Pavement ratio, 
Drainage system 

ratio
Access ratio of 

fire engines

Service kinds, 
Needed area, 

Service radius; 
Sanitation ratio, 
Water pipe ratio, 
Electric net ratio, 

Noise, Pollution 
zone, Safe place, 

Good sights

016 Akıncı, Halil 2013

Agricultural land use suitability 
analysis using GIS and AHP 
technique -

�Özalp, Ays e Yavuz; 
Turgut, Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x) x To

pi
cs

x x x

In
di

ca
to

rs

Slope,
Aspect,

Elevation.
Forest,
Pasture.

Great soil group,
Land use 
capability class,
Land use 
capability sub-
class,

017 Dur, Fatih 2014

A spatial-indexing model for 
measuring neighbourhood-level 
land-use and transport integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighborhood - 
District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities) To
pi

cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

Density and 
diversity 

(combined)

Design and 
layout 

(combined) Accessibility

(Design and 
layout 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined)) Mobility
Resource 

Consumption Pollution

In
di

ca
to

rs

Measure and 
method of 

measurement are 
given in source.

Parcel size,
Population 

density 
(combined),

Land‑use mix.

Street 
connectivity,

Traffic calming,
Pedestrian 

friendliness.

Access to public 
transport (PT) 

stops,
Access to 
land‑use 

destinations 
Open space 
availability.

(Housing and 
jobs proximity 
(combined))

Population 
density

(Housing and 
jobs proximity 
(combined))

Number of car 
trips,
Commuting 
distance,
Parking supply in 
activity centres,

Land area 
occupied by 
urban uses,
Land area 
occupied by 
roadways,

Air quality,
Greenhouse 
gases from 
transport,
Traffic noise,
Storm water 

018 Kaili, Dou 2009

Selection of Residential Land 
based on Integration of MCDA and 
Gravity Model -

Qingming, Zhan; Shiguo, 
Li

confere
nce 
paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, District China

residential land 
selection Spatial MCDA (x) (x) x To

pi
cs Accessibility 

Condition Green space Air condition Noise

In
di

ca
to

rs Weights are given 
in source.

To Middle 
School,

To Primary 
School,

To Hospital,
To Commercial 

Green Coverage 
Ration

SO2 Distribution,
NOx Distribution,
TSP Distribution.

Traffic noise,
Regional noise.

019 Tudes, Sule 2010

Preparation of land use planning 
model using GIS based on AHP: 
case study Adana-Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, 
suitability Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating 
of indicators differs 

per land use
x To

pi
cs

Matched with 
other 

categorizations, 
no categories and 
topics in source. x x x x x x

In
di

ca
to

rs

Land use

Distance from 
the nearest 

settlement (km),
Distance from 

the nearest 
airport (km).

Slope,
Elevation,

Surface geology,
Bearing power 

(SPT N).
Agricultural land 
quality

Depth of the 
ground waters Earthquake risk

021 Kumar, S. 2010

Identification of potential 
ecotourism sites in West District, 
Sikkim using geospatial tools -

Behera, M.D.; Tewari, 
H.R. article Tropical Ecology Region India ecotourism

Spatial 
suitability 
analysis, Spatial 
MCA x -- x To

pi
cs

Study uses 
indexes, which 

are shown here as 
Topics

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecological value 
index (EVI), 
(combined))

(Ecological value 
index (EVI), 
(combined)),

(Environmental 
resiliency index 

(ERI) 

Wildlife 
distribution index 

(WDI),
(Ecological value 

index (EVI), 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

Ecotourism 
diversity index 

(EDI)

In
di

ca
to

rs

Accessibility Slope

Vegetation-
canopy and 
topographic 
attractiveness

Religious 
attraction

Ecosystem 
uniqueness,
Biosphere 
reserve.

Species 
diversity,
Vegetation cover

Number of 
different species 
found;
Species 
diversity. Soil Seismic hazard

Viewshed within 
1, 2.5, 5 km

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 

differentiated 
according to type 

of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy 
AHP for conservation priority 
assessment in coastal areas: Case 
of Khuzestan district, Iran -

Hadipour, Mehrdad; 
Mokhtar, Mazlin Bin; 
Taghavi, Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-
use planning

Fuzzy AHP-
VIKOR (MCE-
based 
selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility" 
topics are matched 

with existing 
categories of this grid. (Pragmatic/feasibili

ty (combined))
(Pragmatic/feasibili

ty (combined))
Economic 

importance Social importance
Ecological 

characteristics
Pragmatic/feasibilit

y (combined) To
pi

cs

Size Accessibility
Degree of 
Urgency

Compatibility with 
Other Programs 

and 
Management 

Plan

Availability (for 
acquisition) for 

Protection

Importance for 
Tourism and 
Recreation

Historical, 
Archaeological, 
or Cultural Value

Value to 
Research and 

Education

Importance to 
Conflict 

Resolution

Representativen
ess (combined),

Uniqueness 
(combined),
Naturalness 
(combined).

Biological 
Productivity

Representativen
ess (combined)

Naturalness 
(combined)

Vulnerability;
Degree of 
Treatment.

No indicators given

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and 
Key Indicators of Reurbanisation 
with Reference to Demographic 
Change

EU EC Re Urban 
Mobil

Steinführer, Annett; 
Kabish, Sigrun

"paper" 
/ 
researc
h report -

Region - 
Neighborhood

Europe, 
multiple reurbanisation

Inventarisation 
of possible 
indicators -/(x) (x)

Architecture and 
Urban Structures To

pi
cs

x x x

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner-

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner- Natural value Cultural value

Environmental 
disturbances

Social well-being 
and health

In
di

ca
to

rs

Density of the 
built-up area

Age of buildings, 
degree of 
protection 

(monuments), 
Technical 

condition and 

Transaction 
costs, Ownership 
indicators, 
Property prices --- --- --- --- --- ---

502
Mihelic, 
Breda 2005

GIS-tool for analysis and multi 
criteria evaluation. Final report. The 
case of Ljubljana

EU EC Re Urban 
Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

researc
h report -

Micro / 
Neighborhood Slovenia reurbanisation

compare 
indicators, 
attend worst 
first -/(x) x

Physical condition 
(focus) (Economic state)

(Ecologic 
conditions) To

pi
cs

Architectural 
quality, Urban 

quality

Housing quality, 
Architectural 

quality Urban quality

Urban quality, 
Architectural 

quality (x) (x) x (Greenery) (Pollution)

In
di

ca
to

rs

Floor Space 
Index, Density of 

construction

Technical 
condition (age, 
maintenances), 

Housing 
standard

Urban standard 
(Culture, 

Education, 
Retail, Health 
care, Green 

areas, Parking, 

Cultural and 
historical value 
(protected sites, 

monuments), 
Cultural 

importance 
(% Employed, % 
Unemployed)

(No. of 
inhabitants, Age 
structure, 
Youth/elderly 
dep.rate)

Flat/floor, 
Occupation rate, 
Use of flats (---) (---)

570

Ambiente 
Italia 
Research 
Institute 2003

European Common Indicators 
Towards a Local Sustainability 
Profile

EU EC European 
Common 
Indicators (ECI) -

evaluati
on 
report -

Local 
(town/district/cit
y) as a whole

Europe, 
multiple

(environmental
) sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x) x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards
x x x x x x x x x

In
di

ca
to

rs

More detail of 
these indicators 

should be 
available Sustainable land 

use

Children's 
journey to and 

from school

Sustainable 
management of 
the local 
authority

Products 
promoting 
sustainability

Local mobility 
and passenger 
transportation

Citizen 
satisfaction with 
the local 
community

Quality of local 
outdoor air

Local 
contribution to 
global climatic 
change, Noise 

pollution

Children's 
journey to and 
from school
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B UFZ 2004

Making greener cities - A practical 
guide

EU EC URGE 
(URban Green 
Environment) Project team manual -

Site as a 
whole (Local)

Europe, 
multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x Integrated!

Quantity - , Quality 
- , Use of the 
urban green 

system,
Planning, 

development and To
pi

cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Accessibility.

1 Surface area of 
urban green 

space,
2 Extent of edge 

effects,
3 Catchment 

1 Legal and 
planning 
aspects,

2 Policies for 
community 

events.
Budget for urban 

green space.

1 Citizen's 
involvement in 

site planning and 
management, 
2 Community 
ownership, 

1 Inclusion in 
Local Agenda 21-

Plans, 
2 Integration of 

green site 
planning with 

Responsibilities 
within the 

administration.

1 The 
importance of the 
green space to 

public 
authorities, 

2 Activities to Employment. Production.
Educational 
resource.

1 Sport & Play 
Facilities;

2 Awareness of 
physical, 
emotional 

benefits derived Life strategies.

1 Social 
inclusion, 

2 Conflicts of 
use, 

3 Multi-
functionality, 

1 Cultural 
aspects,

2 Aesthetic 
value,

3 Local identity.

1 Connectivity to 
other green 

spaces,
2 Isolation from 

other green 
spaces,

1 Biodiversity,
2 Naturalness. Soil sealing. Production.

Sustainable 
waste 

management.

1 Surface 
disturbance,
2 Pollution.

Regulatory 
effects. Safety.

In
di

ca
to

rs

Number of 
entrances to the 

urban green 
space, Most 

common forms of 
access by users, 

1 Surface area of 
green space;

2 Shape index;
3 Number of 

potential users 
per urban green 

1 Existence and 
impact of 
legislation and 
planning 
instruments at 
the national, 

Annual total 
budget/expenditu
re for 
development of 
the urban green 
space, Annual 

1 Existence of 
effective 
instruments and 
methods to 
involve citizens 
in the design and 

1 Inclusion of the 
green space in 
the Green Area 
Management 
Programme 
attached to the 

Efficiency of 
decision making, 
Adequacy of the 
number of 
personnel.

1 The amount of 
money devoted 
by the 
municipality to 
the green space, 
Actual communal 

Number of 
"green space 
jobs" per 100 m2 
of the urban 
green space, 
Number of 

Number and type 
of products 
derived from the 
urban green 
space, Quantity 
of products 

The use of a 
green space for 
education linked 
to school 
curricula, 
Existence of 

1 The use of 
green space for 
sports facilities, 
Type and 
amount of sports 
facilities, 

Level of 
socialisation 
while using the 
green space, 
The use of green 
space connected 

1 Heterogeneity 
of user groups 
according to 
social indicators, 
Evidence of 
neglect, lack of 

1 Identification of 
cultural 
components in 
the context of the 
planning and 
management of 

1 Presence of 
different types of 
green corridors 
that links a site 
to other urban 
green spaces;

1 Biotope 
diversity: the 
number of 
different habitat 
types found 
within the green 

Proportion of soil 
surface with 
disturbed 
drainage/water 
dynamics.

Exploitation of 
natural resources 
to produce 
energy, 
Existence of 
plans for future 

Existence of 
selective waste 
collection and 
recycling in the 
green space.

1 Proportion of 
the surface 
which is heavily 
worn;
2 Soil pollution 
and quality, Air 

Leaf Area Index 
expressed as an 
average for the 
city, Volume of 
vegetation, 
Proportion of the 

Evidence of 
patrol/warden in 
and around the 
green-space, 
Annual number 
of registered 

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The 
Urban Audit Yearbook Overview

EU EC Urban 
Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region)

Europe, 
multiple quality of life

assessment and 
comparison of 
cities by 
indicators, 
monitoring (x) --

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), Levels 
of training and 

education

Socio-economic 
aspects 

(combined), Levels 
of training and 

education, Culture 
and recreation

Environment 
(combined) To

pi
cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.
Land use 

(combined)
Water 

(combined)
Land use 

(combined)
Civic 

involvement

Income, 
disparities and 

poverty

Labour market 
and 

Unemployment, 
Employment

 Economic 
activity

Population, 
Nationality;
Household 
structure. Travel patterns

Culture and 
Recreation 
(combined)

Education and 
Training 

Provision;
Level of 

Educational 
Qualifications.

Culture and 
Recreation 
(combined) Crime

Air Quality and 
Noise 

(combined)

Water 
(combined), 
Energy use 
(combined)

Waste 
management

Air Quality and 
Noise 

(combined), 
Water 

(combined), 
Energy use 

Climate/Geograp
hy Health

In
di

ca
to

rs

Percentage of 
the urban area 
unused and in 

main land uses, 
Percentage of 
the urban area 

Percentage of 
dwellings 
connected to 
potable drinking 
water supply 
Infrastructure, 

Green space to 
which the public 
has access (sq. 

meters per 
capita), 

Percentage of 

Percentage of 
registered 
electorate voting 
in European, 
national and city 
Elections. For 

Household 
income, median 
and average 
income for each 
quintile, 
Male/Female 

Number of 
unemployed (ILO 
Labour Force 
Survey), 
Unemployment 
rate (by sex), 

GDP per capita, 
Number of 
companies with 
headquarters in 
the city quoted 
on the national 

Total population 
with distribution 
by sex and age 
(13 age groups),
Total population 
change (by sex 

"Number of 
homeless people 
(, as a 
percentage of 
total resident 
population), 

Mode of journey 
to work : 
rail/metro, bus, 
tram, car, cycle, 
walking, 
Characteristics 

Number of 
cinema showings 
and annual 
attendance per 
resident, 
Number of 

Number of 
crèche places 
(public and 
private provision) 
per 1000 
population, 

The number of 
sports facilities 
and annual users 
per resident.

Total number of 
recorded crimes 
per 1000 
population per 
year, 
Recorded crimes 

Winter Smog: 
Number of days 
SO2 exceeds 
125μg/m3 (24 
hour averaging 
time), 

Consumption of 
water (cubic 
metres per 
annum) per 
inhabitant;
Total energy use 

Amount of solid 
waste collected 
within the 
boundary 
(domestic and 
commercial) 

Proportion of the 
population 
exposed to 
outdoor noise 
levels above 65 
dB (24 hour 

Number of days 
of rain per month 
(averaged over 
one year), 
Average number 
of hours of 

Life expectancy 
at birth for males 
and females
Infant mortality 
rate, 
Low birth rate, 

mul
tiple
61#

XARXA 
project team

2004
?

The XARXA - The Catalan Network 
of Cities and Towns towards 
Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only Pattern
indicators, that 
focus on urban 
structure and 
sustainable (x) (x) x To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards. x x (x) x x (x) (x) x x

In
di

ca
to

rs

(Intensity of 
urbanization of 
local economy), 
Urban structure - 

urban land 
occupation

Urban structure - 
proximity to basic 

urban services

(Plans suitability 
to the territory's 

particular 
ecology)

Municipal 
expenditure on 
the environment

Citizen 
involvement in 
sustainability 
processes, 
Municipal 
environmental 

(Intensity of 
urbanization of 
local economy)

(Urban structure - 
mobility of 
population), 
(Urban structure - 
pedestrian 
priority streets)

Use of municipal 
collecting storing 
centres

(Plans suitability 
to the territory's 
particular 
ecology), 
Prevention of 
environmental 

mul
tiple
75#

CBS; PBL; 
Wageningen 
UR

2015 
(conti
nue)

Compendium voor de 
Leefomgeving' (Environmental Data 
Compendium)

Compendium 
voor de 
Leefomgeving' 
(Environmental 
Data Project team

website 
containi
ng 
many 
reports -

(Regional -) 
National

The 
Netherla
nds

the 
environment

Collection of 
indicators (x) --

This sources 
sometimes uses 
multiple internal 

references (e.g. two 
topics referring to the 

same subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), 
Nature ("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined)) To
pi

cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.

(Developments 
in society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)),

Agriculture and 
space 

("Landbouw en 
ruimte")

Labor and 
economy 

("Werken en 
economie")

(Developments 
in society 
("Ontwikkelingen 
in de 
maatschappij") 
(combined)),

(Population and 
living ("Bevolking 

en wonen") 
(combined))

Environmental 
quality and 

nature 
("Milieukwaliteit 

en natuur"),
Landscape 

Agriculture and 
environment 

("Landbouw en 
milieu")

Ecosystems 
("Ecosystemen")

Soil and 
groundwater 
("Bodem en 
grondwater")

Water and 
environment 
("Water en 

milieu"), 
Water and 

nature ("Water 
Air quality 

("Luchtkwaliteit")

Energy and 
environment 
("Energie en 

milieu"),
Natural 

resources Waste ("Afval")

Environmentally 
hazardous 
substances 

("Milieugevaarlijk
e stoffen")

Emission into air, 
water, and soil 
("Emissie naar 
lucht, water en 

bodem"), 
(Local living 

Climate change 
("Klimaatverande

ring")

Environmental 
policy and 
measures 

("Milieubeleid en 
milieumaatregele

n"),

Cost and 
financing 

("Kosten en 
financiering")

Health and 
environment 

("Gezondheid en 
milieu")

(Local living 
environment 

("Lokale 
leefomgeving") 

(combined))

Developments in 
society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)

Too many indicators, over 700, to mention.

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable 
Urban Design 
(combined)),

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of 
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition waste,
Municipal solid 
waste 
generation,
Municipal waste 

Share of 
population 
exposed to 
excessive noise,
Green house 
gases emissions. Traffic safety.

Brownfield vs 
greenfield 
development

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 
Design (combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens
engagement with 

environmental 
and sustainability 

oriented 
activities,

Adoption of 
integrated urban 

plans 
(environment 

transport, land 
use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of km's). Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.

id First author Year 
of 
pub.

Title (Project name) Other author(s) Type of 
docum
ent

(Journal title) Scale Country Theme Approach Other
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Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

x x Total filled: 14 7 14 9 15 18 17 20 31 9 17 26 24 17 16 13 4 7 10 5 7 4 8 2 4 17 6 4 4 4 10 19 16 15 4 11 9 8 2 8 4 5 6 2 6 15 7 14 11 17 7 11 15 8 15 17 9 26 7 1 3 9 12 8
(x) (x)
-/(x) Total precise: 5 2 11 2 13 17 8 no dimen. Topics: 9 3 4 9 7 7 5 6 2 3 2 2 2 0 3 1 1 5 2 1 2 2 3 6 3 3 1 5 5 3 0 3 1 3 4 2 3 6 3 6 5 5 2 3 5 3 4 6 4 8 3 1 2 3 4 3
-- -- 9 other system Indicators: 15 5 8 12 12 8 8 6 2 3 5 2 3 2 4 1 2 8 3 2 1 2 5 9 8 7 1 5 4 4 1 4 2 1 1 0 2 6 3 6 4 8 3 5 6 4 6 9 4 9 3 0 1 3 5 3
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Pettit, 
Christopher011

Indicators seem 
incomplete

Indicators are just 
examples/suggest

ions.

Economic

A bit
(Mostly) No

Partly/Maybe/Generally
(Mostly) Yes

Society / Quality of 
life

Legend
of these 
columns

Planning and Creating Eco-cities: 
Indicators as a tool for shaping 
development and measuring 
progress2000010

(x)(x)Spatial MCE(focus on tool)None

Both 
regional/town 
and urban 
planning/design 
possible

Computers, 
Environment and 
Urban SystemsarticlePullar, D.-

An integrated planning tool based 
upon multiple criteria evaluation of 
spatial information1999

Basic identification Additional identification Context

Urban ecology

Kline, 
Elizabeth (x)--

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions.

change 
description 
(from traditional 
to ecocity 
indicators)

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))NoneNone

Local 
Environment: The 
International 
Journal of Justice 
and Sustainabilityarticle--

x

Biodiversity,
Uniqueness (combined)

Basic identification Additional identification Context Dimensions of topics (Cluster/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Availability of local public green 
areas and local services

Species diversity: number of 
rare/threatened/endangered 

species.

(Urban structure - mobility of 
population), (Urban structure - 

pedestrian priority streets)

Urban biodiversity

Biodiversity.

(Local living environment ("Lokale 
leefomgeving") (combined)),
(Landscape ("Landschap") 

(combined)),
Monitor Infrastructure and Space 

("Monitor Infrastructuur en 
Traffic and space ("Vekeer en 

ruimte")

(x)

Flora and Fauna, 
Biodiversity ("Biodiversiteit").

Dimensions of topics (Cluster/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Low capacity of access roads, 
Good access to public transport, 
Good access to clearway, Good 

accessibility for bikers

Empowerment with 
responsibility

Economy / 
Economic security

(Socio demographic situation)

Economics and Law
Urban Sociology and 

Demography/Geography

Social Environmental

Environment / 
Ecological integrity

Legend of Analysis (colors at top and bottom)
attention to this 

column/cell:
details in report

very frequently mentioned
frequently mentioned
averagely mentioned very rarely mentioned

rarely mentioned
below averagely mentioned

   Appendix 2: Literature grid sources and Analysis of grid Rob Valk –  2016‐06       



APPENDIX		3:	ANALYSIS	OF	GRID	‐	FREQUENCIES

Total filled 
(implicit use):

Total precise 
(explicit mention):

Physical 14 5
Legal / Political 7 2
Economic 14 11
Demographic 9 2
Social / Cultural / Historical 15 13
Environmental / Ecologic 18 17
Other / Not given 17 9x: some other 8x: no dimensions

Total filled 
(implicit use):

Topics: Indicators:
Physical Land-use 31 9 15

Building / Housing 9 3 5

Transport networks (road, public transport) 17 4 8

Accessibility 26 9 12
Infrastructure / Utilities / Facilities / (Public 
and commercial) service 24 7 12

Green supply 17 7 8
(Physical) Environment (slope, etc.) 16 5 8
  Other 13 6 6

Legal / Political Legislation / Policies 4 2 2
Priority / Budget (general) 7 3 3
Participation / (Civic) Involvement / 
Empowerment 10 2 5

Integration 5 2 2
  Other 7 2 3

Economic Financial system 4 0 2
Financial costs/Budget (project) /
Financial gains 8 3 4

Benefits lost / gained 2 1 1
Income / Poverty 4 1 2
(Un)Employment 17 5 8
Production / Products 6 2 3
Education (also in social) 4 1 2
Tourism 4 2 1
Land value 4 2 2
  Other 10 3 5

Demographic Population (/Household) 19 6 9
Housing (quality/price) 16 3 8
Mobility 15 3 7
  Other 4 1 1
Historical & Cultural aspects 11 5 5
Educational/Research (also in economic) 9 5 4
Sport(s)/Play & Recreation 8 3 4
City scape / Mental value 2 0 1
(Satisfaction with) (local) 
community/environment / Civic society 8 3 4

Crime 4 1 2
  Other 5 3 1
Natural value 6 4 1
Agriculture (also in economic) 2 2 0
Cultural/Aesthetic value 6 3 2
Eco / Green Systems 15 6 6
Greenery / Green 7 3 3
Flora (plants) 14 6 6
Fauna (animals) 11 5 4
Soil 17 5 8
(Surface) Water 7 2 3
Air 11 3 5
Resource usage 15 5 6
Mitigation / Creation 8 3 4
Waste 15 4 6
Protection 17 6 9
Risk 9 4 4
Pollution / Disturbances 26 8 9
Climate / Weather 7 3 3
Policy (and effect) 1 1 0
  Other 3 2 1

Other / Not given Health and well-being 9 3 3
Safety 12 4 5
  Other 8 3 3

Dimensions of topics (Cluster/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

Social / Cultural / 
Historical

Environmental / 
Ecologic

Total precise 
(explicit mention):

Topics &
Indicators

very frequently mentioned
frequently mentioned
averagely mentioned

below averagely mentioned
rarely mentioned

very rarely mentioned

slightly remarkable finding,
details in report

remarkable finding,
details in report

Legend
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APPENDIX		4:	ANALYSIS	OF	GRID	‐	DIMENSIONS
Additional dimensions
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("
*"

)

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental Visibility
Social Social Ecological

Environmental
Environmental

Evaluation set also includes 
creation set's outcome: 

'suitability index' from 007A 
↑.

Suitability (from 
007A ↑)

Economic, 
Suitability (from 

007A ↑)
Social, Suitability 

(from 007A ↑)

Environmental and 
ecological, 

Suitability (from 
007A ↑) Suitability

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria)

Distances from existing land-uses, 
A-biotic criteria, 
Biotic criteria

Economic Social Environmental

Economic
(Social 

(combined)) Social (combined) Environmental
Health-Justice 

(combined) Health-Justice

Empowerment with 
responsibility

Economy / 
Economic security

Society / Quality of 
life

Environment / 
Ecological integrity

Empowerment with responsibility,
Society,
Quality of life

Economic Social Environmental

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit Merit

Physical (focus) (Legal) (Economic) (Social)
Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities)

Urban form,
Transport,
Externalities

Settlement 
Indicators,

Open Space 
Indicators

Settlement Indicators,
Open Space Indicators

"Pragmatic/feasibility" topics 
are matched with existing 

categories of this grid. (Pragmatic/feasibili
ty (combined))

(Pragmatic/feasibili
ty (combined))

Economic 
importance Social importance

Ecological 
characteristics

Pragmatic/feasibilit
y (combined) Pragmatic/feasibility

Architecture and 
Urban Structures Architecture and Urban Structures
Physical condition 

(focus) (Economic state)
(Ecologic 

conditions)

Integrated!

Quantity - ; 
Quality - ; 
Use of the urban 
green system; 
Planning, 
development and 
management of 
the urban green 
system.

Quantity - ; 
Quality - ; 
Use of the urban green system; 
Planning, development and management 
of the urban green system.

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), Levels 
of training and 

education

Socio-economic 
aspects 

(combined), Levels 
of training and 

education, Culture 
and recreation

Environment 
(combined)

Levels of training and education,
Culture and recreation,
Civic involvement

This sources sometimes 
uses multiple internal 

references (e.g. two topics 
referring to the same 

subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(combined)),
(Nature ("Natuur") 

(combined)).

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), 
Nature ("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined))
Spatial developments,
Nature

Sustainable Urban 
Transport 

(combined),
(Sustainable 

Urban Design 
(combined)),

Sustainable Urban 
Construction 
(combined).

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

Sustainable Urban Transport,
Sustainable Urban Design,
Sustainable Urban Construction,
Sustainable Urban Management,
Sustainable Urban Environment.

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 
Design (combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

Sustainable Urban Transport,
Sustainable Urban Design,
Sustainable Urban Construction,
Sustainable Urban Environment.

Remarks
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*"

)

Sources with 
indicators / topics 

within this dimension: 14 7 14 9 15 18 17
Out of 30 total sources

22 remaining of 30 total 8 have no category (removed from list above)
Sources that 

precisely mentioned
this dimension: 5 2 11 2 13 17 9 something within 'other'

Out of 22 sources

Dimensions of topics (Cluster/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

Dimensions of topics (Cluster/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

Economics and Law
Urban Sociology and 

Demography/Geography Urban ecology

(Socio demographic situation)

Legend
Match of source with used 

dimension system
Altermative, but complete 

dimension system

Appendix 4: Analysis of grid ‐ Dimensions Rob Valk – 2016‐06



APPENDIX		5:	ANALYSIS	OF	GRID	‐	TOPICS
Topics

Defined topics:
Land-use Land use
Building / Housing -

Transport networks (road, public transport) Infrastructure

Accessibility Accessibility
Infrastructure / Utilities / Facilities / (Public 
and commercial) service -

Green supply -
(Physical) Environment (slope, etc.) -
  Other
Legislation / Policies -
Priority / 
Budget (general) -

Participation / (Civic) Involvement / 
Empowerment (Civic involvement)

Integration -
  Other
Financial system -
Financial costs/Budget (project) /
Financial gains -

Benefits lost / gained -
Income / Poverty -
(Un)Employment Employment
Production / Products (Production)
Education (also in social) -
Tourism (Tourism)
Land value -
  Other
Population (/Household) Population
Housing (quality/price) -
Mobility Mobility
  Other
Historical & Cultural aspects Historical … Archaeological …

Educational/Research (also in economic) Education(al)

Sport(s)/Play & Recreation Recreation
City scape / Mental value -
(Satisfaction with) (local) 
community/environment / Civic society -

Crime -
  Other
Natural value -
Agriculture (also in economic) -
Cultural/Aesthetic value (Cultural) …)
Eco / Green Systems -
Greenery / Green -
Flora (plants) Vegetation
Fauna (animals)
Soil Soil …
(Surface) Water -
Air Air (quality)
Resource usage -
Mitigation / Creation -
Waste Waste (management)
Protection -
Risk -
Pollution / Disturbances Pollution (… disturbance)
Climate / Weather (Climate (…))
Policy (and effect) -
  Other
Health and well-being Health
Safety (Safety)
  Other

Legal / Political

Biodiversity

Often reoccurring topics:
Physical

Other / Not given

Environmental / Ecologic

Social / Cultural / Historical

Demographic

Economic
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APPENDIX		6:	ANALYSIS	OF	GRID	‐	INDICATORS
Indicators

Defined topics: Often reoccurring indicators: Important subjects covered:
Land-use Land use types

Land occupation
Density of buildings/build land / Floor area ratio
Surrounding/distance to land uses

Building (/Housing) Building age
Building (technical) condition
Building density

Transport networks (road, public transport) - Access to PT, pedestrian, bicycle, road
Infrastructure (pedestrian, bicycle, PT, road)

Accessibility Distance from … (green space, school, hospital, commercial, …) Access to PT, open areas, LUDs, roads
Number of people within ## of … (green space, …)
Distance to/from … (other LUDs, supermarket, school, …) Proximity to (basic) services … (see all before)
Number of service … (basic, green space, amenities, …) within 
walking distance
Number of inhabitants per doctor, hospital worker
Ratio of cover area for service … (water, electricity, …)

Green supply Green cover ratio
Green space ratio / Share of green
Maximum distance to green space / Part of inhabitants within .. 
time/distance from green space

(Physical) Environment (slope, etc.) Slope
Aspect / Orientation
Elevation

  Other -
Legislation / Policies (Building height limit)

Priority / Budget (general) Budget/Expenditure total/share for green space/environment Budget/Expenditure shares/totals for purpose/land 
use … (green, …)

Participation / (Civic) Involvement / 
Empowerment - Citizen/Public involvement/participation in decision 

process
Integration Integration of different planning practices
  Other -
Financial system -
Financial costs/Budget (project) /
Financial gains Amount of money devoted / Budget within … (municipality, …) Costs

Benefits lost / gained -
Income / Poverty -
(Un)Employment (Un)employment rates / numbers Housing/People vs. employment ratio
Production / Products -
Education (also in social) -
Tourism -
Land value -
  Other - Presence of businesses
Population (/Household) Population size

Population density
Population age structure

Housing (quality/price) Housing prices / share of income Housing quality
Mobility Modal split Degree of motorization

(Distance to) PT
Transport demand (freight, passenger)

  Other -
Historical & Cultural aspects Number of / Distance to archaeological/historical areas/sites
Educational/Research (also in economic) -
Sport(s)/Play & Recreation Distance to / Number of sport/recreational facilities (per resident)
City scape / Mental value -
(Satisfaction with) (local) 
community/environment / Civic society Citizen satisfaction with … (community, specific function, …)

Crime Number of crime incidents per inhabitant (splits in types)
  Other -
Natural value -
Agriculture (also in economic) -
Cultural/Aesthetic value -
Eco / Green Systems Biotope structure
Greenery / Green - Biodiversity
Flora (plants) Vegetation cover

Species diversity
Fauna (animals) Species diversity
Soil (Degree of) soil sealing
(Surface) Water -

Air Population weighted exposure / Days with exceeding O3, SO2, NOx

Resource usage (Potable) water consumption (per …)
(Electrical) energy consumption (per …)

Mitigation / Creation -
Waste Amount of solid waste

Ratio waste landfilled/incinerated/recycled
Protection Amount of protection (of sensitive/natural areas)

Distance from sensitive/natural interest/reserve/ecosystem areas
Risk Flood risk

Seismic risk
Pollution / Disturbances Green house gas emissions Air quality

Traffic noise (e.g. portion population noise above .. dB) Water quality
Protected area use / Urban intrusion
(Fertile) soil sealing

Climate / Weather -
Policy (and effect) -
  Other -
Health and well-being - Numbers about illness and early dead
Safety - Levels of criminal incidents in area
  Other -

Environmental / 
Ecologic

Other / Not given

Physical

Infrastructure / Utilities / Facilities / (Public and 
commercial) service

Legal / Political

Economic

Demographic

Social / Cultural / 
Historical
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Appendix 7: Analyses clustered grid ‐ Legend appendices 8‐14  Rob Valk – 2016‐06

APPENDIX 	7: 	ANALYSES 	CLUSTERED 	GRID 	‐	LEGEND 	APPENDICES 	8‐14	
The appendices 8 through 14 contain analyses of clustered versions of the grid. 

The common legend for these appendices is given below. 

Column influenced by selection 
criteria

Topic much more frequent Topic much less frequent Connects similar cells

Topic more frequent Topic less frequent
Possible relation: from few to 
many occurances,
details in report

Dimension more frequent Dimension less frequent
Possible relation: interchanging 
indicators/topics,
details in report

Possible question,
details in report

Fill colors Symbols

Header

Body,
sometimes 
details in 

report

Irregular/Heterogeneous content in column,
details in report

Consistent/Homogeneous content in column,
sometimes details in report

Legend



		APPENDIX	8:	ANALYSIS	CLUSTERED	GRID	‐	THEME
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
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002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for 
the automated assessment of land-
use options -

Finkela, Michael; 
Bleicherb, Alena; Morioa, 
Maximilian; Gross, 
Matthias article

Landscape and 
Urban Planning

Neighbourhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x x To

pi
cs

x x x x x x x x x

In
di

ca
to

rs

Residential 
areas in the 
surrounding 
area, Green 

spaces in the 
surrounding 

Commercial 
areas within 

walking distance, 
Local amenities 

in walking 
distance, 

Historically 
relevant 
buildings

Great influence 
on cityscape

High value 
tree/plant 
population

Site is part of a 
local habitat

Site contains 
>40% sealed 
soil, Area 
strongly 
contaminated

Direct vicinity to 
nature reserve

Neighbouring 
uses sensitive to 
emissions

009
Scipioni, 
Antonio 2008

The ISO 14031 standard to guide 
the urban sustainability 
measurement process: an Italian 
experience -

Mazzi, Anna; Zuliani, 
Filippo; Mason, Marco article

Journal of Cleaner 
Production

Town as a 
whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) -- Economic Social Environmental To

pi
cs

Tourism Population Mobility Car accidents Soundness
No indicators given

015
Scipioni, 
Antonio 2009

The Dashboard of Sustainability to 
measure the local urban 
sustainable development: The case 
study of Padua Municipality -

Mazzi, Anna; Mason, 
Marco; Manzardo, 
Alessandro article

Ecological 
Indicators

Town as a 
whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

(Health-Justice 
(combined))

Health-Justice 
(combined) Economic

(Social 
(combined)) Social (combined) Environmental

Health-Justice 
(combined) To

pi
cs

x (combined) x x x x x x x x x x x x x x x x x (combined)

In
di

ca
to

rs

No. of 
inhabitants per 
doctor, No. of 

inhabitants per 
hospotal 
attendant Inflation, GDP

Poverty 
threshold

Unemployment 
rate

Visitors to 
museums, 
Tourist arrivals, 
Tourist 
presence, Hotel 
use rate, 

Entrepreneurial 
attitude, New 
companies, 
Insolvent 
companies

Population 
density, Birth 
rate Habitable space

Motorization 
rate, Bicycle 
lanes, 
Pedestrian 
areas, Road 
accident rate, 

Migratory 
balance, 
Immigration rate, 
Foreign 
immigration rate, 
Chief town 

Sport and 
recreation 
facilities, Public 
parks and 
gardens

Murders, Thefts, 
Bag-snatchings 
and 
pickpocketings, 
Juvenile 
criminality

Potable water 
consumption, 
Electrical energy 
consumption Waste

Sulphur dioxide 
(SO2), Nitrogen 
dioxide (NO2), 
Ozone (O3), 
Carbon 
monoxide (CO), 

Air temperature, 
annual rainfall, 
Average 
humidity (%)

Hospital 
admissions, 
Average stay in 
hospital, Causes 
of death, No. of 
health issues, 

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 
hospotal 
attendant 

x x x x x x x x x x x

In
di

ca
to

rs

E.G.: How many 
people missing 
from public 
meetings and 
testimonies, 
Degree of 

E.G.: Provides 
jobs and spends 
money within a 
community

E.G.: Provides 
training, 
education and 
other forms of 
assistance

E.G.: Variety of 
businesses, 
industries and 
institutions

E.G.: 
Percentage of 
household 
income to 
housing

E.G.: Trust in 
neighbours, 
volunteering, 
voting, cultural 
and art event 
participation ---

E.G.: Volume 
that used to be 
landfilled and is 
now recycled ---

E.G.: Children 
vaccinated

E.G.: Crime 
statistics, 

perception of 
crime and safety

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 

differentiated 
according to 
type of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

570

Ambiente 
Italia 
Research 
Institute 2003

European Common Indicators 
Towards a Local Sustainability 
Profile

EU EC European 
Common 
Indicators (ECI) -

evaluati
on 
report -

Local 
(town/district/cit
y) as a whole

Europe, 
multiple

(environmental
) sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x) x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards
x x x x x x x x x

In
di

ca
to

rs

More detail of 
these indicators 

should be 
available Sustainable land 

use

Children's 
journey to and 

from school

Sustainable 
management of 
the local 
authority

Products 
promoting 
sustainability

Local mobility 
and passenger 
transportation

Citizen 
satisfaction with 
the local 
community

Quality of local 
outdoor air

Local 
contribution to 
global climatic 
change, Noise 

pollution

Children's 
journey to and 
from school

mul
tiple
61#

XARXA 
project team

2004
?

The XARXA - The Catalan Network 
of Cities and Towns towards 
Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only 'Pattern' 
indicators, that 
focus on urban 
structure and 
sustainable (x) (x) x To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards. x x (x) x x (x) (x) x x

In
di

ca
to

rs

(Intensity of 
urbanization of 
local economy), 
Urban structure - 

urban land 
occupation

Urban structure - 
proximity to 
basic urban 

services

(Plans suitability 
to the territorys 

particular 
ecology)

Municipal 
expenditure on 
the environment

Citizen 
involvement in 
sustainability 
processes, 
Municipal 
environmental 

(Intensity of 
urbanization of 
local economy)

(Urban structure -
mobility of 
population), 
(Urban structure -
pedestrian 
priority streets)

Use of municipal 
collecting storing 
centres

(Plans suitability 
to the territorys 
particular 
ecology), 
Prevention of 
environmental 

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable 

Urban Design 
(combined)),

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of 
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition 
waste,
Municipal solid 
waste 
generation,

Share of 
population 
exposed to 
excessive noise,
Green house 
gases Traffic safety.

Brownfield vs 
greenfield 
development
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Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 

Design 
(combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens
engagement with 

environmental 
and 

sustainability 
oriented 

Adoption of 
integrated urban 

plans 
(environment 
transport, land 

use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of kms). Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.

006
Schetke, 
Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking 
cities. Experiences from eastern 
Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighbourhood 
as a whole Germany

shrinking 
cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x) Social Social Social Ecological To

pi
cs

Infrastructure Infrastructure Green supply Population
Urban fabric and 

housing

Quality of urban 
green, 

Persistence of 
quality of urban 

green Soil quality
Hydrology, water 

balance

In
di

ca
to

rs

Max. distance to 
main roads

Max. distance to 
primary school, 
Persistence of 

leisure facilities, 
Max. distance to 

supermarket, 

Recreational 
area in

50 m distance, 
Area 

neighbourhood
green (500 m), 

Total population, 
(Other unclear 
indicators)

Share of non-
renovated 
houses, Share of 
renovated 
houses, Share of 
demolition

Leaf Area Index, 
Largest patch 
Index, 
Shannon's 
Diversity Index 
(SHDI)

Degree of 
sealing

Surface run-off, 
Seeping rate, 
Etpμ, Growth 
Housing floor 
space

Protection of 
green, Growth of 
green area, 
Degree of 
isolation

004
Schetke, 
Sophie 2012

Towards sustainable settlement 
growth: A new multi-criteria 
assessment for implementing 
environmental targets into strategic 
urban planning -

Haase, Dagmar; Kötter, 
Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x) Environmental To

pi
cs Ecosystem 

functions
Resource 
protection Risk potential

In
di

ca
to

rs

Climate 
regulation 
function, Biotope 
quality, 
Seepage, 
Isolation/use of 

Protected areas, 
Soil quality/Yield 
stability Flood risk

014 Li Rui 2003

Urban Renewal at Neighborhood 
Level A case study of Huangjiadun 
neighborhood in Wuhan city - - thesis - Neighbourhood China urban renewal MCE

underdeveloped 
area (x) x Physical (focus) (Legal) (Economic) (Social) To

pi
cs

Land-use Building
Road, 

Infrastructure Road

Public and 
commercial 

service Environment

In
di

ca
to

rs Land-use 
proportion, Open 
Area Ratio, Floor 

Area Ratio

Building 
condition, 

Building age

Pavement ratio, 
Drainage system 

ratio
Access ratio of 

fire engines

Service kinds, 
Needed area, 

Service radius; 
Sanitation ratio, 
Water pipe ratio, 
Electric net ratio, 

Noise, Pollution 
zone, Safe 

place, Good 
sights

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 

differentiated 
according to 
type of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and 
Key Indicators of Reurbanisation 
with Reference to Demographic 
Change

EU EC Re Urban 
Mobil

Steinführer, Annett; 
Kabish, Sigrun

"paper" 
/ 
researc
h report -

Region - 
Neighbourhood

Europe, 
multiple reunbanisation

Inventarisation 
of possible 
indicators -/(x) (x)

Architecture and 
Urban Structures To

pi
cs

x x x

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner-

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner- Natural value Cultural value

Environmental 
disturbances

Social well-being 
and health

In
di

ca
to

rs

Density of the 
built-up area

Age of buildings, 
degree of 
protection 

(monuments), 
Technical 

condition and 

Transaction 
costs, 
Ownership 
indicators, 
Property prices --- --- --- --- --- ---

502
Mihelic, 
Breda 2005

GIS-tool for analysis and multi 
criteria evaluation. Final report. The 
case of Ljubljana

EU EC Re Urban 
Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

researc
h report -

Micro / 
Neighbourhood Slovenia reunbanisation

compare 
indicators, 
attend worst 
first -/(x) x

Physical condition 
(focus) (Economic state)

(Ecologic 
conditions) To

pi
cs

Architectural 
quality, Urban 

quality

Housing quality, 
Architectural 

quality Urban quality

Urban quality, 
Architectural 

quality (x) (x) x (Greenary) (Pollution)

In
di

ca
to

rs

Floor Space 
Index, Density of 

construction

Technical 
condition (age, 
maintenances), 

Housing 
standard

Urban standard 
(Culture, 

Education, 
Retail, Health 
care, Green 

areas, Parking, 

Cultural and 
historical value 
(protected sites, 

monuments), 
Cultural 

importance 
(% Employed, % 
Unemployed)

(No. of 
inhabitants, Age 
structure, 
Youth/elderly 
dep.rate)

Flat/floor, 
Occupation rate, 
Use of flats (---) (---)

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable 

Urban Design 
(combined)),

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of 
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition 
waste,
Municipal solid 
waste 
generation,

Share of 
population 
exposed to 
excessive noise,
Green house 
gases Traffic safety.

