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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The descriptive framework for cities and communities detailed in this document helps city and
community stakeholders define a common language to describe cities and communities. This
framework can facilitate the sharing of ideas, data and solutions within, and also between, cities. The
descriptive framework, which can also be referred to as the city anatomy, serves as a basic blueprint to
facilitate the integration of operating systems and services within a city or community[4l.[5], Ultimately,
the descriptive framework can be the basis of a formal ontology, or knowledge model, which can be
useful for helping to plan and implement city operating solutions, particularly those that might require
digital machine-readable information.
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Sustainable cities and communities — Descriptive
framework for cities and communities

1 Scope

This document specifies a descriptive framework for a city including an associated foundational
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place in this structure.

OgYy Of the amatomnTical Structure of a City OT COMMITUITItY: T ITe descriptive framework 1S
the following qualities:

imeless, i.e. compatible with any human settlement at any time in history;
ycultural, i.e. valid for any culture and any type of city;
calable, i.e. valid for a metropolis, a city, a small town or a village;

jeneric, so that everything we could define as a “human settlement”, such as a “smar

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For datéd references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

7100, Sustainable cities and communities —Vocabulary

[erms and definitions
he purposes of this document;, the terms and definitions given in ISO 37100 and the foll
nd IEC maintain terminelegical databases for use in standardization at the following g

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia;available at http://www.electropedia.org/

riptive framework

théir'relationship with each other

intended to

city”, has a

heir content
applies. For
hts) applies.

bwing apply.

ddresses:

hl structure that describes how the key entities within a specific domain can be classified so as to

Note T to entry: "Entities” refers not only to tangible things, but also to anything important that has a separate
and distinct existence, for instance elemental conventions, principles, practices, strategies, policies, decision-
making structures and accountabilities.

3.2
onto

logy

specification of concrete or abstract things, and the relationships among them, in a prescribed domain
of knowledge

[SOU
3.3

RCE: ISO/IEC TR 19763-9:2015, 3.1.3, modified — Note removed.]

urbanism
urban life and environment
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4 Descriptive framework of cities and communities

4.1 General description of a city

Figure 1 shows the three overarching logical elements of a city or community ecosystem as the holistic
integration of the physical structure (structure), the people who live in it and occupy this physical space
while carrying out functions (society) and the interactions through which the society engages with the
structure.

2 © IS0 2019 - All rights reserved
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Figure 1 — A timeless, culturally agnostic, scalable, generic descriptive framework for any city
or community

© IS0 2019 - All rights reserved 3


https://standardsiso.com/api/?name=d7a9f80021558bff8a8efbcc0182ede3

ISO 37105

:2019(E)

4.2 C(Cities as ecosystems

A city can best be viewed and understood as an ecosystem, broken down into three elements:

1) the physical structure of that ecosystem;

2) the living entities that it contains;

3) the flow of interactions and information.

The descriptive framework offers a common language to describe the city ecosystem as a set of physical
structures, the living entities that make up a city’s society and the flow of interactions between them.

In so doing, it suggests an analogy to the human anatomy and its dynamic physiology.

4.3 How the descriptive framework supports governance and transformation

Ultimately, [the descriptive framework aims to help enable effective governancejevaluation| and

transformatiion by providing city officials and other stakeholders with:

— away t¢ describe their aims and objectives, existing or proposed city initiatives, and service$ in a
manner|that is consistent across cities, vendors, service providers and standards developers;

— acomprehensive checklist of key city aspects and domains.

By providing a framework for describing projects and objectives in &way that is consistent with ¢ther

cities, city splution providers and standards organisations will enaple them to more easily:

a) identify|opportunities and potential areas for innovation:and collaboration within or between dities;

b) improve¢ communications between different city sepyice owners and/or operators within the ¢ity;

c¢) commuhicate their objectives and priorities cleayly to citizens and service providers;

d) frame apd support emerging processes andcitizen demands; and

e) identify|the standards that are most relevant to the needs they are seeking to address.