Brownfield vs 
greenfield 
development

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 

Design 
(combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens
engagement with 

environmental 
and 

sustainability 
oriented 

Adoption of 
integrated urban 

plans 
(environment 
transport, land 

use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of kms). Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.

007
A

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Aternative 
creation set x -- x x Environmental Environmental To

pi
cs

Restoration of 
degraded

urban areas

Protection of 
agricultural

areas

Protection and 
valorisation of 
rural, historic 

and architectural 
assets

Mitigation and 
environmental 

compensation of 
impacts of new 
infrastructures

Protection of 
high natural 

value areas and 
assets

In
di

ca
to

rs

Distance from 
degraded areas

Presence of 
agricultural 
areas

Distance from 
typical 
landscape 
elements, 
Distance from 
historic-

Distance from 
new 
infrastructures

Distance from 
natural assets 
(points, lines, 
areas), Distance 
from features 
with ecological 

007
B

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also 
includes creation 

set's outcome: 
'suitability index' from 

007A ↑.
Suitability (from 

007A ↑)

Economic, 
Suitability (from 

007A ↑)
Social, Suitability 

(from 007A ↑)

Environmental and 
ecological, 

Suitability (from 
007A ↑) To

pi
cs

Evaluation set 
also includes 
creation set's 

outcome: 
'suitability index' 

from 007A ↑.
Suitability (from 

007A ↑) x
Financial costs,

Gains Benefits loss, x
Financial costs, 

Gains
Suitability (from 

007A ↑)
Suitability (from 

007A ↑)
Education/sights
eeing Recreation Fragmentation

Suitability (from 
007A ↑), 

Connection of 
existing regional 

parks

Suitability (from 
007A ↑), Limit 
urban sprawl, 
Creation of a 

protection buffer 
for existing 

In
di

ca
to

rs

Suitability (from 
007A ↑)

Number of 
municipalities 
involved

Fixed costs, 
Costs for park 
activities, 
Standard 
deviation of 
municipalities’ 

Income loss for 
restrictions in 
agricultural and 
breeding 
activities;
Number of 

Decrease of land 
value (inside 
park), Increase 
in land value 
(outside park)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Number of 
cultural values 
inside the park, 
Number of 
historic-
architectural 

Population 
served, 
Dimension 
(size), Total 
length of cycle 
paths, Distance 

Infrastructure 
Fragmentation 
Index (IFI)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑), 
Pairwise 
comparison of 
potential sprawl 
limit, Combined 

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated 
in a GIS using a multi-criteria 
mechanism -

Bar (Kutiel), Pua; 
Bannet, Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria) To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Distance from 
existing land-

uses
Topography; Soil 

type Vegetation Habitat

In
di

ca
to

rs

Distance from 
residences, 

Distance from 
nature reserves, 
Distance from 

forests, Distance 

Slope, Aspect; 
Soil formation, 
Salinity, Depth, 
% CaCO3, % 
clay, Stone 

cover, Parent-
Vegetation cover 
(NDVI)

Habitat 
Heterogenity 
Model

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for 
Green Development in Cities

EU EC URGE 
(Development of 
Urban Green 
Spaces to 
Improve the 

Baycan-Levent, Tuzin; 
Leeuwen, Eveline van; 
Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit To

pi
cs Utalisation - 

Accessibility
Utalisation - 
Availability

Utalisation - 
Multifunctionality

Public 
authorities Finance Employment Production Education (Aesthetics) Education Regulation Preservation Merit: Safety

Merit: 
Aesthetics;

Barrier function;
Substitution 

function.

In
di

ca
to

rs

Number of 
residences 

within a 
maximum 

walking distance 
of 500 metres 

Total area of the 
urban green 

space 
concerned as a 
percentage of 

the total area of 

Number of 
permanent 
functions in 

relation to the 
total area of the 
park, Number of 

Number of hours 
planned or spent 
on urban green 
policy as a 
percentage of 
total hours 

Amount of 
budget or 
expenditure on 
development / 
maintenance / 
revitalisation per 

Number of 
‘green’ jobs per 
square kilometre 
of urban green 
space, Number 
of ‘green’ jobs 

Number of 
products 
delivered by 
urban green 
space per 
square kilometre 

Costs of 
education and 
research 
projects with 
regard to (urban) 
green per 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

Number of 
students 
following some 
kind of ‘green’ 
education as a 
percentage of 

Amount of 
pollution in the 
air and around 
the park 
compared with 
an area with no 

Annual 
discounted 
future savings of 
costs for 
protection of 
urban wildlife 

Annual number 
of incidents in 
the park 
compared with 
the annual 
number of urban 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

019 Tudes, Sule 2010

Preparation of land use planning 
model using GIS based on AHP: 
case study Adana-Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, 
suitability Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating 
of indicators differs 

per land use
x To

pi
cs

Matched with 
other 

categorizations, 
no categories and 
topics in source. x x x x x x

In
di

ca
to

rs

Land use

Distance from 
the nearest 

settlement (km),
Distance from 

the nearest 
airport (km).

Slope,
Elevation,

Surface geology,
Bearing power 

(SPT N).
Agricultural land 
quality

Depth of the 
ground waters Earthquake risk

522
B UFZ 2004

Making greener cities - A practical 
guide

EU EC URGE 
(URban Green 
Environment) Project team manual -

Site as a 
whole (Local)

Europe, 
multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x Integrated!

Quantity - , Quality 
- , Use of the 
urban green 

system,
Planning, 

development and To
pi

cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Accessibility.

1 Surface area 
of urban green 

space,
2 Extent of edge 

effects,
3 Catchment 

1 Legal and 
planning 
aspects,

2 Policies for 
community 

events.
Budget for urban 

green space.

1 Citizen's 
involvement in 

site planning and 
management, 
2 Community 
ownership, 

1 Inclusion in 
Local Agenda 21-

Plans, 
2 Integration of 

green site 
planning with 

Responsibilities 
within the 

administration.

1 The 
importance of 

the green space 
to public 

authorities, 
2 Activities to Employment. Production.

Educational 
resource.

1 Sport & Play 
Facilities;

2 Awareness of 
physical, 
emotional 

benefits derived Life strategies.

1 Social 
inclusion, 

2 Conflicts of 
use, 

3 Multi-
functionality, 

1 Cultural 
aspects,

2 Aesthetic 
value,

3 Local identity.

1 Connectivity to 
other green 

spaces,
2 Isolation from 

other green 
spaces,

1 Biodiversity,
2 Naturalness. Soil sealing. Production.

Sustainable 
waste 

management.

1 Surface 
disturbance,
2 Pollution.

Regulatory 
effects. Safety.

In
di

ca
to

rs

Number of 
entrances to the 

urban green 
space, Most 

common forms 
of access by 

1 Surface area 
of green space;
2 Shape index;

3 Number of 
potential users 

per urban green 

1 Existence and 
impact of 
legislation and 
planning 
instruments at 
the national, 

Annual total 
budget/expendit
ure for 
development of 
the urban green 
space, Annual 

1 Existence of 
effective 
instruments and 
methods to 
involve citizens 
in the design 

1 Inclusion of the 
green space in 
the Green Area 
Management 
Programme 
attached to the 

Efficiency of 
decision making, 
Adequacy of the 
number of 
personnel.

1 The amount of 
money devoted 
by the 
municipality to 
the green space, 
Actual 

Number of 
"green space 
jobs" per 100 m2 
of the urban 
green space, 
Number of 

Number and 
type of products 
derived from the 
urban green 
space, Quantity 
of products 

The use of a 
green space for 
education linked 
to school 
curricula, 
Existence of 

1 The use of 
green space for 
sports facilities, 
Type and 
amount of sports 
facilities, 

Level of 
socialisation 
while using the 
green space, 
The use of green 
space connected 

1 Heterogeneity 
of user groups 
according to 
social indicators, 
Evidence of 
neglect, lack of 

1 Identification of 
cultural 
components in 
the context of 
the planning and 
management of 

1 Presence of 
different types of 
green corridors 
that links a site 
to other urban 
green spaces;

1 Biotope 
diversity: the 
number of 
different habitat 
types found 
within the green 

Proportion of soil 
surface with 
disturbed 
drainage/water 
dynamics.

Exploitation of 
natural 
resources to 
produce energy, 
Existence of 
plans for future 

Existence of 
selective waste 
collection and 
recycling in the 
green space.

1 Proportion of 
the surface 
which is heavily 
worn;
2 Soil pollution 
and quality, Air 

Leaf Area Index 
expressed as an 
average for the 
city, Volume of 
vegetation, 
Proportion of the 

Evidence of 
patrol/warden in 
and around the 
green-space, 
Annual number 
of registered 

003 Jeong, Jin Su 2012

Integrating buildings into a rural 
landscape using a multi-criteria 
spatial decision analysis in GIS-
enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural 
landscape 
building 
integration Spatial MCE tourism function x --

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental To
pi

cs

Land Use Infrastructure

Water source, 
Urban area 
proximity, 

Residential area 
proximity, 

Tourist/Agricultur
Orientation, 
Morphology

External 
visibility, Internal 

visibility Population
Archaeological 

areas Vegetation type NATURA 2000

In
di

ca
to

rs

Several land use 
types/policies; Site access

Distance from 
water source; 
Distance from 
Urban area; 

Distance from 
residential area; 

Slope gradation, 
Orientation

Visibility from 
roads/rails; 

Visibility from 
residential areas

Population 
density

Archaeological 
areas

Several land 
cover types

Distance from 
sensitive 
ecosystem 

021 Kumar, S. 2010

Identification of potential 
ecotourism sites in West District, 
Sikkim using geospatial tools -

Behera, M.D.; Tewari, 
H.R. article Tropical Ecology Region India ecotourism

Spatial 
suitability 
analysis, Spatial 
MCA x -- x To

pi
cs

Study uses 
indexes, which 
are shown here 

as Topics

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecological value 
index (EVI), 
(combined))

(Ecological value 
index (EVI), 
(combined)),

(Environmental 
resiliency index 

(ERI) 

Wildlife 
distribution index 

(WDI),
(Ecological value 

index (EVI), 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

Ecotourism 
diversity index 

(EDI)

In
di

ca
to

rs

Accessibility Slope

Vegetation-
canopy and 
topographic 
attractiveness

Religious 
attraction

Ecosystem 
uniqueness,
Biosphere 
reserve.

Species 
diversity,
Vegetation cover

Number of 
different species 
found;
Species 
diversity. Soil Seismic hazard

Viewshed within 
1, 2.5, 5 km

x x x x x

In
di

ca
to

rs

Existing 
development

Proximity to 
public transport 
(rail stations), 
Proximity to 

roads
Proximity to 

schools
Proximity to 

existing parkland Slope

013 Caijun Zhao 2011

Urban planning indicators, 
morphology and climate indicators: 
A case study for a north-south 
transect of Beijing, China -

Guobin Fu; Xiaoming Liu; 
Fan Fu article

Building and 
Environment

Neighbourhood 
(500m radius 
circles) China urban climate

investigate 
relation 
between urban 
planning and 
urban climate 

common 
Chinese urban 
planning 
indicators x x x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards Urban structure, 
Urban cover Urban structure

Urban cover, 
Urban fabric

Urban cover, 
Urban fabric Urban structure Urban cover

Urban 
metabolism

Urban 
metabolism

Urban 
metabolism

In
di

ca
to

rs

Floor Area Ratio, 
Building Density, 

Green Space 
Ratio, 

Parameters for 
building 

Building Density, 
Building Height 

Limit, 
Parameters for 

building 
distances

Green Cover 
Ratio, Green 
Space Ratio

Green Cover 
Ratio

Building Height 
Limit

Green Space 
Ratio --- --- ---

016 Akıncı, Halil 2013

Agricultural land use suitability 
analysis using GIS and AHP 
technique -

�Özalp, Ays e Yavuz; 
Turgut, Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x) x To

pi
cs

x x x

In
di

ca
to

rs

Slope,
Aspect,

Elevation.
Forest,
Pasture.

Great soil group,
Land use 
capability class,
Land use 
capability sub-
class,

017 Dur, Fatih 2014

A spatial-indexing model for 
measuring neighbourhood-level 
land-use and transport integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighbourhood 
- District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities) To
pi

cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

Density and 
diversity 

(combined)

Design and 
layout 

(combined) Accessibility

(Design and 
layout 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined)) Mobility
Resource 

Consumption Pollution

In
di

ca
to

rs

Measure and 
method of 

measurement are 
given in source.

Parcel size,
Population 

density 
(combined),

Land‑use mix.

Street 
connectivity,

Traffic calming,
Pedestrian 

friendliness.

Access to public 
transport (PT) 

stops,
Access to 
land‑use 

destinations 
Open space 
availability.

(Housing and 
jobs proximity 
(combined))

Population 
density

(Housing and 
jobs proximity 
(combined))

Number of car 
trips,
Commuting 
distance,
Parking supply in 
activity centres,

Land area 
occupied by 
urban uses,
Land area 
occupied by 
roadways,

Air quality,
Greenhouse 
gases from 
transport,
Traffic noise,
Stormwater 

018 Kaili, Dou 2009

Selection of Residential Land 
based on Integration of MCDA and 
Gravity Model -

Qingming, Zhan; Shiguo, 
Li

confere
nce 
paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, District China

residential 
land selection Spatial MCDA (x) (x) x To

pi
cs Accessibility 

Condition Green space Air condition Noise

In
di

ca
to

rs Weights are given 
in source.

To Middle 
School,

To Primary 
School,

To Hospital,
To Commercial 

Green Coverage 
Ration

SO2 Distribution,
NOx Distribution,
TSP Distribution.

Traffic noise,
Regional noise.

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy 
AHP for conservation priority 
assessment in coastal areas: Case 
of Khuzestan district, Iran -

Hadipour, Mehrdad; 
Mokhtar, Mazlin Bin; 
Taghavi, Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-
use planning

Fuzzy AHP-
VIKOR (MCE-
based 
selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility
" topics are matched 

with existing 
categories of this 

grid.
(Pragmatic/feasibil

ity (combined))
(Pragmatic/feasibil

ity (combined))
Economic 

importance Social importance
Ecological 

characteristics
Pragmatic/feasibilit

y (combined) To
pi

cs

Size Accessibility
Degree of 
Urgency

Compatibility 
with Other 

Programs and 
Management 

Plan

Availability (for 
acquisition) for 

Protection

Importance for 
Tourism and 
Recreation

Historical, 
Archaeological, 
or Cultural Value

Value to 
Research and 

Education

Importance to 
Conflict 

Resolution

Representativen
ess (combined),

Uniqueness 
(combined),
Naturalness 
(combined).

Biological 
Productivity

Representativen
ess (combined)

Naturalness 
(combined)

Vulnerability;
Degree of 
Treatment.

No indicators given

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The 
Urban Audit Yearbook Overview

EU EC Urban 
Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region)

Europe, 
multiple quality of life

assessment 
and comparison 
of cities by 
indicators, 
monitoring (x) --

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), 
Levels of training 

and education

Socio-economic 
aspects 

(combined), 
Levels of training 
and education, 

Culture and 
Environment 
(combined) To

pi
cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.
Land use 

(combined)
Water 

(combined)
Land use 

(combined)
Civic 

involvement

Income, 
disparities and 

poverty

Labour market 
and 

Unemployment, 
Employment

 Economic 
activity

Population, 
Nationality;
Household 
structure. Travel patterns

Culture and 
Recreation 
(combined)

Education and 
Training 

Provision;
Level of 

Educational 
Qualifications.

Culture and 
Recreation 
(combined) Crime

Air Quality and 
Noise 

(combined)

Water 
(combined), 
Energy use 
(combined)

Waste 
management

Air Quality and 
Noise 

(combined), 
Water 

(combined), 
Energy use 

Climate/Geograp
hy Health

In
di

ca
to

rs

Percentage of 
the urban area 
unused and in 

main land uses, 
Percentage of 
the urban area 

Percentage of 
dwellings 
connected to 
potable drinking 
water supply 
Infrastructure, 

Green space to 
which the public 
has access (sq 

meters per 
capita), 

Percentage of 

Percentage of 
registered 
electorate voting 
in European, 
national and city 
Elections. For 

Household 
income, median 
and average 
income for each 
quintile, 
Male/Female 

Number of 
unemployed 
(ILO Labour 
Force Survey), 
Unemployment 
rate (by sex), 

GDP per capita, 
Number of 
companies with 
headquarters in 
the city quoted 
on the national 

Total population 
with distribution 
by sex and age 
(13 age groups),
Total population 
change (by sex 

"Number of 
homeless people 
(, as a 
percentage of 
total resident 
population), 

Mode of journey 
to work : 
rail/metro, bus, 
tram, car, cycle, 
walking, 
Characteristics 

Number of 
cinema 
showings and 
annual 
attendance per 
resident, 

Number of 
crèche places 
(public and 
private 
provision) per 
1000 population, 

The number of 
sports facilities 
and annual 
users per 
resident.

Total number of 
recorded crimes 
per 1000 
population per 
year, 
Recorded crimes 

Winter Smog: 
Number of days 
SO2 exceeds 
125μg/m3 (24 
hour averaging 
time), 

Consumption of 
water (cubic 
metres per 
annum) per 
inhabitant;
Total energy use 

Amount of solid 
waste collected 
within the 
boundary 
(domestic and 
commercial) 

Proportion of the 
population 
exposed to 
outdoor noise 
levels above 65 
db (24 hour 

Number of days 
of rain per month 
(averaged over 
one year), 
Average number 
of hours of 

Life expectancy 
at birth for males 
and females
Infant mortality 
rate, 
Low birth rate, 

mul
tiple
75#

CBS; PBL; 
Wageningen 
UR

2015 
(conti
nu)

Compendium voor de 
Leefomgeving' (Environmental 
Data Compendium)

Compendium 
voor de 
Leefomgeving' 
(Environmental 
Data Project team

website 
containi
ng 
many 
reports -

(Regional -) 
National

The 
Netherla
nds

the 
environment

Collection of 
indicators (x) --

This sources 
sometimes uses 
multiple internal 

references (e.g. two 
topics refering to the 

same subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), 
Nature ("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined)) To
pi

cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.

(Developments 
in society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)),

Agriculture and 
space 

("Landbouw en 
ruimte")

Labour and 
economy 

("Werken en 
economie")

(Developments 
in society 
("Ontwikkelingen 
in de 
maatschappij") 
(combined)),

(Population and 
living ("Bevolking 

en wonen") 
(combined))

Environmental 
quality and 

nature 
("Milieukwaliteit 

en natuur"),
Landscape 

Agriculture and 
environment 

("Landbouw en 
milieu")

Ecosystems 
("Ecosystemen")

Soil and 
groundwater 
("Bodem en 
grondwater")

Water and 
environment 
("Water en 

milieu"), 
Water and 

nature ("Water 
Air quality 

("Luchtkwaliteit")

Energy and 
environment 
("Energie en 

milieu"),
Natural 

resources Waste ("Afval")

Environmentally 
hazardous 
substances 

("Milieugevaarlijk
e stoffen")

Emission into 
air, water, and 
soil ("Emissie 

naar lucht, water 
en bodem"), 
(Local living 

Climate change 
("Klimaatverand

ering")

Environmental 
policy and 
measures 

("Milieubeleid en 
milieumaatregel

en"),

Cost and 
financing 

("Kosten en 
financiering")

Health and 
environment 

("Gezondheid en 
milieu")

(Local living 
environment 

("Lokale 
leefomgeving") 

(combined))

Developments in 
society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)

Too many indicators, over 700, to mention.
id First author Year 

of 
pub.
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(Journal title) Scale Country Theme Approach Other
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Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

x x 14 7 13 9 13 18 16 20 31 9 17 24 24 15 16 13 4 7 10 5 7 4 8 2 4 17 6 4 4 4 10 19 16 15 4 11 9 8 2 8 4 5 6 2 6 15 7 14 10 17 7 11 15 8 15 17 9 26 7 1 3 9 12 8
(x) (x)
-/(x)
-- --

SUSTAINABILITY

OTHER

x

Urban biodiversity

OTHER

TOURISM

GREEN (SPACE) / PARK / ECO / …

URBAN GROWTH / RENEWAL / 
REURBANISATION

SUSTAINABILITY

URBAN GROWTH / RENEWAL / 
REURBANISATION

GREEN (SPACE) / PARK / ECO / …

TOURISM

x

x

Availability of local public green 
areas and local services

-

An integrated planning tool based 
upon multiple criteria evaluation of 
spatial information1999

Local 
Environment: The 
International 
Journal of Justice 
and Sustainabilityarticle--

Indicators are just 
examples/sugges

tions.

Economic Social Environmental

Environment / 
Ecological integrity

Society / Quality of 
life010

Planning and Creating Eco-cities: 
Indicators as a tool for shaping 
development and measuring 
progress

Basic identification Additional identification Context

011 (focus on tool)None

Both 
regional/town 
and urban 
planning/design 
possible

Computers, 
Environment and 
Urban Systemsarticle

Pettit, 
Christopher

2000

Pullar, D.

Basic identification Additional identification Context

Urban ecology

Kline, 
Eslizabeth (x)--

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions.

change 
description 
(from traditional 
to ecocity 
indicators)

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))NoneNone

(x)

Flora and Fauna, 
Biodiversity ("Biodiversiteit").

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Low capacity of access roads, 
Good access to public transport, 
Good access to clearway, Good 

accessibility for bikers

Empowerment 
with responsibility

Economy / 
Economic security

Species diversity: number of 
rare/threatened/endangered 

species.

(Urban structure - mobility of 
population), (Urban structure - 

pedestrian priority streets)

Urban biodiversity

Biodiversity.

(Local living environment ("Lokale 
leefomgeving") (combined)),
(Landscape ("Landschap") 

(combined)),
Monitor Infrastructure and Space 

("Monitor Infrastructuur en 
Traffic and space ("Vekeer en 

ruimte")

Biodiversity,
Uniqueness (combined)

Indicators seem 
incomplete

A bit
(Mostly) No

(Socio demographic situation)

Economics and Law
Urban Sociology and 

Demography/Geography

Partly/Maybe/Generally
(Mostly) Yes

(x)(x)Spatial MCE

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

Appendix 8: Analysis clustered grid ‐ Theme Rob Valk – 2016‐06



APPENDIX		9:	ANALYSIS	CLUSTERED	GRID	–	GOAL
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002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for 
the automated assessment of land-
use options -

Finkela, Michael; 
Bleicherb, Alena; Morioa, 
Maximilian; Gross, 
Matthias article

Landscape and 
Urban Planning

Neighbourhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x x To

pi
cs

x x x x x x x x x

In
di

ca
to

rs

Residential 
areas in the 
surrounding 
area, Green 

spaces in the 
surrounding 

Commercial 
areas within 

walking distance, 
Local amenities 

in walking 
distance, 

Historically 
relevant 
buildings

Great influence 
on cityscape

High value 
tree/plant 
population

Site is part of a 
local habitat

Site contains 
>40% sealed 
soil, Area 
strongly 
contaminated

Direct vicinity to 
nature reserve

Neighbouring 
uses sensitive to 
emissions

x x x x x x x x x x x

In
di

ca
to

rs

E.G.: How many 
people missing 
from public 
meetings and 
testimonies, 
Degree of 

E.G.: Provides 
jobs and spends 
money within a 
community

E.G.: Provides 
training, 
education and 
other forms of 
assistance

E.G.: Variety of 
businesses, 
industries and 
institutions

E.G.: Percentage 
of household 
income to 
housing

E.G.: Trust in 
neighbours, 
volunteering, 
voting, cultural 
and art event 
participation ---

E.G.: Volume 
that used to be 
landfilled and is 
now recycled ---

E.G.: Children 
vaccinated

E.G.: Crime 
statistics, 

perception of 
crime and safety

013 Caijun Zhao 2011

Urban planning indicators, 
morphology and climate indicators: 
A case study for a north-south 
transect of Beijing, China -

Guobin Fu; Xiaoming Liu; 
Fan Fu article

Building and 
Environment

Neighbourhood 
(500m radius 
circles) China urban climate

investigate 
relation 
between urban 
planning and 
urban climate 

common 
Chinese urban 
planning 
indicators x x x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards Urban structure, 
Urban cover Urban structure

Urban cover, 
Urban fabric

Urban cover, 
Urban fabric Urban structure Urban cover

Urban 
metabolism

Urban 
metabolism

Urban 
metabolism

In
di

ca
to

rs

Floor Area Ratio, 
Building Density, 

Green Space 
Ratio, 

Parameters for 
building 

Building Density, 
Building Height 

Limit, 
Parameters for 

building 
distances

Green Cover 
Ratio, Green 
Space Ratio

Green Cover 
Ratio

Building Height 
Limit

Green Space 
Ratio --- --- ---

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and 
Key Indicators of Reurbanisation 
with Reference to Demographic 
Change

EU EC Re Urban 
Mobil

Steinführer, Annett; 
Kabish, Sigrun

"paper" 
/ 
researc
h report -

Region - 
Neighbourhood

Europe, 
multiple reunbanisation

Inventarisation 
of possible 
indicators -/(x) (x)

Architecture and 
Urban Structures To

pi
cs

x x x

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner-

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner- Natural value Cultural value

Environmental 
disturbances

Social well-being 
and health

In
di

ca
to

rs

Density of the 
built-up area

Age of buildings, 
degree of 
protection 

(monuments), 
Technical 

condition and 

Transaction 
costs, Ownership 
indicators, 
Property prices --- --- --- --- --- ---

502
Mihelic, 
Breda 2005

GIS-tool for analysis and multi 
criteria evaluation. Final report. The 
case of Ljubljana

EU EC Re Urban 
Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

researc
h report -

Micro / 
Neighbourhood Slovenia reunbanisation

compare 
indicators, 
attend worst 
first -/(x) x

Physical condition 
(focus) (Economic state)

(Ecologic 
conditions) To

pi
cs

Architectural 
quality, Urban 

quality

Housing quality, 
Architectural 

quality Urban quality

Urban quality, 
Architectural 

quality (x) (x) x (Greenary) (Pollution)

In
di

ca
to

rs

Floor Space 
Index, Density of 

construction

Technical 
condition (age, 
maintenances), 

Housing 
standard

Urban standard 
(Culture, 

Education, 
Retail, Health 
care, Green 

areas, Parking, 

Cultural and 
historical value 
(protected sites, 

monuments), 
Cultural 

importance 
(% Employed, % 
Unemployed)

(No. of 
inhabitants, Age 
structure, 
Youth/elderly 
dep.rate)

Flat/floor, 
Occupation rate, 
Use of flats (---) (---)

mul
tiple
61#

XARXA 
project team

2004
?

The XARXA - The Catalan Network 
of Cities and Towns towards 
Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only Pattern
indicators, that 
focus on urban 
structure and 
sustainable (x) (x) x To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards. x x (x) x x (x) (x) x x

In
di

ca
to

rs

(Intensity of 
urbanization of 
local economy), 
Urban structure - 

urban land 
occupation

Urban structure - 
proximity to 
basic urban 

services

(Plans suitability 
to the territorys 

particular 
ecology)

Municipal 
expenditure on 
the environment

Citizen 
involvement in 
sustainability 
processes, 
Municipal 
environmental 

(Intensity of 
urbanization of 
local economy)

(Urban structure -
mobility of 
population), 
(Urban structure -
pedestrian 
priority streets)

Use of municipal 
collecting storing 
centres

(Plans suitability 
to the territorys 
particular 
ecology), 
Prevention of 
environmental 

mul
tiple
75#

CBS; PBL; 
Wageningen 
UR

2015 
(conti
nu)

Compendium voor de 
Leefomgeving' (Environmental 
Data Compendium)

Compendium 
voor de 
Leefomgeving' 
(Environmental 
Data Project team

website 
containi
ng 
many 
reports -

(Regional -) 
National

The 
Netherla
nds

the 
environment

Collection of 
indicators (x) --

This sources 
sometimes uses 
multiple internal 

references (e.g. two 
topics refering to the 

same subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), 
Nature ("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined)) To
pi

cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.

(Developments 
in society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)),

Agriculture and 
space 

("Landbouw en 
ruimte")

Labour and 
economy 

("Werken en 
economie")

(Developments 
in society 
("Ontwikkelingen 
in de 
maatschappij") 
(combined)),

(Population and 
living ("Bevolking 

en wonen") 
(combined))

Environmental 
quality and 

nature 
("Milieukwaliteit 

en natuur"),
Landscape 

Agriculture and 
environment 

("Landbouw en 
milieu")

Ecosystems 
("Ecosystemen")

Soil and 
groundwater 
("Bodem en 
grondwater")

Water and 
environment 
("Water en 

milieu"), 
Water and 

nature ("Water 
Air quality 

("Luchtkwaliteit")

Energy and 
environment 
("Energie en 

milieu"),
Natural 

resources Waste ("Afval")

Environmentally 
hazardous 
substances 

("Milieugevaarlijk
e stoffen")

Emission into air, 
water, and soil 
("Emissie naar 
lucht, water en 

bodem"), 
(Local living 

Climate change 
("Klimaatverande

ring")

Environmental 
policy and 
measures 

("Milieubeleid en 
milieumaatregele

n"),

Cost and 
financing 

("Kosten en 
financiering")

Health and 
environment 

("Gezondheid en 
milieu")

(Local living 
environment 

("Lokale 
leefomgeving") 

(combined))

Developments in 
society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)

Too many indicators, over 700, to mention.

003 Jeong, Jin Su 2012

Integrating buildings into a rural 
landscape using a multi-criteria 
spatial decision analysis in GIS-
enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural 
landscape 
building 
integration Spatial MCE tourism function x --

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental To
pi

cs

Land Use Infrastructure

Water source, 
Urban area 
proximity, 

Residential area 
proximity, 

Tourist/Agricultur
Orientation, 
Morphology

External visibility, 
Internal visibility Population

Archaeological 
areas Vegetation type NATURA 2000

In
di

ca
to

rs

Several land use 
types/policies; Site access

Distance from 
water source; 
Distance from 
Urban area; 

Distance from 
residential area; 

Slope gradation, 
Orientation

Visibility from 
roads/rails; 

Visibility from 
residential areas

Population 
density

Archaeological 
areas

Several land 
cover types

Distance from 
sensitive 
ecosystem 

007
A

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Aternative 
creation set x -- x x Environmental Environmental To

pi
cs

Restoration of 
degraded

urban areas

Protection of 
agricultural

areas

Protection and 
valorisation of 

rural, historic and 
architectural 

assets

Mitigation and 
environmental 

compensation of 
impacts of new 
infrastructures

Protection of 
high natural 

value areas and 
assets

In
di

ca
to

rs

Distance from 
degraded areas

Presence of 
agricultural areas

Distance from 
typical landscape 
elements, 
Distance from 
historic-
architectural 

Distance from 
new 
infrastructures

Distance from 
natural assets 
(points, lines, 
areas), Distance 
from features 
with ecological 

007
B

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also 
includes creation 

set's outcome: 
'suitability index' from 

007A ↑.
Suitability (from 

007A ↑)

Economic, 
Suitability (from 

007A ↑)
Social, Suitability 

(from 007A ↑)

Environmental and 
ecological, 

Suitability (from 
007A ↑) To

pi
cs

Evaluation set 
also includes 
creation set's 

outcome: 
'suitability index' 

from 007A ↑.
Suitability (from 

007A ↑) x
Financial costs,

Gains Benefits loss, x
Financial costs, 

Gains
Suitability (from 

007A ↑)
Suitability (from 

007A ↑)
Education/sights
eeing Recreation Fragmentation

Suitability (from 
007A ↑), 

Connection of 
existing regional 

parks

Suitability (from 
007A ↑), Limit 
urban sprawl, 
Creation of a 

protection buffer 
for existing 

In
di

ca
to

rs

Suitability (from 
007A ↑)

Number of 
municipalities 
involved

Fixed costs, 
Costs for park 
activities, 
Standard 
deviation of 
municipalities’ 

Income loss for 
restrictions in 
agricultural and 
breeding 
activities;
Number of 

Decrease of land 
value (inside 
park), Increase 
in land value 
(outside park)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Number of 
cultural values 
inside the park, 
Number of 
historic-
architectural 

Population 
served, 
Dimension 
(size), Total 
length of cycle 
paths, Distance 

Infrastructure 
Fragmentation 
Index (IFI)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑), 
Pairwise 
comparison of 
potential sprawl 
limit, Combined 

016 Akıncı, Halil 2013

Agricultural land use suitability 
analysis using GIS and AHP 
technique -

�Özalp, Ays e Yavuz; 
Turgut, Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x) x To

pi
cs

x x x

In
di

ca
to

rs

Slope,
Aspect,

Elevation.
Forest,
Pasture.

Great soil group,
Land use 
capability class,
Land use 
capability sub-
class,

018 Kaili, Dou 2009

Selection of Residential Land 
based on Integration of MCDA and 
Gravity Model -

Qingming, Zhan; Shiguo, 
Li

confere
nce 
paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, District China

residential land 
selection Spatial MCDA (x) (x) x To

pi
cs Accessibility 

Condition Green space Air condition Noise

In
di

ca
to

rs Weights are given 
in source.

To Middle 
School,

To Primary 
School,

To Hospital,
To Commercial 

Green Coverage 
Ration

SO2 Distribution,
NOx Distribution,
TSP Distribution.

Traffic noise,
Regional noise.

021 Kumar, S. 2010

Identification of potential 
ecotourism sites in West District, 
Sikkim using geospatial tools -

Behera, M.D.; Tewari, 
H.R. article Tropical Ecology Region India ecotourism

Spatial 
suitability 
analysis, Spatial 
MCA x -- x To

pi
cs

Study uses 
indexes, which 

are shown here as 
Topics

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecological value 
index (EVI), 
(combined))

(Ecological value 
index (EVI), 
(combined)),

(Environmental 
resiliency index 

(ERI) 

Wildlife 
distribution index 

(WDI),
(Ecological value 

index (EVI), 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

Ecotourism 
diversity index 

(EDI)

In
di

ca
to

rs

Accessibility Slope

Vegetation-
canopy and 
topographic 
attractiveness

Religious 
attraction

Ecosystem 
uniqueness,
Biosphere 
reserve.

Species 
diversity,
Vegetation cover

Number of 
different species 
found;
Species 
diversity. Soil Seismic hazard

Viewshed within 
1, 2.5, 5 km

006
Schetke, 
Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking 
cities. Experiences from eastern 
Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighbourhood 
as a whole Germany shrinking cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x) Social Social Social Ecological To

pi
cs

Infrastructure Infrastructure Green supply Population
Urban fabric and 

housing

Quality of urban 
green, 

Persistence of 
quality of urban 

green Soil quality
Hydrology, water 

balance

In
di

ca
to

rs

Max. distance to 
main roads

Max. distance to 
primary school, 
Persistence of 

leisure facilities, 
Max. distance to 

supermarket, 

Recreational 
area in

50 m distance, 
Area 

neighbourhood
green (500 m), 

Total population, 
(Other unclear 
indicators)

Share of non-
renovated 
houses, Share of 
renovated 
houses, Share of 
demolition

Leaf Area Index, 
Largest patch 
Index, 
Shannon's 
Diversity Index 
(SHDI)

Degree of 
sealing

Surface run-off, 
Seeping rate, 
Etpμ, Growth 
Housing floor 
space

Protection of 
green, Growth of 
green area, 
Degree of 
isolation

015
Scipioni, 
Antonio 2009

The Dashboard of Sustainability to 
measure the local urban 
sustainable development: The case 
study of Padua Municipality -

Mazzi, Anna; Mason, 
Marco; Manzardo, 
Alessandro article

Ecological 
Indicators

Town as a 
whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

(Health-Justice 
(combined))

Health-Justice 
(combined) Economic

(Social 
(combined)) Social (combined) Environmental

Health-Justice 
(combined) To

pi
cs

x (combined) x x x x x x x x x x x x x x x x x (combined)

In
di

ca
to

rs

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 

hospotal 
attendant Inflation, GDP

Poverty 
threshold

Unemployment 
rate

Visitors to 
museums, 
Tourist arrivals, 
Tourist 
presence, Hotel 
use rate, 

Entrepreneurial 
attitude, New 
companies, 
Insolvent 
companies

Population 
density, Birth 
rate Habitable space

Motorization 
rate, Bicycle 
lanes, 
Pedestrian 
areas, Road 
accident rate, 

Migratory 
balance, 
Immigration rate, 
Foreign 
immigration rate, 
Chief town 

Sport and 
recreation 
facilities, Public 
parks and 
gardens

Murders, Thefts, 
Bag-snatchings 
and 
pickpocketings, 
Juvenile 
criminality

Potable water 
consumption, 
Electrical energy 
consumption Waste

Sulphur dioxide 
(SO2), Nitrogen 
dioxide (NO2), 
Ozone (O3), 
Carbon 
monoxide (CO), 

Air temperature, 
annual rainfall, 
Average 
humidity (%)

Hospital 
admissions, 
Average stay in 
hospital, Causes 
of death, No. of 
health issues, 

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 
hospotal 
attendant 

014 Li Rui 2003

Urban Renewal at Neighborhood 
Level A case study of Huangjiadun 
neighborhood in Wuhan city - - thesis - Neighbourhood China urban renewal MCE

underdeveloped 
area (x) x Physical (focus) (Legal) (Economic) (Social) To

pi
cs

Land-use Building
Road, 

Infrastructure Road

Public and 
commercial 

service Environment

In
di

ca
to

rs Land-use 
proportion, Open 
Area Ratio, Floor 

Area Ratio

Building 
condition, 

Building age

Pavement ratio, 
Drainage system 

ratio
Access ratio of 

fire engines

Service kinds, 
Needed area, 
Service radius; 
Sanitation ratio, 
Water pipe ratio, 
Electric net ratio, 

Noise, Pollution 
zone, Safe 

place, Good 
sights

017 Dur, Fatih 2014

A spatial-indexing model for 
measuring neighbourhood-level 
land-use and transport integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighbourhood 
- District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities) To
pi

cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

Density and 
diversity 

(combined)

Design and 
layout 

(combined) Accessibility

(Design and 
layout 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined)) Mobility
Resource 

Consumption Pollution

In
di

ca
to

rs

Measure and 
method of 

measurement are 
given in source.

Parcel size,
Population 

density 
(combined),

Land‑use mix.

Street 
connectivity,

Traffic calming,
Pedestrian 
friendliness.

Access to public 
transport (PT) 

stops,
Access to 
land‑use 

destinations 
Open space 
availability.

(Housing and 
jobs proximity 
(combined))

Population 
density

(Housing and 
jobs proximity 
(combined))

Number of car 
trips,
Commuting 
distance,
Parking supply in 
activity centres,

Land area 
occupied by 
urban uses,
Land area 
occupied by 
roadways,

Air quality,
Greenhouse 
gases from 
transport,
Traffic noise,
Stormwater 

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 
differentiated 

according to type 
of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

570

Ambiente 
Italia 
Research 
Institute 2003

European Common Indicators 
Towards a Local Sustainability 
Profile

EU EC European 
Common 
Indicators (ECI) -

evaluati
on 
report -

Local 
(town/district/cit
y) as a whole

Europe, 
multiple

(environmental
) sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x) x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards
x x x x x x x x x

In
di

ca
to

rs

More detail of 
these indicators 

should be 
available Sustainable land 

use

Children's 
journey to and 

from school

Sustainable 
management of 
the local 
authority

Products 
promoting 
sustainability

Local mobility 
and passenger 
transportation

Citizen 
satisfaction with 
the local 
community

Quality of local 
outdoor air

Local 
contribution to 
global climatic 
change, Noise 

pollution

Children's 
journey to and 
from school

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The 
Urban Audit Yearbook Overview

EU EC Urban 
Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region)

Europe, 
multiple quality of life

assessment 
and comparison 
of cities by 
indicators, 
monitoring (x) --

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), Levels 
of training and 

education

Socio-economic 
aspects 

(combined), Levels 
of training and 

education, Culture 
and recreation

Environment 
(combined) To

pi
cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.
Land use 

(combined)
Water 

(combined)
Land use 

(combined)
Civic 

involvement

Income, 
disparities and 

poverty

Labour market 
and 

Unemployment, 
Employment

 Economic 
activity

Population, 
Nationality;
Household 
structure. Travel patterns

Culture and 
Recreation 
(combined)

Education and 
Training 

Provision;
Level of 

Educational 
Qualifications.

Culture and 
Recreation 
(combined) Crime

Air Quality and 
Noise 

(combined)

Water 
(combined), 
Energy use 
(combined)

Waste 
management

Air Quality and 
Noise 

(combined), 
Water 

(combined), 
Energy use 

Climate/Geograp
hy Health

In
di

ca
to

rs

Percentage of 
the urban area 
unused and in 

main land uses, 
Percentage of 
the urban area 

Percentage of 
dwellings 
connected to 
potable drinking 
water supply 
Infrastructure, 

Green space to 
which the public 
has access (sq 

meters per 
capita), 

Percentage of 

Percentage of 
registered 
electorate voting 
in European, 
national and city 
Elections. For 

Household 
income, median 
and average 
income for each 
quintile, 
Male/Female 

Number of 
unemployed (ILO 
Labour Force 
Survey), 
Unemployment 
rate (by sex), 

GDP per capita, 
Number of 
companies with 
headquarters in 
the city quoted 
on the national 

Total population 
with distribution 
by sex and age 
(13 age groups),
Total population 
change (by sex 

Number of 
homeless people 
(, as a 
percentage of 
total resident 
population), 

Mode of journey 
to work : 
rail/metro, bus, 
tram, car, cycle, 
walking, 
Characteristics 

Number of 
cinema showings 
and annual 
attendance per 
resident, 
Number of 

Number of 
crèche places 
(public and 
private provision) 
per 1000 
population, 

The number of 
sports facilities 
and annual users 
per resident.

Total number of 
recorded crimes 
per 1000 
population per 
year, 
Recorded crimes 

Winter Smog: 
Number of days 
SO2 exceeds 
125μg/m3 (24 
hour averaging 
time), 

Consumption of 
water (cubic 
metres per 
annum) per 
inhabitant;
Total energy use 

Amount of solid 
waste collected 
within the 
boundary 
(domestic and 
commercial) 

Proportion of the 
population 
exposed to 
outdoor noise 
levels above 65 
db (24 hour 

Number of days 
of rain per month 
(averaged over 
one year), 
Average number 
of hours of 

Life expectancy 
at birth for males 
and females
Infant mortality 
rate, 
Low birth rate, 

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable 

Urban Design 
(combined)),

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of 
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition 
waste,
Municipal solid 
waste 
generation,

Share of 
population 
exposed to 
excessive noise,
Green house 
gases emissions. Traffic safety.

Brownfield vs 
greenfield 
development

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 
Design (combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens  
engagement with 

environmental 
and sustainability 

oriented 
activities,

Adoption of 
integrated urban 

plans 
(environment 
transport, land 

use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of kms). Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.

009
Scipioni, 
Antonio 2008

The ISO 14031 standard to guide 
the urban sustainability 
measurement process: an Italian 
experience -

Mazzi, Anna; Zuliani, 
Filippo; Mason, Marco article

Journal of Cleaner 
Production

Town as a 
whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) -- Economic Social Environmental To

pi
cs

Tourism Population Mobility Car accidents Soundness
No indicators given

x x x x x

In
di

ca
to

rs

Existing 
development

Proximity to 
public transport 
(rail stations), 
Proximity to 

roads
Proximity to 

schools
Proximity to 

existing parkland Slope

522
B UFZ 2004

Making greener cities - A practical 
guide

EU EC URGE 
(URban Green 
Environment) Project team manual -

Site as a 
whole (Local)

Europe, 
multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x Integrated!

Quantity - , Quality 
- , Use of the 
urban green 

system,
Planning, 

development and To
pi

cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Accessibility.

1 Surface area 
of urban green 

space,
2 Extent of edge 

effects,
3 Catchment 

1 Legal and 
planning 
aspects,

2 Policies for 
community 

events.
Budget for urban 

green space.

1 Citizen s 
involvement in 

site planning and 
management, 
2 Community 
ownership, 

1 Inclusion in 
Local Agenda 21-

Plans, 
2 Integration of 

green site 
planning with 

Responsibilities 
within the 

administration.

1 The 
importance of 

the green space 
to public 

authorities, 
2 Activities to Employment. Production.

Educational 
resource.

1 Sport & Play 
Facilities;

2 Awareness of 
physical, 
emotional 

benefits derived Life strategies.

1 Social 
inclusion, 

2 Conflicts of 
use, 

3 Multi-
functionality, 

1 Cultural 
aspects,

2 Aesthetic 
value,

3 Local identity.

1 Connectivity to 
other green 

spaces,
2 Isolation from 

other green 
spaces,

1 Biodiversity,
2 Naturalness. Soil sealing. Production.

Sustainable 
waste 

management.

1 Surface 
disturbance,
2 Pollution.

Regulatory 
effects. Safety.

In
di

ca
to

rs

Number of 
entrances to the 

urban green 
space, Most 

common forms 
of access by 

1 Surface area 
of green space;
2 Shape index;

3 Number of 
potential users 

per urban green 

1 Existence and 
impact of 
legislation and 
planning 
instruments at 
the national, 

Annual total 
budget/expenditu
re for 
development of 
the urban green 
space, Annual 

1 Existence of 
effective 
instruments and 
methods to 
involve citizens 
in the design and 

1 Inclusion of the 
green space in 
the Green Area 
Management 
Programme 
attached to the 

Efficiency of 
decision making, 
Adequacy of the 
number of 
personnel.

1 The amount of 
money devoted 
by the 
municipality to 
the green space, 
Actual communal 

Number of 
"green space 
jobs" per 100 m2 
of the urban 
green space, 
Number of 

Number and type 
of products 
derived from the 
urban green 
space, Quantity 
of products 

The use of a 
green space for 
education linked 
to school 
curricula, 
Existence of 

1 The use of 
green space for 
sports facilities, 
Type and 
amount of sports 
facilities, 

Level of 
socialisation 
while using the 
green space, 
The use of green 
space connected 

1 Heterogeneity 
of user groups 
according to 
social indicators, 
Evidence of 
neglect, lack of 

1 Identification of 
cultural 
components in 
the context of the 
planning and 
management of 

1 Presence of 
different types of 
green corridors 
that links a site 
to other urban 
green spaces;

1 Biotope 
diversity: the 
number of 
different habitat 
types found 
within the green 

Proportion of soil 
surface with 
disturbed 
drainage/water 
dynamics.

Exploitation of 
natural 
resources to 
produce energy, 
Existence of 
plans for future 

Existence of 
selective waste 
collection and 
recycling in the 
green space.

1 Proportion of 
the surface 
which is heavily 
worn;
2 Soil pollution 
and quality, Air 

Leaf Area Index 
expressed as an 
average for the 
city, Volume of 
vegetation, 
Proportion of the 

Evidence of 
patrol/warden in 
and around the 
green-space, 
Annual number 
of registered 

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated 
in a GIS using a multi-criteria 
mechanism -

Bar (Kutiel), Pua; Bannet, 
Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria) To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Distance from 
existing land-

uses
Topography; Soil 

type Vegetation Habitat

In
di

ca
to

rs

Distance from 
residences, 

Distance from 
nature reserves, 
Distance from 

forests, Distance 

Slope, Aspect; 
Soil formation, 
Salinity, Depth, 
% CaCO3, % 
clay, Stone 

cover, Parent-
Vegetation cover 
(NDVI)

Habitat 
Heterogenity 
Model

019 Tudes, Sule 2010

Preparation of land use planning 
model using GIS based on AHP: 
case study Adana-Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, 
suitability Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating 
of indicators differs 

per land use
x To

pi
cs

Matched with 
other 

categorizations, 
no categories and 
topics in source. x x x x x x

In
di

ca
to

rs

Land use

Distance from 
the nearest 

settlement (km),
Distance from 

the nearest 
airport (km).

Slope,
Elevation,

Surface geology,
Bearing power 

(SPT N).
Agricultural land 
quality

Depth of the 
ground waters Earthquake risk

004
Schetke, 
Sophie 2012

Towards sustainable settlement 
growth: A new multi-criteria 
assessment for implementing 
environmental targets into strategic 
urban planning -

Haase, Dagmar; Kötter, 
Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x) Environmental To

pi
cs Ecosystem 

functions
Resource 
protection Risk potential

In
di

ca
to

rs

Climate 
regulation 
function, Biotope 
quality, 
Seepage, 
Isolation/use of 

Protected areas, 
Soil quality/Yield 
stability Flood risk

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for 
Green Development in Cities

EU EC URGE 
(Development of 
Urban Green 
Spaces to 
Improve the 

Baycan-Levent, Tuzin; 
Leeuwen, Eveline van; 
Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit To

pi
cs Utalisation - 

Accessibility
Utalisation - 
Availability

Utalisation - 
Multifunctionality Public authorities Finance Employment Production Education (Aesthetics) Education Regulation Preservation Merit: Safety

Merit: 
Aesthetics;

Barrier function;
Substitution 

function.

In
di

ca
to

rs

Number of 
residences within 

a maximum 
walking distance 

of 500 metres 
from the urban 

Total area of the 
urban green 

space concerned 
as a percentage 
of the total area 
of urban green 

Number of 
permanent 
functions in 

relation to the 
total area of the 
park, Number of 

Number of hours 
planned or spent 
on urban green 
policy as a 
percentage of 
total hours 

Amount of 
budget or 
expenditure on 
development / 
maintenance / 
revitalisation per 

Number of 
‘green’ jobs per 
square kilometre 
of urban green 
space, Number 
of ‘green’ jobs 

Number of 
products 
delivered by 
urban green 
space per 
square kilometre 

Costs of 
education and 
research projects 
with regard to 
(urban) green 
per square 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

Number of 
students 
following some 
kind of ‘green’ 
education as a 
percentage of 

Amount of 
pollution in the 
air and around 
the park 
compared with 
an area with no 

Annual 
discounted 
future savings of 
costs for 
protection of 
urban wildlife 

Annual number 
of incidents in 
the park 
compared with 
the annual 
number of urban 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy 
AHP for conservation priority 
assessment in coastal areas: Case 
of Khuzestan district, Iran -

Hadipour, Mehrdad; 
Mokhtar, Mazlin Bin; 
Taghavi, Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-
use planning

Fuzzy AHP-
VIKOR (MCE-
based 
selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility" 
topics are matched 

with existing 
categories of this 

grid.
(Pragmatic/feasibili

ty (combined))
(Pragmatic/feasibili

ty (combined))
Economic 

importance Social importance
Ecological 

characteristics
Pragmatic/feasibilit

y (combined) To
pi

cs

Size Accessibility
Degree of 
Urgency

Compatibility 
with Other 

Programs and 
Management 

Plan

Availability (for 
acquisition) for 

Protection

Importance for 
Tourism and 
Recreation

Historical, 
Archaeological, 
or Cultural Value

Value to 
Research and 

Education

Importance to 
Conflict 

Resolution

Representativen
ess (combined),

Uniqueness 
(combined),
Naturalness 
(combined).

Biological 
Productivity

Representativen
ess (combined)

Naturalness 
(combined)

Vulnerability;
Degree of 
Treatment.

No indicators given
id First author Year 

of 
pub.

Title (Project name) Other author(s) Type of 
docum
ent

(Journal title) Scale Country Theme Approach Other
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Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

x x 14 7 13 9 13 18 16 20 31 9 17 24 24 15 16 13 4 7 10 5 7 4 8 2 4 17 6 4 4 4 10 19 16 15 4 11 9 8 2 8 4 5 6 2 6 15 7 14 10 17 7 11 15 8 15 17 9 26 7 1 3 9 12 8
(x) (x)
-/(x)
-- --

Pettit, 
Christopher

ALLOCATE / PLAN ALLOCATE / PLAN

A bit
(Mostly) No

Basic identification Additional identification

Partly/Maybe/Generally
(Mostly) Yes

Context Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

Social Environmental

ASSESS / ANALYZE
> MONITORING / COMPARE

Biodiversity,
Uniqueness (combined)

Indicators seem 
incomplete

(Socio demographic situation)

Economics and Law
Urban Sociology and 

Demography/Geography

Species diversity: number of 
rare/threatened/endangered 

species.

(Urban structure - mobility of 
population), (Urban structure - 

pedestrian priority streets)

Biodiversity.

(Local living environment ("Lokale 
leefomgeving") (combined)),
(Landscape ("Landschap") 

(combined)),
Monitor Infrastructure and Space 

("Monitor Infrastructuur en 
Traffic and space ("Vekeer en 

ruimte")

(x)

Flora and Fauna, 
Biodiversity ("Biodiversiteit").

Economic

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Low capacity of access roads, 
Good access to public transport, 
Good access to clearway, Good 

accessibility for bikers

Empowerment with 
responsibility

Economy / 
Economic security

Indicators are just 
examples/suggest

ions.
Environment / 

Ecological integrity
Society / Quality of 

life

Basic identification Additional identification Context

Urban ecology

Kline, 
Eslizabeth (x)--

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions.

change 
description 
(from traditional 
to ecocity 
indicators)

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))NoneNone

Local 
Environment: The 
International 
Journal of Justice 
and Sustainabilityarticle--010

(x)(x)Spatial MCE(focus on tool)None

Both 
regional/town 
and urban 
planning/design 
possible

Computers, 
Environment and 
Urban SystemsarticlePullar, D.-

An integrated planning tool based 
upon multiple criteria evaluation of 
spatial information1999

ASSESS / ANALYZE
> MONITORING / COMPARE

011

Planning and Creating Eco-cities: 
Indicators as a tool for shaping 
development and measuring 
progress

Availability of local public green 
areas and local services

2000

INDICATOR PROJECT

OTHER

x

Urban biodiversity

OTHER

ASSIST / GENERAL

ASSESS / ANALYZE

SELECT

INDICATOR PROJECT

SELECT

ASSESS / ANALYZE

ASSIST / GENERAL

x
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APPENDIX		10:	ANALYSIS	CLUSTERED	GRID	‐	SCALE	‐	SCOPE
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given

id First author

Year 
of 
pub. Title (Project name) Other author(s)
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B UFZ 2004

Making greener cities - A practical 
guide

EU EC URGE 
(URban Green 
Environment) Project team manual -

Site as a 
whole (Local)

Europe, 
multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x Integrated!

Quantity - , Quality 
- , Use of the 
urban green 

system,
Planning, 

development and To
pi

cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Accessibility.

1 Surface area of 
urban green 

space,
2 Extent of edge 

effects,
3 Catchment 

1 Legal and 
planning 
aspects,

2 Policies for 
community 

events.
Budget for urban 

green space.

1 Citizen's 
involvement in 

site planning and 
management, 
2 Community 
ownership, 

1 Inclusion in 
Local Agenda 21-

Plans, 
2 Integration of 

green site 
planning with 

Responsibilities 
within the 

administration.

1 The 
importance of 

the green space 
to public 

authorities, 
2 Activities to Employment. Production.

Educational 
resource.

1 Sport & Play 
Facilities;

2 Awareness of 
physical, 
emotional 

benefits derived Life strategies.

1 Social 
inclusion, 

2 Conflicts of 
use, 

3 Multi-
functionality, 

1 Cultural 
aspects,

2 Aesthetic 
value,

3 Local identity.

1 Connectivity to 
other green 

spaces,
2 Isolation from 

other green 
spaces,

1 Biodiversity,
2 Naturalness. Soil sealing. Production.

Sustainable 
waste 

management.

1 Surface 
disturbance,
2 Pollution.

Regulatory 
effects. Safety.

In
di

ca
to

rs

Number of 
entrances to the 

urban green 
space, Most 

common forms 
of access by 

1 Surface area of 
green space;

2 Shape index;
3 Number of 

potential users 
per urban green 

1 Existence and 
impact of 
legislation and 
planning 
instruments at 
the national, 

Annual total 
budget/expenditu
re for 
development of 
the urban green 
space, Annual 

1 Existence of 
effective 
instruments and 
methods to 
involve citizens 
in the design and 

1 Inclusion of the 
green space in 
the Green Area 
Management 
Programme 
attached to the 

Efficiency of 
decision making, 
Adequacy of the 
number of 
personnel.

1 The amount of 
money devoted 
by the 
municipality to 
the green space, 
Actual communal 

Number of 
"green space 
jobs" per 100 m2 
of the urban 
green space, 
Number of 

Number and type 
of products 
derived from the 
urban green 
space, Quantity 
of products 

The use of a 
green space for 
education linked 
to school 
curricula, 
Existence of 

1 The use of 
green space for 
sports facilities, 
Type and 
amount of sports 
facilities, 

Level of 
socialisation 
while using the 
green space, 
The use of green 
space connected 

1 Heterogeneity 
of user groups 
according to 
social indicators, 
Evidence of 
neglect, lack of 

1 Identification of 
cultural 
components in 
the context of the 
planning and 
management of 

1 Presence of 
different types of 
green corridors 
that links a site 
to other urban 
green spaces;

1 Biotope 
diversity: the 
number of 
different habitat 
types found 
within the green 

Proportion of soil 
surface with 
disturbed 
drainage/water 
dynamics.

Exploitation of 
natural resources 
to produce 
energy, 
Existence of 
plans for future 

Existence of 
selective waste 
collection and 
recycling in the 
green space.

1 Proportion of 
the surface 
which is heavily 
worn;
2 Soil pollution 
and quality, Air 

Leaf Area Index 
expressed as an 
average for the 
city, Volume of 
vegetation, 
Proportion of the 

Evidence of 
patrol/warden in 
and around the 
green-space, 
Annual number 
of registered 

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for 
Green Development in Cities

EU EC URGE 
(Development of 
Urban Green 
Spaces to 
Improve the 

Baycan-Levent, Tuzin; 
Leeuwen, Eveline van; 
Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit To

pi
cs Utalisation - 

Accessibility
Utalisation - 
Availability

Utalisation - 
Multifunctionality Public authorities Finance Employment Production Education (Aesthetics) Education Regulation Preservation Merit: Safety

Merit: 
Aesthetics;

Barrier function;
Substitution 

function.

In
di

ca
to

rs

Number of 
residences within 

a maximum 
walking distance 

of 500 metres 
from the urban 

Total area of the 
urban green 

space concerned 
as a percentage 
of the total area 
of urban green 

Number of 
permanent 
functions in 

relation to the 
total area of the 
park, Number of 

Number of hours 
planned or spent 
on urban green 
policy as a 
percentage of 
total hours 

Amount of 
budget or 
expenditure on 
development / 
maintenance / 
revitalisation per 

Number of 
‘green’ jobs per 
square kilometre 
of urban green 
space, Number 
of ‘green’ jobs 

Number of 
products 
delivered by 
urban green 
space per square 
kilometre of 

Costs of 
education and 
research projects 
with regard to 
(urban) green 
per square 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

Number of 
students 
following some 
kind of ‘green’ 
education as a 
percentage of 

Amount of 
pollution in the 
air and around 
the park 
compared with 
an area with no 

Annual 
discounted future 
savings of costs 
for protection of 
urban wildlife 
and urban 

Annual number 
of incidents in 
the park 
compared with 
the annual 
number of urban 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

013 Caijun Zhao 2011

Urban planning indicators, 
morphology and climate indicators: 
A case study for a north-south 
transect of Beijing, China -

Guobin Fu; Xiaoming Liu; 
Fan Fu article

Building and 
Environment

Neighbourhood 
(500m radius 
circles) China urban climate

investigate 
relation 
between urban 
planning and 
urban climate 

common 
Chinese urban 
planning 
indicators x x x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards Urban structure, 
Urban cover Urban structure

Urban cover, 
Urban fabric

Urban cover, 
Urban fabric Urban structure Urban cover

Urban 
metabolism

Urban 
metabolism

Urban 
metabolism

In
di

ca
to

rs

Floor Area Ratio, 
Building Density, 

Green Space 
Ratio, 

Parameters for 
building 

Building Density, 
Building Height 

Limit, 
Parameters for 

building 
distances

Green Cover 
Ratio, Green 
Space Ratio

Green Cover 
Ratio

Building Height 
Limit

Green Space 
Ratio --- --- ---

002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for 
the automated assessment of land-
use options -

Finkela, Michael; 
Bleicherb, Alena; Morioa, 
Maximilian; Gross, 
Matthias article

Landscape and 
Urban Planning

Neighbourhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x x To

pi
cs

x x x x x x x x x

In
di

ca
to

rs

Residential 
areas in the 
surrounding 
area, Green 

spaces in the 
surrounding 

Commercial 
areas within 

walking distance, 
Local amenities 

in walking 
distance, Primary 

Historically 
relevant 
buildings

Great influence 
on cityscape

High value 
tree/plant 
population

Site is part of a 
local habitat

Site contains 
>40% sealed 
soil, Area 
strongly 
contaminated

Direct vicinity to 
nature reserve

Neighbouring 
uses sensitive to 
emissions

014 Li Rui 2003

Urban Renewal at Neighborhood 
Level A case study of Huangjiadun 
neighborhood in Wuhan city - - thesis - Neighbourhood China urban renewal MCE

underdeveloped 
area (x) x Physical (focus) (Legal) (Economic) (Social) To

pi
cs

Land-use Building
Road, 

Infrastructure Road

Public and 
commercial 

service Environment

In
di

ca
to

rs Land-use 
proportion, Open 
Area Ratio, Floor 

Area Ratio

Building 
condition, 

Building age

Pavement ratio, 
Drainage system 

ratio
Access ratio of 

fire engines

Service kinds, 
Needed area, 

Service radius; 
Sanitation ratio, 
Water pipe ratio, 
Electric net ratio, 

Noise, Pollution 
zone, Safe 

place, Good 
sights

006
Schetke, 
Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking 
cities. Experiences from eastern 
Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighbourhood 
as a whole Germany shrinking cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x) Social Social Social Ecological To

pi
cs

Infrastructure Infrastructure Green supply Population
Urban fabric and 

housing

Quality of urban 
green, 

Persistence of 
quality of urban 

green Soil quality
Hydrology, water 

balance

In
di

ca
to

rs

Max. distance to 
main roads

Max. distance to 
primary school, 
Persistence of 

leisure facilities, 
Max. distance to 

supermarket, 

Recreational 
area in

50 m distance, 
Area 

neighbourhood
green (500 m), 

Total population, 
(Other unclear 
indicators)

Share of non-
renovated 
houses, Share of 
renovated 
houses, Share of 
demolition

Leaf Area Index, 
Largest patch 
Index, Shannon's 
Diversity Index 
(SHDI)

Degree of 
sealing

Surface run-off, 
Seeping rate, 
Etpμ, Growth 
Housing floor 
space

Protection of 
green, Growth of 
green area, 
Degree of 
isolation

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and 
Key Indicators of Reurbanisation 
with Reference to Demographic 
Change

EU EC Re Urban 
Mobil

Steinführer, Annett; 
Kabish, Sigrun

"paper" 
/ 
researc
h report -

Region - 
Neighbourhood

Europe, 
multiple reunbanisation

Inventarisation 
of possible 
indicators -/(x) (x)

Architecture and 
Urban Structures To

pi
cs

x x x

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner-

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner- Natural value Cultural value

Environmental 
disturbances

Social well-being 
and health

In
di

ca
to

rs

Density of the 
built-up area

Age of buildings, 
degree of 
protection 

(monuments), 
Technical 

condition and 

Transaction 
costs, Ownership 
indicators, 
Property prices --- --- --- --- --- ---

502
Mihelic, 
Breda 2005

GIS-tool for analysis and multi 
criteria evaluation. Final report. The 
case of Ljubljana

EU EC Re Urban 
Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

researc
h report -

Micro / 
Neighbourhood Slovenia reunbanisation

compare 
indicators, 
attend worst 
first -/(x) x

Physical condition 
(focus) (Economic state)

(Ecologic 
conditions) To

pi
cs

Architectural 
quality, Urban 

quality

Housing quality, 
Architectural 

quality Urban quality

Urban quality, 
Architectural 

quality (x) (x) x (Greenary) (Pollution)

In
di

ca
to

rs

Floor Space 
Index, Density of 

construction

Technical 
condition (age, 
maintenances), 

Housing 
standard

Urban standard 
(Culture, 

Education, 
Retail, Health 
care, Green 

areas, Parking, 

Cultural and 
historical value 
(protected sites, 

monuments), 
Cultural 

importance 
(% Employed, % 
Unemployed)

(No. of 
inhabitants, Age 
structure, 
Youth/elderly 
dep.rate)

Flat/floor, 
Occupation rate, 
Use of flats (---) (---)

017 Dur, Fatih 2014

A spatial-indexing model for 
measuring neighbourhood-level 
land-use and transport integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighbourhood 
- District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities) To
pi

cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

Density and 
diversity 

(combined)

Design and 
layout 

(combined) Accessibility

(Design and 
layout 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined)) Mobility
Resource 

Consumption Pollution

In
di

ca
to

rs

Measure and 
method of 

measurement are 
given in source.

Parcel size,
Population 

density 
(combined),

Land‑use mix.

Street 
connectivity,

Traffic calming,
Pedestrian 
friendliness.

Access to public 
transport (PT) 

stops,
Access to 
land‑use 

destinations 
Open space 
availability.

(Housing and 
jobs proximity 
(combined))

Population 
density

(Housing and 
jobs proximity 
(combined))

Number of car 
trips,
Commuting 
distance,
Parking supply in 
activity centres,

Land area 
occupied by 
urban uses,
Land area 
occupied by 
roadways,

Air quality,
Greenhouse 
gases from 
transport,
Traffic noise,
Stormwater 

mul
tiple
61#

XARXA 
project team

2004
?

The XARXA - The Catalan Network 
of Cities and Towns towards 
Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only Pattern
indicators, that 
focus on urban 
structure and 
sustainable (x) (x) x To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards. x x (x) x x (x) (x) x x

In
di

ca
to

rs

(Intensity of 
urbanization of 
local economy), 
Urban structure - 

urban land 
occupation

Urban structure - 
proximity to basic 

urban services

(Plans suitability 
to the territorys 

particular 
ecology)

Municipal 
expenditure on 
the environment

Citizen 
involvement in 
sustainability 
processes, 
Municipal 
environmental 

(Intensity of 
urbanization of 
local economy)

(Urban structure -
mobility of 
population), 
(Urban structure -
pedestrian 
priority streets)

Use of municipal 
collecting storing 
centres

(Plans suitability 
to the territorys 
particular 
ecology), 
Prevention of 
environmental 

x x x x x

In
di

ca
to

rs

Existing 
development

Proximity to 
public transport 
(rail stations), 
Proximity to 

roads
Proximity to 

schools
Proximity to 

existing parkland Slope

018 Kaili, Dou 2009

Selection of Residential Land 
based on Integration of MCDA and 
Gravity Model -

Qingming, Zhan; Shiguo, 
Li

confere
nce 
paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, District China

residential land 
selection Spatial MCDA (x) (x) x To

pi
cs Accessibility 

Condition Green space Air condition Noise

In
di

ca
to

rs Weights are given 
in source.

To Middle 
School,

To Primary 
School,

To Hospital,
To Commercial 

Green Coverage 
Ration

SO2 Distribution,
NOx Distribution,
TSP Distribution.

Traffic noise,
Regional noise.

004
Schetke, 
Sophie 2012

Towards sustainable settlement 
growth: A new multi-criteria 
assessment for implementing 
environmental targets into strategic 
urban planning -

Haase, Dagmar; Kötter, 
Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x) Environmental To

pi
cs Ecosystem 

functions
Resource 
protection Risk potential

In
di

ca
to

rs

Climate 
regulation 
function, Biotope 
quality, Seepage, 
Isolation/use of 
biotope 

Protected areas, 
Soil quality/Yield 
stability Flood risk

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 
differentiated 

according to type 
of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

570

Ambiente 
Italia 
Research 
Institute 2003

European Common Indicators 
Towards a Local Sustainability 
Profile

EU EC European 
Common 
Indicators (ECI) -

evaluati
on 
report -

Local 
(town/district/cit
y) as a whole

Europe, 
multiple

(environmental
) sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x) x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards
x x x x x x x x x

In
di

ca
to

rs

More detail of 
these indicators 

should be 
available Sustainable land 

use

Children's 
journey to and 

from school

Sustainable 
management of 
the local 
authority

Products 
promoting 
sustainability

Local mobility 
and passenger 
transportation

Citizen 
satisfaction with 
the local 
community

Quality of local 
outdoor air

Local 
contribution to 
global climatic 
change, Noise 

pollution

Children's 
journey to and 
from school

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated 
in a GIS using a multi-criteria 
mechanism -

Bar (Kutiel), Pua; Bannet, 
Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria) To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Distance from 
existing land-

uses
Topography; Soil 

type Vegetation Habitat

In
di

ca
to

rs

Distance from 
residences, 

Distance from 
nature reserves, 
Distance from 

forests, Distance 

Slope, Aspect; 
Soil formation, 
Salinity, Depth, 
% CaCO3, % 
clay, Stone 

cover, Parent-
Vegetation cover 
(NDVI)

Habitat 
Heterogenity 
Model

019 Tudes, Sule 2010

Preparation of land use planning 
model using GIS based on AHP: 
case study Adana-Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, 
suitability Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating 
of indicators differs 

per land use
x To

pi
cs

Matched with 
other 

categorizations, 
no categories and 
topics in source. x x x x x x

In
di

ca
to

rs

Land use

Distance from 
the nearest 

settlement (km),
Distance from 

the nearest 
airport (km).

Slope,
Elevation,

Surface geology,
Bearing power 

(SPT N).
Agricultural land 
quality

Depth of the 
ground waters Earthquake risk

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The 
Urban Audit Yearbook Overview

EU EC Urban 
Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region)

Europe, 
multiple quality of life

assessment 
and comparison 
of cities by 
indicators, 
monitoring (x) --

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), Levels 
of training and 

education

Socio-economic 
aspects 

(combined), Levels 
of training and 

education, Culture 
and recreation

Environment 
(combined) To

pi
cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.
Land use 

(combined)
Water 

(combined)
Land use 

(combined)
Civic 

involvement

Income, 
disparities and 

poverty

Labour market 
and 

Unemployment, 
Employment

 Economic 
activity

Population, 
Nationality;
Household 
structure. Travel patterns

Culture and 
Recreation 
(combined)

Education and 
Training 

Provision;
Level of 

Educational 
Qualifications.

Culture and 
Recreation 
(combined) Crime

Air Quality and 
Noise 

(combined)

Water 
(combined), 
Energy use 
(combined)

Waste 
management

Air Quality and 
Noise 

(combined), 
Water 

(combined), 
Energy use 

Climate/Geograp
hy Health

In
di

ca
to

rs

Percentage of 
the urban area 
unused and in 

main land uses, 
Percentage of 
the urban area 

Percentage of 
dwellings 
connected to 
potable drinking 
water supply 
Infrastructure, 

Green space to 
which the public 
has access (sq 

meters per 
capita), 

Percentage of 

Percentage of 
registered 
electorate voting 
in European, 
national and city 
Elections. For 

Household 
income, median 
and average 
income for each 
quintile, 
Male/Female 

Number of 
unemployed (ILO 
Labour Force 
Survey), 
Unemployment 
rate (by sex), 

GDP per capita, 
Number of 
companies with 
headquarters in 
the city quoted 
on the national 

Total population 
with distribution 
by sex and age 
(13 age groups),
Total population 
change (by sex 

"Number of 
homeless people 
(, as a 
percentage of 
total resident 
population), 

Mode of journey 
to work : 
rail/metro, bus, 
tram, car, cycle, 
walking, 
Characteristics 

Number of 
cinema showings 
and annual 
attendance per 
resident, 
Number of 

Number of 
crèche places 
(public and 
private provision) 
per 1000 
population, 

The number of 
sports facilities 
and annual users 
per resident.

Total number of 
recorded crimes 
per 1000 
population per 
year, 
Recorded crimes 

Winter Smog: 
Number of days 
SO2 exceeds 
125μg/m3 (24 
hour averaging 
time), 

Consumption of 
water (cubic 
metres per 
annum) per 
inhabitant;
Total energy use 

Amount of solid 
waste collected 
within the 
boundary 
(domestic and 
commercial) 

Proportion of the 
population 
exposed to 
outdoor noise 
levels above 65 
db (24 hour 

Number of days 
of rain per month 
(averaged over 
one year), 
Average number 
of hours of 

Life expectancy 
at birth for males 
and females
Infant mortality 
rate, 
Low birth rate, 

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 
differentiated 

according to type 
of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

009
Scipioni, 
Antonio 2008

The ISO 14031 standard to guide 
the urban sustainability 
measurement process: an Italian 
experience -

Mazzi, Anna; Zuliani, 
Filippo; Mason, Marco article

Journal of Cleaner 
Production

Town as a 
whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) -- Economic Social Environmental To

pi
cs

Tourism Population Mobility Car accidents Soundness
No indicators given

015
Scipioni, 
Antonio 2009

The Dashboard of Sustainability to 
measure the local urban 
sustainable development: The case 
study of Padua Municipality -

Mazzi, Anna; Mason, 
Marco; Manzardo, 
Alessandro article

Ecological 
Indicators

Town as a 
whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

(Health-Justice 
(combined))

Health-Justice 
(combined) Economic

(Social 
(combined)) Social (combined) Environmental

Health-Justice 
(combined) To

pi
cs

x (combined) x x x x x x x x x x x x x x x x x (combined)

In
di

ca
to

rs

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 

hospotal 
attendant Inflation, GDP

Poverty 
threshold

Unemployment 
rate

Visitors to 
museums, 
Tourist arrivals, 
Tourist 
presence, Hotel 
use rate, 

Entrepreneurial 
attitude, New 
companies, 
Insolvent 
companies

Population 
density, Birth 
rate Habitable space

Motorization rate, 
Bicycle lanes, 
Pedestrian 
areas, Road 
accident rate, 
Death rate, Injury 

Migratory 
balance, 
Immigration rate, 
Foreign 
immigration rate, 
Chief town 

Sport and 
recreation 
facilities, Public 
parks and 
gardens

Murders, Thefts, 
Bag-snatchings 
and 
pickpocketings, 
Juvenile 
criminality

Potable water 
consumption, 
Electrical energy 
consumption Waste

Sulphur dioxide 
(SO2), Nitrogen 
dioxide (NO2), 
Ozone (O3), 
Carbon 
monoxide (CO), 

Air temperature, 
annual rainfall, 
Average 
humidity (%)

Hospital 
admissions, 
Average stay in 
hospital, Causes 
of death, No. of 
health issues, 

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 
hospotal 
attendant 

003 Jeong, Jin Su 2012

Integrating buildings into a rural 
landscape using a multi-criteria 
spatial decision analysis in GIS-
enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural 
landscape 
building 
integration Spatial MCE tourism function x --

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental To
pi

cs

Land Use Infrastructure

Water source, 
Urban area 
proximity, 

Residential area 
proximity, 

Tourist/Agricultur
Orientation, 
Morphology

External visibility, 
Internal visibility Population

Archaeological 
areas Vegetation type NATURA 2000

In
di

ca
to

rs

Several land use 
types/policies; Site access

Distance from 
water source; 
Distance from 
Urban area; 

Distance from 
residential area; 

Slope gradation, 
Orientation

Visibility from 
roads/rails; 

Visibility from 
residential areas

Population 
density

Archaeological 
areas

Several land 
cover types

Distance from 
sensitive 
ecosystem 

016 Akıncı, Halil 2013

Agricultural land use suitability 
analysis using GIS and AHP 
technique -

�Özalp, Ays e Yavuz; 
Turgut, Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x) x To

pi
cs

x x x

In
di

ca
to

rs

Slope,
Aspect,

Elevation.
Forest,
Pasture.

Great soil group,
Land use 
capability class,
Land use 
capability sub-
class,

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy 
AHP for conservation priority 
assessment in coastal areas: Case 
of Khuzestan district, Iran -

Hadipour, Mehrdad; 
Mokhtar, Mazlin Bin; 
Taghavi, Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-
use planning

Fuzzy AHP-
VIKOR (MCE-
based 
selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility" 
topics are matched 

with existing 
categories of this grid. (Pragmatic/feasibili

ty (combined))
(Pragmatic/feasibili

ty (combined))
Economic 
importance Social importance

Ecological 
characteristics

Pragmatic/feasibilit
y (combined) To

pi
cs

Size Accessibility
Degree of 
Urgency

Compatibility 
with Other 

Programs and 
Management 

Plan

Availability (for 
acquisition) for 

Protection

Importance for 
Tourism and 
Recreation

Historical, 
Archaeological, 
or Cultural Value

Value to 
Research and 

Education

Importance to 
Conflict 

Resolution

Representativen
ess (combined),

Uniqueness 
(combined),
Naturalness 
(combined).

Biological 
Productivity

Representativen
ess (combined)

Naturalness 
(combined)

Vulnerability;
Degree of 
Treatment.

No indicators given

021 Kumar, S. 2010

Identification of potential 
ecotourism sites in West District, 
Sikkim using geospatial tools -

Behera, M.D.; Tewari, 
H.R. article Tropical Ecology Region India ecotourism

Spatial 
suitability 
analysis, Spatial 
MCA x -- x To

pi
cs

Study uses 
indexes, which 

are shown here as 
Topics

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecological value 
index (EVI), 
(combined))

(Ecological value 
index (EVI), 
(combined)),

(Environmental 
resiliency index 

(ERI) 

Wildlife 
distribution index 

(WDI),
(Ecological value 

index (EVI), 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

Ecotourism 
diversity index 

(EDI)

In
di

ca
to

rs

Accessibility Slope

Vegetation-
canopy and 
topographic 
attractiveness

Religious 
attraction

Ecosystem 
uniqueness,
Biosphere 
reserve.

Species 
diversity,
Vegetation cover

Number of 
different species 
found;
Species 
diversity. Soil Seismic hazard

Viewshed within 
1, 2.5, 5 km

007
A

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Aternative 
creation set x -- x x Environmental Environmental To

pi
cs

Restoration of 
degraded

urban areas

Protection of 
agricultural

areas

Protection and 
valorisation of 

rural, historic and 
architectural 

assets

Mitigation and 
environmental 

compensation of 
impacts of new 
infrastructures

Protection of 
high natural 

value areas and 
assets

In
di

ca
to

rs

Distance from 
degraded areas

Presence of 
agricultural areas

Distance from 
typical landscape 
elements, 
Distance from 
historic-
architectural 

Distance from 
new 
infrastructures

Distance from 
natural assets 
(points, lines, 
areas), Distance 
from features 
with ecological 

007
B

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also 
includes creation set's 
outcome: 'suitability 
index' from 007A ↑. Suitability (from 

007A ↑)

Economic, 
Suitability (from 

007A ↑)
Social, Suitability 

(from 007A ↑)

Environmental and 
ecological, 

Suitability (from 
007A ↑) To

pi
cs

Evaluation set 
also includes 
creation set's 

outcome: 
'suitability index' 

from 007A ↑.
Suitability (from 

007A ↑) x
Financial costs,

Gains Benefits loss, x
Financial costs, 

Gains
Suitability (from 

007A ↑)
Suitability (from 

007A ↑)
Education/sights
eeing Recreation Fragmentation

Suitability (from 
007A ↑), 

Connection of 
existing regional 

parks

Suitability (from 
007A ↑), Limit 
urban sprawl, 
Creation of a 

protection buffer 
for existing 

In
di

ca
to

rs

Suitability (from 
007A ↑)

Number of 
municipalities 
involved

Fixed costs, 
Costs for park 
activities, 
Standard 
deviation of 
municipalities’ 

Income loss for 
restrictions in 
agricultural and 
breeding 
activities;
Number of 

Decrease of land 
value (inside 
park), Increase 
in land value 
(outside park)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Number of 
cultural values 
inside the park, 
Number of 
historic-
architectural 

Population 
served, 
Dimension (size), 
Total length of 
cycle paths, 
Distance from 

Infrastructure 
Fragmentation 
Index (IFI)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑), 
Pairwise 
comparison of 
potential sprawl 
limit, Combined 

mul
tiple
75#

CBS; PBL; 
Wageningen 
UR

2015 
(conti
nu)

Compendium voor de 
Leefomgeving' (Environmental Data 
Compendium)

Compendium 
voor de 
Leefomgeving' 
(Environmental 
Data Project team

website 
containi
ng 
many 
reports -

(Regional -) 
National

The 
Netherla
nds

the 
environment

Collection of 
indicators (x) --

This sources 
sometimes uses 
multiple internal 

references (e.g. two 
topics refering to the 

same subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), 
Nature ("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined)) To
pi

cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.