The checkligt can help them:

1) review [their city in a compfehensive way to evaluate areas of strength and weakness anf set
prioriti¢s for future action;

2) review potential projécts to understand the areas of city life they are likely to impact and thg¢ city
stakehdlders that need to be consulted or involved; and

3) develop|comprehensive sets of evaluation criteria to judge the success of projects.

See Annex Alfor amore detailed description of applying the descriptive framework for cities: governance,

evaluation dndtransformation

4.4 Basic elements of the descriptive framework for cities and communities

4.4.1 Structure (system)

The first layer within the structure system element is the environment, which is the physical and
geographic setting of the city, including the natural environment (“nature”). It is formed by nature
(plant and animals) and by the three basic components - air, earth and water - interacting dynamically
in a seasonally variable way, and increasingly subject to the impacts of climate fluctuations linked
to anthropogenic greenhouse gas pollution.) The second layer of the structure system element is

1) Anthropogenic sources are those caused or produced by humans, such as the carbon emitted through power
generation or transport.

4 © IS0 2019 - All rights reserved
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infrastructures, the connective structures that enable resource gathering and extraction from the
environment, transporting resources to the city, and the material and energy cycles within the city
itself. These infrastructures include those that support communications, the water and energy cycles, the
matter cycle that supports the movement of goods and food as well as the resultant waste, the mobility
networks, and nature or green infrastructure of the city. The third layer is the built domain, which
can best be organized according to the approximate number of people that it can accommodate on a
physical basis. Thus, within the built domain, an object corresponds to a single person, house, building,
block, neighbourhood, district, city, and metropolis or region, each increasing the scale by an order of
magnitude. Private and public spaces are contained within each level of scale.

4.4 Interactions (system)

The ffirst layer within the interactions system element comprises urban functions.inclfiding living,
workKling, education, shopping, caring for health, the performing arts and many more. The se¢ond layer is
the gconomy, which influences urban innovation and the everyday operation of the city, ag well as the
life qycles of services provided by cities. The third layer is culture - the languages, traditjons, beliefs,
valug¢s and ways in which people organize their conceptions of the worldaround them (ji.e. the non-
matdrial assets of the city). The fourth and final layer is information. It includés the city operfating system
(city|OS), city performance indicators and indexes, tools and applications, ity ontology and an| information
portdl for open data and specific learning protocols and related resotrces.

4.4.3 Society (system)

The gociety system element is composed of the living entities of the city. The first layer is cifizens, which
can e broken down into: person (the individual), family, organizations and businesses. The $econd layer
is goyernment, whose head is, typically, the mayor.

NOTH The term governance is used when the deseriptive framework of a city is used for evaluatjon purposes.
The term governance is the process of running a government and, as such, it focuses on its effectivehess.

4.5 | Structure (system)

4.5.1 Environment

The first subsystem layer within the structure system element of the descriptive framework (see
Figure 1) is the environment;-the setting of the city, as shown in Figure 2.

1 gas

Figure 2 — Environment

The environment existed well before the establishment of the city and includes the topography,
morphology, living systems, and natural flows and cycles that form the city’s physical setting. The
environment is nature (plants and animals) and the three basic components - air, soil and water - which
interact dynamically in seasonally variable ways. Each of these components has its own indicators to
assess quality and other characteristics.

© IS0 2019 - All rights reserved 5
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Air quality can be assessed by measuring particulate concentration, ozone levels and other chemistry, as
well as CO, levels, temperature and other measures related to global warming. The ground topography
(soil) is fundamental for siting a city and serves as an important resource, supporting agriculture, plants
and animals. It is also an important source of minerals and energy. Soil too has physical and chemical
properties, which can be measured. Finally, water cycles through the environment - atmosphere to
surface water to groundwater to oceans. Both water quality and water quantity can be measured in a
number of ways.