(Developments 
in society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)),

Agriculture and 
space 

("Landbouw en 
ruimte")

Labour and 
economy 

("Werken en 
economie")

(Developments 
in society 
("Ontwikkelingen 
in de 
maatschappij") 
(combined)),

(Population and 
living ("Bevolking 

en wonen") 
(combined))

Environmental 
quality and 

nature 
("Milieukwaliteit 

en natuur"),
Landscape 

Agriculture and 
environment 

("Landbouw en 
milieu")

Ecosystems 
("Ecosystemen")

Soil and 
groundwater 
("Bodem en 
grondwater")

Water and 
environment 
("Water en 

milieu"), 
Water and 

nature ("Water 
Air quality 

("Luchtkwaliteit")

Energy and 
environment 
("Energie en 

milieu"),
Natural 

resources Waste ("Afval")

Environmentally 
hazardous 
substances 

("Milieugevaarlijk
e stoffen")

Emission into air, 
water, and soil 
("Emissie naar 
lucht, water en 

bodem"), 
(Local living 

Climate change 
("Klimaatverande

ring")

Environmental 
policy and 
measures 

("Milieubeleid en 
milieumaatregele

n"),

Cost and 
financing 

("Kosten en 
financiering")

Health and 
environment 

("Gezondheid en 
milieu")

(Local living 
environment 

("Lokale 
leefomgeving") 

(combined))

Developments in 
society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)

Too many indicators, over 700, to mention.

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable 
Urban Design 
(combined)),

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of 
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition waste,
Municipal solid 
waste 
generation,
Municipal waste 

Share of 
population 
exposed to 
excessive noise,
Green house 
gases emissions. Traffic safety.

Brownfield vs 
greenfield 
development

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 
Design (combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens
engagement with 

environmental 
and sustainability 

oriented 
activities,

Adoption of 
integrated urban 

plans 
(environment 
transport, land 

use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of kms). Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.

x x x x x x x x x x x

In
di

ca
to

rs

E.G.: How many 
people missing 
from public 
meetings and 
testimonies, 
Degree of 

E.G.: Provides 
jobs and spends 
money within a 
community

E.G.: Provides 
training, 
education and 
other forms of 
assistance

E.G.: Variety of 
businesses, 
industries and 
institutions

E.G.: Percentage 
of household 
income to 
housing

E.G.: Trust in 
neighbours, 
volunteering, 
voting, cultural 
and art event 
participation ---

E.G.: Volume 
that used to be 
landfilled and is 
now recycled ---

E.G.: Children 
vaccinated

E.G.: Crime 
statistics, 

perception of 
crime and safety

id First author Year 
of 
pub.

Title (Project name) Other author(s) Type of 
docum
ent

(Journal title) Scale Country Theme Approach Other
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Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

x x 14 7 13 9 13 18 16 20 31 9 17 24 24 15 16 13 4 7 10 5 7 4 8 2 4 17 6 4 4 4 10 19 16 15 4 11 9 8 2 8 4 5 6 2 6 15 7 14 10 17 7 11 15 8 15 17 9 26 7 1 3 9 12 8
(x) (x)
-/(x)
-- --

A bit
(Mostly) No

(Socio demographic situation)

Partly/Maybe/Generally
(Mostly) Yes

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

Environment / 
Ecological integrity

Society / Quality of 
life

(x)(x)

Biodiversity,
Uniqueness (combined)

Indicators seem 
incomplete

x

Availability of local public green 
areas and local services

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Low capacity of access roads, 
Good access to public transport, 
Good access to clearway, Good 

accessibility for bikers

Species diversity: number of 
rare/threatened/endangered 

species.

(Urban structure - mobility of 
population), (Urban structure - 

pedestrian priority streets)

Biodiversity.

Economics and Law
Urban Sociology and 

Demography/Geography

(x)

Basic identification Additional identification Context

Urban ecology

Kline, 
Eslizabeth (x)--

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions.

change 
description 
(from traditional 
to ecocity 
indicators)

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))NoneNone

Empowerment with 
responsibility

Economy / 
Economic security

011 (focus on tool)None

Both 
regional/town 
and urban 
planning/design 
possible

Computers, 
Environment and 
Urban Systemsarticle

Pettit, 
Christopher Pullar, D.-

An integrated planning tool based 
upon multiple criteria evaluation of 
spatial information

010

Planning and Creating Eco-cities: 
Indicators as a tool for shaping 
development and measuring 
progress

Basic identification Additional identification Context

2000

Local 
Environment: The 
International 
Journal of Justice 
and Sustainabilityarticle--

Indicators are just 
examples/suggest

ions.

Economic

LARGER THAN REGION

OTHER

x

Urban biodiversity

OTHER

LARGER THAN REGION

Flora and Fauna, 
Biodiversity ("Biodiversiteit").

(Local living environment ("Lokale 
leefomgeving") (combined)),
(Landscape ("Landschap") 

(combined)),
Monitor Infrastructure and Space 

("Monitor Infrastructuur en 
Traffic and space ("Vekeer en 

ruimte")

REGION

TOWN / LARGE LOCAL

SITE / NEIGHBORHOOD / SMALL LOCAL

DISTRICT / BOROUGH / SMALL LOCAL

TOWN / LARGE LOCAL

REGION

1999 Social EnvironmentalSpatial MCE

DISTRICT / BOROUGH / SMALL LOCAL

SITE / NEIGHBORHOOD / SMALL LOCAL

  Appendix 10: Analysis clustered grid ‐ Scale ‐ scope Rob Valk – 2016‐06



APPENDIX		11:	ANALYSIS	CLUSTERED	GRID	‐	SCALE	‐	AGGREGATED
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators
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013 Caijun Zhao 2011

Urban planning indicators, 
morphology and climate indicators: 
A case study for a north-south 
transect of Beijing, China -

Guobin Fu; Xiaoming Liu; 
Fan Fu article

Building and 
Environment

Neighbourhood 
(500m radius 
circles) China urban climate

investigate
relation 
between urban 
planning and 
urban climate 

common 
Chinese urban 
planning 
indicators x x x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards Urban structure, 
Urban cover Urban structure

Urban cover, 
Urban fabric

Urban cover, 
Urban fabric Urban structure Urban cover

Urban 
metabolism

Urban 
metabolism

Urban 
metabolism

In
di

ca
to

rs

Floor Area Ratio, 
Building Density, 

Green Space 
Ratio, 

Parameters for 
building 

Building Density, 
Building Height 

Limit, 
Parameters for 

building 
distances

Green Cover 
Ratio, Green 
Space Ratio

Green Cover 
Ratio

Building Height 
Limit

Green Space 
Ratio --- --- ---

002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for 
the automated assessment of land-
use options -

Finkela, Michael; 
Bleicherb, Alena; Morioa, 
Maximilian; Gross, 
Matthias article

Landscape and 
Urban Planning

Neighbourhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x x To

pi
cs

x x x x x x x x x

In
di

ca
to

rs

Residential areas 
in the 

surrounding 
area, Green 
spaces in the 
surrounding 

Commercial
areas within 

walking distance, 
Local amenities 

in walking 
distance, Primary 

Historically 
relevant 
buildings

Great influence 
on cityscape

High value 
tree/plant 
population

Site is part of a 
local habitat

Site contains 
>40% sealed 
soil, Area 
strongly 
contaminated

Direct vicinity to 
nature reserve

Neighbouring 
uses sensitive to 
emissions

014 Li Rui 2003

Urban Renewal at Neighborhood 
Level A case study of Huangjiadun 
neighborhood in Wuhan city - - thesis - Neighbourhood China urban renewal MCE

underdeveloped 
area (x) x Physical (focus) (Legal) (Economic) (Social) To

pi
cs

Land-use Building
Road, 

Infrastructure Road

Public and 
commercial 

service Environment

In
di

ca
to

rs Land-use 
proportion, Open 
Area Ratio, Floor 

Area Ratio

Building 
condition, 

Building age

Pavement ratio, 
Drainage system 

ratio
Access ratio of 

fire engines

Service kinds, 
Needed area, 

Service radius; 
Sanitation ratio, 
Water pipe ratio, 
Electric net ratio, 

Noise, Pollution 
zone, Safe place, 

Good sights

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and 
Key Indicators of Reurbanisation 
with Reference to Demographic 
Change

EU EC Re Urban 
Mobil

Steinführer, Annett; 
Kabish, Sigrun

"paper" 
/ 
researc
h report -

Region - 
Neighbourhood

Europe, 
multiple reunbanisation

Inventarisation 
of possible 
indicators -/(x) (x)

Architecture and 
Urban Structures To

pi
cs

x x x

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner-

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner- Natural value Cultural value

Environmental 
disturbances

Social well-being 
and health

In
di

ca
to

rs

Density of the 
built-up area

Age of buildings, 
degree of 
protection 

(monuments), 
Technical 

condition and 

Transaction 
costs, Ownership 
indicators, 
Property prices --- --- --- --- --- ---

502
Mihelic, 
Breda 2005

GIS-tool for analysis and multi 
criteria evaluation. Final report. The 
case of Ljubljana

EU EC Re Urban 
Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

researc
h report -

Micro / 
Neighbourhood Slovenia reunbanisation

compare 
indicators, 
attend worst 
first -/(x) x

Physical condition 
(focus) (Economic state)

(Ecologic 
conditions) To

pi
cs

Architectural 
quality, Urban 

quality

Housing quality, 
Architectural 

quality Urban quality

Urban quality, 
Architectural 

quality (x) (x) x (Greenary) (Pollution)

In
di

ca
to

rs

Floor Space 
Index, Density of 

construction

Technical 
condition (age, 
maintenances), 

Housing 
standard

Urban standard 
(Culture, 

Education, 
Retail, Health 
care, Green 

areas, Parking, 

Cultural and 
historical value 
(protected sites, 

monuments), 
Cultural 

importance 
(% Employed, % 
Unemployed)

(No. of 
inhabitants, Age 
structure, 
Youth/elderly 
dep.rate)

Flat/floor, 
Occupation rate, 
Use of flats (---) (---)

017 Dur, Fatih 2014

A spatial-indexing model for 
measuring neighbourhood-level 
land-use and transport integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighbourhood 
- District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities) To
pi

cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

Density and 
diversity 

(combined)

Design and 
layout 

(combined) Accessibility

(Design and 
layout 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined)) Mobility
Resource 

Consumption Pollution

In
di

ca
to

rs

Measure and 
method of 

measurement are 
given in source.

Parcel size,
Population 

density 
(combined),

Land‑use mix.

Street 
connectivity,

Traffic calming,
Pedestrian 

friendliness.

Access to public 
transport (PT) 

stops,
Access to 
land‑use 

destinations 
Open space 
availability.

(Housing and 
jobs proximity 
(combined))

Population 
density

(Housing and 
jobs proximity 
(combined))

Number of car
trips,
Commuting 
distance,
Parking supply in 
activity centres,

Land area 
occupied by 
urban uses,
Land area 
occupied by 
roadways,

Air quality,
Greenhouse 
gases from 
transport,
Traffic noise,
Stormwater 

x x x x x

In
di

ca
to

rs

Existing 
development

Proximity to 
public transport 
(rail stations), 
Proximity to 

roads
Proximity to 

schools
Proximity to 

existing parkland Slope

018 Kaili, Dou 2009

Selection of Residential Land 
based on Integration of MCDA and 
Gravity Model -

Qingming, Zhan; Shiguo, 
Li

confere
nce 
paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, District China

residential land 
selection Spatial MCDA (x) (x) x To

pi
cs Accessibility 

Condition Green space Air condition Noise

In
di

ca
to

rs Weights are given 
in source.

To Middle 
School,

To Primary 
School,

To Hospital,
To Commercial 

Green Coverage 
Ration

SO2 Distribution,
NOx Distribution,
TSP Distribution.

Traffic noise,
Regional noise.

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated 
in a GIS using a multi-criteria 
mechanism -

Bar (Kutiel), Pua; Bannet, 
Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria) To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Distance from 
existing land-

uses
Topography; Soil 

type Vegetation Habitat

In
di

ca
to

rs

Distance from
residences, 

Distance from 
nature reserves, 
Distance from 

forests, Distance 

Slope, Aspect; 
Soil formation, 
Salinity, Depth, 
% CaCO3, % 
clay, Stone 

cover, Parent-
Vegetation cover 
(NDVI)

Habitat 
Heterogenity 
Model

019 Tudes, Sule 2010

Preparation of land use planning 
model using GIS based on AHP: 
case study Adana-Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, 
suitability Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating 
of indicators differs 

per land use
x To

pi
cs

Matched with 
other 

categorizations, 
no categories and 
topics in source. x x x x x x

In
di

ca
to

rs

Land use

Distance from
the nearest 

settlement (km),
Distance from 

the nearest 
airport (km).

Slope,
Elevation,

Surface geology,
Bearing power 

(SPT N).
Agricultural land 
quality

Depth of the 
ground waters Earthquake risk

003 Jeong, Jin Su 2012

Integrating buildings into a rural 
landscape using a multi-criteria 
spatial decision analysis in GIS-
enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural 
landscape 
building 
integration Spatial MCE tourism function x --

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental To
pi

cs

Land Use Infrastructure

Water source, 
Urban area 
proximity, 

Residential area 
proximity, 

Tourist/Agricultur
Orientation, 
Morphology

External visibility, 
Internal visibility Population

Archaeological 
areas Vegetation type NATURA 2000

In
di

ca
to

rs

Several land use 
types/policies; Site access

Distance from
water source; 
Distance from 
Urban area; 

Distance from 
residential area; 

Slope gradation, 
Orientation

Visibility from 
roads/rails; 

Visibility from 
residential areas

Population 
density

Archaeological 
areas

Several land 
cover types

Distance from 
sensitive 
ecosystem 

016 Akıncı, Halil 2013

Agricultural land use suitability 
analysis using GIS and AHP 
technique -

�Özalp, Ays e Yavuz; 
Turgut, Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x) x To

pi
cs

x x x

In
di

ca
to

rs

Slope,
Aspect,

Elevation.
Forest,
Pasture.

Great soil group,
Land use 
capability class,
Land use 
capability sub-
class,

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy 
AHP for conservation priority 
assessment in coastal areas: Case 
of Khuzestan district, Iran -

Hadipour, Mehrdad; 
Mokhtar, Mazlin Bin; 
Taghavi, Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-
use planning

Fuzzy AHP-
VIKOR (MCE-
based selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility" 
topics are matched 

with existing 
categories of this grid. (Pragmatic/feasibili

ty (combined))
(Pragmatic/feasibili

ty (combined))
Economic 
importance Social importance

Ecological 
characteristics

Pragmatic/feasibilit
y (combined) To

pi
cs

Size Accessibility
Degree of 
Urgency

Compatibility 
with Other 

Programs and 
Management 

Plan

Availability (for 
acquisition) for 

Protection

Importance for 
Tourism and 
Recreation

Historical, 
Archaeological, 
or Cultural Value

Value to 
Research and 

Education

Importance to 
Conflict 

Resolution

Representativen
ess (combined),

Uniqueness 
(combined),
Naturalness 
(combined).

Biological 
Productivity

Representativen
ess (combined)

Naturalness 
(combined)

Vulnerability;
Degree of 
Treatment.

No indicators given

021 Kumar, S. 2010

Identification of potential 
ecotourism sites in West District, 
Sikkim using geospatial tools -

Behera, M.D.; Tewari, 
H.R. article Tropical Ecology Region India ecotourism

Spatial 
suitability 
analysis, Spatial 
MCA x -- x To

pi
cs

Study uses 
indexes, which 

are shown here as 
Topics

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecological value 
index (EVI), 
(combined))

(Ecological value 
index (EVI), 
(combined)),

(Environmental 
resiliency index 

(ERI) 

Wildlife 
distribution index 

(WDI),
(Ecological value 

index (EVI), 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

Ecotourism 
diversity index 

(EDI)

In
di

ca
to

rs

Accessibility Slope

Vegetation-
canopy and 
topographic 
attractiveness

Religious 
attraction

Ecosystem 
uniqueness,
Biosphere 
reserve.

Species 
diversity,
Vegetation cover

Number of 
different species 
found;
Species 
diversity. Soil Seismic hazard

Viewshed within 
1, 2.5, 5 km

007
A

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Aternative 
creation set x -- x x Environmental Environmental To

pi
cs

Restoration of 
degraded

urban areas

Protection of 
agricultural

areas

Protection and 
valorisation of 

rural, historic and 
architectural 

assets

Mitigation and 
environmental 

compensation of 
impacts of new 
infrastructures

Protection of 
high natural 

value areas and 
assets

In
di

ca
to

rs

Distance from 
degraded areas

Presence of 
agricultural areas

Distance from
typical landscape 
elements, 
Distance from 
historic-
architectural 

Distance from 
new 
infrastructures

Distance from
natural assets 
(points, lines, 
areas), Distance 
from features 
with ecological 

007
B

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also 
includes creation set's 
outcome: 'suitability 
index' from 007A ↑. Suitability (from 

007A ↑)

Economic, 
Suitability (from 

007A ↑)
Social, Suitability 

(from 007A ↑)

Environmental and 
ecological, 

Suitability (from 
007A ↑) To

pi
cs

Evaluation set
also includes 
creation set's 

outcome: 
'suitability index' 

from 007A ↑.
Suitability (from 

007A ↑) x
Financial costs,

Gains Benefits loss, x
Financial costs, 

Gains
Suitability (from 

007A ↑)
Suitability (from 

007A ↑)
Education/sights
eeing Recreation Fragmentation

Suitability (from 
007A ↑), 

Connection of 
existing regional 

parks

Suitability (from 
007A ↑), Limit 
urban sprawl, 
Creation of a 

protection buffer 
for existing 

In
di

ca
to

rs

Suitability (from 
007A ↑)

Number of 
municipalities 
involved

Fixed costs, 
Costs for park 
activities, 
Standard 
deviation of 
municipalities’ 

Income loss for 
restrictions in 
agricultural and 
breeding 
activities;
Number of 

Decrease of land 
value (inside 
park), Increase in 
land value 
(outside park)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Number of
cultural values 
inside the park, 
Number of 
historic-
architectural 

Population 
served, 
Dimension (size), 
Total length of 
cycle paths, 
Distance from 

Infrastructure 
Fragmentation 
Index (IFI)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑), 
Pairwise 
comparison of 
potential sprawl 
limit, Combined 

522
B UFZ 2004

Making greener cities - A practical 
guide

EU EC URGE 
(URban Green 
Environment) Project team manual -

Site as a 
whole (Local)

Europe, 
multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x Integrated!

Quantity - , Quality -
, Use of the urban 

green system,
Planning, 

development and 
management of To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Accessibility.

1 Surface area of
urban green 

space,
2 Extent of edge 

effects,
3 Catchment 

1 Legal and 
planning aspects,

2 Policies for 
community 

events.
Budget for urban 

green space.

1 Citizen's 
involvement in 

site planning and 
management, 
2 Community 
ownership, 

1 Inclusion in 
Local Agenda 21-

Plans, 
2 Integration of 

green site 
planning with 

Responsibilities 
within the 

administration.

1 The 
importance of the 

green space to 
public 

authorities, 
2 Activities to Employment. Production.

Educational 
resource.

1 Sport & Play 
Facilities;

2 Awareness of 
physical, 
emotional 

benefits derived Life strategies.

1 Social
inclusion, 

2 Conflicts of 
use, 

3 Multi-
functionality, 

1 Cultural 
aspects,

2 Aesthetic 
value,

3 Local identity.

1 Connectivity to 
other green 

spaces,
2 Isolation from 

other green 
spaces,

1 Biodiversity,
2 Naturalness. Soil sealing. Production.

Sustainable 
waste 

management.

1 Surface 
disturbance,
2 Pollution.

Regulatory 
effects. Safety.

In
di

ca
to

rs

Number of
entrances to the 

urban green 
space, Most 

common forms of 
access by users, 

1 Surface area of
green space;

2 Shape index;
3 Number of 

potential users 
per urban green 

1 Existence and 
impact of 
legislation and 
planning 
instruments at 
the national, 

Annual total
budget/expenditu
re for 
development of 
the urban green 
space, Annual 

1 Existence of
effective 
instruments and 
methods to 
involve citizens 
in the design and 

1 Inclusion of the 
green space in 
the Green Area 
Management 
Programme 
attached to the 

Efficiency of 
decision making, 
Adequacy of the 
number of 
personnel.

1 The amount of
money devoted 
by the 
municipality to 
the green space, 
Actual communal 

Number of
"green space 
jobs" per 100 m2 
of the urban 
green space, 
Number of 

Number and type 
of products 
derived from the 
urban green 
space, Quantity 
of products 

The use of a 
green space for 
education linked 
to school 
curricula, 
Existence of 

1 The use of
green space for 
sports facilities, 
Type and amount 
of sports 
facilities, 

Level of
socialisation 
while using the 
green space, 
The use of green 
space connected 

1 Heterogeneity 
of user groups 
according to 
social indicators, 
Evidence of 
neglect, lack of 

1 Identification of
cultural 
components in 
the context of the 
planning and 
management of 

1 Presence of
different types of 
green corridors 
that links a site to 
other urban 
green spaces;

1 Biotope 
diversity: the 
number of 
different habitat 
types found 
within the green 

Proportion of soil 
surface with 
disturbed 
drainage/water 
dynamics.

Exploitation of
natural resources 
to produce 
energy, 
Existence of 
plans for future 

Existence of 
selective waste 
collection and 
recycling in the 
green space.

1 Proportion of
the surface 
which is heavily 
worn;
2 Soil pollution 
and quality, Air 

Leaf Area Index
expressed as an 
average for the 
city, Volume of 
vegetation, 
Proportion of the 

Evidence of
patrol/warden in 
and around the 
green-space, 
Annual number 
of registered 

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for 
Green Development in Cities

EU EC URGE 
(Development of 
Urban Green 
Spaces to 
Improve the 

Baycan-Levent, Tuzin; 
Leeuwen, Eveline van; 
Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit To

pi
cs Utalisation - 

Accessibility
Utalisation - 
Availability

Utalisation - 
Multifunctionality Public authorities Finance Employment Production Education (Aesthetics) Education Regulation Preservation Merit: Safety

Merit: 
Aesthetics;

Barrier function;
Substitution 

function.

In
di

ca
to

rs

Number of
residences within 

a maximum 
walking distance 

of 500 metres 
from the urban 

Total area of the 
urban green 

space concerned 
as a percentage 
of the total area 
of urban green 

Number of
permanent 
functions in 

relation to the 
total area of the 
park, Number of 

Number of hours 
planned or spent 
on urban green 
policy as a 
percentage of 
total hours 

Amount of
budget or 
expenditure on 
development / 
maintenance / 
revitalisation per 

Number of
‘green’ jobs per 
square kilometre 
of urban green 
space, Number 
of ‘green’ jobs 

Number of
products 
delivered by 
urban green 
space per square 
kilometre of 

Costs of
education and 
research projects 
with regard to 
(urban) green 
per square 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

Number of
students 
following some 
kind of ‘green’ 
education as a 
percentage of the 

Amount of
pollution in the 
air and around 
the park 
compared with 
an area with no 

Annual
discounted future 
savings of costs 
for protection of 
urban wildlife 
and urban 

Annual number
of incidents in 
the park 
compared with 
the annual 
number of urban 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

006
Schetke, 
Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking 
cities. Experiences from eastern 
Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighbourhood 
as a whole Germany shrinking cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x) Social Social Social Ecological To

pi
cs

Infrastructure Infrastructure Green supply Population
Urban fabric and 

housing

Quality of urban 
green, 

Persistence of 
quality of urban 

green Soil quality
Hydrology, water 

balance

In
di

ca
to

rs

Max. distance to 
main roads

Max. distance to 
primary school, 
Persistence of 

leisure facilities, 
Max. distance to 

supermarket, 

Recreational
area in

50 m distance, 
Area 

neighbourhood
green (500 m), 

Total population, 
(Other unclear 
indicators)

Share of non-
renovated 
houses, Share of 
renovated 
houses, Share of 
demolition

Leaf Area Index, 
Largest patch 
Index, Shannon's 
Diversity Index 
(SHDI)

Degree of 
sealing

Surface run-off, 
Seeping rate, 
Etpμ, Growth 
Housing floor 
space

Protection of 
green, Growth of 
green area, 
Degree of 
isolation

mul
tiple
61#

XARXA 
project team

2004
?

The XARXA - The Catalan Network 
of Cities and Towns towards 
Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only Pattern
indicators, that 
focus on urban 
structure and 
sustainable (x) (x) x To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards. x x (x) x x (x) (x) x x

In
di

ca
to

rs

(Intensity of
urbanization of 
local economy), 
Urban structure - 

urban land 
occupation

Urban structure - 
proximity to basic 

urban services

(Plans suitability 
to the territorys 

particular 
ecology)

Municipal 
expenditure on 
the environment

Citizen 
involvement in 
sustainability 
processes, 
Municipal 
environmental 

(Intensity of 
urbanization of 
local economy)

(Urban structure - 
mobility of 
population), 
(Urban structure - 
pedestrian 
priority streets)

Use of municipal 
collecting storing 
centres

(Plans suitability 
to the territorys 
particular 
ecology), 
Prevention of 
environmental 

004
Schetke, 
Sophie 2012

Towards sustainable settlement 
growth: A new multi-criteria 
assessment for implementing 
environmental targets into strategic 
urban planning -

Haase, Dagmar; Kötter, 
Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x) Environmental To

pi
cs Ecosystem 

functions
Resource 
protection Risk potential

In
di

ca
to

rs

Climate 
regulation 
function, Biotope 
quality, Seepage, 
Isolation/use of 
biotope 

Protected areas, 
Soil quality/Yield 
stability Flood risk

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 
differentiated 

according to type 
of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

570

Ambiente 
Italia 
Research 
Institute 2003

European Common Indicators 
Towards a Local Sustainability 
Profile

EU EC European 
Common 
Indicators (ECI) -

evaluati
on 
report -

Local 
(town/district/cit
y) as a whole

Europe, 
multiple

(environmental
) sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x) x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards
x x x x x x x x x

In
di

ca
to

rs

More detail of 
these indicators 

should be 
available Sustainable land 

use

Children's 
journey to and 
from school

Sustainable 
management of 
the local 
authority

Products 
promoting 
sustainability

Local mobility 
and passenger 
transportation

Citizen 
satisfaction with 
the local 
community

Quality of local 
outdoor air

Local 
contribution to 
global climatic 
change, Noise 

pollution

Children's 
journey to and 
from school

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The 
Urban Audit Yearbook Overview

EU EC Urban 
Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region)

Europe, 
multiple quality of life

assessment and 
comparison of 
cities by 
indicators, 
monitoring (x) --

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), Levels 
of training and 

education

Socio-economic 
aspects 

(combined), Levels 
of training and 

education, Culture 
and recreation

Environment 
(combined) To

pi
cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.
Land use 

(combined)
Water 

(combined)
Land use 

(combined)
Civic 

involvement

Income, 
disparities and 

poverty

Labour market 
and 

Unemployment, 
Employment

 Economic 
activity

Population, 
Nationality;
Household 
structure. Travel patterns

Culture and 
Recreation 
(combined)

Education and 
Training 

Provision;
Level of 

Educational 
Qualifications.

Culture and 
Recreation 
(combined) Crime

Air Quality and 
Noise 

(combined)

Water 
(combined), 
Energy use 
(combined)

Waste 
management

Air Quality and 
Noise 

(combined), 
Water 

(combined), 
Energy use 

Climate/Geograp
hy Health

In
di

ca
to

rs

Percentage of
the urban area 
unused and in 

main land uses, 
Percentage of 
the urban area 

Percentage of
dwellings 
connected to 
potable drinking 
water supply 
Infrastructure, 

Green space to 
which the public 
has access (sq 

meters per 
capita), 

Percentage of 

Percentage of
registered 
electorate voting 
in European, 
national and city 
Elections. For 

Household 
income, median 
and average 
income for each 
quintile, 
Male/Female 

Number of
unemployed (ILO 
Labour Force 
Survey), 
Unemployment 
rate (by sex), 

GDP per capita, 
Number of 
companies with 
headquarters in 
the city quoted 
on the national 

Total population 
with distribution 
by sex and age 
(13 age groups),
Total population 
change (by sex 

Number of
homeless people 
(, as a 
percentage of 
total resident 
population), 

Mode of journey 
to work : 
rail/metro, bus, 
tram, car, cycle, 
walking, 
Characteristics of 

Number of
cinema showings 
and annual 
attendance per 
resident, 
Number of 

Number of
crèche places 
(public and 
private provision) 
per 1000 
population, 

The number of 
sports facilities 
and annual users 
per resident.

Total number of
recorded crimes 
per 1000 
population per 
year, 
Recorded crimes 

Winter Smog: 
Number of days 
SO2 exceeds 
125μg/m3 (24 
hour averaging 
time), 

Consumption of
water (cubic 
metres per 
annum) per 
inhabitant;
Total energy use 

Amount of solid 
waste collected 
within the 
boundary 
(domestic and 
commercial) 

Proportion of the 
population 
exposed to 
outdoor noise 
levels above 65 
db (24 hour 

Number of days 
of rain per month 
(averaged over 
one year), 
Average number 
of hours of 

Life expectancy 
at birth for males 
and females
Infant mortality 
rate, 
Low birth rate, 

009
Scipioni, 
Antonio 2008

The ISO 14031 standard to guide 
the urban sustainability 
measurement process: an Italian 
experience -

Mazzi, Anna; Zuliani, 
Filippo; Mason, Marco article

Journal of Cleaner 
Production

Town as a 
whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) -- Economic Social Environmental To

pi
cs

Tourism Population Mobility Car accidents Soundness
No indicators given

015
Scipioni, 
Antonio 2009

The Dashboard of Sustainability to 
measure the local urban 
sustainable development: The case 
study of Padua Municipality -

Mazzi, Anna; Mason, 
Marco; Manzardo, 
Alessandro article

Ecological 
Indicators

Town as a 
whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

(Health-Justice 
(combined))

Health-Justice 
(combined) Economic

(Social 
(combined)) Social (combined) Environmental

Health-Justice 
(combined) To

pi
cs

x (combined) x x x x x x x x x x x x x x x x x (combined)

In
di

ca
to

rs

No. of
inhabitants per 
doctor, No. of 
inhabitants per 

hospotal 
attendant Inflation, GDP

Poverty 
threshold

Unemployment 
rate

Visitors to 
museums, 
Tourist arrivals, 
Tourist presence, 
Hotel use rate, 
Average stay

Entrepreneurial 
attitude, New 
companies, 
Insolvent 
companies

Population 
density, Birth rate Habitable space

Motorization rate, 
Bicycle lanes, 
Pedestrian 
areas, Road 
accident rate, 
Death rate, Injury 

Migratory 
balance, 
Immigration rate, 
Foreign 
immigration rate, 
Chief town 

Sport and 
recreation 
facilities, Public 
parks and 
gardens

Murders, Thefts, 
Bag-snatchings 
and 
pickpocketings, 
Juvenile 
criminality

Potable water 
consumption, 
Electrical energy 
consumption Waste

Sulphur dioxide 
(SO2), Nitrogen 
dioxide (NO2), 
Ozone (O3), 
Carbon 
monoxide (CO), 

Air temperature, 
annual rainfall, 
Average humidity 
(%)

Hospital
admissions, 
Average stay in 
hospital, Causes 
of death, No. of 
health issues, 

No. of
inhabitants per 
doctor, No. of 
inhabitants per 
hospotal 
attendant 

mul
tiple
75#

CBS; PBL; 
Wageningen 
UR

2015 
(conti
nu)

Compendium voor de 
Leefomgeving' (Environmental Data 
Compendium)

Compendium 
voor de 
Leefomgeving' 
(Environmental 
Data Project team

website 
containi
ng 
many 
reports -

(Regional -) 
National

The 
Netherla
nds

the 
environment

Collection of 
indicators (x) --

This sources 
sometimes uses 
multiple internal 

references (e.g. two 
topics refering to the 

same subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), Nature 
("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined)) To
pi

cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.

(Developments 
in society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)),

Agriculture and 
space 

("Landbouw en 
ruimte")

Labour and 
economy 

("Werken en 
economie")

(Developments 
in society 
("Ontwikkelingen 
in de 
maatschappij") 
(combined)),

(Population and 
living ("Bevolking 

en wonen") 
(combined))

Environmental
quality and 

nature 
("Milieukwaliteit 

en natuur"),
Landscape 

Agriculture and 
environment 

("Landbouw en 
milieu")

Ecosystems 
("Ecosystemen")

Soil and 
groundwater 
("Bodem en 
grondwater")

Water and 
environment 
("Water en 

milieu"), 
Water and nature 

("Water en 
Air quality 

("Luchtkwaliteit")

Energy and 
environment 
("Energie en 

milieu"),
Natural 

resources Waste ("Afval")

Environmentally 
hazardous 
substances 

("Milieugevaarlijk
e stoffen")

Emission into air, 
water, and soil 
("Emissie naar 
lucht, water en 

bodem"), 
(Local living 

Climate change 
("Klimaatverande

ring")

Environmental
policy and 
measures 

("Milieubeleid en 
milieumaatregele

n"),

Cost and 
financing 

("Kosten en 
financiering")

Health and 
environment 

("Gezondheid en 
milieu")

(Local living 
environment 

("Lokale 
leefomgeving") 

(combined))

Developments in 
society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)

Too many indicators, over 700, to mention.

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable Urban 

Design 
(combined)),

(Sustainable Urban 
Design 

(combined)),
(Sustainable Urban 

Transport 
(combined)).

(Sustainable Urban 
Management 
(combined))

(Sustainable Urban 
Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable Urban 
Design 

(combined)),
(Sustainable Urban 

Management 
(combined)), To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition waste,
Municipal solid 
waste 
generation,
Municipal waste 

Share of
population 
exposed to 
excessive noise,
Green house 
gases emissions. Traffic safety.

Brownfield vs 
greenfield 
development

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 
Design (combined)

(Sustainable Urban 
Design 

(combined))

(Sustainable Urban 
Construction 
(combined))

(Sustainable Urban 
Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens
engagement with 

environmental 
and sustainability 

oriented 
activities,

Adoption of
integrated urban 

plans 
(environment 
transport, land 

use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of kms).

Urban 
biodiversity Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.

x x x x x x x x x x x

In
di

ca
to

rs

E.G.: How many 
people missing 
from public 
meetings and 
testimonies, 
Degree of 

E.G.: Provides 
jobs and spends 
money within a 
community

E.G.: Provides 
training, 
education and 
other forms of 
assistance

E.G.: Variety of 
businesses, 
industries and 
institutions

E.G.: Percentage 
of household 
income to 
housing

E.G.: Trust in 
neighbours, 
volunteering, 
voting, cultural 
and art event 
participation ---

E.G.: Volume 
that used to be 
landfilled and is 
now recycled ---

E.G.: Children 
vaccinated

E.G.: Crime 
statistics, 

perception of 
crime and safety

id First author Year 
of 
pub.

Title (Project name) Other author(s) Type of 
docum
ent

(Journal title) Scale Country Theme Approach Other
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Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

x x 14 7 13 9 13 18 16 20 31 9 17 24 24 15 16 13 4 7 10 5 7 4 8 2 4 17 6 4 4 4 10 19 16 15 4 11 9 8 2 8 4 5 6 2 6 15 7 14 10 17 7 11 15 8 15 17 9 26 7 1 3 9 12 8
(x) (x)
-/(x)
-- --

AGGREGATED ('as a whole')

NON-AGGREGATED

OTHER OTHER

(x)(x)Spatial MCE

(x)

Flora and Fauna, 
Biodiversity ("Biodiversiteit").

x

Availability of local public green 
areas and local services

x

NON-AGGREGATED

(Local living environment ("Lokale 
leefomgeving") (combined)),
(Landscape ("Landschap") 

(combined)),
Monitor Infrastructure and Space 

("Monitor Infrastructuur en 

A bit
(Mostly) No

(Socio demographic situation)

Economics and Law
Urban Sociology and 

Demography/Geography

Partly/Maybe/Generally
(Mostly) Yes

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

Environment / 
Ecological integrity

Society / Quality of 
life

Traffic and space ("Vekeer en 
ruimte")

Biodiversity,
Uniqueness (combined)

Indicators seem 
incomplete

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Low capacity of access roads, 
Good access to public transport, 
Good access to clearway, Good 

accessibility for bikers

Species diversity: number of 
rare/threatened/endangered 

species.

(Urban structure - mobility of 
population), (Urban structure - 

pedestrian priority streets)

Biodiversity.

Basic identification Additional identification Context

Urban ecology

Kline, 
Eslizabeth (x)--

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions.

change 
description 
(from traditional 
to ecocity 
indicators)

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))NoneNone

Empowerment with 
responsibility

Economy / 
Economic security

011 (focus on tool)None

Both 
regional/town 
and urban 
planning/design 
possible

Computers, 
Environment and 
Urban Systemsarticle

Pettit, 
Christopher Pullar, D.-

An integrated planning tool based 
upon multiple criteria evaluation of 
spatial information

010

Planning and Creating Eco-cities: 
Indicators as a tool for shaping 
development and measuring 
progress

Basic identification Additional identification Context

2000

Local 
Environment: The 
International 
Journal of Justice 
and Sustainabilityarticle--

AGGREGATED ('as a whole')

1999 Social Environmental

Indicators are just 
examples/suggest

ions.

Economic

  Appendix 11: Analysis clustered grid ‐ Scale ‐ aggregated Rob Valk – 2016‐06



APPENDIX		12:	ANALYSIS	CLUSTERED	GRID	‐	LAND	USE	PLANNING
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002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for 
the automated assessment of land-
use options -

Finkela, Michael; 
Bleicherb, Alena; Morioa, 
Maximilian; Gross, 
Matthias article

Landscape and 
Urban Planning

Neighbourhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x x To

pi
cs

x x x x x x x x x

In
di

ca
to

rs

Residential 
areas in the 
surrounding 
area, Green 

spaces in the 
surrounding 

Commercial 
areas within 

walking distance, 
Local amenities 

in walking 
distance, 

Historically 
relevant 
buildings

Great influence 
on cityscape

High value 
tree/plant 
population

Site is part of a 
local habitat

Site contains 
>40% sealed 
soil, Area 
strongly 
contaminated

Direct vicinity to 
nature reserve

Neighbouring 
uses sensitive to 
emissions

003 Jeong, Jin Su 2012

Integrating buildings into a rural 
landscape using a multi-criteria 
spatial decision analysis in GIS-
enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural landscape 
building 
integration Spatial MCE tourism function x --

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental To
pi

cs

Land Use Infrastructure

Water source, 
Urban area 
proximity, 

Residential area 
proximity, 

Tourist/Agricultur
Orientation, 
Morphology

External 
visibility, Internal 

visibility Population
Archaeological 

areas Vegetation type NATURA 2000

In
di

ca
to

rs

Several land use 
types/policies; Site access

Distance from 
water source; 
Distance from 
Urban area; 

Distance from 
residential area; 

Slope gradation, 
Orientation

Visibility from 
roads/rails; 

Visibility from 
residential areas

Population 
density

Archaeological 
areas

Several land 
cover types

Distance from 
sensitive 
ecosystem 

004
Schetke, 
Sophie 2012

Towards sustainable settlement 
growth: A new multi-criteria 
assessment for implementing 
environmental targets into strategic 
urban planning -

Haase, Dagmar; Kötter, 
Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x) Environmental To

pi
cs Ecosystem 

functions
Resource 
protection Risk potential

In
di

ca
to

rs

Climate 
regulation 
function, Biotope 
quality, 
Seepage, 
Isolation/use of 

Protected areas, 
Soil quality/Yield 
stability Flood risk

007
A

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Aternative 
creation set x -- x x Environmental Environmental To

pi
cs

Restoration of 
degraded

urban areas

Protection of 
agricultural

areas

Protection and 
valorisation of 
rural, historic 

and architectural 
assets

Mitigation and 
environmental 

compensation of 
impacts of new 
infrastructures

Protection of 
high natural 

value areas and 
assets

In
di

ca
to

rs

Distance from 
degraded areas

Presence of 
agricultural 
areas

Distance from 
typical 
landscape 
elements, 
Distance from 
historic-

Distance from 
new 
infrastructures

Distance from 
natural assets 
(points, lines, 
areas), Distance 
from features 
with ecological 

007
B

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also 
includes creation 

set's outcome: 
'suitability index' from 

007A ↑.
Suitability (from 

007A ↑)

Economic, 
Suitability (from 

007A ↑)
Social, Suitability 

(from 007A ↑)

Environmental and 
ecological, 

Suitability (from 
007A ↑) To

pi
cs

Evaluation set 
also includes 
creation set's 

outcome: 
'suitability index' 

from 007A ↑.

Suitability (from 
007A ↑) x

Financial costs,
Gains Benefits loss, x

Financial costs, 
Gains

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Education/sights
eeing Recreation Fragmentation

Suitability (from 
007A ↑), 

Connection of 
existing regional 

parks

Suitability (from 
007A ↑), Limit 
urban sprawl, 
Creation of a 

protection buffer 
for existing 

In
di

ca
to

rs

Suitability (from 
007A ↑)

Number of 
municipalities 
involved

Fixed costs, 
Costs for park 
activities, 
Standard 
deviation of 
municipalities’ 

Income loss for 
restrictions in 
agricultural and 
breeding 
activities;
Number of 

Decrease of land 
value (inside 
park), Increase 
in land value 
(outside park)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Number of 
cultural values 
inside the park, 
Number of 
historic-
architectural 

Population 
served, 
Dimension 
(size), Total 
length of cycle 
paths, Distance 

Infrastructure 
Fragmentation 
Index (IFI)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑), 
Pairwise 
comparison of 
potential sprawl 
limit, Combined 

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated 
in a GIS using a multi-criteria 
mechanism -

Bar (Kutiel), Pua; Bannet, 
Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria) To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Distance from 
existing land-

uses
Topography; Soil 

type Vegetation Habitat

In
di

ca
to

rs

Distance from 
residences, 

Distance from 
nature reserves, 
Distance from 

forests, Distance 

Slope, Aspect; 
Soil formation, 
Salinity, Depth, 
% CaCO3, % 
clay, Stone 

cover, Parent-
Vegetation cover 
(NDVI)

Habitat 
Heterogenity 
Model

016 Akıncı, Halil 2013

Agricultural land use suitability 
analysis using GIS and AHP 
technique -

�Özalp, Ays e Yavuz; 
Turgut, Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x) x To

pi
cs

x x x

In
di

ca
to

rs

Slope,
Aspect,

Elevation.
Forest,
Pasture.

Great soil group,
Land use 
capability class,
Land use 
capability sub-
class,

017 Dur, Fatih 2014

A spatial-indexing model for 
measuring neighbourhood-level 
land-use and transport integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighbourhood 
- District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities) To
pi

cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

Density and 
diversity 

(combined)

Design and 
layout 

(combined) Accessibility

(Design and 
layout 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined)) Mobility
Resource 

Consumption Pollution

In
di

ca
to

rs

Measure and 
method of 

measurement are 
given in source.

Parcel size,
Population 

density 
(combined),

Land‑use mix.

Street 
connectivity,

Traffic calming,
Pedestrian 

friendliness.

Access to public 
transport (PT) 

stops,
Access to 
land‑use 

destinations 
Open space 
availability.

(Housing and 
jobs proximity 
(combined))

Population 
density

(Housing and 
jobs proximity 
(combined))

Number of car 
trips,
Commuting 
distance,
Parking supply in 
activity centres,

Land area 
occupied by 
urban uses,
Land area 
occupied by 
roadways,

Air quality,
Greenhouse 
gases from 
transport,
Traffic noise,
Stormwater 

019 Tudes, Sule 2010

Preparation of land use planning 
model using GIS based on AHP: 
case study Adana-Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, 
suitability Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating 
of indicators differs 

per land use
x To

pi
cs

Matched with 
other 

categorizations, 
no categories and 
topics in source. x x x x x x

In
di

ca
to

rs

Land use

Distance from 
the nearest 

settlement (km),
Distance from 

the nearest 
airport (km).

Slope,
Elevation,

Surface geology,
Bearing power 

(SPT N).
Agricultural land 
quality

Depth of the 
ground waters Earthquake risk

021 Kumar, S. 2010

Identification of potential 
ecotourism sites in West District, 
Sikkim using geospatial tools -

Behera, M.D.; Tewari, 
H.R. article Tropical Ecology Region India ecotourism

Spatial 
suitability 
analysis, Spatial 
MCA x -- x To

pi
cs

Study uses 
indexes, which 

are shown here as 
Topics

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecological value 
index (EVI), 
(combined))

(Ecological value 
index (EVI), 
(combined)),

(Environmental 
resiliency index 

(ERI) 

Wildlife 
distribution index 

(WDI),
(Ecological value 

index (EVI), 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

Ecotourism 
diversity index 

(EDI)

In
di

ca
to

rs

Accessibility Slope

Vegetation-
canopy and 
topographic 
attractiveness

Religious 
attraction

Ecosystem 
uniqueness,
Biosphere 
reserve.

Species 
diversity,
Vegetation cover

Number of 
different species 
found;
Species 
diversity. Soil Seismic hazard

Viewshed within 
1, 2.5, 5 km

x x x x x

In
di

ca
to

rs

Existing 
development

Proximity to 
public transport 
(rail stations), 
Proximity to 

roads
Proximity to 

schools
Proximity to 

existing parkland Slope

018 Kaili, Dou 2009

Selection of Residential Land 
based on Integration of MCDA and 
Gravity Model -

Qingming, Zhan; Shiguo, 
Li

confere
nce 
paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, District China

residential land 
selection Spatial MCDA (x) (x) x To

pi
cs Accessibility 

Condition Green space Air condition Noise

In
di

ca
to

rs Weights are given 
in source.

To Middle 
School,

To Primary 
School,

To Hospital,
To Commercial 

Green Coverage 
Ration

SO2 Distribution,
NOx Distribution,
TSP Distribution.

Traffic noise,
Regional noise.

006
Schetke, 
Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking 
cities. Experiences from eastern 
Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighbourhood 
as a whole Germany shrinking cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x) Social Social Social Ecological To

pi
cs

Infrastructure Infrastructure Green supply Population
Urban fabric and 

housing

Quality of urban 
green, 

Persistence of 
quality of urban 

green Soil quality
Hydrology, water 

balance

In
di

ca
to

rs

Max. distance to 
main roads

Max. distance to 
primary school, 
Persistence of 

leisure facilities, 
Max. distance to 

supermarket, 

Recreational 
area in

50 m distance, 
Area 

neighbourhood
green (500 m), 

Total population, 
(Other unclear 
indicators)

Share of non
renovated 
houses, Share of 
renovated 
houses, Share of 
demolition

Leaf Area Index, 
Largest patch 
Index, 
Shannon's 
Diversity Index 
(SHDI)

Degree of 
sealing

Surface run-off, 
Seeping rate, 
Etpμ, Growth 
Housing floor 
space

Protection of 
green, Growth of 
green area, 
Degree of 
isolation

009
Scipioni, 
Antonio 2008

The ISO 14031 standard to guide 
the urban sustainability 
measurement process: an Italian 
experience -

Mazzi, Anna; Zuliani, 
Filippo; Mason, Marco article

Journal of Cleaner 
Production

Town as a 
whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) -- Economic Social Environmental To

pi
cs

Tourism Population Mobility Car accidents Soundness
No indicators given

015
Scipioni, 
Antonio 2009

The Dashboard of Sustainability to 
measure the local urban 
sustainable development: The case 
study of Padua Municipality -

Mazzi, Anna; Mason, 
Marco; Manzardo, 
Alessandro article

Ecological 
Indicators

Town as a 
whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

(Health-Justice 
(combined))

Health-Justice 
(combined) Economic

(Social 
(combined)) Social (combined) Environmental

Health-Justice 
(combined) To

pi
cs

x (combined) x x x x x x x x x x x x x x x x x (combined)

In
di

ca
to

rs

No. of 
inhabitants per 
doctor, No. of 

inhabitants per 
hospotal 
attendant Inflation, GDP

Poverty 
threshold

Unemployment 
rate

Visitors to 
museums, 
Tourist arrivals, 
Tourist 
presence, Hotel 
use rate, 

Entrepreneurial 
attitude, New 
companies, 
Insolvent 
companies

Population 
density, Birth 
rate Habitable space

Motorization 
rate, Bicycle 
lanes, 
Pedestrian 
areas, Road 
accident rate, 

Migratory 
balance, 
Immigration rate, 
Foreign 
immigration rate, 
Chief town 

Sport and 
recreation 
facilities, Public 
parks and 
gardens

Murders, Thefts, 
Bag-snatchings 
and 
pickpocketings, 
Juvenile 
criminality

Potable water 
consumption, 
Electrical energy 
consumption Waste

Sulphur dioxide 
(SO2), Nitrogen 
dioxide (NO2), 
Ozone (O3), 
Carbon 
monoxide (CO), 

Air temperature, 
annual rainfall, 
Average 
humidity (%)

Hospital 
admissions, 
Average stay in 
hospital, Causes 
of death, No. of 
health issues, 

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 
hospotal 
attendant 

x x x x x x x x x x x

In
di

ca
to

rs

E.G.: How many 
people missing 
from public 
meetings and 
testimonies, 
Degree of 

E.G.: Provides 
jobs and spends 
money within a 
community

E.G.: Provides 
training, 
education and 
other forms of 
assistance

E.G.: Variety of 
businesses, 
industries and 
institutions

E.G.: Percentage 
of household 
income to 
housing

E.G.: Trust in 
neighbours, 
volunteering, 
voting, cultural 
and art event 
participation ---

E.G.: Volume 
that used to be 
landfilled and is 
now recycled ---

E.G.: Children 
vaccinated

E.G.: Crime 
statistics, 

perception of 
crime and safety

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for 
Green Development in Cities

EU EC URGE 
(Development of 
Urban Green 
Spaces to 
Improve the 

Baycan-Levent, Tuzin; 
Leeuwen, Eveline van; 
Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit To

pi
cs Utalisation - 

Accessibility
Utalisation - 
Availability

Utalisation - 
Multifunctionality Public authorities Finance Employment Production Education (Aesthetics) Education Regulation Preservation Merit: Safety

Merit: 
Aesthetics;

Barrier function;
Substitution 

function.

In
di

ca
to

rs

Number of 
residences 

within a 
maximum 

walking distance 
of 500 metres 

Total area of the 
urban green 

space concerned 
as a percentage 
of the total area 
of urban green 

Number of 
permanent 
functions in 

relation to the 
total area of the 
park, Number of 

Number of hours 
planned or spent 
on urban green 
policy as a 
percentage of 
total hours 

Amount of 
budget or 
expenditure on 
development / 
maintenance / 
revitalisation per 

Number of 
‘green’ jobs per 
square kilometre 
of urban green 
space, Number 
of ‘green’ jobs 

Number of 
products 
delivered by 
urban green 
space per 
square kilometre 

Costs of 
education and 
research projects 
with regard to 
(urban) green 
per square 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

Number of 
students 
following some 
kind of ‘green’ 
education as a 
percentage of 

Amount of 
pollution in the 
air and around 
the park 
compared with 
an area with no 

Annual 
discounted 
future savings of 
costs for 
protection of 
urban wildlife 

Annual number 
of incidents in 
the park 
compared with 
the annual 
number of urban 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

013 Caijun Zhao 2011

Urban planning indicators, 
morphology and climate indicators: 
A case study for a north-south 
transect of Beijing, China -

Guobin Fu; Xiaoming Liu; 
Fan Fu article

Building and 
Environment

Neighbourhood 
(500m radius 
circles) China urban climate

investigate 
relation 
between urban 
planning and 
urban climate 

common 
Chinese urban 
planning 
indicators x x x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards Urban structure, 
Urban cover Urban structure

Urban cover, 
Urban fabric

Urban cover, 
Urban fabric Urban structure Urban cover

Urban 
metabolism

Urban 
metabolism

Urban 
metabolism

In
di

ca
to

rs

Floor Area Ratio, 
Building Density, 

Green Space 
Ratio, 

Parameters for 
building 

Building Density, 
Building Height 

Limit, 
Parameters for 

building 
distances

Green Cover 
Ratio, Green 
Space Ratio

Green Cover 
Ratio

Building Height 
Limit

Green Space 
Ratio --- --- ---

014 Li Rui 2003

Urban Renewal at Neighborhood 
Level A case study of Huangjiadun 
neighborhood in Wuhan city - - thesis - Neighbourhood China urban renewal MCE

underdeveloped 
area (x) x Physical (focus) (Legal) (Economic) (Social) To

pi
cs

Land-use Building
Road, 

Infrastructure Road

Public and 
commercial 

service Environment

In
di

ca
to

rs Land-use 
proportion, Open 
Area Ratio, Floor 

Area Ratio

Building 
condition, 

Building age

Pavement ratio, 
Drainage system 

ratio
Access ratio of 

fire engines

Service kinds, 
Needed area, 

Service radius; 
Sanitation ratio, 
Water pipe ratio, 
Electric net ratio, 

Noise, Pollution 
zone, Safe 

place, Good 
sights

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 
differentiated 

according to type 
of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy 
AHP for conservation priority 
assessment in coastal areas: Case 
of Khuzestan district, Iran -

Hadipour, Mehrdad; 
Mokhtar, Mazlin Bin; 
Taghavi, Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-
use planning

Fuzzy AHP-
VIKOR (MCE-
based selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility" 
topics are matched 

with existing 
categories of this 

grid.
(Pragmatic/feasibil

ity (combined))
(Pragmatic/feasibil

ity (combined))
Economic 

importance Social importance
Ecological 

characteristics
Pragmatic/feasibilit

y (combined) To
pi

cs

Size Accessibility
Degree of 
Urgency

Compatibility 
with Other 

Programs and 
Management 

Plan

Availability (for 
acquisition) for 

Protection

Importance for 
Tourism and 
Recreation

Historical, 
Archaeological, 
or Cultural Value

Value to 
Research and 

Education

Importance to 
Conflict 

Resolution

Representativen
ess (combined),

Uniqueness 
(combined),
Naturalness 
(combined).

Biological 
Productivity

Representativen
ess (combined)

Naturalness 
(combined)

Vulnerability;
Degree of 
Treatment.

No indicators given

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and 
Key Indicators of Reurbanisation 
with Reference to Demographic 
Change

EU EC Re Urban 
Mobil

Steinführer, Annett; 
Kabish, Sigrun

"paper" 
/ 
researc
h report -

Region - 
Neighbourhood

Europe, 
multiple reunbanisation

Inventarisation 
of possible 
indicators -/(x) (x)

Architecture and 
Urban Structures To

pi
cs

x x x

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner-

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner- Natural value Cultural value

Environmental 
disturbances

Social well-being 
and health

In
di

ca
to

rs

Density of the 
built-up area

Age of buildings, 
degree of 
protection 

(monuments), 
Technical 

condition and 

Transaction 
costs, 
Ownership 
indicators, 
Property prices --- --- --- --- --- ---

502
Mihelic, 
Breda 2005

GIS-tool for analysis and multi 
criteria evaluation. Final report. The 
case of Ljubljana

EU EC Re Urban 
Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

researc
h report -

Micro / 
Neighbourhood Slovenia reunbanisation

compare 
indicators, 
attend worst 
first -/(x) x

Physical condition 
(focus) (Economic state)

(Ecologic 
conditions) To

pi
cs

Architectural 
quality, Urban 

quality

Housing quality, 
Architectural 

quality Urban quality

Urban quality, 
Architectural 

quality (x) (x) x (Greenary) (Pollution)

In
di

ca
to

rs

Floor Space 
Index, Density of 

construction

Technical 
condition (age, 
maintenances), 

Housing 
standard

Urban standard 
(Culture, 

Education, 
Retail, Health 
care, Green 

areas, Parking, 

Cultural and 
historical value 
(protected sites, 

monuments), 
Cultural 

importance 
(% Employed, % 
Unemployed)

(No. of 
inhabitants, Age 
structure, 
Youth/elderly 
dep.rate)

Flat/floor, 
Occupation rate, 
Use of flats (---) (---)

570

Ambiente 
Italia 
Research 
Institute 2003

European Common Indicators 
Towards a Local Sustainability 
Profile

EU EC European 
Common 
Indicators (ECI) -

evaluati
on 
report -

Local 
(town/district/cit
y) as a whole

Europe, 
multiple

(environmental
) sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x) x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards
x x x x x x x x x

In
di

ca
to

rs

More detail of 
these indicators 

should be 
available Sustainable land 

use

Children's 
journey to and 

from school

Sustainable 
management of 
the local 
authority

Products 
promoting 
sustainability

Local mobility 
and passenger 
transportation

Citizen 
satisfaction with 
the local 
community

Quality of local 
outdoor air

Local 
contribution to 
global climatic 
change, Noise 

pollution

Children's 
journey to and 
from school

522
B UFZ 2004

Making greener cities - A practical 
guide

EU EC URGE 
(URban Green 
Environment) Project team manual -

Site as a 
whole (Local)

Europe, 
multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x Integrated!

Quantity - , Quality 
- , Use of the 
urban green 

system,
Planning, 

development and To
pi

cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Accessibility.

1 Surface area 
of urban green 

space,
2 Extent of edge 

effects,
3 Catchment 

1 Legal and 
planning 
aspects,

2 Policies for 
community 

events.
Budget for urban 

green space.

1 Citizen s 
involvement in 

site planning and 
management, 
2 Community 
ownership, 

1 Inclusion in 
Local Agenda 21-

Plans, 
2 Integration of 

green site 
planning with 

Responsibilities 
within the 

administration.

1 The 
importance of 

the green space 
to public 

authorities, 
2 Activities to Employment. Production.

Educational 
resource.

1 Sport & Play 
Facilities;

2 Awareness of 
physical, 
emotional 

benefits derived Life strategies.

1 Social 
inclusion, 

2 Conflicts of 
use, 

3 Multi-
functionality, 

1 Cultural 
aspects,

2 Aesthetic 
value,

3 Local identity.

1 Connectivity to 
other green 

spaces,
2 Isolation from 

other green 
spaces,

1 Biodiversity,
2 Naturalness. Soil sealing. Production.

Sustainable 
waste 

management.

1 Surface 
disturbance,
2 Pollution.

Regulatory 
effects. Safety.

In
di

ca
to

rs

Number of 
entrances to the 

urban green 
space, Most 

common forms 
of access by 

1 Surface area 
of green space;
2 Shape index;

3 Number of 
potential users 

per urban green 

1 Existence and 
impact of 
legislation and 
planning 
instruments at 
the national, 

Annual total 
budget/expendit
ure for 
development of 
the urban green 
space, Annual 

1 Existence of 
effective 
instruments and 
methods to 
involve citizens 
in the design and 

1 Inclusion of the 
green space in 
the Green Area 
Management 
Programme 
attached to the 

Efficiency of 
decision making, 
Adequacy of the 
number of 
personnel.

1 The amount of 
money devoted 
by the 
municipality to 
the green space, 
Actual communal 

Number of 
"green space 
jobs" per 100 m2 
of the urban 
green space, 
Number of 

Number and type 
of products 
derived from the 
urban green 
space, Quantity 
of products 

The use of a 
green space for 
education linked 
to school 
curricula, 
Existence of 

1 The use of 
green space for 
sports facilities, 
Type and 
amount of sports 
facilities, 

Level of 
socialisation 
while using the 
green space, 
The use of green 
space connected 

1 Heterogeneity 
of user groups 
according to 
social indicators, 
Evidence of 
neglect, lack of 

1 Identification of 
cultural 
components in 
the context of 
the planning and 
management of 

1 Presence of 
different types of 
green corridors 
that links a site 
to other urban 
green spaces;

1 Biotope 
diversity: the 
number of 
different habitat 
types found 
within the green 

Proportion of soil 
surface with 
disturbed 
drainage/water 
dynamics.

Exploitation of 
natural 
resources to 
produce energy, 
Existence of 
plans for future 

Existence of 
selective waste 
collection and 
recycling in the 
green space.

1 Proportion of 
the surface 
which is heavily 
worn;
2 Soil pollution 
and quality, Air 

Leaf Area Index 
expressed as an 
average for the 
city, Volume of 
vegetation, 
Proportion of the 

Evidence of 
patrol/warden in 
and around the 
green-space, 
Annual number 
of registered 

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The 
Urban Audit Yearbook Overview

EU EC Urban 
Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region)

Europe, 
multiple quality of life

assessment and 
comparison of 
cities by 
indicators, 
monitoring (x) --

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), Levels 
of training and 

education

Socio-economic 
aspects 

(combined), Levels 
of training and 

education, Culture 
and recreation

Environment 
(combined) To

pi
cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.
Land use 

(combined)
Water 

(combined)
Land use 

(combined)
Civic 

involvement

Income, 
disparities and 

poverty

Labour market 
and 

Unemployment, 
Employment

 Economic 
activity

Population, 
Nationality;
Household 
structure. Travel patterns

Culture and 
Recreation 
(combined)

Education and 
Training 

Provision;
Level of 

Educational 
Qualifications.

Culture and 
Recreation 
(combined) Crime

Air Quality and 
Noise 

(combined)

Water 
(combined), 
Energy use 
(combined)

Waste 
management

Air Quality and 
Noise 

(combined), 
Water 

(combined), 
Energy use 

Climate/Geograp
hy Health

In
di

ca
to

rs

Percentage of 
the urban area 
unused and in 

main land uses, 
Percentage of 
the urban area 

Percentage of 
dwellings 
connected to 
potable drinking 
water supply 
Infrastructure, 

Green space to 
which the public 
has access (sq 

meters per 
capita), 

Percentage of 

Percentage of 
registered 
electorate voting 
in European, 
national and city 
Elections. For 

Household 
income, median 
and average 
income for each 
quintile, 
Male/Female 

Number of 
unemployed (ILO 
Labour Force 
Survey), 
Unemployment 
rate (by sex), 

GDP per capita, 
Number of 
companies with 
headquarters in 
the city quoted 
on the national 

Total population 
with distribution 
by sex and age 
(13 age groups),
Total population 
change (by sex 

Number of 
homeless people 
(, as a 
percentage of 
total resident 
population), 

Mode of journey 
to work : 
rail/metro, bus, 
tram, car, cycle, 
walking, 
Characteristics 

Number of 
cinema 
showings and 
annual 
attendance per 
resident, 

Number of 
crèche places 
(public and 
private provision) 
per 1000 
population, 

The number of 
sports facilities 
and annual 
users per 
resident.

Total number of 
recorded crimes 
per 1000 
population per 
year, 
Recorded crimes 

Winter Smog: 
Number of days 
SO2 exceeds 
125μg/m3 (24 
hour averaging 
time), 

Consumption of 
water (cubic 
metres per 
annum) per 
inhabitant;
Total energy use 

Amount of solid 
waste collected 
within the 
boundary 
(domestic and 
commercial) 

Proportion of the 
population 
exposed to 
outdoor noise 
levels above 65 
db (24 hour 

Number of days 
of rain per month 
(averaged over 
one year), 
Average number 
of hours of 

Life expectancy 
at birth for males 
and females
Infant mortality 
rate, 
Low birth rate, 

mul
tiple
61#

XARXA 
project team

2004
?

The XARXA - The Catalan Network 
of Cities and Towns towards 
Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only Pattern
indicators, that 
focus on urban 
structure and 
sustainable (x) (x) x To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards. x x (x) x x (x) (x) x x

In
di

ca
to

rs

(Intensity of 
urbanization of 
local economy), 
Urban structure - 

urban land 
occupation

Urban structure - 
proximity to 
basic urban 

services

(Plans suitability 
to the territorys 

particular 
ecology)

Municipal 
expenditure on 
the environment

Citizen 
involvement in 
sustainability 
processes, 
Municipal 
environmental 

(Intensity of 
urbanization of 
local economy)

(Urban structure -
mobility of 
population), 
(Urban structure -
pedestrian 
priority streets)

Use of municipal 
collecting storing 
centres

(Plans suitability 
to the territorys 
particular 
ecology), 
Prevention of 
environmental 

mul
tiple
75#

CBS; PBL; 
Wageningen 
UR

2015 
(conti
nu)

Compendium voor de 
Leefomgeving' (Environmental Data 
Compendium)

Compendium 
voor de 
Leefomgeving' 
(Environmental 
Data Project team

website 
containi
ng 
many 
reports -

(Regional -) 
National

The 
Netherla
nds

the 
environment

Collection of 
indicators (x) --

This sources 
sometimes uses 
multiple internal 

references (e.g. two 
topics refering to the 

same subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), 
Nature ("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined)) To
pi

cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.

(Developments 
in society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)),

Agriculture and 
space 

("Landbouw en 
ruimte")

Labour and 
economy 

("Werken en 
economie")

(Developments 
in society 
("Ontwikkelingen 
in de 
maatschappij") 
(combined)),

(Population and 
living ("Bevolking 

en wonen") 
(combined))

Environmental 
quality and 

nature 
("Milieukwaliteit 

en natuur"),
Landscape 

Agriculture and 
environment 

("Landbouw en 
milieu")

Ecosystems 
("Ecosystemen")

Soil and 
groundwater 
("Bodem en 
grondwater")

Water and 
environment 
("Water en 

milieu"), 
Water and 

nature ("Water 
Air quality 

("Luchtkwaliteit")

Energy and 
environment 
("Energie en 

milieu"),
Natural 

resources Waste ("Afval")

Environmentally 
hazardous 
substances 

("Milieugevaarlijk
e stoffen")

Emission into air, 
water, and soil 
("Emissie naar 
lucht, water en 

bodem"), 
(Local living 

Climate change 
("Klimaatverande

ring")

Environmental 
policy and 
measures 

("Milieubeleid en 
milieumaatregele

n"),

Cost and 
financing 

("Kosten en 
financiering")

Health and 
environment 

("Gezondheid en 
milieu")

(Local living 
environment 

("Lokale 
leefomgeving") 

(combined))

Developments in 
society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)

Too many indicators, over 700, to mention.

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable 

Urban Design 
(combined)),

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of 
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition 
waste,
Municipal solid 
waste 
generation,

Share of 
population 
exposed to 
excessive noise,
Green house 
gases Traffic safety.

Brownfield vs 
greenfield 
development

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 
Design (combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens
engagement with 

environmental 
and 

sustainability 
oriented 

Adoption of 
integrated urban 

plans 
(environment 

transport, land 
use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of kms). Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.
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Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

x x 14 7 13 9 13 18 16 20 31 9 17 24 24 15 16 13 4 7 10 5 7 4 8 2 4 17 6 4 4 4 10 19 16 15 4 11 9 8 2 8 4 5 6 2 6 15 7 14 10 17 7 11 15 8 15 17 9 26 7 1 3 9 12 8
(x) (x)
-/(x)
-- --

LAND-USE PLANNING LAND-USE PLANNING

OTHER OTHER

A bit

x

Biodiversity,
Uniqueness (combined)

Basic identification Additional identification

x

Availability of local public green 
areas and local services

Species diversity: number of 
rare/threatened/endangered 

species.

(Urban structure - mobility of 
population), (Urban structure - 

pedestrian priority streets)

Urban biodiversity

Biodiversity.

(Local living environment ("Lokale 
leefomgeving") (combined)),
(Landscape ("Landschap") 

(combined)),
Monitor Infrastructure and Space 

("Monitor Infrastructuur en 

(Mostly) No

(Socio demographic situation)

Economics and Law
Urban Sociology and 

Demography/Geography

Partly/Maybe/Generally
(Mostly) Yes

Context Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Low capacity of access roads, 
Good access to public transport, 
Good access to clearway, Good 

accessibility for bikers

Empowerment 
with responsibility

Economy / 
Economic security

Indicators seem 
incomplete

Indicators are just 
examples/suggest

ions.

Social Environmental

Environment / 
Ecological integrity

Society / Quality of 
life

Traffic and space ("Vekeer en 
ruimte")

(x)

Flora and Fauna, 
Biodiversity ("Biodiversiteit").

Basic identification Additional identification Context

Urban ecology

Kline, 
Eslizabeth (x)--

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions.

change 
description 
(from traditional 
to ecocity 
indicators)

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))NoneNone

Local 
Environment: The 
International 
Journal of Justice 
and Sustainability

An integrated planning tool based 
upon multiple criteria evaluation of 
spatial information1999

Pettit, 
Christopher011

article--

Planning and Creating Eco-cities: 
Indicators as a tool for shaping 
development and measuring 
progress2000

Economic

010

(x)(x)Spatial MCE(focus on tool)None

Both 
regional/town 
and urban 
planning/design 
possible

Computers, 
Environment and 
Urban SystemsarticlePullar, D.-

  Appendix 12: Analysis clustered grid ‐ Land use planning Rob Valk – 2016‐06



APPENDIX		13:	ANALYSIS	CLUSTERED	GRID	‐	INDICATOR	PROJECT
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002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for 
the automated assessment of land-
use options -

Finkela, Michael; 
Bleicherb, Alena; Morioa, 
Maximilian; Gross, 
Matthias article

Landscape and 
Urban Planning

Neighbourhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x x To

pi
cs

x x x x x x x x x

In
di

ca
to

rs

Residential 
areas in the 
surrounding 
area, Green 

spaces in the 
surrounding 

Commercial 
areas within 

walking distance, 
Local amenities 

in walking 
distance, 

Historically 
relevant 
buildings

Great influence 
on cityscape

High value 
tree/plant 
population

Site is part of a 
local habitat

Site contains 
>40% sealed 
soil, Area 
strongly 
contaminated

Direct vicinity to 
nature reserve

Neighbouring 
uses sensitive to 
emissions

003 Jeong, Jin Su 2012

Integrating buildings into a rural 
landscape using a multi-criteria 
spatial decision analysis in GIS-
enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural landscape 
building 
integration Spatial MCE tourism function x --

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental To
pi

cs

Land Use Infrastructure

Water source, 
Urban area 
proximity, 

Residential area 
proximity, 

Tourist/Agricultur
Orientation, 
Morphology

External 
visibility, Internal 

visibility Population
Archaeological 

areas Vegetation type NATURA 2000

In
di

ca
to

rs

Several land use 
types/policies; Site access

Distance from 
water source; 
Distance from 
Urban area; 

Distance from 
residential area; 

Slope gradation, 
Orientation

Visibility from 
roads/rails; 

Visibility from 
residential areas

Population 
density

Archaeological 
areas

Several land 
cover types

Distance from 
sensitive 
ecosystem 

006
Schetke, 
Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking 
cities. Experiences from eastern 
Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighbourhood 
as a whole Germany shrinking cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x) Social Social Social Ecological To

pi
cs

Infrastructure Infrastructure Green supply Population
Urban fabric and 

housing

Quality of urban 
green, 

Persistence of 
quality of urban 

green Soil quality
Hydrology, water 

balance

In
di

ca
to

rs

Max. distance to 
main roads

Max. distance to 
primary school, 
Persistence of 

leisure facilities, 
Max. distance to 

supermarket, 

Recreational 
area in

50 m distance, 
Area 

neighbourhood
green (500 m), 

Total population, 
(Other unclear 
indicators)

Share of non-
renovated 
houses, Share of 
renovated 
houses, Share of 
demolition

Leaf Area Index, 
Largest patch 
Index, 
Shannon's 
Diversity Index 
(SHDI)

Degree of 
sealing

Surface run-off, 
Seeping rate, 
Etpμ, Growth 
Housing floor 
space

Protection of 
green, Growth of 
green area, 
Degree of 
isolation

004
Schetke, 
Sophie 2012

Towards sustainable settlement 
growth: A new multi-criteria 
assessment for implementing 
environmental targets into strategic 
urban planning -

Haase, Dagmar; Kötter, 
Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x) Environmental To

pi
cs Ecosystem 

functions
Resource 
protection Risk potential

In
di

ca
to

rs

Climate 
regulation 
function, Biotope 
quality, 
Seepage, 
Isolation/use of 

Protected areas, 
Soil quality/Yield 
stability Flood risk

007
A

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Aternative 
creation set x -- x x Environmental Environmental To

pi
cs

Restoration of 
degraded

urban areas

Protection of 
agricultural

areas

Protection and 
valorisation of 
rural, historic 

and architectural 
assets

Mitigation and 
environmental 

compensation of 
impacts of new 
infrastructures

Protection of 
high natural 

value areas and 
assets

In
di

ca
to

rs

Distance from 
degraded areas

Presence of 
agricultural 
areas

Distance from 
typical 
landscape 
elements, 
Distance from 
historic-

Distance from 
new 
infrastructures

Distance from 
natural assets 
(points, lines, 
areas), Distance 
from features 
with ecological 

007
B

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also 
includes creation 

set's outcome: 
'suitability index' from 

007A ↑.
Suitability (from 

007A ↑)

Economic, 
Suitability (from 

007A ↑)
Social, Suitability 

(from 007A ↑)

Environmental and 
ecological, 

Suitability (from 
007A ↑) To

pi
cs

Evaluation set 
also includes 
creation set's 

outcome: 
'suitability index' 

from 007A ↑.

Suitability (from 
007A ↑) x

Financial costs,
Gains Benefits loss, x

Financial costs, 
Gains

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Education/sights
eeing Recreation Fragmentation

Suitability (from 
007A ↑), 

Connection of 
existing regional 

parks

Suitability (from 
007A ↑), Limit 
urban sprawl, 
Creation of a 

protection buffer 
for existing 

In
di

ca
to

rs

Suitability (from 
007A ↑)

Number of 
municipalities 
involved

Fixed costs, 
Costs for park 
activities, 
Standard 
deviation of 
municipalities’ 

Income loss for 
restrictions in 
agricultural and 
breeding 
activities;
Number of 

Decrease of land 
value (inside 
park), Increase 
in land value 
(outside park)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Number of 
cultural values 
inside the park, 
Number of 
historic-
architectural 

Population 
served, 
Dimension 
(size), Total 
length of cycle 
paths, Distance 

Infrastructure 
Fragmentation 
Index (IFI)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑), 
Pairwise 
comparison of 
potential sprawl 
limit, Combined 

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated 
in a GIS using a multi-criteria 
mechanism -

Bar (Kutiel), Pua; Bannet, 
Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria) To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Distance from 
existing land-

uses
Topography; Soil 

type Vegetation Habitat

In
di

ca
to

rs

Distance from 
residences, 

Distance from 
nature reserves, 
Distance from 

forests, Distance 

Slope, Aspect; 
Soil formation, 
Salinity, Depth, 
% CaCO3, % 
clay, Stone 

cover, Parent-
Vegetation cover 
(NDVI)

Habitat 
Heterogenity 
Model

009
Scipioni, 
Antonio 2008

The ISO 14031 standard to guide 
the urban sustainability 
measurement process: an Italian 
experience -

Mazzi, Anna; Zuliani, 
Filippo; Mason, Marco article

Journal of Cleaner 
Production

Town as a 
whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) -- Economic Social Environmental To

pi
cs

Tourism Population Mobility Car accidents Soundness
No indicators given

015
Scipioni, 
Antonio 2009

The Dashboard of Sustainability to 
measure the local urban 
sustainable development: The case 
study of Padua Municipality -

Mazzi, Anna; Mason, 
Marco; Manzardo, 
Alessandro article

Ecological 
Indicators

Town as a 
whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

(Health-Justice 
(combined))

Health-Justice 
(combined) Economic

(Social 
(combined)) Social (combined) Environmental

Health-Justice 
(combined) To

pi
cs

x (combined) x x x x x x x x x x x x x x x x x (combined)

In
di

ca
to

rs

No. of 
inhabitants per 
doctor, No. of 

inhabitants per 
hospotal 
attendant Inflation, GDP

Poverty 
threshold

Unemployment 
rate

Visitors to 
museums, 
Tourist arrivals, 
Tourist 
presence, Hotel 
use rate, 

Entrepreneurial 
attitude, New 
companies, 
Insolvent 
companies

Population 
density, Birth 
rate Habitable space

Motorization 
rate, Bicycle 
lanes, 
Pedestrian 
areas, Road 
accident rate, 

Migratory 
balance, 
Immigration rate, 
Foreign 
immigration rate, 
Chief town 

Sport and 
recreation 
facilities, Public 
parks and 
gardens

Murders, Thefts, 
Bag-snatchings 
and 
pickpocketings, 
Juvenile 
criminality

Potable water 
consumption, 
Electrical energy 
consumption Waste

Sulphur dioxide 
(SO2), Nitrogen 
dioxide (NO2), 
Ozone (O3), 
Carbon 
monoxide (CO), 

Air temperature, 
annual rainfall, 
Average 
humidity (%)

Hospital 
admissions, 
Average stay in 
hospital, Causes 
of death, No. of 
health issues, 

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 
hospotal 
attendant 

013 Caijun Zhao 2011

Urban planning indicators, 
morphology and climate indicators: 
A case study for a north-south 
transect of Beijing, China -

Guobin Fu; Xiaoming Liu; 
Fan Fu article

Building and 
Environment

Neighbourhood 
(500m radius 
circles) China urban climate

investigate 
relation 
between urban 
planning and 
urban climate 

common 
Chinese urban 
planning 
indicators x x x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards Urban structure, 
Urban cover Urban structure

Urban cover, 
Urban fabric

Urban cover, 
Urban fabric Urban structure Urban cover

Urban 
metabolism

Urban 
metabolism

Urban 
metabolism

In
di

ca
to

rs

Floor Area Ratio, 
Building Density, 

Green Space 
Ratio, 

Parameters for 
building 

Building Density, 
Building Height 

Limit, 
Parameters for 

building 
distances

Green Cover 
Ratio, Green 
Space Ratio

Green Cover 
Ratio

Building Height 
Limit

Green Space 
Ratio --- --- ---

014 Li Rui 2003

Urban Renewal at Neighborhood 
Level A case study of Huangjiadun 
neighborhood in Wuhan city - - thesis - Neighbourhood China urban renewal MCE

underdeveloped 
area (x) x Physical (focus) (Legal) (Economic) (Social) To

pi
cs

Land-use Building
Road, 

Infrastructure Road

Public and 
commercial 

service Environment

In
di

ca
to

rs Land-use 
proportion, Open 
Area Ratio, Floor 

Area Ratio

Building 
condition, 

Building age

Pavement ratio, 
Drainage system 

ratio
Access ratio of 

fire engines

Service kinds, 
Needed area, 

Service radius; 
Sanitation ratio, 
Water pipe ratio, 
Electric net ratio, 

Noise, Pollution 
zone, Safe 

place, Good 
sights

016 Akıncı, Halil 2013

Agricultural land use suitability 
analysis using GIS and AHP 
technique -

�Özalp, Ays e Yavuz; 
Turgut, Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x) x To

pi
cs

x x x

In
di

ca
to

rs

Slope,
Aspect,

Elevation.
Forest,
Pasture.

Great soil group,
Land use 
capability class,
Land use 
capability sub-
class,

017 Dur, Fatih 2014

A spatial-indexing model for 
measuring neighbourhood-level 
land-use and transport integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighbourhood 
- District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities) To
pi

cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

Density and 
diversity 

(combined)

Design and 
layout 

(combined) Accessibility

(Design and 
layout 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined)) Mobility
Resource 

Consumption Pollution

In
di

ca
to

rs

Measure and 
method of 

measurement are 
given in source.

Parcel size,
Population 

density 
(combined),

Land‑use mix.

Street 
connectivity,

Traffic calming,
Pedestrian 

friendliness.

Access to public 
transport (PT) 

stops,
Access to 
land‑use 

destinations 
Open space 
availability.

(Housing and 
jobs proximity 
(combined))

Population 
density

(Housing and 
jobs proximity 
(combined))

Number of car 
trips,
Commuting 
distance,
Parking supply in 
activity centres,

Land area 
occupied by 
urban uses,
Land area 
occupied by 
roadways,

Air quality,
Greenhouse 
gases from 
transport,
Traffic noise,
Stormwater 

018 Kaili, Dou 2009

Selection of Residential Land 
based on Integration of MCDA and 
Gravity Model -

Qingming, Zhan; Shiguo, 
Li

confere
nce 
paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, District China

residential land 
selection Spatial MCDA (x) (x) x To

pi
cs Accessibility 

Condition Green space Air condition Noise

In
di

ca
to

rs Weights are given 
in source.

To Middle 
School,

To Primary 
School,

To Hospital,
To Commercial 

Green Coverage 
Ration

SO2 Distribution,
NOx Distribution,
TSP Distribution.

Traffic noise,
Regional noise.

019 Tudes, Sule 2010

Preparation of land use planning 
model using GIS based on AHP: 
case study Adana-Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, 
suitability Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating 
of indicators differs 

per land use
x To

pi
cs

Matched with 
other 

categorizations, 
no categories and 
topics in source. x x x x x x

In
di

ca
to

rs

Land use

Distance from 
the nearest 

settlement (km),
Distance from 

the nearest 
airport (km).

Slope,
Elevation,

Surface geology,
Bearing power 

(SPT N).
Agricultural land 
quality

Depth of the 
ground waters Earthquake risk

021 Kumar, S. 2010

Identification of potential 
ecotourism sites in West District, 
Sikkim using geospatial tools -

Behera, M.D.; Tewari, 
H.R. article Tropical Ecology Region India ecotourism

Spatial 
suitability 
analysis, Spatial 
MCA x -- x To

pi
cs

Study uses 
indexes, which 

are shown here as 
Topics

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecological value 
index (EVI), 
(combined))

(Ecological value 
index (EVI), 
(combined)),

(Environmental 
resiliency index 

(ERI) 

Wildlife 
distribution index 

(WDI),
(Ecological value 

index (EVI), 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

Ecotourism 
diversity index 

(EDI)

In
di

ca
to

rs

Accessibility Slope

Vegetation-
canopy and 
topographic 
attractiveness

Religious 
attraction

Ecosystem 
uniqueness,
Biosphere 
reserve.

Species 
diversity,
Vegetation cover

Number of 
different species 
found;
Species 
diversity. Soil Seismic hazard

Viewshed within 
1, 2.5, 5 km

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 
differentiated 

according to type 
of use

Building density,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy 
AHP for conservation priority 
assessment in coastal areas: Case 
of Khuzestan district, Iran -

Hadipour, Mehrdad; 
Mokhtar, Mazlin Bin; 
Taghavi, Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-
use planning

Fuzzy AHP-
VIKOR (MCE-
based selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility" 
topics are matched 

with existing 
categories of this 

grid.
(Pragmatic/feasibil

ity (combined))
(Pragmatic/feasibil

ity (combined))
Economic 

importance Social importance
Ecological 

characteristics
Pragmatic/feasibilit

y (combined) To
pi

cs

Size Accessibility
Degree of 
Urgency

Compatibility 
with Other 

Programs and 
Management 

Plan

Availability (for 
acquisition) for 

Protection

Importance for 
Tourism and 
Recreation

Historical, 
Archaeological, 
or Cultural Value

Value to 
Research and 

Education

Importance to 
Conflict 

Resolution

Representativen
ess (combined),

Uniqueness 
(combined),
Naturalness 
(combined).