These are the components which interact to form the environment layer and are critical in the

functioning

of a city.

4.5.2 Infr
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Introduction

subsystem layer within the structure system element is the Infrastructures, the conne
hat enable resource extraction and use, as well as enabling city liferiThe infrastru

hter, energy and matter. It also includes the natural - or green - infrastructure that pla
ble in many communities.

mmunications network

frastructure depicted in Figure 1 is the communications network shown in detz
e communications component is composed of all the technologies that carry informz
prmation communication technologies (ICT) (wire and cellular telephone technold

e. radio and television) have evolved into -aémore distributed arrangement of inform
emitters and many receivers of information (i.e. the Internet). Telecommunica
ansporting information through copper’and/or fibre optic cables, as well as throug

electromagietic spectrum, are all examples of communication infrastructure.
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Figure 3 — Communications network

4.5.2.3 Water cycle

The second infrastructure is the water cycle component, which includes water supply, treatment and
management of wastewater, surface water runoff and floodwaters (see Figure 4). Cities draw water
from the environment, perform treatment processes and consume it. Grey water?) and wastewater is
discharged back into receiving bodies, often after treatment, and sometimes recycled directly back into
the community’s own water supply. Water infrastructure describes all of the physical elements that
form the water cycle - from its extraction to its disposal or reuse - and that operate it in a structured
way to serve a city or community.

2) Grey water is wastewater from sinks, baths, washing machines, and other sources that can be used or recycled
for other purposes where potable water is not required, like toilet flushing.

© IS0 2019 - All rights reserved 7
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Figure 4 — Water cycle

4.5.2.4 Energy

The third infrastructure is the energy cycle component (see'Figure 5), composed of the entire ppwer
system, including functional nodes producing power (e;g: nuclear and fossil fuel power plants, wind
farms, biomass/bioenergy power plants, hydroelectric-plants, solar generating plants) often log¢ated
outside of the city; the networks needed to transmityelectricity or convey fuel - like natural gas  into
the city; as well as other networks of pipelines, ships, rail and trucks needed for the transport of fossil
fuels and chpmicals as raw or refined products:Jn addition, smaller production nodes, like district{level
generating plants, bio-energy systems and stéam generation, often operate in cities, as do distrihuted
energy nodgs, like rooftop solar for thermal‘energy or electricity.

8 © IS0 2019 - All rights reserved
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4.5.2.5 Matter cycle

The fourth infrastructure is the materials or matter cycle (see Figure 6). This infrastructure component
includes the extraction of material resources from nature (including food), their industrial level or
small-scale manipulation to create products, the transportation and logistics infrastructures to reach
consumers and the management of waste materials. Stated another way, the matter cycle includes: (i)
everything involved in the extraction of resources from the environment and the transport of those
resources to factories or production centres; (ii) the distribution of resources and products around
the world enabled by logistics platforms, containers and other means; (iii) deliveries within cities; (iv)
consumption within cities; (v) waste generation; (vi) transport of waste to landfills; and (vii) waste
recycling and/or waste-to-energy production.

Figure 6 depicts two main types of materials: (i) the matter incorporated into consumer geodg and
constructiop materials within the city, shown as a solid line, and (ii) food - both plant-based and
livestock - ghown as a dotted line.

U piryry - O
Key
1 goods
2 food

Figure 6 — Matter cycle

4.5.2.6 Mobility

The fifth type of Infrastructure is mobility (see Figure 7). Mobility chiefly refers to transportation for
people, though often the same facilities, networks and means of conveyance transport goods as well,
like airports and ports, and other facilities devoted to shipping and logistics. Mobility networks include
large systems, such as railways, airports and highways, as well as road systems, including city streets.
City streets, used by pedestrians, bicyclists, vehicles and public transportation, are not only important
for mobility, but also form an integral part of a city’s public space, which is important for many aspects
of city life.

10 © IS0 2019 - All rights reserved
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4.5.2.7 Green infrastructure

The

the 1
gard

qual

ity of city life.