Biological 
Productivity

Representativen
ess (combined)

Naturalness 
(combined)

Vulnerability;
Degree of 
Treatment.

No indicators given

x x x x x x x x x x x

In
di

ca
to

rs

E.G.: How many 
people missing 
from public 
meetings and 
testimonies, 
Degree of 

E.G.: Provides 
jobs and spends 
money within a 
community

E.G.: Provides 
training, 
education and 
other forms of 
assistance

E.G.: Variety of 
businesses, 
industries and 
institutions

E.G.: Percentage 
of household 
income to 
housing

E.G.: Trust in 
neighbours, 
volunteering, 
voting, cultural 
and art event 
participation ---

E.G.: Volume 
that used to be 
landfilled and is 
now recycled ---

E.G.: Children 
vaccinated

E.G.: Crime 
statistics, 

perception of 
crime and safety

x x x x x

In
di

ca
to

rs

Existing 
development

Proximity to 
public transport 
(rail stations), 
Proximity to 

roads
Proximity to 

schools
Proximity to 

existing parkland Slope

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for 
Green Development in Cities

EU EC URGE 
(Development of 
Urban Green 
Spaces to 
Improve the 

Baycan-Levent, Tuzin; 
Leeuwen, Eveline van; 
Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit To

pi
cs Utalisation - 

Accessibility
Utalisation - 
Availability

Utalisation - 
Multifunctionality Public authorities Finance Employment Production Education (Aesthetics) Education Regulation Preservation Merit: Safety

Merit: 
Aesthetics;

Barrier function;
Substitution 

function.

In
di

ca
to

rs

Number of 
residences 

within a 
maximum 

walking distance 
of 500 metres 

Total area of the 
urban green 

space concerned 
as a percentage 
of the total area 
of urban green 

Number of 
permanent 
functions in 

relation to the 
total area of the 
park, Number of 

Number of hours 
planned or spent 
on urban green 
policy as a 
percentage of 
total hours 

Amount of 
budget or 
expenditure on 
development / 
maintenance / 
revitalisation per 

Number of 
‘green’ jobs per 
square kilometre 
of urban green 
space, Number 
of ‘green’ jobs 

Number of 
products 
delivered by 
urban green 
space per 
square kilometre 

Costs of 
education and 
research projects 
with regard to 
(urban) green 
per square 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

Number of 
students 
following some 
kind of ‘green’ 
education as a 
percentage of 

Amount of 
pollution in the 
air and around 
the park 
compared with 
an area with no 

Annual 
discounted 
future savings of 
costs for 
protection of 
urban wildlife 

Annual number 
of incidents in 
the park 
compared with 
the annual 
number of urban 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and 
Key Indicators of Reurbanisation 
with Reference to Demographic 
Change

EU EC Re Urban 
Mobil

Steinführer, Annett; 
Kabish, Sigrun

"paper" 
/ 
researc
h report -

Region - 
Neighbourhood

Europe, 
multiple reunbanisation

Inventarisation 
of possible 
indicators -/(x) (x)

Architecture and 
Urban Structures To

pi
cs

x x x

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner-

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner- Natural value Cultural value

Environmental 
disturbances

Social well-being 
and health

In
di

ca
to

rs

Density of the 
built-up area

Age of buildings, 
degree of 
protection 

(monuments), 
Technical 

condition and 

Transaction 
costs, 
Ownership 
indicators, 
Property prices --- --- --- --- --- ---

502
Mihelic, 
Breda 2005

GIS-tool for analysis and multi 
criteria evaluation. Final report. The 
case of Ljubljana

EU EC Re Urban 
Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

researc
h report -

Micro / 
Neighbourhood Slovenia reunbanisation

compare 
indicators, 
attend worst 
first -/(x) x

Physical condition 
(focus) (Economic state)

(Ecologic 
conditions) To

pi
cs

Architectural 
quality, Urban 

quality

Housing quality, 
Architectural 

quality Urban quality

Urban quality, 
Architectural 

quality (x) (x) x (Greenary) (Pollution)

In
di

ca
to

rs

Floor Space 
Index, Density of 

construction

Technical 
condition (age, 
maintenances), 

Housing 
standard

Urban standard 
(Culture, 

Education, 
Retail, Health 
care, Green 

areas, Parking, 

Cultural and 
historical value 
(protected sites, 

monuments), 
Cultural 

importance 
(% Employed, % 
Unemployed)

(No. of 
inhabitants, Age 
structure, 
Youth/elderly 
dep.rate)

Flat/floor, 
Occupation rate, 
Use of flats (---) (---)

570

Ambiente 
Italia 
Research 
Institute 2003

European Common Indicators 
Towards a Local Sustainability 
Profile

EU EC European 
Common 
Indicators (ECI) -

evaluati
on 
report -

Local 
(town/district/cit
y) as a whole

Europe, 
multiple

(environmental
) sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x) x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards
x x x x x x x x x

In
di

ca
to

rs

More detail of 
these indicators 

should be 
available Sustainable land 

use

Children's 
journey to and 

from school

Sustainable 
management of 
the local 
authority

Products 
promoting 
sustainability

Local mobility 
and passenger 
transportation

Citizen 
satisfaction with 
the local 
community

Quality of local 
outdoor air

Local 
contribution to 
global climatic 
change, Noise 

pollution

Children's 
journey to and 
from school

522
B UFZ 2004

Making greener cities - A practical 
guide

EU EC URGE 
(URban Green 
Environment) Project team manual -

Site as a 
whole (Local)

Europe, 
multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x Integrated!

Quantity - , Quality 
- , Use of the 
urban green 

system,
Planning, 

development and To
pi

cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Accessibility.

1 Surface area 
of urban green 

space,
2 Extent of edge 

effects,
3 Catchment 

1 Legal and 
planning 
aspects,

2 Policies for 
community 

events.
Budget for urban 

green space.

1 Citizen s 
involvement in 

site planning and 
management, 
2 Community 
ownership, 

1 Inclusion in 
Local Agenda 21-

Plans, 
2 Integration of 

green site 
planning with 

Responsibilities 
within the 

administration.

1 The 
importance of 

the green space 
to public 

authorities, 
2 Activities to Employment. Production.

Educational 
resource.

1 Sport & Play 
Facilities;

2 Awareness of 
physical, 
emotional 

benefits derived Life strategies.

1 Social 
inclusion, 

2 Conflicts of 
use, 

3 Multi-
functionality, 

1 Cultural 
aspects,

2 Aesthetic 
value,

3 Local identity.

1 Connectivity to 
other green 

spaces,
2 Isolation from 

other green 
spaces,

1 Biodiversity,
2 Naturalness. Soil sealing. Production.

Sustainable 
waste 

management.

1 Surface 
disturbance,
2 Pollution.

Regulatory 
effects. Safety.

In
di

ca
to

rs

Number of 
entrances to the 

urban green 
space, Most 

common forms 
of access by 

1 Surface area 
of green space;
2 Shape index;

3 Number of 
potential users 

per urban green 

1 Existence and 
impact of 
legislation and 
planning 
instruments at 
the national, 

Annual total 
budget/expendit
ure for 
development of 
the urban green 
space, Annual 

1 Existence of 
effective 
instruments and 
methods to 
involve citizens 
in the design and 

1 Inclusion of the 
green space in 
the Green Area 
Management 
Programme 
attached to the 

Efficiency of 
decision making, 
Adequacy of the 
number of 
personnel.

1 The amount of 
money devoted 
by the 
municipality to 
the green space, 
Actual communal 

Number of 
"green space 
jobs" per 100 m2 
of the urban 
green space, 
Number of 

Number and type 
of products 
derived from the 
urban green 
space, Quantity 
of products 

The use of a 
green space for 
education linked 
to school 
curricula, 
Existence of 

1 The use of 
green space for 
sports facilities, 
Type and 
amount of sports 
facilities, 

Level of 
socialisation 
while using the 
green space, 
The use of green 
space connected 

1 Heterogeneity 
of user groups 
according to 
social indicators, 
Evidence of 
neglect, lack of 

1 Identification of 
cultural 
components in 
the context of 
the planning and 
management of 

1 Presence of 
different types of 
green corridors 
that links a site 
to other urban 
green spaces;

1 Biotope 
diversity: the 
number of 
different habitat 
types found 
within the green 

Proportion of soil 
surface with 
disturbed 
drainage/water 
dynamics.

Exploitation of 
natural 
resources to 
produce energy, 
Existence of 
plans for future 

Existence of 
selective waste 
collection and 
recycling in the 
green space.

1 Proportion of 
the surface 
which is heavily 
worn;
2 Soil pollution 
and quality, Air 

Leaf Area Index 
expressed as an 
average for the 
city, Volume of 
vegetation, 
Proportion of the 

Evidence of 
patrol/warden in 
and around the 
green-space, 
Annual number 
of registered 

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The 
Urban Audit Yearbook Overview

EU EC Urban 
Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region)

Europe, 
multiple quality of life

assessment and 
comparison of 
cities by 
indicators, 
monitoring (x) --

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), Levels 
of training and 

education

Socio-economic 
aspects 

(combined), Levels 
of training and 

education, Culture 
and recreation

Environment 
(combined) To

pi
cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.
Land use 

(combined)
Water 

(combined)
Land use 

(combined)
Civic 

involvement

Income, 
disparities and 

poverty

Labour market 
and 

Unemployment, 
Employment

 Economic 
activity

Population, 
Nationality;
Household 
structure. Travel patterns

Culture and 
Recreation 
(combined)

Education and 
Training 

Provision;
Level of 

Educational 
Qualifications.

Culture and 
Recreation 
(combined) Crime

Air Quality and 
Noise 

(combined)

Water 
(combined), 
Energy use 
(combined)

Waste 
management

Air Quality and 
Noise 

(combined), 
Water 

(combined), 
Energy use 

Climate/Geograp
hy Health

In
di

ca
to

rs

Percentage of 
the urban area 
unused and in 

main land uses, 
Percentage of 
the urban area 

Percentage of 
dwellings 
connected to 
potable drinking 
water supply 
Infrastructure, 

Green space to 
which the public 
has access (sq 

meters per 
capita), 

Percentage of 

Percentage of 
registered 
electorate voting 
in European, 
national and city 
Elections. For 

Household 
income, median 
and average 
income for each 
quintile, 
Male/Female 

Number of 
unemployed (ILO 
Labour Force 
Survey), 
Unemployment 
rate (by sex), 

GDP per capita, 
Number of 
companies with 
headquarters in 
the city quoted 
on the national 

Total population 
with distribution 
by sex and age 
(13 age groups),
Total population 
change (by sex 

Number of 
homeless people 
(, as a 
percentage of 
total resident 
population), 

Mode of journey 
to work : 
rail/metro, bus, 
tram, car, cycle, 
walking, 
Characteristics 

Number of 
cinema 
showings and 
annual 
attendance per 
resident, 

Number of 
crèche places 
(public and 
private provision) 
per 1000 
population, 

The number of 
sports facilities 
and annual 
users per 
resident.

Total number of 
recorded crimes 
per 1000 
population per 
year, 
Recorded crimes 

Winter Smog: 
Number of days 
SO2 exceeds 
125μg/m3 (24 
hour averaging 
time), 

Consumption of 
water (cubic 
metres per 
annum) per 
inhabitant;
Total energy use 

Amount of solid 
waste collected 
within the 
boundary 
(domestic and 
commercial) 

Proportion of the 
population 
exposed to 
outdoor noise 
levels above 65 
db (24 hour 

Number of days 
of rain per month 
(averaged over 
one year), 
Average number 
of hours of 

Life expectancy 
at birth for males 
and females
Infant mortality 
rate, 
Low birth rate, 

mul
tiple
61#

XARXA 
project team

2004
?

The XARXA - The Catalan Network 
of Cities and Towns towards 
Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only Pattern
indicators, that 
focus on urban 
structure and 
sustainable (x) (x) x To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards. x x (x) x x (x) (x) x x

In
di

ca
to

rs

(Intensity of 
urbanization of 
local economy), 
Urban structure - 

urban land 
occupation

Urban structure - 
proximity to 
basic urban 

services

(Plans suitability 
to the territorys 

particular 
ecology)

Municipal 
expenditure on 
the environment

Citizen 
involvement in 
sustainability 
processes, 
Municipal 
environmental 

(Intensity of 
urbanization of 
local economy)

(Urban structure -
mobility of 
population), 
(Urban structure -
pedestrian 
priority streets)

Use of municipal 
collecting storing 
centres

(Plans suitability 
to the territorys 
particular 
ecology), 
Prevention of 
environmental 

mul
tiple
75#

CBS; PBL; 
Wageningen 
UR

2015 
(conti
nu)

Compendium voor de 
Leefomgeving' (Environmental Data 
Compendium)

Compendium 
voor de 
Leefomgeving' 
(Environmental 
Data Project team

website 
containi
ng 
many 
reports -

(Regional -) 
National

The 
Netherla
nds

the 
environment

Collection of 
indicators (x) --

This sources 
sometimes uses 
multiple internal 

references (e.g. two 
topics refering to the 

same subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), 
Nature ("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined)) To
pi

cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.

(Developments 
in society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)),

Agriculture and 
space 

("Landbouw en 
ruimte")

Labour and 
economy 

("Werken en 
economie")

(Developments 
in society 
("Ontwikkelingen 
in de 
maatschappij") 
(combined)),

(Population and 
living ("Bevolking 

en wonen") 
(combined))

Environmental 
quality and 

nature 
("Milieukwaliteit 

en natuur"),
Landscape 

Agriculture and 
environment 

("Landbouw en 
milieu")

Ecosystems 
("Ecosystemen")

Soil and 
groundwater 
("Bodem en 
grondwater")

Water and 
environment 
("Water en 

milieu"), 
Water and 

nature ("Water 
Air quality 

("Luchtkwaliteit")

Energy and 
environment 
("Energie en 

milieu"),
Natural 

resources Waste ("Afval")

Environmentally 
hazardous 
substances 

("Milieugevaarlijk
e stoffen")

Emission into air, 
water, and soil 
("Emissie naar 
lucht, water en 

bodem"), 
(Local living 

Climate change 
("Klimaatverande

ring")

Environmental 
policy and 
measures 

("Milieubeleid en 
milieumaatregele

n"),

Cost and 
financing 

("Kosten en 
financiering")

Health and 
environment 

("Gezondheid en 
milieu")

(Local living 
environment 

("Lokale 
leefomgeving") 

(combined))

Developments in 
society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)

Too many indicators, over 700, to mention.

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable 

Urban Design 
(combined)),

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of 
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition 
waste,
Municipal solid 
waste 
generation,

Share of 
population 
exposed to 
excessive noise,
Green house 
gases Traffic safety.

Brownfield vs 
greenfield 
development

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 
Design (combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens
engagement with 

environmental 
and 

sustainability 
oriented 

Adoption of 
integrated urban 

plans 
(environment 

transport, land 
use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of kms). Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.
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Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

x x 14 7 13 9 13 18 16 20 31 9 17 24 24 15 16 13 4 7 10 5 7 4 8 2 4 17 6 4 4 4 10 19 16 15 4 11 9 8 2 8 4 5 6 2 6 15 7 14 10 17 7 11 15 8 15 17 9 26 7 1 3 9 12 8
(x) (x)
-/(x)
-- --

An integrated planning tool based 
upon multiple criteria evaluation of 
spatial information

Indicators seem 
incomplete

Indicators are just 
examples/suggest

ions.

Economic Social Environmental

Environment / 
Ecological integrity

Both 
regional/town 
and urban 
planning/design 
possible

Computers, 
Environment and 
Urban SystemsarticlePullar, D. None-1999

Pettit, 
Christopher011

article--

Planning and Creating Eco-cities: 
Indicators as a tool for shaping 
development and measuring 
progress2000010

(x)(x)Spatial MCE(focus on tool)

Traffic and space ("Vekeer en 
ruimte")

(x)

Flora and Fauna, 
Biodiversity ("Biodiversiteit").

Basic identification Additional identification Context

Urban ecology

Kline, 
Eslizabeth (x)--

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions.

change 
description 
(from traditional 
to ecocity 
indicators)

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))NoneNone

Local 
Environment: The 
International 
Journal of Justice 
and Sustainability

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Low capacity of access roads, 
Good access to public transport, 
Good access to clearway, Good 

accessibility for bikers

Empowerment 
with responsibility

Economy / 
Economic security

Society / Quality of 
life

(Mostly) No

(Socio demographic situation)

Economics and Law
Urban Sociology and 

Demography/Geography

Partly/Maybe/Generally
(Mostly) Yes

Context Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

NOT 
 INDICATOR DEVELOPMENT / COLLECTION / 

CATALOGUE PROJECTS

 INDICATOR DEVELOPMENT / COLLECTION / 
CATALOGUE PROJECTS

 INDICATOR DEVELOPMENT / COLLECTION / 
CATALOGUE PROJECTS

NOT 
 INDICATOR DEVELOPMENT / COLLECTION / 

CATALOGUE PROJECTS

A bit

x

Biodiversity,
Uniqueness (combined)

Basic identification Additional identification

x

Availability of local public green 
areas and local services

Species diversity: number of 
rare/threatened/endangered 

species.

(Urban structure - mobility of 
population), (Urban structure - 

pedestrian priority streets)

Urban biodiversity

Biodiversity.

(Local living environment ("Lokale 
leefomgeving") (combined)),
(Landscape ("Landschap") 

(combined)),
Monitor Infrastructure and Space 

("Monitor Infrastructuur en 
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APPENDIX		14:	ANALYSIS	CLUSTERED	GRID	‐	OUTPUT	ORIENTATION
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002
Schädler, 
Sebastian 2013

Spatially explicit computation of 
sustainability indicator values for 
the automated assessment of land-
use options -

Finkela, Michael; 
Bleicherb, Alena; Morioa, 
Maximilian; Gross, 
Matthias article

Landscape and 
Urban Planning

Neighbourhood 
(District - Site) Germany sustainability Spatial MCE

land-use 
planning x x x To

pi
cs

x x x x x x x x x

In
di

ca
to

rs

Residential 
areas in the 
surrounding 
area, Green 

spaces in the 
surrounding 

Commercial 
areas within 

walking distance, 
Local amenities 

in walking 
distance, Primary 

Historically 
relevant 
buildings

Great influence 
on cityscape

High value 
tree/plant 
population

Site is part of a 
local habitat

Site contains 
>40% sealed 
soil, Area 
strongly 
contaminated

Direct vicinity to 
nature reserve

Neighbouring 
uses sensitive to 
emissions

003 Jeong, Jin Su 2012

Integrating buildings into a rural 
landscape using a multi-criteria 
spatial decision analysis in GIS-
enabled web environment -

García-Moruno, Lorenzo; 
Hernández-Blanco, Julio article

Biosystems 
Engineering City - Region Spain

rural 
landscape 
building 
integration Spatial MCE tourism function x --

Physical, Visibility, 
Environmental, 

Social, Economic Social Social
Physical, 

Environmental To
pi

cs

Land Use Infrastructure

Water source, 
Urban area 
proximity, 

Residential area 
proximity, 

Tourist/Agricultur
Orientation, 
Morphology

External visibility, 
Internal visibility Population

Archaeological 
areas Vegetation type NATURA 2000

In
di

ca
to

rs

Several land use 
types/policies; Site access

Distance from 
water source; 
Distance from 
Urban area; 

Distance from 
residential area; 

Slope gradation, 
Orientation

Visibility from 
roads/rails; 

Visibility from 
residential areas

Population 
density

Archaeological 
areas

Several land 
cover types

Distance from 
sensitive 
ecosystem 

007
A

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Aternative 
creation set x -- x x Environmental Environmental To

pi
cs

Restoration of 
degraded

urban areas

Protection of 
agricultural

areas

Protection and 
valorisation of 

rural, historic and 
architectural 

assets

Mitigation and 
environmental 

compensation of 
impacts of new 
infrastructures

Protection of 
high natural 

value areas and 
assets

In
di

ca
to

rs

Distance from 
degraded areas

Presence of 
agricultural areas

Distance from 
typical landscape 
elements, 
Distance from 
historic-
architectural 

Distance from 
new 
infrastructures

Distance from 
natural assets 
(points, lines, 
areas), Distance 
from features 
with ecological 

007
B

Zucca, 
Antonella 2008

Application of spatial multi-criteria 
analysis to site selection for a local 
park: A case study in the Bergamo 
Province, Italy -

Sharifib, Ali M.; Fabbri, 
Andrea G. article

Journal of 
Environmental 
Management Region Italy local park Spatial MCE

Alternative 
evaluation set x --

Evaluation set also 
includes creation set's 
outcome: 'suitability 
index' from 007A ↑. Suitability (from 

007A ↑)

Economic, 
Suitability (from 

007A ↑)
Social, Suitability 

(from 007A ↑)

Environmental and 
ecological, 

Suitability (from 
007A ↑) To

pi
cs

Evaluation set 
also includes 
creation set's 

outcome: 
'suitability index' 

from 007A ↑.
Suitability (from 

007A ↑) x
Financial costs,

Gains Benefits loss, x
Financial costs, 

Gains
Suitability (from 

007A ↑)
Suitability (from 

007A ↑)
Education/sights
eeing Recreation Fragmentation

Suitability (from 
007A ↑), 

Connection of 
existing regional 

parks

Suitability (from 
007A ↑), Limit 
urban sprawl, 
Creation of a 

protection buffer 
for existing 

In
di

ca
to

rs

Suitability (from 
007A ↑)

Number of 
municipalities 
involved

Fixed costs, 
Costs for park 
activities, 
Standard 
deviation of 
municipalities’ 

Income loss for 
restrictions in 
agricultural and 
breeding 
activities;
Number of 

Decrease of land 
value (inside 
park), Increase 
in land value 
(outside park)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑)

Number of 
cultural values 
inside the park, 
Number of 
historic-
architectural 

Population 
served, 
Dimension 
(size), Total 
length of cycle 
paths, Distance 

Infrastructure 
Fragmentation 
Index (IFI)

Suitability (from 
007A ↑)

Suitability (from 
007A ↑), 
Pairwise 
comparison of 
potential sprawl 
limit, Combined 

008 Svoray, Tal 2005

Urban land-use allocation in a 
Mediterranean ecotone: Habitat 
Heterogeneity Model incorporated 
in a GIS using a multi-criteria 
mechanism -

Bar (Kutiel), Pua; Bannet, 
Tsafra article

Landscape and 
Urban Planning Town Israel

ecologically 
sensitive areas

MCA land-use 
allocation

Mediterranean 
ecotone x --

x (Distances from 
existing land-uses, 

A-biotic criteria, 
Biotic criteria) To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Distance from 
existing land-

uses
Topography; Soil 

type Vegetation Habitat

In
di

ca
to

rs

Distance from 
residences, 

Distance from 
nature reserves, 
Distance from 

forests, Distance 

Slope, Aspect; 
Soil formation, 
Salinity, Depth, 
% CaCO3, % 
clay, Stone 

cover, Parent-
Vegetation cover 
(NDVI)

Habitat 
Heterogenity 
Model

013 Caijun Zhao 2011

Urban planning indicators, 
morphology and climate indicators: 
A case study for a north-south 
transect of Beijing, China -

Guobin Fu; Xiaoming Liu; 
Fan Fu article

Building and 
Environment

Neighbourhood 
(500m radius 
circles) China urban climate

investigate 
relation 
between urban 
planning and 
urban climate 

common 
Chinese urban 
planning 
indicators x x x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards Urban structure, 
Urban cover Urban structure

Urban cover, 
Urban fabric

Urban cover, 
Urban fabric Urban structure Urban cover

Urban 
metabolism

Urban 
metabolism

Urban 
metabolism

In
di

ca
to

rs

Floor Area Ratio, 
Building Density, 

Green Space 
Ratio, 

Parameters for 
building 

Building Density, 
Building Height 

Limit, 
Parameters for 

building 
distances

Green Cover 
Ratio, Green 
Space Ratio

Green Cover 
Ratio

Building Height 
Limit

Green Space 
Ratio --- --- ---

014 Li Rui 2003

Urban Renewal at Neighborhood 
Level A case study of Huangjiadun 
neighborhood in Wuhan city - - thesis - Neighbourhood China urban renewal MCE

underdeveloped 
area (x) x Physical (focus) (Legal) (Economic) (Social) To

pi
cs

Land-use Building
Road, 

Infrastructure Road

Public and 
commercial 

service Environment

In
di

ca
to

rs Land-use 
proportion, Open 
Area Ratio, Floor 

Area Ratio

Building 
condition, 

Building age

Pavement ratio, 
Drainage system 

ratio
Access ratio of 

fire engines

Service kinds, 
Needed area, 

Service radius; 
Sanitation ratio, 
Water pipe ratio, 
Electric net ratio, 

Noise, Pollution 
zone, Safe place, 

Good sights

016 Akıncı, Halil 2013

Agricultural land use suitability 
analysis using GIS and AHP 
technique -

�Özalp, Ays e Yavuz; 
Turgut, Bülent article

Computers and 
Electronics in 
Agriculture Region Turkey agriculture

land suitability 
analysis x (x) x To

pi
cs

x x x

In
di

ca
to

rs

Slope,
Aspect,

Elevation.
Forest,
Pasture.

Great soil group,
Land use 
capability class,
Land use 
capability sub-
class,

017 Dur, Fatih 2014

A spatial-indexing model for 
measuring neighbourhood-level 
land-use and transport integration -

Yigitcanlar, Tan; Bunker, 
Jonathan article

Environment and 
Planning B: 
Planning and 
Design

Neighbourhood 
- District Australia

land-use and 
transport 
planning 
integration Spatial MCE x x

Urban form 
(combined),
(Transport 

(combined))

(Urban form 
(combined)),
(Transport 

(combined)) (Externalities) To
pi

cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

Density and 
diversity 

(combined)

Design and 
layout 

(combined) Accessibility

(Design and 
layout 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined))

(Density and 
diversity 

(combined)) Mobility
Resource 

Consumption Pollution

In
di

ca
to

rs

Measure and 
method of 

measurement are 
given in source.

Parcel size,
Population 

density 
(combined),

Land‑use mix.

Street 
connectivity,

Traffic calming,
Pedestrian 

friendliness.

Access to public 
transport (PT) 

stops,
Access to 
land‑use 

destinations 
Open space 
availability.

(Housing and 
jobs proximity 
(combined))

Population 
density

(Housing and 
jobs proximity 
(combined))

Number of car 
trips,
Commuting 
distance,
Parking supply in 
activity centres,

Land area 
occupied by 
urban uses,
Land area 
occupied by 
roadways,

Air quality,
Greenhouse 
gases from 
transport,
Traffic noise,
Stormwater 

018 Kaili, Dou 2009

Selection of Residential Land 
based on Integration of MCDA and 
Gravity Model -

Qingming, Zhan; Shiguo, 
Li

confere
nce 
paper

Proceedings - 
International 
Conference on 
Management and 
Service Science, District China

residential land 
selection Spatial MCDA (x) (x) x To

pi
cs Accessibility 

Condition Green space Air condition Noise

In
di

ca
to

rs Weights are given 
in source.

To Middle 
School,

To Primary 
School,

To Hospital,
To Commercial 

Green Coverage 
Ration

SO2 Distribution,
NOx Distribution,
TSP Distribution.

Traffic noise,
Regional noise.

019 Tudes, Sule 2010

Preparation of land use planning 
model using GIS based on AHP: 
case study Adana-Turkey - Yigiter, Nazan Duygu article

Bulletin of 
Engineering 
Geology and the 
Environment City Turkey

land use 
planning of 
multiple land 
uses, 
suitability Spatial MCA

environmental 
and earthquake 
sensitive x (x)

Importance and rating 
of indicators differs 

per land use
x To

pi
cs

Matched with 
other 

categorizations, 
no categories and 
topics in source. x x x x x x

In
di

ca
to

rs

Land use

Distance from 
the nearest 

settlement (km),
Distance from 

the nearest 
airport (km).

Slope,
Elevation,

Surface geology,
Bearing power 

(SPT N).
Agricultural land 
quality

Depth of the 
ground waters Earthquake risk

021 Kumar, S. 2010

Identification of potential 
ecotourism sites in West District, 
Sikkim using geospatial tools -

Behera, M.D.; Tewari, 
H.R. article Tropical Ecology Region India ecotourism

Spatial 
suitability 
analysis, Spatial 
MCA x -- x To

pi
cs

Study uses 
indexes, which 

are shown here as 
Topics

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecotourism 
attractivity index 

(EAI), 
combined))

(Ecological value 
index (EVI), 
(combined))

(Ecological value 
index (EVI), 
(combined)),

(Environmental 
resiliency index 

(ERI) 

Wildlife 
distribution index 

(WDI),
(Ecological value 

index (EVI), 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

(Environmental 
resiliency index 

(ERI) 
(combined))

Ecotourism 
diversity index 

(EDI)

In
di

ca
to

rs

Accessibility Slope

Vegetation-
canopy and 
topographic 
attractiveness

Religious 
attraction

Ecosystem 
uniqueness,
Biosphere 
reserve.

Species 
diversity,
Vegetation cover

Number of 
different species 
found;
Species 
diversity. Soil Seismic hazard

Viewshed within 
1, 2.5, 5 km

006
Schetke, 
Sophie 2008

Multi-criteria assessment of socio-
environmental aspects in shrinking 
cities. Experiences from eastern 
Germany - Haase, Dagmar article

Environmental 
Impact 
Assessment 
Review

Neighbourhood 
as a whole Germany shrinking cities MCA

sustainability; 
social and 
ecological 
dimension (x) (x) Social Social Social Ecological To

pi
cs

Infrastructure Infrastructure Green supply Population
Urban fabric and 

housing

Quality of urban 
green, 

Persistence of 
quality of urban 

green Soil quality
Hydrology, water 

balance

In
di

ca
to

rs

Max. distance to 
main roads

Max. distance to 
primary school, 
Persistence of 

leisure facilities, 
Max. distance to 

supermarket, 

Recreational 
area in

50 m distance, 
Area 

neighbourhood
green (500 m), 

Total population, 
(Other unclear 
indicators)

Share of non-
renovated 
houses, Share of 
renovated 
houses, Share of 
demolition

Leaf Area Index, 
Largest patch 
Index, Shannon's 
Diversity Index 
(SHDI)

Degree of 
sealing

Surface run-off, 
Seeping rate, 
Etpμ, Growth 
Housing floor 
space

Protection of 
green, Growth of 
green area, 
Degree of 
isolation

004
Schetke, 
Sophie 2012

Towards sustainable settlement 
growth: A new multi-criteria 
assessment for implementing 
environmental targets into strategic 
urban planning -

Haase, Dagmar; Kötter, 
Theo article

Environmental 
Impact 
Assessment 
Review

District / Site as 
a whole Germany

environment; 
sustainability 
and resource 
efficiency MCA

land-use 
planning x (x) Environmental To

pi
cs Ecosystem 

functions
Resource 
protection Risk potential

In
di

ca
to

rs

C ate
regulation 
function, Biotope 
quality, Seepage, 
Isolation/use of 
biotope 

Protected areas, 
Soil quality/Yield 
stability Flood risk

024
Sharareh 
Pourebrahim 2014

Application of VIKOR and fuzzy 
AHP for conservation priority 
assessment in coastal areas: Case 
of Khuzestan district, Iran -

Hadipour, Mehrdad; 
Mokhtar, Mazlin Bin; 
Taghavi, Shahabaldin article

Ocean & Coastal 
Management Region Iran

coastal land-
use planning

Fuzzy AHP-
VIKOR (MCE-
based 
selection)

sustainable 
development by 
conservation -/(x) --

"Pragmatic/feasibility" 
topics are matched 

with existing 
categories of this grid. (Pragmatic/feasibili

ty (combined))
(Pragmatic/feasibili

ty (combined))
Economic 

importance Social importance
Ecological 

characteristics
Pragmatic/feasibilit

y (combined) To
pi

cs

Size Accessibility
Degree of 
Urgency

Compatibility 
with Other 

Programs and 
Management 

Plan

Availability (for 
acquisition) for 

Protection

Importance for 
Tourism and 
Recreation

Historical, 
Archaeological, 
or Cultural Value

Value to 
Research and 

Education

Importance to 
Conflict 

Resolution

Representativen
ess (combined),

Uniqueness 
(combined),
Naturalness 
(combined).

Biological 
Productivity

Representativen
ess (combined)

Naturalness 
(combined)

Vulnerability;
Degree of 
Treatment.

No indicators given

009
Scipioni, 
Antonio 2008

The ISO 14031 standard to guide 
the urban sustainability 
measurement process: an Italian 
experience -

Mazzi, Anna; Zuliani, 
Filippo; Mason, Marco article

Journal of Cleaner 
Production

Town as a 
whole Italy

urban 
sustainability

Process 
focused, Non-
spatial MCE (x) -- Economic Social Environmental To

pi
cs

Tourism Population Mobility Car accidents Soundness
No indicators given

015
Scipioni, 
Antonio 2009

The Dashboard of Sustainability to 
measure the local urban 
sustainable development: The case 
study of Padua Municipality -

Mazzi, Anna; Mason, 
Marco; Manzardo, 
Alessandro article

Ecological 
Indicators

Town as a 
whole Italy

sustainability 
(broad sense)

Non-spatial 
MCE, Visually 
focused DS, 
Monitoring -- --

(Health-Justice 
(combined))

Health-Justice 
(combined) Economic

(Social 
(combined)) Social (combined) Environmental

Health-Justice 
(combined) To

pi
cs

x (combined) x x x x x x x x x x x x x x x x x (combined)

In
di

ca
to

rs

No. of 
inhabitants per 
doctor, No. of 

inhabitants per 
hospotal 
attendant Inflation, GDP

Poverty 
threshold

Unemployment 
rate

Visitors to 
museums, 
Tourist arrivals, 
Tourist 
presence, Hotel 
use rate, 

Entrepreneurial 
attitude, New 
companies, 
Insolvent 
companies

Population 
density, Birth 
rate Habitable space

Motorization rate, 
Bicycle lanes, 
Pedestrian 
areas, Road 
accident rate, 
Death rate, Injury 

Migratory 
balance, 
Immigration rate, 
Foreign 
immigration rate, 
Chief town 

Sport and 
recreation 
facilities, Public 
parks and 
gardens

Murders, Thefts, 
Bag-snatchings 
and 
pickpocketings, 
Juvenile 
criminality

Potable water 
consumption, 
Electrical energy 
consumption Waste

Sulphur dioxide 
(SO2), Nitrogen 
dioxide (NO2), 
Ozone (O3), 
Carbon 
monoxide (CO), 

Air temperature, 
annual rainfall, 
Average humidity 
(%)

Hospital 
admissions, 
Average stay in 
hospital, Causes 
of death, No. of 
health issues, 

No. of 
inhabitants per 
doctor, No. of 
inhabitants per 
hospotal 
attendant 

569
Urban Audit 
project team 2000

The Urban Audit - Volume I: The 
Urban Audit Yearbook Overview

EU EC Urban 
Audit Project team report -

City as a whole 
(also sub-city 
and urban 
region)

Europe, 
multiple quality of life

assessment 
and comparison 
of cities by 
indicators, 
monitoring (x) --

(Environment 
(combined))

Socio-economic 
aspects 

(combined), Civic 
involvement

Socio-economic 
aspects 

(combined)

Socio-economic 
aspects 

(combined), Levels 
of training and 

education

Socio-economic 
aspects 

(combined), Levels 
of training and 

education, Culture 
and recreation

Environment 
(combined) To

pi
cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.
Land use 

(combined)
Water 

(combined)
Land use 

(combined)
Civic 

involvement

Income, 
disparities and 

poverty

Labour market 
and 

Unemployment, 
Employment

 Economic 
activity

Population, 
Nationality;
Household 
structure. Travel patterns

Culture and 
Recreation 
(combined)

Education and 
Training 

Provision;
Level of 

Educational 
Qualifications.

Culture and 
Recreation 
(combined) Crime

Air Quality and 
Noise 

(combined)

Water 
(combined), 
Energy use 
(combined)

Waste 
management

Air Quality and 
Noise 

(combined), 
Water 

(combined), 
Energy use 

Climate/Geograp
hy Health

In
di

ca
to

rs

Percentage of 
the urban area 
unused and in 

main land uses, 
Percentage of 
the urban area 

Percentage of 
dwellings 
connected to 
potable drinking 
water supply 
Infrastructure, 

Green space to 
which the public 
has access (sq 

meters per 
capita), 

Percentage of 

Percentage of 
registered 
electorate voting 
in European, 
national and city 
Elections. For 

Household 
income, median 
and average 
income for each 
quintile, 
Male/Female 

Number of 
unemployed (ILO 
Labour Force 
Survey), 
Unemployment 
rate (by sex), 

GDP per capita, 
Number of 
companies with 
headquarters in 
the city quoted 
on the national 

Total population 
with distribution 
by sex and age 
(13 age groups),
Total population 
change (by sex 

Number of 
homeless people 
(, as a 
percentage of 
total resident 
population), 

Mode of journey 
to work : 
rail/metro, bus, 
tram, car, cycle, 
walking, 
Characteristics 

Number of 
cinema showings 
and annual 
attendance per 
resident, 
Number of 

Number of 
crèche places 
(public and 
private provision) 
per 1000 
population, 

The number of 
sports facilities 
and annual users 
per resident.

Total number of 
recorded crimes 
per 1000 
population per 
year, 
Recorded crimes 

Winter Smog: 
Number of days 
SO2 exceeds 
125μg/m3 (24 
hour averaging 
time), 

Consumption of 
water (cubic 
metres per 
annum) per 
inhabitant;
Total energy use 

Amount of solid 
waste collected 
within the 
boundary 
(domestic and 
commercial) 

Proportion of the 
population 
exposed to 
outdoor noise 
levels above 65 
db (24 hour 

Number of days 
of rain per month 
(averaged over 
one year), 
Average number 
of hours of 

Life expectancy 
at birth for males 
and females
Infant mortality 
rate, 
Low birth rate, 

mul
tiple
61#

XARXA 
project team

2004
?

The XARXA - The Catalan Network 
of Cities and Towns towards 
Sustainability XARXA Project team

multiple 
source -

Local (exact 
unknown, 
borough as a 
whole?) Spain

sustainability, 
environment

comparison of 
boroughs by 
indicators

Only Pattern
indicators, that 
focus on urban 
structure and 
sustainable (x) (x) x To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards. x x (x) x x (x) (x) x x

In
di

ca
to

rs

(Intensity of 
urbanization of 
local economy), 
Urban structure - 

urban land 
occupation

Urban structure - 
proximity to basic 

urban services

(Plans suitability 
to the territorys 

particular 
ecology)

Municipal 
expenditure on 
the environment

Citizen 
involvement in 
sustainability 
processes, 
Municipal 
environmental 

(Intensity of 
urbanization of 
local economy)

(Urban structure 
mobility of 
population), 
(Urban structure - 
pedestrian 
priority streets)

Use of municipal 
collecting storing 
centres

(Plans suitability 
to the territorys 
particular 
ecology), 
Prevention of 
environmental 

x x x x x x x x x x x

In
di

ca
to

rs

E.G.: How many 
people missing 
from public 
meetings and 
testimonies, 
Degree of 

E.G.: Provides 
jobs and spends 
money within a 
community

E.G.: Provides 
training, 
education and 
other forms of 
assistance

E.G.: Variety of 
businesses, 
industries and 
institutions

E.G.: Percentage 
of household 
income to 
housing

E.G.: Trust in 
neighbours, 
volunteering, 
voting, cultural 
and art event 
participation ---

E.G.: Volume 
that used to be 
landfilled and is 
now recycled ---

E.G.: Children 
vaccinated

E.G.: Crime 
statistics, 

perception of 
crime and safety

x x x x x

In
di

ca
to

rs

Existing 
development

Proximity to 
public transport 
(rail stations), 
Proximity to 

roads
Proximity to 

schools
Proximity to 

existing parkland Slope

012
Rodenburg, 
Caroline 2001

Urban Economic Indicators for 
Green Development in Cities

EU EC URGE 
(Development of 
Urban Green 
Spaces to 
Improve the 

Baycan-Levent, Tuzin; 
Leeuwen, Eveline van; 
Nijkamp, Peter article

Greener 
Management 
International Site as a whole None

urban green 
space, 
((analytical and 
taxonomic) 
framework)

framework and 
important 
indicator 
description

economic 
viewpoint -/(x) (x)

Financial 
(combined)

Socioeconomic 
(combined), 

Financial 
(combined)

Socioeconomic 
(combined) Environmental Merit To

pi
cs Utalisation - 

Accessibility
Utalisation - 
Availability

Utalisation - 
Multifunctionality Public authorities Finance Employment Production Education (Aesthetics) Education Regulation Preservation Merit: Safety

Merit: 
Aesthetics;

Barrier function;
Substitution 

function.