Figure 7 — Mobility

final infrastructure is the green infrastructure (see Figure 8), i.e. the infrastructure provided by
atural environment. It can be composed of natural elements used in a structured way, like rain
bns or bioswale3), or any other datural element, like trees and open space that has an ¢ffect on the

3) Bioswales are landscape elements designed to concentrate or remove silt and pollution from surface runoff
water.
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Figure 8 — Green infrastructure

4.5.3 Built domain

The third component of the city structure system.element is the built domain, both public and privatg, and
the surrounfling public space. The built domain has two distinct and essential characteristics in relption
to urbanisnj: (i) it is the main expression of tiie material culture of a city, and (ii) it is fundamentally
multi-scale In nature (i.e. scale is an intrinsic characteristic of the built environment), as illustrated in
Figure 9. At the highest level of resolution, the built environment supporting urban functions cqgn be
viewed as objects. Scaling up, the built:domain is a collection of objects and the space that contains them.
As illustratgd in Figure 9, this seale can be represented as: houses, building, blocks, neighbourhpods,
districts, the city, the metropoliS;the country, the continent and ultimately the whole planet.

- _— «nEs .,
_ )
/] ] — aaas etz
i — aEes A
. ases

1 10 100 1000 10000 100 000 1000000 10 000 000

Object House Building Block Neighbourhood District City Metropolis
L I L I L I

A oM FaY i o] L e | 2
riguic 7 DUIIt UvuillidIiil

Objects are also those structures at the smallest scale that can ultimately have their own identity in a
global network of the Internet of things (IoT). Most objects belong to a functional category since they
support one or more functions for human life in cities. In many cases they become part of a larger scale
network made up of other elements and systems (e.g. buildings or the city itself).

The built domain in both Figure 1 and Figure 9 is ordered according to the number of people that each
level of scale approximately relates to on a physical basis, for example 1 object; 10 house; 100 building;
1 000 block; 10 000 neighbourhood; 100 000 district; 1 000 000 city; 10 000 000 metropolis or region.

The built domain determines where the essential functions attached to human life in cities take place,
both publicly and privately. Thus, it is typically buildings like apartments/flats, hospitals, offices and
other places of employment, but it can also be the public space of streets and squares. These public
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spaces are also often the rights-of-way through which infrastructure and vehicles pass, and which host
green space. It includes blocks of flats/apartments, hospitals and places of employment. In addition, the
public space can have its own intrinsic value in the city as a space shared by people to meet, relax and
carry out activities, either individually or communally.

Different city models can be identified or defined based upon the scales at which individual needs
are met as they, in turn, determine the associated models for mobility, density and social interaction.
Every node in the built domain has a production and an operational cost, with an economic, social and
environmental impact on its setting and, ultimately, on city finances and efficiency.

4.5.4 The three subsystems of the structure

The three subsystems of the structure - the environment, infrastructures and the built dlomain - are
the physical remnants of a city that would remain if the people disappeared. The.thr¢e structure
layerfs help explain the city as a system of systems and interactions. As depicted if-the diagrams, these
networks have connecting lines on which information, energy or material travel and nodes where these
may be processed and/or stored.

The Wwhich is the

Secol

Felationship between structure and society is characterized herein.as interactions, |
1d system element considered in the anatomy of Figure 1.

4.6 | Interactions (system)

4.6.1 Introduction

The
betw
meas

becond system element considered in the descriptive framework is interactions. The finteractions
een the structure and society effectively reflect'the activities in the city and can be analysed and
ured as flows of information.

Inter

4.6.2

Fund
(bus
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build
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build
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actions includes four subsystem layers; (i) functions, (ii) economy, (iii) culture and (iv)

Functions

tions include living, workingpeducation, shopping, caring for health, the performing a
ness and personal) and mrany more. The built domain, including public space, typicall
pse functions, though tHis)subsystem layer is concerned with the activities themselveg
ings that play host t¢ them. This is an important distinction because some of these Ful
ption and shopping can be delivered via the Internet and may no longer be confine
ings or facilitiesHowever, Functions, many of which are supported by the city, gene
the interactionbetween the people in the city and different parts of the built domain.