In
di

ca
to

rs

Number of 
residences within 

a maximum 
walking distance 

of 500 metres 
from the urban 

Total area of the 
urban green 

space concerned 
as a percentage 
of the total area 
of urban green 

Number of 
permanent 
functions in 

relation to the 
total area of the 
park, Number of 

Number of hours 
planned or spent 
on urban green 
policy as a 
percentage of 
total hours 

Amount of 
budget or 
expenditure on 
development / 
maintenance / 
revitalisation per 

Number of 
‘green’ jobs per 
square kilometre 
of urban green 
space, Number 
of ‘green’ jobs 

Number of 
products 
delivered by 
urban green 
space per 
square kilometre 

Costs of 
education and 
research projects 
with regard to 
(urban) green 
per square 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

Number of 
students 
following some 
kind of ‘green’ 
education as a 
percentage of 

Amount of 
pollution in the 
air and around 
the park 
compared with 
an area with no 

Annual 
discounted future 
savings of costs 
for protection of 
urban wildlife 
and urban 

Annual number 
of incidents in 
the park 
compared with 
the annual 
number of urban 

Price and rent 
differences 
between houses 
or companies 
with and without 
an urban green 

022 Meinel, G. 2010

Monitoring of settlement and open 
space development on the basis of 
topographic spatial data - Concept, 
realization and first results - - paper

International 
Archives of the 
Photogrammetry, 
Remote Sensing 
and Spatial 

Municipality as 
a whole, 
Buildings as a 
whole Germany

sustainability, 
settlement and 
open space 
development

monitoring, 
comparison (x) --

Settlement 
Indicators,

Open Space 
Indicators To

pi
cs

Matched with 
other 

categorizations! 
Not from paper 
but afterwards.

In
di

ca
to

rs

Percentage of 
settlement area 

differentiated 
according to type 

of use

u d g de s ty,
Density of 

building surface 
area,

Floor area 
density,

Population 
density,
Use density

Proximity to 
nature of the 
open spaces,
Biotope 
structure.

Percentage of 
protected areas

Settlement areas 
at risk due to 
flooding

Construction on 
fertile soil,
Noise corridors,
Exploitation of 
protected areas.

501
UFZ; Haase, 
Annegret 2003

Understanding, Hypotheses and 
Key Indicators of Reurbanisation 
with Reference to Demographic 
Change

EU EC Re Urban 
Mobil

Steinführer, Annett; 
Kabish, Sigrun

"paper" 
/ 
researc
h report -

Region - 
Neighbourhood

Europe, 
multiple reunbanisation

Inventarisation 
of possible 
indicators -/(x) (x)

Architecture and 
Urban Structures To

pi
cs

x x x

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner-

Socio-economic 
revitalisation of 
inner-city areas;
Socio-economic 
decline in post-
industrial inner- Natural value Cultural value

Environmental 
disturbances

Social well-being 
and health

In
di

ca
to

rs

Density of the 
built-up area

Age of buildings, 
degree of 
protection 

(monuments), 
Technical 

condition and 

Transaction 
costs, Ownership 
indicators, 
Property prices --- --- --- --- --- ---

502
Mihelic, 
Breda 2005

GIS-tool for analysis and multi 
criteria evaluation. Final report. The 
case of Ljubljana

EU EC Re Urban 
Mobil

Bizjak, Igor; Gorsic, Nina; 
Tominc, Biba

researc
h report -

Micro / 
Neighbourhood Slovenia reunbanisation

compare 
indicators, 
attend worst 
first -/(x) x

Physical condition 
(focus) (Economic state)

(Ecologic 
conditions) To

pi
cs

Architectural 
quality, Urban 

quality

Housing quality, 
Architectural 

quality Urban quality

Urban quality, 
Architectural 

quality (x) (x) x (Greenary) (Pollution)

In
di

ca
to

rs

Floor Space 
Index, Density of 

construction

Technical 
condition (age, 
maintenances), 

Housing 
standard

Urban standard 
(Culture, 

Education, 
Retail, Health 
care, Green 

areas, Parking, 

Cultural and 
historical value 
(protected sites, 

monuments), 
Cultural 

importance 
(% Employed, % 
Unemployed)

(No. of 
inhabitants, Age 
structure, 
Youth/elderly 
dep.rate)

Flat/floor, 
Occupation rate, 
Use of flats (---) (---)

570

Ambiente 
Italia 
Research 
Institute 2003

European Common Indicators 
Towards a Local Sustainability 
Profile

EU EC European 
Common 
Indicators (ECI) -

evaluati
on 
report -

Local 
(town/district/cit
y) as a whole

Europe, 
multiple

(environmental
) sustainability

compare 
between cities 
and over time

monitoring 
purpose (x) (x) x To

pi
cs

Topics and 
Indicators are not 
matched in paper, 

but afterwards
x x x x x x x x x

In
di

ca
to

rs

More detail of 
these indicators 

should be 
available Sustainable land 

use

Children's 
journey to and 

from school

Sustainable 
management of 
the local 
authority

Products 
promoting 
sustainability

Local mobility 
and passenger 
transportation

Citizen 
satisfaction with 
the local 
community

Quality of local 
outdoor air

Local 
contribution to 
global climatic 
change, Noise 

pollution

Children's 
journey to and 
from school

522
B UFZ 2004

Making greener cities - A practical 
guide

EU EC URGE 
(URban Green 
Environment) Project team manual -

Site as a 
whole (Local)

Europe, 
multiple

urban green 
spaces

guide of criteria, 
evaluation 
method 
suggested

Integrated 
approach -/(x) x Integrated!

Quantity - , Quality -
, Use of the urban 

green system,
Planning, 

development and 
management of To

pi
cs

Matched with grid 
categorizations! 

Thus spread over 
topics.

Accessibility.

1 Surface area of 
urban green 

space,
2 Extent of edge 

effects,
3 Catchment 

1 Legal and 
planning 
aspects,

2 Policies for 
community 

events.
Budget for urban 

green space.

1 Citizen s 
involvement in 

site planning and 
management, 
2 Community 
ownership, 

1 Inclusion in 
Local Agenda 21-

Plans, 
2 Integration of 

green site 
planning with 

Responsibilities 
within the 

administration.

1 The 
importance of 

the green space 
to public 

authorities, 
2 Activities to Employment. Production.

Educational 
resource.

1 Sport & Play 
Facilities;

2 Awareness of 
physical, 
emotional 

benefits derived Life strategies.

1 Social 
inclusion, 

2 Conflicts of 
use, 

3 Multi-
functionality, 

1 Cultural 
aspects,

2 Aesthetic 
value,

3 Local identity.

1 Connectivity to 
other green 

spaces,
2 Isolation from 

other green 
spaces,

1 Biodiversity,
2 Naturalness. Soil sealing. Production.

Sustainable 
waste 

management.

1 Surface 
disturbance,
2 Pollution.

Regulatory 
effects. Safety.

In
di

ca
to

rs

Number of 
entrances to the 

urban green 
space, Most 

common forms 
of access by 

1 Surface area of 
green space;

2 Shape index;
3 Number of 

potential users 
per urban green 

1 Existence and 
impact of 
legislation and 
planning 
instruments at 
the national, 

Annual total 
budget/expenditu
re for 
development of 
the urban green 
space, Annual 

1 Existence of 
effective 
instruments and 
methods to 
involve citizens 
in the design and 

1 Inclusion of the 
green space in 
the Green Area 
Management 
Programme 
attached to the 

Efficiency of 
decision making, 
Adequacy of the 
number of 
personnel.

1 The amount of 
money devoted 
by the 
municipality to 
the green space, 
Actual communal 

Number of 
"green space 
jobs" per 100 m2 
of the urban 
green space, 
Number of 

Number and type 
of products 
derived from the 
urban green 
space, Quantity 
of products 

The use of a 
green space for 
education linked 
to school 
curricula, 
Existence of 

1 The use of 
green space for 
sports facilities, 
Type and 
amount of sports 
facilities, 

Level of 
socialisation 
while using the 
green space, 
The use of green 
space connected 

1 Heterogeneity 
of user groups 
according to 
social indicators, 
Evidence of 
neglect, lack of 

1 Identification of 
cultural 
components in 
the context of the 
planning and 
management of 

1 Presence of 
different types of 
green corridors 
that links a site to 
other urban 
green spaces;

1 Biotope 
diversity: the 
number of 
different habitat 
types found 
within the green 

Proportion of soil 
surface with 
disturbed 
drainage/water 
dynamics.

Exploitation of 
natural 
resources to 
produce energy, 
Existence of 
plans for future 

Existence of 
selective waste 
collection and 
recycling in the 
green space.

1 Proportion of 
the surface 
which is heavily 
worn;
2 Soil pollution 
and quality, Air 

Leaf Area Index 
expressed as an 
average for the 
city, Volume of 
vegetation, 
Proportion of the 

Evidence of 
patrol/warden in 
and around the 
green-space, 
Annual number 
of registered 

mul
tiple
75#

CBS; PBL; 
Wageningen 
UR

2015 
(conti
nu)

Compendium voor de 
Leefomgeving' (Environmental 
Data Compendium)

Compendium 
voor de 
Leefomgeving' 
(Environmental 
Data Project team

website 
containi
ng 
many 
reports -

(Regional -) 
National

The 
Netherla
nds

the 
environment

Collection of 
indicators (x) --

This sources 
sometimes uses 
multiple internal 

references (e.g. two 
topics refering to the 

same subtopic).

Spatial 
developments 

("Ruimte") 
(combined), 

(Environment 
("Milieu") 

(Spatial 
developments 

("Ruimte") 
(combined))

Environment 
("Milieu") 

(combined), 
Nature ("Natuur") 

(combined)

(Environment 
("Milieu") 

(combined)) To
pi

cs

"... (combined)" 
topics were 

combined in the 
source, but split in 

this grid.

(Developments 
in society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)),

Agriculture and 
space 

("Landbouw en 
ruimte")

Labour and 
economy 

("Werken en 
economie")

(Developments 
in society 
("Ontwikkelingen 
in de 
maatschappij") 
(combined)),

(Population and 
living ("Bevolking 

en wonen") 
(combined))

Environmental 
quality and 

nature 
("Milieukwaliteit 

en natuur"),
Landscape 

Agriculture and 
environment 

("Landbouw en 
milieu")

Ecosystems 
("Ecosystemen")

Soil and 
groundwater 
("Bodem en 
grondwater")

Water and 
environment 
("Water en 

milieu"), 
Water and 

nature ("Water 
Air quality 

("Luchtkwaliteit")

Energy and 
environment 
("Energie en 

milieu"),
Natural 

resources Waste ("Afval")

Environmentally 
hazardous 
substances 

("Milieugevaarlijk
e stoffen")

Emission into air, 
water, and soil 
("Emissie naar 
lucht, water en 

bodem"), 
(Local living 

Climate change 
("Klimaatverande

ring")

Environmental 
policy and 
measures 

("Milieubeleid en 
milieumaatregele

n"),

Cost and 
financing 

("Kosten en 
financiering")

Health and 
environment 

("Gezondheid en 
milieu")

(Local living 
environment 

("Lokale 
leefomgeving") 

(combined))

Developments in 
society 

("Ontwikkelingen 
in de 

maatschappij") 
(combined)

Too many indicators, over 700, to mention.

702 TISSUE team 2004 TISSUE CORE 1 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
(Sustainable 

Urban Design 
(combined)),

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban Transport 
(combined)).

(Sustainable 
Urban 

Management 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment.

(Sustainable 
Urban Design 
(combined)),
(Sustainable 

Urban 
Management To

pi
cs

x x x x x x x x x x x x x x

In
di

ca
to

rs Pedestrian 
infrastructure 
and Bicycle 

infrastructure 

Accessibility to 
open areas,

Accessibility to 
public transport 

stops.

Resident 
population 
density

Energy 
consumption of 
buildings,
Share of 
sustainability-
classified 

Passenger 
transport 
demand,
Modal split 
(share of trips).

Citizen 
satisfaction with 
the state of the 
environment

Compliance with 
drinking water 
standards,
Compliance with 
urban waste 
water standards.

Air quality; 
Number of days 
with exceeding 
PM10 and O3,
Air quality; 
Annual average 

Water 
consumption 

Adoption of 
environmental 
management 
systems,
Share of certified 
enterprises and 

Construction and 
demolition waste,
Municipal solid 
waste 
generation,
Municipal waste 

Share of 
population 
exposed to 
excessive noise,
Green house 
gases emissions. Traffic safety.

Brownfield vs 
greenfield 
development

703 TISSUE team 2004 TISSUE CORE 2 indicators EU EC TISSUE Project team report -

Multiple (but 
always 'as a 
whole')

Europe, 
multiple

sustainable 
development, 
urban 
environment monitoring -/(x) (x)

Sustainable Urban 
Transport 

(combined),
Sustainable Urban 
Design (combined)

(Sustainable 
Urban Design 
(combined))

(Sustainable 
Urban 

Construction 
(combined))

(Sustainable 
Urban 

Construction 
(combined)),

Sustainable Urban 
Environment. To

pi
cs

x x x x x x x x x x x

In
di

ca
to

rs

Consumption of 
land

Quality of public 
transport

Accessibility to 
basic services

Citizens
engagement with 

environmental 
and sustainability 

oriented 
activities,

Adoption of 
integrated urban 

plans 
(environment 
transport, land 

use)

Population and 
jobs density 
(combined),
Jobs / housing 
ratio (combined).

Population and 
jobs density 
(combined)

Jobs / housing 
ratio (combined);
Poor quality 
housing.

Freight transport 
demand,
Modal split 
(share of kms). Soil sealing

Air quality; 
Population 
weighted 
exposure to 
PM10 and O3

Renewable 
energy 
consumption,
Intensity of 
energy use in 
transport.

id First author Year 
of 
pub.

Title (Project name) Other author(s) Type of 
docum
ent

(Journal title) Scale Country Theme Approach Other
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Physical Legal / Political Economic Demographic Social / Cultural / Historical Environmental / Ecologic Other / Not given
Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators Topics Indicators

x x 14 7 13 9 13 18 16 20 31 9 17 24 24 15 16 13 4 7 10 5 7 4 8 2 4 17 6 4 4 4 10 19 16 15 4 11 9 8 2 8 4 5 6 2 6 15 7 14 10 17 7 11 15 8 15 17 9 26 7 1 3 9 12 8
(x) (x)
-/(x)
-- --

011

Indicators seem 
incomplete

Indicators are just 
examples/suggest

ions.

Economic Social Environmental

Environment / 
Ecological integrity010

(x)(x)
Pettit, 
Christopher

Planning and Creating Eco-cities: 
Indicators as a tool for shaping 
development and measuring 
progress

Basic identification Additional identification

NOT SPECIFICALLY 
LOCATION OUTPUT-ORIENTED 

(e.g. indicator projects)

Computers, 
Environment and 
Urban SystemsarticlePullar, D.-

An integrated planning tool based 
upon multiple criteria evaluation of 
spatial information

Context

Urban ecology

Kline, 
Eslizabeth (x)--

Topics/Indicato
rs don't form 
comprehensive 
set, but are 
examples and 
suggestions.

change 
description 
(from traditional 
to ecocity 
indicators)

ecocities, 
(conceptual 
framework 
(traditional to 
ecocity 
indicators))NoneNone

Local 
Environment: The 
International 
Journal of Justice 
and Sustainabilityarticle--

Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Biodiversity,
Uniqueness (combined)

Basic identification Additional identification Context Clusters of topics (Dimensions/Discipline/Theme/.. (not types such as PSR, DPSIR, etc.))

x

Availability of local public green 
areas and local services

Species diversity: number of 
rare/threatened/endangered 

species.

(Urban structure - mobility of 
population), (Urban structure - 

pedestrian priority streets)

Urban biodiversity

Biodiversity.

(Local living environment ("Lokale 
leefomgeving") (combined)),
(Landscape ("Landschap") 

(combined)),
Monitor Infrastructure and Space 

("Monitor Infrastructuur en 
Traffic and space ("Vekeer en 

ruimte")

(x)

Flora and Fauna, 
Biodiversity ("Biodiversiteit").

Empowerment with 
responsibility

Economy / 
Economic security

Society / Quality of 
life

A bit
(Mostly) No

(Socio demographic situation)

Economics and Law
Urban Sociology and 

Demography/Geography

Partly/Maybe/Generally
(Mostly) Yes

NOT SPECIFICALLY 
LOCATION OUTPUT-ORIENTED 

(e.g. indicator projects)

LOCATION SPATIAL OUTPUT

LOCATION NON-SPATIAL OUTPUT LOCATION NON-SPATIAL OUTPUT

LOCATION SPATIAL OUTPUT

x

Low capacity of access roads, 
Good access to public transport, 
Good access to clearway, Good 

accessibility for bikers

2000

1999 Spatial MCE(focus on tool)None

Both 
regional/town 
and urban 
planning/design 
possible
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Appendix 15: Goal and Theme of sources  Rob Valk – 2016‐06 

APPENDIX 	15: 	GOAL 	AND 	THEME 	OF 	SOURCES	
id corresponds to id in Appendix 1 and 2 

id  Goal / Theme 
Intended goal  /  Theme 

Type of 
Goal/ 
Theme 

Theme abbreviated 

[002]  Calculate Sustainable Indicator Scheme  General  Sustainability 

[003]  Choose tourist buildings in rural landscape  Specific  Tourism 

[006]  Assess socio‐environmental impact of shrinking cities  Specific  Shrinkage 

[004]  Prevent urban sprawl  Specific  Urban sprawl 

[005]  Promote Urban Sustainable Indicator  General  Sustainability 

[007]  Select local park site  Specific  Local park 

[008]  Allocate land‐use in ecologically sensitive areas  Specific  Ecological sensitivity 

[009]  Guide urban sustainability process  General  Sustainability 

[015]  Measure local sustainable urban development  General  Sustainability 

[010]  Changing to eco‐city indicators  General  Eco‐cities / Sustainability 

[011]  Assist planners with urban design, land development 
and regional planning 

General  Integrated urban/spatial 
planning 

[012]  Map out importance of urban green space  Specific  Urban green space 

[013]  Explain urban climate by urban planning indicators  Specific  Urban climate 

[014]  Develop methods to analyse physical problems in 
neighbourhoods 

Specific  Urban renewal 

[016]  Select agricultural lands  Specific  Agriculture 

[017]  Assess land‐use planning and transport planning at 
once/integrated 

General  Land‐use and transport 
planning 

[018]  Select residential land  Specific  Residential land 

[019]  Plan multiple land‐uses in environmental and 
earthquake sensitive areas 

Specific  Environmental/Earthquake 
sensitive 

[021]  Select/Identify ecotourism sites  Specific  Ecotourism 

[022]  Monitor settlement and open space development  General  Sustainability 

[024]  Prioritize conservation in coastal areas  Specific  Coastal conservation 

[501]  Inventory indicators for reurbanisation  Specific  Reurbanisation 

[502]  Structure indicators for reurbanisation  Specific  Reurbanisation 

[570]  Monitor and compare sustainability of European cities  General  Local sustainability 

[522]  Guide planners with a catalogue of urban green space 
indicators 

Specific  Urban green spaces 

[569]  Compare quality of life in European cities  Specific  Quality of life 

[61#]  Development of local scale sustainability indicators  General  Sustainability 

[751]  Form catalogue of indicators about the environment 
(broad sense) 

General  The Environment (broad 
sense) 

[70#]  Monitor sustainable urban development  General  Sustainable Urban 
Development 

[582]  Create set of qualities and criteria for use in developing 
countries 

Specific  Developing countries 
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APPENDIX 	17: 	INTERVIEW 	PROTOCOL 	(IN 	DUTCH)	
The basic protocol for the semi structured interviews can be found in this appendix. Because of the flexible 

approach and semi structured form of interviews, the questions during the interviews (and as found in the 

interview reports) may differ (slightly) from the protocol per interview. 

As the interviews were in Dutch, the protocol is Dutch as well. An English version of the interview structure can 

be found in the main report. The interview reports (also in Dutch, with English summary) are confidential, but 

have been made available to the supervisors in Appendix 19. 

 

 

STRUCTUUR 	INTERVIEW 	
Introductie interviewer/onderwerp/onderzoek   [max 5 min] 

Achtergrond geïnterviewde   [max 5 min] 

Demo SDSS en indicatoren  [ong. 5 min] 

Bekendheid met (S)DSS/indicatoren/QOL geïnterviewde 
‐ Bekendheid 
‐ Gebruik  

[ong. 5 min] 

Potentiële toepassing, beoogd nut van (S)DSS/indicatoren voor geïnterviewde   [10 á 15 min] 

Discussie structuur van onderwerpen (en indicatoren), en evt. lijst daarvan van 
interviewer 

‐ UDP/QOL‐structuur, onderwerpen (en evt. indicatoren) volgens geïnterviewde  
‐ Evt. mening van geïnterviewde over UDP/QOL‐lijst/structuur van interviewer 

[Extra intro: 2 min] 
[of max 20 min] 
 
[of max 20 min] 

Afsluiting  [5 á 10 min] 

   

De ingesprongen o vragen zijn aanvullend voor het geval het antwoord op de hoofdvraag nog weinig indicatie 
geeft van die genoemde sub‐vragen. 

INTRODUCTIE 	(VERTELLEN) 	
 Voorstellen 
 Vragen of opname akkoord is? Uitleggen verslag opsturen en confidentieel. 

ONDERWERP 	
 Stedenbouwkundigen 
 (S)DSS 

 Focus op evaluatief (vs generatief) 
 Daarbij gericht op gebruik (ruimtelijk expliciete) indicators 

 Lokaal schaalniveau 
 Wijk tot stad 

 QOL als focuspunt (belangrijk voor stedenbouwkundigen generiek) 
 Alsook focus ruimtelijk expliciete indicatoren 

ONDERZOEK 	
 Literatuur over UDP en indicatoren 

 Zoektocht naar algemene/generieke UDP‐indicatoren, onderwerpen, dimensies (kortom sets) 
 Overzicht van zo'n generieke structuur volgens UDP literatuur (met indicatoren) 
 Implementatie in bestaand (S)DSS 

 QOL 
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 Laten zien dat het kan/werkt 
 Beschrijven hoe het kan/werkt 

 Waarom interviewer graag met geïnterviewde in gesprek ga 
 Meningen vanuit het werkveld, van potentiële gebruikers van SDSS 
 Hoe systeem gebruiken? Welke thema’s/onderwerpen? 

 Benoemen dat het als semigestructureerd interview is voorbereid 

ACHTERGROND 	(VRAGEN) 	
 Wat is/zijn uw huidige functie(s) en evt. in welke functies uit het verleden heeft u ook veel ervaring op 

het gebied van stedenbouwkunde/‐planning en de rol als stedenbouwkundige/‐planner of adviseur? 
 In wat voor soort werkveld binnen de stedenbouwkunde/‐planning en in wat voor soort projecten 

werkt u (voornamelijk)? 
o Welke vragen liggen er bij zulke projecten? 
o Welke omvang en schaal? 
o Nog een speciale focus op een bepaalde thematiek? 
o Werkt u vooral voor/in opdracht van de (lokale of landelijke) overheid of een marktpartij? 
o Met wie werkt uw organisatie daarbij samen? Worden er weer zaken uitbesteed? 

 Wat is/zijn de rol(len) die u daarin (voornamelijk) vervult? 

DEMO 	(VERTELLEN) 	
 Tonen demo RIKS Geo‐/Metronamica middels 50m Auckland applicatie & presentatie 

 Uitleggen land use model met eventueel aanvullende componenten zoals transport (evt. slide 
gebruiken van RIKS o.i.d.) 

 Toekomst explorerende/verkennende component benadrukken 
 Mogelijkheid scenario's benoemen 

 Tonen mogelijke resultaten met indicatoren (zowel in enkele voorbeeldkaart en ‐waarden) middels 
presentatie (i.v.m. rekentijd model) 

BEKENDHEID 	MET 	(S)DSS/INDICATOREN/QOL 	(VRAGEN) 	
HUIDIGE 	BEKENDHEID 	(S)DSS, 	 INDICATOREN 	
 In hoeverre bent u bekend met (S)DSS's in de stedenbouwkunde/‐planning/gebouwde omgeving? 
 In hoeverre   "   met het gebruik van indicatoren   "   ? 

(INDIEN 	ERMEE 	BEKEND:) 	GEBRUIK 	 	
 Heeft u zelf weleens een (S)DSS gebruikt bij uw werkzaamheden? 
 Zo ja; Voor welke toepassing(en) gebruikt(e) u het (S)DSS? Zo nee; Waarom niet? 

o Waarom werd het systeem gebruikt? 
o Waarvoor werd het systeem gebruikt? 
o Heeft u het als positief ervaren? Wat was het (grote) voordeel ervan? 
o Welk van uw taken wordt/werd ondersteund? 
o Waar ging het om: evaluatieve/generatieve; schaalniveau? 
o Was het een thema‐gericht? 

 Zo ja; Wat voor soort (S)DSS gebruikt(e) u? 
o Bijv.: Ruimtelijk? Voorspellend? Evalueren van gegeven alternatieven of genereren van 

oplossingen? MCA? 
o Naam pakket? Naam ontwikkelaar? 

HUIDIGE 	BEKENDHEID 	& 	GEBRUIK 	QOL 	
 In hoeverre bent u bekend met QOL? 
 Zo ja; Gebruikt u QOL ook in uw werk? En hoe? 

o Als Uitgangspunt of meer (specifiek)? 

POTENTIËLE 	TOEPASSING, 	BEOOGD 	NUT 	(VRAGEN) 	
 Gegeven uw (verschillende) werkzaamheden als stedenbouwkundige/‐planner, per belangrijkste 

werkzaamheid: Zou u graag ondersteund willen worden door een SDSS / acht u dat nuttig? Zo ja; 
Waarin? Hoe? 
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o Welke fase in het proces? 
o Welke (soort) vragen helpen te beantwoorden? 
o Zou u het zelf bedienen of iemand technisch werk laten doen? 

 Welke functies zou zo’n systeem dan moeten hebben? 
o Bijv.: Explorerend? Bepaalde analyses? 
o Koppeling aan andere systemen, zoals GIS? 

 Ziet u uzelf al zo’n pakket gebruiken? 
 Onder welke omstandigheden zou u zo’n pakket (wel) gebruiken? Of juist niet? 

o Voor welke zaken moet zorg zijn gedragen zodat u zo’n pakket zou gebruiken? 
o Wat zijn obstakels om zo’n pakket te gebruiken? 

 (Behalve binnen een (S)DSS) Ziet u nog andere nuttige toepassingen van indicatoren voor u als 
stedenbouwkundige/‐planner? 

DISCUSSIE 	STRUCTUUR 	VAN 	ONDERWERPEN 	EN 	INDICATOREN 	(EN 	EVT. 	
INTERVIEWER’S 	LIJST 	DAARVAN) 	
KORTE 	 INTRODUCTIE 	BEDOELING 	(VERTELLEN) 	
 Voor project zekere afkadering gedaan 
 Focus op set voor implementatie m.b.t. UDP en QOL 

 Bekijken voor daadwerkelijke implementatie in softwarepakket 
 Generieke benadering, dus voor meerdere locaties toepasbaar. 

 Nogmaals UDP, DSS, lokaal, ruimtelijke expliciet, QOL 
 Zal proberen suggesties mee te nemen. Uiteraard wel beperkt door wat er in het pakket en met de 

beschikbare data kan, maar dan komt het sowieso in de discussie, aanbevelingen of wellicht wordt 
beschreven hoe het zou kunnen als data/algoritme aanwezig zouden zijn. 

 Dus: stel (er zou een DSS ontwikkeld worden voor) (generieke) toepassing op lokaal niveau met de 
voor u gebruikelijke stedenbouwkundige elementen, liefst middels ruimtelijk expliciete indicatoren: 
 Beginnen met geïnterviewde laten vertellen, evt. bijsturen als het echt erg locatie‐specifiek wordt. 

VRAGEN 	THEMA/ONDERWERPEN/INDICATOREN‐SET 	(VRAGEN) 	
Hoofdstructuur van geïnterviewde; volledig open: 
 Welke dimensies (hoofdonderwerpen of thema's) zou u omschrijven als belangrijk in de stedenbouw/‐

planning? Als u deze in uw werk/projecten gebruikt, welke zijn dat dan? 
o Als u op hoofdlijnen een categorisering moet maken van de onderwerpen die u behandelt, welke is 

dat dan vaak? Of is die niet uniform? 
o Wellicht stemt dit overeen met verschillende experts die u spreekt/betrekt? 

 [Noemen UDP‐thema’s uit lijsten interviewer] Vindt u deze een nuttig aanvulling? 
 Wat zijn onderwerpen die u bij uw/deze thema's zou omschrijven? Als .. in uw werk/projecten, welke 

zijn dat? 
 Voor QOL, zou u nog aanvullende thema’s/onderwerpen toevoegen? 
 [Noemen QOL‐thema’s/onderwerpen uit lijsten interviewer] Vindt u deze een nuttig aanvulling? 

 (Indien ermee bekend:) Indicatoren geïnterviewde; open: 
 Kunt u ook indicatoren benoemen die u gebruikt/zou willen gebruiken om de genoemde onderwerpen 

te (laten) beschrijven/beoordelen? Welke? 
o Wellicht dat experts die u spreekt deze benoemen? 

 [Noemen indicatoren uit lijsten interviewer bij onderwerpen geïnterviewde] Denkt u dat deze 
indicatoren een nuttige indicatie kunnen geven van de omschreven onderwerpen? 

(Evt./Alternatief:) UDP en daarna QOL‐hoofdstructuren interviewer laten zien: 
 Welke dimensies en/of onderwerpen vindt u hierin op z’n plaats en welke evt. niet? [lijsten 

langslopen] 
 Mist u nog dimensies en/of onderwerpen? Welke? 

 
(Alternatief:) QOL‐UDP‐combinatie van indicatoren interviewer laten zien: 
 Denkt u dat deze indicatoren een nuttige indicatie kunnen geven van de omschreven onderwerpen? 

Zijn er indicatoren bij die u niet passend vindt? [lijst langslopen] 
 Mist u indicatoren? Welke? 
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o Als hierbij UDP‐indicatoren zitten, benoemen dat die bij UDP wel zijn gevonden! 
 
Voor de geïnterviewden die zowel academisch als bij bureau/gemeente werken: 
Zijn er onderwerpen of indicatoren die u wel of niet zou noemen als u alleen vanuit het academische 
oogpunt had geantwoord? (Bijv. omdat ze nu nog praktisch erg moeilijk te bepalen zijn.) 

AFSLUITING 	
 Vragen of er nog onduidelijkheden zijn 
 Vragen of vermelding naam juist wel of niet 
 Aanbieden om gespreksverslag op te sturen voor controle 
 Vragen of geïnterviewde nog vragen heeft 
 Aanbieden om eindrapport afstuderen op te sturen 
 Bedanken 

 

GEBRUIKTE 	LIJSTEN 	OM 	MET 	GEÏNTERVIEWDE 	TE 	BESPREKEN	
De volgende lijsten zijn gebruikt om aan de geïnterviewde de gevonden en voorgestelde onderwerpen en 

indicatoren te laten zien, en deze met hen te bespreken. 

 

UDP 	DIMENSIONS 	(FOUND 	 IN 	LITERATURE) 	
Most frequent dimensions 

      

 

QOL 	DIMENSIONS 	(OWN 	SUGGESTION 	BASED 	ON 	A.O. 	LITERATURE) 	 	
‐ Environment 

o Residental/Housing 

‐ Transportation / Mobility 

‐ (Public) Services and facilities (incl. accessibility) 

‐ Education 

‐ Health 

‐ Recreation (culture, leisure) 

‐ Economic conditions 

‐ Safety 

‐ Social conditions / Community 

  	

Dimensions of topics
Physical
Economic
Social / Cultural / Historical
Environmental / Ecologic
Other / Not given

Legend
very frequently mentioned

frequently mentioned
averagely mentioned

below averagely mentioned
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UDP 	TOPICS 	(FOUND 	 IN 	LITERATURE) 	
Most frequent topics 

      

 

  	

Physical Land-use
Building / Housing
Transport networks (road, public 
Accessibility
Infrastructure / Utilities / Facilities / 
(Public and commercial) service
Green supply
(Physical) Environment (slope, etc.)

Legal / Political Priority / Budget (general)
Participation / (Civic) Involvement / 
Empowerment

Economic Financial costs/Budget (project) /
Financial gains
(Un)Employment

Demographic Population (/Household)
Housing (quality/price)
Mobility
Historical & Cultural aspects
Educational/Research (also in economic)
Sport(s)/Play & Recreation
(Satisfaction with) (local) 
community/environment / Civic society
Eco / Green Systems
Flora (plants)
Fauna (animals)
Soil
Air
Resource usage
Mitigation / Creation
Waste
Protection
Risk
Pollution / Disturbances

Other / Not given Health and well-being
Safety

Social / Cultural
/ Historical

Environmental / 
Ecologic

Legend
very frequently mentioned

frequently mentioned
averagely mentioned

below averagely mentioned
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QOL 	TOPICS 	(OWN 	SUGGESTIONS 	BASED 	ON 	A.O. 	LITERATURE) 	
Structure of Quality of Life dimensions 

Dimensions  Sub‐dimensions  Topics 
Environment 
(physical, natural, 
living) 

  Flora, fauna, biodiversity 
Air, water, noise 
Waste 
Natural resources and value 

  Residential / Housing  Building/Housing quality 
Building/Housing prices 

Transportation / 
Mobility 

  Mobility: modes, costs, speed, trips 
Network: capacity, quality, etc. 

(Public) Services and 
facilities 

  Usage 
Accessibility 
Facilities (quantity and quality) 

Education    Level (of population) 
Amount (of population) 
Accessibility 
Facilities (quantity and quality) 

Health    Illness, dead 
Accessibility 
Facilities (quantity and quality) 

Recreation 
(culture, leisure) 

  Usage 
Accessibility 
Facilities 

Economic conditions    Income 
Wealth 
(Un)employment 

Safety    Crime 
(Traffic) safety 
Risk (hazards) 

Social conditions / 
Community 

  Belonging, networks 
Participation, involvement 

 

UDP 	INDICATORS 	
‘Appendix 6: Analysis grid ‐ Indicators’ 

 

QOL 	DIMENSIONS 	WITH 	PRE‐SELECTED 	UDP 	 INDICATORS 	
Almost identical to ‘Table 4: Urban design and planning literature indicators in QOL dimensions’ in subsection 

3.2.2 of the main report. 
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APPENDIX 	18: 	LIST 	OF 	INTERVIEWS	
The following table lists the conducted interviews within the context of this research. 

The names of the interviewees are confidential, but their names and employers are known by the supervisors of 

this study. 

 

Table 1: List of interviews 

No.  Date  Name  Employment  Sector  Interview focus 

1  2016‐04‐05  Confidential  Confidential  Private  Usage and topics/indicators 

2  2016‐04‐07  Confidential  Confidential  Private(/Public)  (Usage and) topics/indicators 

3  2016‐04‐08  Confidential  Confidential  Private  Usage and topics(/indicators) 

4  2016‐04‐14  Confidential  Confidential  Public  Usage and topics(/indicators) 

5  2016‐04‐18  Confidential  Confidential  Public/Private  (Usage and) topics/indicators 
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APPENDIX 	19: 	INTERVIEW 	REPORTS 	(IN 	DUTCH) 	AND 	BULLET 	POINT 	
SUMMARY 	(ENGLISH)	
The full interview reports have been made available to the supervisors. A bullet point summary of most parts is 

available below. 

For questions considering the full interview reports, please contact the author. 

SUMMARIZED 	INTERVIEWEE 	RESPONSES 	IN 	BULLET 	POINTS 	(IN 	ENGLISH) 	
The following summary lists the important responses of the different interviewees on most interview 

questions.  

POTENTIAL 	APPLICATION 	AND 	USE 	OF 	SDSS/INDICATORS 	TO 	 INTERVIEWEES 	
PRESUMED 	APPLICATION 	AND 	USE 	

Scenarios 
Show 
Stakeholders 
Support 
Phasing 
Show interests 
Visualizing, deciding, phasing 
 
Explorative 
Alternatives 
Communication 
 
Steer decisions 
Find causes 
Inventory requirements 
Explain choices 
Regional development 
What if 
Capacity of the place 
Explain discussion 
 
Cause‐consequence (what if) 
Scenarios 
Pivotal indicators 
Testing 
 
Policy making 
Give insight 
On (city‐)region level 
Logical next steps 
Portray considerations 

FUNCTIONS 	SYSTEM 	

Push all buttons 
Change weights and considerations 
Easily new functions 
Integrate market trends 
 
Join with existing indicators 
Integral 
Cost‐benefit‐analysis 
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Alternatives/Scenarios 
 
Supply and make available data 
Convert data to useful information 
Show impact of plan, what does it mean to themes/topics 
 
Fairly accurate 
Possible to add data yourself 
Reflect level of detail of plan 
Estimate public costs 
 
Connect to existing software packages 
Or at least use same classification (at least for housing and retail types) 
Local languages 

UNDER 	WHICH 	CIRCUMSTANCES 	USE 	SUCH 	A 	SYSTEM 	

Transparent and understandable ('inzichtelijk') 
Enough data already available/accessible 
 
Explorative tasks 
LUC‐CA not for small locations, but indicator tool can 
Driving force in organization 
Model understandable 
Data is generally not an issue 
 
On the large scales 
Clearly measurable variables 
Interactive 
Transparent and understandable ('inzichtelijk') 
Robust 
Able to check results themselves 
Clear what is role machine, expert, end‐user 
 
People in organization should be open/receptive ('ontvankelijk') to system 

AND 	WHY 	NOT 	USE 	 IT? 	CONCEIVED 	DIFFICULTIES 	AND 	RISKS 	

Risk of 'garbage in, garbage out' 
Time‐consuming 
Should not be interpreted as a design tool 
May cause blue‐print design (instead of flexible designs) 
Complex 
Different thinking designer and programmer 
(Mis)match between required (software) and wanted (process, designer) level of detail 
 
Software can deter/scare off user 
(In)sufficient 'human capacity' 
 
Expensive 
Need to keep updating 
Train people, change work process organization 
Hard to test beforehand whether it works 
Models function can get political component 
Discussion whether results are / model is correct 
System untrusted 
Makes you dependent 
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Too technical 

OTHER 	APPLICATIONS 	OF 	 INDICATORS 	

Monitoring 
 
Monitoring 
 
For describing legal requirements of zoning plans ('bestemmingsplannen') 

DISCUSSION 	OF 	STRUCTURE 	OF 	TOPICS 	(AND 	 INDICATORS) 	
'DIMENSIONS' 	RELEVANT 	TO 	UDP 	

Spatial 
Water 
Environment 
[Economic] Sectors 
Financial feasibility / Economics 
Infrastructure 
Social 
 
Socio‐economic 
Environmental/Natural 
 
Soil/ground ('bodem'), Water, Air 
Flora and fauna 
Human ('mens') 
(Energy, C2C) 
 
Geography, density/built areas, network/transport, services/accessiblility, air/water/etc. 

REACTION 	TO 	SUGGESTIONS 	BY 	 INTERVIEWER 	AND	OPINION 	ON 	SHOWED	UDP	L IST 	

Understandable. Many categorizations possible 
 
Physical/spatial is an option 
Transport may be separated 
 
Possible but very scale dependent 
 
Social aspects are indeed important 
Good overview 

ADDITIONAL 	REMARKS	

All that is relevant to stakeholders 
Alternatively or additionally, can use layers 
 
Clients mostly have list already 
Alternatively, focused around municipalities goals 
 
Structure of indicators is not a strategy yet 
 
Very dependent on scale and location 
No standard or overview list in municipality 
In municipality different services watch over their interests 
 
Big difference between policy making and policy execution 
Focus changes with the scale 

TOPICS 	RELEVANT 	TO 	UDP 	(AND 	QOL) 	

Use a large overview as a 'checklist' (see full report) 
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Based on Dutch zoning plans: 
Soil quality 
Noise nuisance (traffic) 
Smell/Odor nuisance 
Environmental zoning (businesses, risks) ('milieuzonering') 
Archaeology 
Flora and fauna 
Traffic (streams, parking) 
External security/risks (hazardous substances, pipelines) ('externe veiligheid') 
Water (management) 
Cables and pipes 
Need for environmental effects study 
(Air traffic noise nuisance) 
Sustainable urbanization 
Integration in surroundings 

REACTION 	TO 	SUGGESTIONS 	BY 	 INTERVIEWER 	AND	OPINION 	ON 	SHOWED	L IST 	

Water management is missing 
Number of possible rearrangements 
 
Add Energy 
Elevate Risk (or Hazards 
Elevate Health and well‐being 
Number of possible rearrangements 
Think of carbon cycle 
 
Social aspects indeed also relevant, mainly present in policy making, not execution 
Good and broad overview 
Health may be missing 
Facilities indeed important 
Legal/Political mainly in early stages 
Environmental aspects now often a requirements rather than goal 

ADDITIONAL 	REMARKS	

Their 'checklist' is applicable to all scale levels. 
List from literature doesn't mean the topics are also used this way in projects. 
 
Presence in literature can also indicate computability instead of importance. 
 