Economy

th productlon and dlstrlbutlon commerce and trade innovation and entrepreneurlal

nformation.

rts, tourism
’ hosts most
and not the
[nctions, like
1 to specific
ally emerge

ecosystems,
1 create the

economy of a city, the second subsystem of the 1nteract10ns system element The economy plays a
critical role in any city, impacting quality of life and the level of support for city services.

The economy, at both the micro- and macro-economic scales, operates via an increasingly rapid rate of
information exchange between people, institutions, companies, and economic and financial agencies.
This is particularly true in cities, which today are responsible for generating most of the world’s GDP.
The economy influences urban innovation, as well as everyday city operations and life cycles of services
provided by cities. It is also a key element in the evolution of cities, determining the feasibility of
transformational projects to increase the quality of life for residents.
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4.6.4 Culture

Culture encompasses the languages, traditions, beliefs, values and other non-material assets
that comprise parts of the city’s identity. It also includes the tacit knowledge that builds shared
understanding and trust among people in a given community that can become explicit practices,
expressions, representations, knowledge, skills and organizational behaviours. Culture impacts and
reflects all dimensions of human life - emotion, intelligence, spirituality, creativity and community.

4.6.5 Information

The conceptual model of a city as a system of systems and interactions at different scales of time and
space impli¢s the inclusion in the framework of an informational or systems platform, depictgd in
Figure 10. This platform has the following five functional elements:

— city ontplogy, or knowledge model, which is the lexicon, syntax, and semantics needed t6 promote
the intqroperability and proper integration of city models, bringing together all the strucfural
elements of the anatomy, along with the time and spatial reasoning coupled with the informption
systemg that are involved in the formulation, generation and evaluation of urban planning, degsign,
and transformation;

— city opgrating system (city OS) that functions as a shared - or trans-disciplinary - set of to¢ls to
manageland organize the city as a system of systems for all city activities by defining protocolg that
standardize methods for improving knowledge acquisition and information transfer (i.e. data flpws);

— city pefformance indicators and indexes that include broad* performance categories, su¢h as
resilienge, self-sufficiency, habitability, welfare and economic:empowerment, and that also congider
qualitative information in an evaluation framework defified for assessment purposes, for example
ISO 371R0;

— tools and applications for system-level data analysis and representation/visualization, dedision
support, management actions, and data privacytand security actions; and

— informdtion portal for open data and spegific learning protocols and related resources, inclyding
informdtion on both hard and soft system’s, and on the many different mechanisms by which ¢ities
acquireland apply knowledge.

fou K\ ﬁ@xﬁﬁﬁﬂ ﬁ% (% %% j

[P
i Cify 0S PlatforW City ontology |

Aplplications and tools @

52

Figure 10 — Information platform

Many cities today are adopting and implementing information platforms to integrate all of the
informationl_flews that move data through interconnected and integrated layers of systems and
subsystems that form the anatomy in Figure 1. These flows pass through specific domains like mobility,
water, energy or others.

Cities can have multiple information systems. For example, there may be a system to collect different
types of data in real time, which may be separate from the data generated by the administration of the
city or generated by city residents and businesses. These streams of data can be connected to a platform
for integration and processing. This set of basic data collection and processing systems is the basis of
what the framework refers to as the operating system of the city, or the city OS (see Figure 10). As cities
collect more information, applications can be designed and implemented to manage systems within the
city. Cities can create open data platforms, enabling greater engagement in city life and governance by
the public, and potentially accelerating innovation.

The city performance indicators enable evaluation and transformation, sometimes in real time, or
through city governance or other processes. The performance indicators (like the ISO 37120 indicators)
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are key to the larger concepts like resilience, sustainability, attractiveness, well-being and social
equity, enabling evaluation of how well the city works or is meeting the UNSDGs, and other objectives
determined through a sustainable development management system like ISO 37101 or other tools.
Performance indicators also facilitate learning from past efforts to promote change within a city as well
as efforts made in other cities to address challenges. In both cases, the framework provides a common
frame of reference.

4.7 Society (system)

4.7.1 Introduction

The third city system element is society, including citizens and government.

4.7.2 Citizens

Citizens include the individual (or person), family, organizations and businesses. The term person is
applied broadly, and includes individuals who live in, work in and/or visit'axcity, whether or not they
are germanent or legal residents. Visitors are identified in Figure 1 as a cluster of individualls that cross
city borders as a flow of people. Beyond individuals, citizens includes\the many ways people organize
thenlselves (e.g. into clubs), work and do business (e.g. in corporations, small businesges or other
entitjes).

NOTH The term 'person' could also be extended to include petsor domestic animals.

4.7.3 Government

Government is the part of society that is elected oiappointed to serve the community. It includes the
decidion makers, as well as the personnel and apparatus that carry out the will of the decision makers
and ¢ity operations.

NOTH The process of running a government, governance, is used for evaluation purposes in this document.

5 A foundation ontology forthe descriptive framework of cities and
conimunities

5.1 | The descriptive-framework as a basis for the city anatomy ontology (CAO)

In addition to the uses-of the descriptive framework described in 4.3, it can also be used aqg the basis of
an ontology, as deseribed in this clause. The ontology provides a machine-readable representation of
the concepts and properties that underlie the city anatomy framework. It serves several functions:

— Itelaberates and clarifies the framework by providing a more precise description of the cpncepts that
ppear in the framework, enabling a clearer and more complete interpretation of the fjamework.

— It provides a data model that cities can use to represent and reason about the anatomy of their
city. The data model can be used for planning and operational purposes, and it enhances the
interoperability of data among city departments.

— It provides the means of operationalizing framework-based design of cities and communities with
the information infrastructure that underlies city operations.

5.2 Ontologies taxonomies and controlled vocabularies

An ontology is commonly referred to as “a formal, explicit specification of a shared conceptualization.”
In this context, the term conceptualization refers to the development of an abstract model of some
phenomenon in the world by having identified its relevant concepts. Explicit means that the type of
concepts identified, and the constraints of their use, are explicitly defined. Formal refers to the fact
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that the ontology should be machine-readable. Finally, the term shared reflects the notion that ontology
captures consensual knowledge, i.e. not the personal view of the target phenomenon of some particular
individual, but one accepted by a group.

Ontologies are designed to be used in applications that process the content of information, or perform
some type of reasoning, rather than simply presenting raw, unprocessed information. Ontologies also
permit greater machine interpretability of content than that supported by general technology syntax
schema such as XML, RDF and RDF schema (RDF-S). Ontologies provide additional vocabulary along

with a formal semantics.
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5.3 Descriptive framework city anatomy foundation ontology design principles

5.3.1

Introduction

The CAO described in this clause was developed according to the following design principles:

must be able to answer);

their properties;

16

organization of terms to form a taxonomy;

identification of the competency requirements of the ontology (i.e. the questions that the ontology

identification of relevant terms (vocabulary) from the descriptive framework city anatomy and
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— extraction of relationships between terms and definition of axioms to provide an unambiguous
interpretation of the terms;

— support for ontology extensions.

In addition, where appropriate, concepts defined in ISO/IEC 30182 that can be mapped onto concepts
within CAO should be identified.

5.3.2 Basic competency questions of the descriptive framework foundation CAO

The ontology must be able to answer a set of competency questions, which are related to the concepts
and clatiuuahipb described by the—descr tptive framework City—amatomy: The—basic ompetency
questions for CAO are:

— Which are the systems of a city?
— What s the structure of each system?