Again, no standard list in municipality 

'DIMENSIONS' 	AND 	TOPICS 	RELEVANT 	TO 	QOL 	(IN 	ADDITION 	TO 	UDP 	
STRUCTURE) 	

REACTION 	TO 	SUGGESTIONS 	BY 	 INTERVIEWER 	AND 	OPINION 	ON 	SHOWED	QOL	L IST 	

Generally positive, but very dependent on place on earth 
This is a developed/Western world QOL list 
Safety, Health/Nutrition, Housing staan eigenlijk vooraan. 
 
Add Energy 
Maybe add resource supply and ecosystem services 
Indeed Anglo‐Saxon view 
 
Generally positive 
Add something like 'Identity' (layered, diverse, contrast, historic environment) 
Soil, add to Environment 
Education, Facilities/Services important 
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Add Energy 
Maybe add spaciousness ('ruimte') and tranquility ('rust') 
Slow traffic and quality of routings is important as well 
Green surroundings can be added to Health 
 
Good topics 
 
Good overview 
Facilities/Services and retail sector are important 

ADDITIONAL 	REMARKS	

Our topics themselves say nothing about different qualities and opportunities; however, that's important to 
QOL 
 
Diversity (related to Identity) 
 
Remains dependent on scale 
Should also have a strategy, a list of topics is no strategy 

INDICATORS 	RELEVANT 	TO 	QOL/UDP 	

REACTION 	TO 	SUGGESTIONS 	BY 	 INTERVIEWER 	AND 	OPINION 	ON 	SHOWED	 INDICATOR 	

L IST 	

Household size would be a useful addition 
Or population structure 
 
Two accessibility indicators are common ones 
For green space, often used: minimal size of green area in combination with 'distance to' 
 
Facilities: 
'Distance to' and 'people within distance' seem useful for different facilities 
Also important to support the facilities 
Demographic: 
Densities seem particularly useful in combination with green and spatial structure, certainly for QOL 
Would add household configuration or type, or target group for living ('gezinssamenstelling' of 
'woondoelgroep') 
Flora and fauna: 
Species diversity is not used, or very little 
Attention is on protected species and impact on them 
Soil: 
Would add soil contamination or pollution 
Soil sealing for rain water considerations is with done water aspects 
Protection: 
Distance to protected area is a possible measure, but if necessary more detailed measurements are used 
Pollution/Disturbances: 
To Air quality could add odor/smell nuisance ('geuroverlast') 
For Water could be considered drainage and groundwater 

ADDITIONAL 	REMARKS	

Seems more logical to have indicators about things that are less 'makeable' 
 
Clients often have/want monitoring oriented indicators, that are hard to predict 
Planners seem to look at more than just what comes from the indicators 
For the planning (policy) advice should not restrict to possibilities of indicators 
 
Useful to link indicators to trends and prognosis as well 
For many of the environmental or pollution related topics legal boundaries are present 
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ISE (Integrated Scenario Explorer) / Sustainable Pathways + Updated versions 2016‐03
‐ Auckland 2007 Auckland area, NZ

‐ Auckland 2013 50m grid

‐ Transport louse coupling

Data set/layer (spatial) Level of detail Categories (distinguished by Metronamica) Attributes (not empty or id) Description Remarks

Land use

Land use 2007 (in 2007 app) raster; 50m pixel See list below ‐ Land use type map of 2007

Land use 2013 (in 2013 app) raster; 50m pixel See list below ‐ Land use type map of 2013

Land use 2013‐2 raster; 50m pixel See list below ‐ Same as above, a few pixels are removed

> Vacant states

Vacant

Indigenous forest and vegetation

Other exotic vegetation

> Function states

_Horticulture and fruit growing_

_Livestock and crop farming_

_Dairy cattle farming_

_Other farming_

_Exotic forest_

_Industrial_

_Commercial_

_Central Government_

_Residential ‐ low density_

_Residential ‐ medium density_

_Residential ‐ high density_

_Lifestyle blocks_

> Feature states

Education

Culture, recreation and defence

Mines

Freshwater

Wetlands

Airports and ports

Motorway

Open space

Estuaries and mangroves

Bare land

Land Outside Study Area

Marine Area Outside Study Area

Regions

Districts / Subregions raster; 50m pixel   Outside modeling areaNumbered areas.. ‐ Some sort of districts?

Region vector, polygon (alon ‐  Gridcode = 0: Sea/WaterGridcode = 1: Land Area and coastal outline

Not exactly fits regions and land 

use raster

Infrastructure Metronamica network view 2013:

Roads network 2013 vector, pline Acctype = 0: Residential road Road network of multiple types

Acctype = 1: Collector road

Acctype = 2: Arterial road

Acctype = 3: Principal highway

Acctype = 4: Major highway

+ Railway network & Airports below

Metronamica network view 2007:

Roads network 2007 vector, pline Acctype = 0: Residential road Road network of multiple types

Acctype = 1: Collector road

Acctype = 2: Arterial road

Acctype = 3: Principal highway

Acctype = 4: Major highway

Railway network vector, pline Acctype = 5: Railway
name; track type(single/multiple); vehicle type(‐/tram); railway use(‐

/siding); Railway network of few types

Airports vector, pline Acctype = 6: Airport name Airport locations and areas

Zoning

Auckland CBD raster; 50m pixel     AoteaBritomartKarangahape RoadPortPublic Open S ‐ regional zoning map

Content of drawing significant at 

this scale?

Auckland Hauraki Gulf Islands raster; 50m pixel    Commercial 1Commercial 2Commercial 3Commercia‐ regional zoning map Partly similar to 'inner island'

Auckland Isthmus raster; 50m pixel     Business 1Business 2Business 3Business 4Business 5 ‐ regional zoning map

Content of drawing significant at 

this scale?

Auckland inner island raster; 50m pixel    Alluvial FlatsBush Residen alCoastal CliffsCommunity‐ regional zoning map

Partly similar to 'Hauriki Gulf 

Islands'

CFGS Business raster; 50m pixel  Business precinct|Browns Bay|Business precinct|Lin‐ zoning?

CFGS Residential raster; 50m pixel Addi onalSubdivisionControls|Albany East 600m2|| ‐ zoning?

CFGS Rural raster; 50m pixel Addi onalSubdivisionControls|Algies Bay Countrysid‐ zoning?

CFGS Special raster; 50m pixel  Business precinct|Boat Building|Business precinct|C‐ zoning?

CFGS Other raster; 50m pixel  Business precinct|Chelsea sub‐precinct A|Business p‐ zoning?

Franklin District raster; 50m pixel    Aggregate Extrac on and ProcessBusinessCoastalFor ‐ regional zoning map

Manukau City Council raster; 50m pixel    Animal Village ZoneBoat HarbourBusiness 1Business ‐ regional zoning map

North Shore City raster; 50m pixel  Area A: Environmental Protec on (AlbanyArea A: Mix‐ regional zoning map

Papakura District raster; 50m pixel    Ardmore AerodromeCommercial 1Commercial 2Com‐ regional zoning map

Rodney District raster; 50m pixel   AccesswaysCountryside Living RuralCountryside Livin‐ regional zoning map

Waitakere City raster; 50m pixel    Bush LivingCoastal VillageCommunityCommunity Pe ‐ regional zoning map

SHAs (Special Housing Areas) 

[201603 update] raster; 50m pixel    AddisonAkepiro StreetAkoranga DriveAlbany East Str ‐ Special Housing Area zoning? Only found in cache not in geoproj

Suitability

Climate ACL raster; 50m pixel categorical, unknown ‐ ?

Landform ACL raster; 50m pixel categorical, unknown ‐ ?

Soil ACL raster; 50m pixel categorical, unknown ‐ ?

Aspect raster; 50m pixel numerical, in degrees ‐ Aspect 0/360 = N, 90 = E, 180 = S, 270 = W

Slope raster; 50m pixel numerical, in degrees ‐ Slope

DEM / Elevation raster; 50m pixel numerical, in meters ‐ Elevation

LENZ Threatened environments raster; 50m pixel

Chronically Threatened

Less reduced and better protected

Critically Underprotected

At Risk

Acutely Threatened

No data

Underprotected ‐ Types of threats

+ existing land uses (same as above) raster; 50m pixel See above ‐ See above

Transport coupling (unknown, unaccessible application)
Transport data tables ?

Indicators [Beware! Output]

Initial land use (same as above) raster; 50m pixel See above ‐ See above

Stormwater raster; 50m pixel numerical 0 ‐ 1 ‐ Sensitivity to stormwater

name [multiple attributes], address information [multiple attributes], 

[unknown connection and location information], average speed 

[kph], design speed [kph], [weight], height [layers], [width], use type, 

status, classification, structure (bridge, ..), oneway, lanes [no], 

unnamed (F/T), private (F/T), dual ca..? (F/T), surface type, motorway 

no, state highway (F/T), [length]

label; descr (mainly: ‐/state highway); city; region; country; 

oneway (0/1); toll (0); speed (0‐6); roadclass=acctype; roadid; 

level; endlevel; notforemergeny?; notfordelivery?; notforbus; 

notfurtaxt; notforpedestrian; notforbicycle; notfortrucs (, 

length)
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VI Illawarra, AUS 
‐ VI_1_3_Scenarios_(…)Baseline

‐ VI_1_3_Scenarios_(…)2 100m grid

‐ VI_1_3_Scenarios_(…)3

‐ VI_1_3_Scenarios_(…)4

Data set/layer (spatial) Level of detail Categories (distinguished by Metronamica) Attributes (not empty or id) Description Remarks

Land use

Land use 2011 raster; 100m pixel > Vacant states ‐ Land use type map of 2011

Grazing

Forest/Shrub

> Function states

_Agriculture_

_Industrial_

_Commercial and Services_

_Rural Residential_

_Low Density Residential_

_Medium Density Residential_

_High Density Residential_

_Mining & Quarrying_

> Feature states

Beach

Cemetery

Cliff

Energy Corridor

Estuary/Coastal Waters

Farm Infrastructure

Infrastructure

Landfill

Recreation & Culture

River & Drainage System

Transport & Other Corridors

Wetland

Outside ‐ Land

Outside ‐ Sea

Land use raster; 100m pixel Maybe same as list above ‐ ?

Regions

Regions raster; 100m pixel

Outside modelling area

Wollongong

Shellharbour

Kiama

Sydney

Shoalhaven ‐ Regions around towns/cities? + outside modeling area

Regions (outline) vector, polygon (alon ‐ Value (representing region) Regions around towns/cities? + outside modeling area

Infrastructure Metronamica network (at time 2012)

Roads vector, pline Roadtype = 0: Highway Multiple types of car roads

Roadtype = 1: Freeway

Roadtype = 2: Mainroad

Roadtype = 3: Secondary road

Roadtype = 4: Other road

Railway network vector, pline Acctype = 5: Railway track

class (Heavy Rail/Heavy Rail Siding), operational 

(Dismantled/Disused/Operational), gauge 

(Undefined/Standard), railway number, railway name, type 

(InTunnel/OnBridge/OnCulvert/OnGround) Railway tracks

Railway stations vector, point Acctype = 6: Railway station name, relevance (1/6) Railway stations

Road upgrade 2011 Princes Highway vector, pline See Roads dataset See Roads dataset Freeway expansion

Road upgrade 2015 Princes Highway vector, pline See Roads dataset See Roads dataset Freeway expansion

Albion Park bypass vector, pline See Roads dataset See Roads dataset Freeway expansion

Transport

Transport zones raster; 100m pixel Numbered zones (176) ‐ Numbered transport O/D zones

Zoning

LEP Zoning raster; 100m pixel Coded zoning areas (31) ‐ Local Environmental Plans (more info found)

Residential densification zone raster; 100m pixel

No densificiation

Densification ‐

Residential densification area, Medium density residential 

stimulated

SRLUP future residential area raster; 100m pixel

0

Future residential ‐ Residential expansion area, Low density residential stimulated

Conservation area raster; 100m pixel

0

Conservation area ‐ (Forest?) conservation area, no development

Suitability

Slope raster; 100m pixel numerical, range 0 ‐ 50 [unknown unit] ‐ Slope map

Slope (same as above) raster; 100m pixel Identical to above ‐ Identical to above

Indicators [Beware! Output]

Initial land use (same as above) raster; 100m pixel See above ‐ See above

Soil sealing raster; 100m pixel Sealed soil ‐

Industrial, Commercial and services and all .. Density Residential 

scored as 1. Other 0.

Urban expansion raster; 100m pixel

Urban disappeared

Urban appeared ‐

Land‐use change:

Other to Industrial, Commercial and services and all .. Density 

Residential ‐> Urban appeared

Industrial, Commercial and services and all .. Density Residential to 

Other ‐> Urban disappeared

Forested areas raster; 100m pixel

Forest

Deforestation

Afforestation ‐

Land‐use change:

Forest to Forest ‐> Forest

Other to Forest ‐> Afforestation

Forest to Other ‐> Deforestation

Abandoned land raster; 100m pixel

Occupied land

Abandoned land ‐

Land‐use change:

Grazing or Forest/Shrub to Other ‐> Occupied land

Other to Grazing or Forest/Shrub ‐> Abandoned land

Urban clusters raster; 100m pixel Numerical: Size of cluster in ha ‐

Cluster: 

Industrial, Commercial and services and all .. Density Residential

Distance from residential to work raster; 100m pixel Numerical: kilometers ‐

Distance indicator:

Target: Agriculture, Industrial, Commercial and services, Mining & 

Quarrying

Source: all .. Residential

Distance from residential to recreation raster; 100m pixel Numerical: kilometers ‐

Distance indicator:

Target: Beach

Source: all .. Residential

Network congestion vector, pline Numerical: score from CongestMax field ‐ Transport model CongestMax score

Zonal accessibility [multiple] choropleth, TZ Accessibility 0 ‐ 1 ‐ Accessibility per function land use in score 0 ‐ 1

Wollongong/Illawarra area and surroundings, East 

Coast, AUS

street name, house numbers, label, road class (A‐Z), carriage ( 

/D/S), speed limit, oneway (0/1), state (0/1), toll (0), street 

type, roadtype‐>acctype, lanes, capacity, other load properties

Appendix 20: Metronamica, available data and indicators Rob Valk – 2016‐06



APPENDIX		20:	METRONAMICA,	AVAILABLE	DATA	AND	INDICATORS	(DATA) SHEET	3	/	4

Xplorah Municipo & Island Puerto Rico, (US)

‐ Municipo Generally 240m grid

‐ Island (indicators identical) Carolina 60m grid

Data set/layer (spatial) Level of detail Categories (distinguished by Metronamica) Attributes (not empty or id) Description Remarks

Land use

Land use 2003 raster; 240m pixel See list below ‐ Land use type map of Island area 2003

Land use Carolina 2003 raster; 60m pixel See list below ‐ Land use type map of Carolina area 2003

> Vacant states

Natural

Rangelands

Forest

> Function states

_Agriculture_

_Construction_

_Mining_

_Industry_

_High density trade and services_

_Low density trade and services_

_High density residential_

_Low density residential_

_Forest reserves_

_Mangroves and Swamps_

> Feature states

Sea

Beach

Fresh water

Public and recreational uses

Utilities

Infrastructure

Rocky cliffs and shelves

Regions

Municipos (Municipal borders) vector, polygon (alon ‐ Gridcode = 0: Sea; 1‐78: municipos All municipalities

Municipos (Municipal borders) raster; 240m pixel 0: Sea; 1‐78: municipos ‐ All municipalities

Carolina municipo raster; 240m pixel 0; Carolina ‐ Carolina municipo selection

Transport

Transport analysis zones raster; 240m pixel       ‐DoradoToa AltaNaranjitoToa BajaBayamon 1Bayamo‐ Transport analysis zones (TAZ's) which are (parts of) municipos

Xplorah network overview

Roads vector, pline AccType = ‐1: Ignored roads / Special links Road network (in network congestion model)

AccType = 0: Primary roads

AccType = 1: Secundary roads

AccType = 2: Tertiary roads

AccType = 3: Ramps

AccType = 4: Local roads

Urban train vector, pline AccType = 5: Urban train tracks freeflow speed, [build year], (length) Railway network of rail and stations (not in network congestion model)

AccType = 6: Urban train stations (endpoints of pline ‐

Maritime vector, pline AccType = 7: Ferry lines [build year] Maritime connections of lines and stations (not in network congestion model)

AccType = 8: Ferry stations (endpoints of plines?) ‐

Aqueducts/Water pipes vector, pline AccType = 9: Aquaducts diameter [unknown unit] Aqueducts/Water pipes [unknown use] (not in network congestion model)

Road expansion 2006 vector, pline Uses above (from Roads) Uses above (from Roads) without intensity and related attributesSeveral small and big road expansions from 2006

Road expansion 2010 vector, pline Uses above (from Roads) Uses above (from Roads) without intensity and related attributesOne big road expansion from 2010

Accessibility [Beware! Transitory]

Accessibility per [function land use] [multiple] raster; 240m pixel Numerical 0 ‐ 1 ‐ Accessibility for whole island area

Accessibility per [function land use] [multiple] raster; 60m pixel Numerical 0 ‐ 1 ‐ Accessibility for Carolina area

Zoning

Inundation risk raster; 240m pixel

0  : X: less than 0.2% p/a

1  :   between 0.2 % and 1.0 % p/a

2  :   AE ‐ 1.0 % or greater p/a

3  :   A ‐ Flooding hazard without detailed analysis

4  :  D ‐ undetermined but possible flooding hazard

5  :  VE ‐ 1.0 % or greater p/a (coastal)

6  :  AO ‐ 1.0 % or greater p/a (river)

7  : AH ‐ 1.0 % or greater p/a (pond) ‐ Floord risk in % p/a = change per annum

Land use plan raster; 240m pixel           No dataAPESRCSREPSUSUADSUAISUATSUNPSUPSUR ‐ Certain land use planning areas

Protected areas raster; 240m pixel

Not a protected area

Protected forests

Protected natural area ‐ Location of protected forests and natural areas

Suitability [Beware! Transitory from Overlay‐tool]

Suitability per [vacant and function land use] [ raster; 240m pixel Categorical 0 ‐ 10 ‐

Precalculated (with Overlay‐tool) suitability for whole island area 

per vacant and function land use type

Suitability per [vacant and function land use] [ raster; 60m pixel Categorical 0 ‐ 10 ‐

Precalculated (with Overlay‐tool) suitability for Carolina area per 

vacant and function land use type

Suitability input

Agricultural capacity raster; 240m pixel Categorical: 1 ‐ 10 ‐ Unknown property about acgricultural capacity

Agricultural capacity raster; 60m pixel Categorical: 1 ‐ 10 ‐ Unknown property about acgricultural capacity

Aquifers raster; 240m pixel

1 : Strata with local and limited ground water 

resources

2 : Fissured aquifers, including karst and volcanic 

aquifers

3 : Intergranular unit overlying fissured rock unit

4 : Saline water lagoon

5 : Intergranular aquifers

6 : Strata with poor ground‐water potential, limited 

by geology ‐ Types of aquifers

Aquifers raster; 60m pixel 1 : Strata with local and limited ground water resourc‐ Types of aquifers

Land use island (other than above) raster; 240m pixel     0 : Natural1 : Forest2 : Agriculture3 : Construc on4 : ‐ Different land use map of island, use unknown

Land use Carolina (same as above) raster; 60m pixel See above ‐ See above

Municipos (same as above) raster; 240m pixel See above ‐ See above

Municipo Carolina (same as above) raster; 60m pixel See above ‐ See above

Elevation raster; 240m pixel    1  :   0   ‐   2.52  :   2.5 ‐   5.03  :   5.0 ‐  104  :  10   ‐  25‐ Elevation, in meters

Elevation raster; 60m pixel    1  :   0   ‐   2.52  :   2.5 ‐   5.03  :   5.0 ‐  104  :  10   ‐  25‐ Elevation, in meters

Inundation risk (same as above) raster; 240m pixel See above ‐ See above

Inundation risk raster; 60m pixel  1 : X: less than 0.2% p/a2 : between 0.2 % and 1.0 % ‐ Floord risk in % p/a = change per annum

Landslides raster; 240m pixel

1 : Low susceptibility to landsliding

2 : Highest susceptibility to landsliding

3 : High susceptibility to landsliding

4 : Moderate susceptibility to landsliding ‐ Risk of landslides

Landslides raster; 60m pixel  1 : Low suscep bility to landsliding2 : Highest suscep‐ Risk of landslides

Slope raster; 240m pixel     1  :  0   ‐  2.52  :  2.5 ‐  5.53  :  5.0 ‐  7.54  :  7.5 ‐ 105  :‐ Slope, in percentage

Slope raster; 60m pixel     1  :  0   ‐  2.52  :  2.5 ‐  5.53  :  5.0 ‐  7.54  :  7.5 ‐ 105  :‐ Slope, in percentage

Wetlands raster; 240m pixel

1 : Marine wetlands

2 : Palustrine wetlands

3 : Estuarine wetlands

4 : Lacustrine wetlands

5 : Riverine wetlands ‐ Types and locations of wetlands

Wetlands raster; 60m pixel   1 : Marine wetlands2 : Palustrine wetlands3 : Estuari ‐ Types and locations of wetlands

Additional (Indicator input)

Flood intensity raster; 240m pixel    Categorical:0: 0‐20% risk1: 20‐40% risk2: 40‐60% risk‐ Unknown type of flood risk categorized into 5 risk classes

Storm intensity (same as above) raster; 240m pixel See above ‐ See above

Low lands [no new data] raster; 240m pixel  0,1 ‐ Areas with elevation up to 25m (cat 4 and below of Elevation map)

Steep slopes [no new data] raster; 240m pixel  0,1 ‐ Areas with slope around 10‐15% and higher (cat 5 and up of Slope map)

Indicators [Beware! Output]

Value at stake on low land raster; 240m pixel Numerical: 0 ‐ 20 [unknown unit] ‐    Value of land in low areasMask/mapping indicatorSource: Mul ple values for land use typesTarget: Low la

Euclidean distance to jobs raster; 240m pixel Numerical: 0 ‐ 30 [km] ‐   Distance indicatorSource: .. residen alTarget: Industry, .. trade and services

Distance from urban to steep slopes raster; 240m pixel Numerical: 0 ‐ 30 [km] ‐   Distance to map indicatorSource: Industry, . trade and service, .. residen alTarget: Steep slopes map

Potential biodiversity raster; 240m pixel Numerical: 0 ‐ 100 [percentage] ‐ Biodiversity indicator

Urban clusters raster; 240m pixel Numerical: size of cluster [ha] ‐  Cluster indicatorIndustry, .. trade and services, .. residen al

Natural areas larger than 1 km square raster; 240m pixel Numerical: size of cluster [ha] ‐   Cluster indicatorNatural, Rangelands, Forest, Foorest reserves, Mangroves and swampsObstacles by prim 

Network congestion vector, pline Numerical: 0 ‐ 4 ‐ Maximum network congestion on road network

Accessiblity for [function land use] [multiple] choropleth, TAZ Numerical: 0,75 ‐ 1 ‐ Accessibility per [function land use] per TAZ

type=acctpye+1, (length, ) freeflow speed [unknown unit], 

capacity, toll(0), car intensity, cargo intensity, PCE, I/C, 

rushhour speed [unknown unit], max lanes, year build, 

description (sp)
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Application name Indicators Categories Calculation Description indicator General remarks Description indicator

ISE (Integrated Scenario 

Explorer) / Sustainable 

Pathways Social

‐ Auckland 2007 Total population [Number] (visible as trend)

‐ Auckland 2013 Male population [Number] (visible as trend)

‐ Transport louse coupling Female population [Number] (visible as trend)

Auckland, NZ Average male life expectancy [years] (visible as trend) For 2013 application: only works when population numbers are not set to stati

50m grid Average female life expectancy [years] (visible as trend) For 2013 application: only works when population numbers are not set to stati

No transport model Economic

Regional and local model Added value in sector [mln $] total; per sector (visible as trend)

No (inter)national model International imports in sector [mln $] total; per sector (visible as trend)

Final demand in sector [mln $] total; per sector (visible as trend)

Ind. adding possible Output in sector [mln $] total; per sector (visible as trend)

Employment in sector ["MECs" ??]

Household consumption in sector [mln $] total; per sector (visible as trend)

Environmental

Energy use (per type) in sector ["GJ, oil equivalents"] total; per sector (visible as trend)

Energy related CO2 emissions in sector [tonnes] total; per sector

Solid waste in sector [tonnes] total; per sector

Stormwater runoff [0‐1 map]

Land use

Horticulture and fruit growing Area [1000 ha] both demand and allocated (visible as trend)

Livestock and crop farming Area [1000 ha] both demand and allocated (visible as trend)

Dairy cattle farming Area [1000 ha] both demand and allocated (visible as trend)

Other farming Area [1000 ha] both demand and allocated (visible as trend)

Exotic forest Area [1000 ha] both demand and allocated (visible as trend)

Industrial Area [1000 ha] both demand and allocated (visible as trend)

Commercial Area [1000 ha] both demand and allocated (visible as trend)

Central Government Area [1000 ha] both demand and allocated (visible as trend)

Residents ‐ low density Area [1000 ha] both demand and allocated (visible as trend)

Residents ‐ medium density Area [1000 ha] both demand and allocated (visible as trend)

Residents ‐ high density Area [1000 ha] both demand and allocated (visible as trend)

Lifestyle blocks Area [1000 ha] both demand and allocated (visible as trend)

VI Illawarra, AUS  Environmental

‐ VI_1_3_Scenarios_(…)BaselineSoil sealing [cells] per region; per cell (map)

‐ VI_1_3_Scenarios_(…)2

‐ VI_1_3_Scenarios_(…)3 Expansion of urban areas: Urban appeared [cells] per region; per cell (map)

‐ VI_1_3_Scenarios_(…)4 Expansion of urban areas: Urban disappeared [cells] per region; per cell (map)

East coast, AUS

100m grid Forest: Forests [cells] per region; per cell (map)

Forest: Afforestation [cells] per region; per cell (map)

Transport model Forest: Defforestation [cells] per region; per cell (map)

Regional interaction model

No (inter)national model Abandoned land [cells] per region; per cell (map)

Occupied land [cells] per region; per cell (map) Newly occupied Newly occupied

Ind. adding possible

Socio‐economic

Urban clusters [ha] per cluster (on map)

Distance from residential to work [km] per cell (on map); Average [km] per region (number and on choropleth map)

Distance from residential to recreation [km] per cell (on map); Average [km] per region (number and on choropleth map)

Population in Low density residential [people] per region (number; on choropleth map)

Population in Medium density residential [people] per region (number; on choropleth map)

Population in High density residential [people] per region (number; on choropleth map)

Population in Rural residential [people] per region (number; on choropleth map)

Jobs in Commercial and Services [jobs] per region (number; on choropleth map)

Jobs in Industrial [jobs] per region (number; on choropleth map)

Total amount of jobs [jobs] per region (number; on choropleth map)

Total population [people] per region (number; on choropleth map)

Transport

Daily congestion [km] total per category Category is intervals of % of congestion

Network congestion [number?] per network element (map) per time period and max.

Time periods: Midnight to Dawn; Morning rush hours; Midday; Afternoon rush hours; Evening hours

Accessibility (zonal) for land use [number?] per zone (map) per function land use

Function land uses: Agriculture, Industrial, Commercial and Services, Rural, Low density, Medium, High Residential, Mining & Quarrying

Trip average distance [km] per car/public transport

Trip average duration [hours] per car/public transport

Trips number O/D [trips/hour] total per TZ per O or D and per time period

Trip distance and duration O/D [km or hours] per O‐D‐pair per time period and per car/pt

Xplorah Municipo & Island Environmental

‐ Municipo Storm damage risk [ha] at [%] risk per land use type

‐ Island (indicators identical) Flood damage risk [ha] at [%] risk per land use type

Puerto Rico Value at stake on low land Total; per region; per cell

Entire area: 240m Euclidean distance to jobs Average [km]: total; per region; per cell

Carolina: 60m Distance from urban to steep slopes Average [km]: total; per region; per cell

Potential biodiversity Average [%] ?: total; per region; per cell

Incl. transport model Urban clusters Average size [ha]; Number of clusters Adaptable minimum radius Adaptable minimum radius

National, region, local model Natural areas larger than 1km square Average size [ha]; Number of clusters

Ind. adding possible Economic

Marco economics

Real aggreagate demand (in constant prices 1992 import prices)

 . . . 

 . . . (another +‐ 20)

Regional economics

Job activity (total jobs) [Number] per region and per sector

Job density (jobs per cell) [Number per cell] per region and per sector

Social

Age cohorts [Number male and female in 5y cohorts]

Total population [Number] (visible as trend)

Male population [Number] (visible as trend)

Female population [Number] (visible as trend)

Fertile females [Number] (visible as trend)

Young population [Number] (visible as trend)

Workforce population [Number] (visible as trend)

Elederly population [Number] (visible as trend)

Combined youth, workforce, elderly trend [Diagram]

Regional population [Number] per region

Regional population densit [Number per cell] per region

Transport

Daily congestion [km] per category Category is intervals of % of congestion

Trip average distance [km] per private/public transport

Trip average duration [hours] per private/public transport

Trips number O/D [trips/hour] total per TZ per O or D and per rush hour/rest of day

Trip distance and duration O/D [km or hours] per O‐D‐pair per Rush/Rest and Priv/Pub

Added indicators don't show 

in indicator user interface

Added indicators don't show 

in indicator user interface
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APPENDIX	21:	QOL	STRUCTURE	WITH	INDICATOR	FEASIBILITY	AND	SELECTION

QOL Dimensions QOL Topics Topics Indicators found/suggested:

Suggestion 
Metronamica 
Implementation

When no indicators 
found/suggested: 
Subjects found/suggested:

Suggestion 
Metronamica 
Implementation

1a Flora, fauna, biodiversity Eco / Green Systems Biotope structure -
Greenery / Green - Biodiversity -
Flora (plants) Vegetation cover -

Species diversity -
Protected species * -

Fauna (animals) Species diversity -
Protected species * -

Air, water, soil*, noise (Surface) Water - Water quality -
Water management * -

Air Population weighted exposure / Days with 
exceeding O3, SO2, NOx - Air quality Distance from 

roads/infrastructure
Smell/Odor nuisance * -

Soil (Degree of) soil sealing LU or LUC Soil contamination * -
Noise Traffic noise (e.g. portion population noise 

above .. dB)
Distance from 
roads/infrastructure

Other pollution / 
Disturbances - Protected area use / Urban intrusion LUC;

Protection maps
Natural value -
Resource usage (Potable) water consumption (per …) -

(Electrical) energy consumption (per …) -
Waste (Waste) Amount of solid waste -

Ratio waste landfilled/incinerated/recycled -
Identity* (City scape / Mental value) -
Other (Protection) Amount of protection (of sensitive/natural 

areas)
Compare LU with 
zoning

Distance from sensitive/natural 
interest/reserve/ecosystem areas

Distance nature to 
urban

Maximum NOx depositions caused on 
sensitive areas * -

(Land-use) Density of buildings/build land / Floor area 
ratio -

1b Building(/Housing) quality Building (/Housing) Building age -
Building (technical) condition -
Building density -

Building/Housing prices Housing (quality/price) Housing prices / share of income - Housing quality -
Other Population / Household Population density Estimate with LUT

Household size -
Household type -

2 Transportation / Mobility Mobility Modal split - (transport model) Degree of motorization -
Transport demand (freight, passenger) - (transport model)

(Distance to) public transport (PT) Distance residential to 
bus/train stops Access to PT, pedestrian, bicycle, road Accessibility map

Infrastructure (pedestrian, bicycle, PT, 
road) -

3 Accessibility Accessibility Distance from … (commercial, supermarket, 
…)

Distance residential 
to commercial LUT

Access to PT, open areas, land use 
types (LUTs), roads -

Number of people within range of …
Population and 
above distance map 
combi.

Distance to/from … (other LUTs, 
supermarket, …) See above Proximity to (basic) services … (see all 

before) -

Number of service … (basic, green space, 
amenities, …) within walking distance Count LU

Service infrastructure Infrastructure etc. Ratio of cover area for service … (water, 
electricity, …) -

Energy (supply) (Infrastructure etc.) -
4 Education Accessibility

Distance from school, university Distance residential 
to education LUT

Number of people within range of school, 
university

Population and 
above distance map 
combi.

Facilities (quantity and 
quality)

Education(al) / Research
-

5 Health Accessibility Accessibility Distance from general practitioner (GP), 
hospital

- (Distance residential 
to additional data)

Number of people within range of GP, 
hospital

Population and above 
distance map combi.

Facilities (quantity and 
quality)

Utilities / Facilities Number of inhabitants per doctor, hospital 
worker -

Illness, dead (Health and well-being) - Numbers about illness and early dead -

(Nutrition, drinking water) (Income / Poverty) -
((Surface) Water) -

Other Other - UHI (urban heat island) * -
6 Recreation

(culture, leisure)
Historical & Cultural aspects Distance to / Number of 

archaeological/historical areas/sites
- (Distance residential 
to additional data)

Sport(s)/Play & Recreation Distance to / Number of sport/recreational 
facilities (per resident)

Distance residential to 
recreation LUT

Green supply Green cover ratio -

Green space ratio / Share of green LU green divided by 
LU urban/total

Maximum distance to green space / Part of 
inhabitants within range (time/distance) from 
green space (with certain size)

Distance residential 
to green LUTs;
Combi with 

ha green (absolute) * Sum green LUTs

ha green per capita *

Population and sum 
green LUTs 
combined;
Neighborhood 
indicator extension

Other (Cultural/Aesthetic value) -
7 Economic conditions (Un)employment (Un)Employment (Un)employment rates / numbers For economic model 

(see Xplorah) Housing/People vs. employment ratio -

Income (Income / Poverty) -
Wealth (Income / Poverty) -
Other (Production / Products) -

8 Safety / Risk Crime Crime Number of crime incidents per inhabitant 
(splits in types) -

Safety - Levels of criminal incidents in area -
Risk (hazards) Risk - Flood risk Elevation x LU

Seismic risk * -

Landslide risk * Distance to steep 
slopes and soil type

(Traffic) safety (Safety) -
Other Other Vulnerability * -

9 Social conditions / Community Belonging, networks ((Satisfaction with) (local) 
community/environment / 
Civic society)

Citizen satisfaction with … (community, …) -

Participation, involvement (Participation / (Civic) 
Involvement / Empowerment) - Citizen/Public involvement/participation 

in decision process -

Environment:
      Residential / Housing

Urban design and planning literature indicators in QOL dimensions
QOL-focused Literature Urban design and planning-focused Literature & Interviews

Environment
(physical, natural, living)

Natural resources and 
supply, and natural value

Mobility: modes, costs, 
speed, trips
Network: capacity, quality 
(of routes), etc.

Transport networks (road, 
public transport)

(Public) Services and facilities
(incl. accessibility)

Facilities (quantity and 
quality)

Utilities / Facilities / (Public 
and commercial) service

Access (financially etc., 
accessibility)

Accessibility; 
Facilities (quantity and 
quality)

Grayed out  topics are considered important to QOL, but show to little connection to spatially explicit and UDP indicators
*) Added based on interviews and supervisory suggestions.

Selected for implementation

Possibly implementable

Legend

Maybe implementable and/or 
data availability questionable
Hardly implementable and/or 
data availability not expected

Already partly or similarly present 
in one of RIKS SDSSes

Already similarly present, but 
possibly expandable

Already specifically present in  
RIKS SDSS
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Appendix 22: Land use type categorizations   Rob Valk – 2016‐06

APPENDIX 	22: 	LAND 	USE 	TYPE 	CATEGORIZATIONS	
This appendix lists the land use types (LUTs) or classes available in the Geonamica/Metronamica application of 

the Auckland region, as well as the generally assumed categorizations of these LUTs used in this research. 

 

ALL 	PRESENT 	LUTS 	
Metronamica distinguishes vacant, function, and feature land use classes. The function and vacant types are 

both dynamically changed by the model; features are supposed to be static (RIKS, 2012, p. 11).  

VACANT 	LUTS	

Vacant 
Indigenous forest and vegetation 
Other exotic vegetation 

FUNCTION 	LUTS	

Horticulture and fruit growing 
Livestock and crop farming 
Dairy cattle farming 
Other farming 
Exotic forest 
Industrial 
Commercial 
Central Government 
Residential ‐ low density 
Residential ‐ medium density 
Residential ‐ high density 
Lifestyle blocks 

FEATURE 	LUTS	

Education 
Culture, recreation and defence 
Mines 
Freshwater 
Wetlands 
Airports and ports 
Motorway 
Open space 
Estuaries and mangroves 
Bare land 
Land Outside Study Area 
Marine Area Outside Study Area 

'NATURAL' 	LUTS 	
(In short: in natural protection and value terms.) These are the land uses that are considered natural in terms 

that for example their intrusion by either urban, agricultural, or other land uses is considered intrusion of 

nature. 

Indigenous forest and vegetation 
Other exotic vegetation 
Exotic forest 
Freshwater (lakes etc.) (only for proximity indicators, not for amount indicators) 
Wetlands (only for proximity indicators, not for amount indicators) 
Estuaries and mangroves (only for proximity indicators, not for amount indicators) 
Marine Area Outside Study Area (mostly sea) (only for proximity indicators, not for amount indicators) 
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'GREEN' 	LUTS 	(ALSO 	'BLUE' 	HERE) 	
(In short: in recreation and health terms.) These are the LUTs that are considered 'green' for recreation and 

other positive effects of nearness of natural or green assets. Herein it is assumed that all types of agricultural 

land use apply for this category. (For example the potential negative impact of intensive cattle farms is ignored 

as it cannot be distinguished by the LUTs.) 

Indigenous forest and vegetation 
Other exotic vegetation 
Horticulture and fruit growing 
Livestock and crop farming 
Dairy cattle farming 
Other farming 
Exotic forest 
Lifestyle blocks 
Freshwater (lakes etc.) (only for proximity indicators, not for amount indicators) 
Wetlands (only for proximity indicators, not for amount indicators) 
Open space (some parks etc.) 
Estuaries and mangroves (only for proximity indicators, not for amount indicators) 
Marine Area Outside Study Area (mostly sea) (only for proximity indicators, not for amount indicators) 

URBAN 	LUTS 	
Industrial 
Commercial 
Central Government 
Residential ‐ low density 
Residential ‐ medium density 
Residential ‐ high density 
Education 
Culture, recreation and defence 
Airports and ports 
Motorway 

RESIDENTIAL 	LUTS 	
Residential ‐ low density 
Residential ‐ medium density 
Residential ‐ high density 
Lifestyle blocks 

(CONSEQUENTIALLY) 	URBAN 	RESIDENTIAL 	LUTS 	
Residential ‐ low density 
Residential ‐ medium density 
Residential ‐ high density 

BUILT‐UP 	LUTS 	ACCORDING 	TO 	ACCESSIBILITY 	MODEL 	
These are the LUTs that have been assigned the built‐up parameter in the original accessibility model. 

Exotic forest 
Industrial 
Commercial 
Central Government 
Residential ‐ low density 
Residential ‐ medium density 
Residential ‐ high density 
Lifestyle blocks 
Motorway   
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APPENDIX 	23: 	TRAFFIC 	NOISE 	CALCULATION 	AND 	ASSUMPTIONS	
This appendix details the technical or mathematical steps for calculating and estimating the traffic noise 

nuisance that are not discussed in the main report. 

WEIGHTING 	OF 	TRAFFIC 	TYPES 	
To determine the weighting of the different infrastructure types in the specific Auckland application a number 

of assumptions and calculations is used. 

As described in the main report, it is assumed the perceived traffic noise halves by quadruplicating the 

distance. This is based on the assumption that humanly perceived nuisance halves with a 10 dB(A) decline in 

noise level (Illinois Department of Transportation (IDOT), 2011). 

In order to determine the weighting parameters of the different road types, first the estimated decibel levels 

produced by these road types need to be determined. Then the highest found level is set to be represented by 

the value 1. From this level the other parameters are calculated. 

To determine the produced levels the findings from Grove (1973) are used as these are simple enough to 

determine using the available data. Using Grove’s work the noise level at about 25 meters from the source can 

be described. This means  25, which is a parameter in the proposed Equation 3 in the main report. 

The transportation network in the Auckland application has five types of roads. These types are listed together 

with the assumptions made about them in Table 1 and the looked up noise levels according to Grove. 

Table 1: Road types and accompanying assumptions 

Road type  No. of 
assumed lanes 

Assumed 
intensity 

Assumed 
speed (mph) 

Lookup noise level ( ) at  
+/‐ 25 meters (Grove, 1973) 

Residential road  2  Very low  20  56 dB(A) 

Collector road  2  Low  30  63 dB(A) 

Arterial road  4  Medium  50  68 dB(A) 

Principal highway  4  High  60  72 dB(A) 

Major highway  6  High  60  72 dB(A) 

 

The highest noise level is 72 dB(A) which will be represented by the weighting value 1. In accordance with the 

above described assumptions a level 10 dB(A) lower will be represented by 0.5 and a level an additional 10 

dB(A) lower 0.25, etcetera. This can be described using the following Expression 1. 

2  

 : the weight of source type   

	: the lookup noise level for source type   in dB(A) 

	: the highest lookup noise level of the considered source types in dB(A) 

This results in the following weights for the source types (Table 2). 

Table 2: Weights for road types 

Road type    Weight   

Residential road  0.33 

Collector road  0.54 

Arterial road  0.76 

Principal highway  1.0 

Major highway  1.0 

These weights are the input parameters used for the algorithm as described in the main report. 
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