— How does each subsystem relate/interact with other systems?

The {dentification of the core entities needed to answer the above quéstions has been orggnized along
two dlimensions to facilitate the design of the ontology. The first dimension deals with the representation
of the city from a systems science perspective, whereas the sécond relates to the representation of
the dynamic processes that occur in the day-to-day operation.of a city. This is the sam¢ organizing
pringiple as the descriptive framework, which, through the'subsystems and layers, represg¢nts the city
as a $ystem of systems and the interactions that occur within and between these systems.

5.3. Strategic design objectives of the descriptive framework CAO
Examples of key questions related to the main strategic objectives of a city are:
— How self-sufficient is a city and how can\it become a zero emissions city?

— IHow can we decrease the number of'cars in a city to improve mobility?

— How resilient is a city?

— How can a city attract inveStments?

— How can a city achiévethe goal of greater equity in available opportunities?
— How can a cityfoster entrepreneurship?

— HHow can the’quality of life be improved in a city?

The dlescriptive framework CAO is a foundation ontology that provides the necessary building blocks to
framg the above questions in the context of the descriptive framework in a formal and unamlriguous way.
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5.3.4 The city as a “system of systems”
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Figure 11 — Schematic representation of the descriptive framework city anatomy

A city is a system of systems and interactions that fosters and are fostered by emergent human
behaviour. See Figure 11 for a representation of this interaction. Cities can also be regarded as an
arrangement of, and set of relationships between, multiple layers of a relatively large and permanent
human settlement, with an administrative and legal status supported by local laws, and one that is
generally recognized as such worldwide. The core entities of the CAO are designed to model the city and
its internal processes from a systems science perspective.

Figure 12 shows the relationships among the basic entities that form the core of the ontology. The
root of the graph is the concept 'Thing". It represents the universal concept that subsumes all other
concepts. 'CityAnatomyThing' is a SubClassOf 'Thing' and subsumes all concepts in the CAO. For
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example, 'Built_domain_element’ is one of many concepts that are a SubClassOf 'CityAnatomyThing'.
In addition to depicting the concept taxonomy, other relations between concepts are depicted. The
SubClassOf relation denotes subsumption and defines the taxonomy of concepts. Secondly, other binary
relations are introduced, such as isinformedBy, isOrganizedAs, and interactsWith. (Common practice is
that concepts begin with a capital letter and relations with a small letter.) The specific structure of the
classes and their relationships is based on the descriptive framework introduced in Clause 4.

Table 1 provides a formal description of a subset of the concepts in the diagram. The formalization used
is Description Logic and specified using the Manchester syntax. For example, 'City_system' is defined
to be a SubClassOf 'CityAnatomyThing' and related to at least one (i.e. some) 'City_system' concept via
the interactsWith relation. It is also related to at least one 'City_system_layer' via the isOrganizedAs

relatfon.
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gure 12 — Main CAQ entities and relationships that describe a city from a systen

perspective as a system of systems

A detailed description of the most relevant entities is provided in Table 2.

s science

Table = Core CAO classes used to describe the city from a systems science perspective
Class Property | Value restriction
CityAnatomyThing Convenience class that groups all the city anatomy elements
owl:SubClassOf CityAnatomyThing
City_system interactsWith some City_system
isOrganizedAs some City_system_layer
owl:SubClassOf CityAnatomyThing
City_system_layer isConstituent some City_system
isFormedBy some City_system_layer_component
owl:SubClassOf CityAnatomyThing
City_system_layer_component
isConstituent exactly 1 City_system_layer
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5.4 Structure system

5.4.1 Introduction

Three layers that correspond to the environment, infrastructures and built domain compose the

structure of the city anatomy.

Figure 13 depicts the main entities and their interrelationships.
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Figure 183 — Structure subsystem-afthe descriptive framework city anatomy with layers

environment, infrastructures and build domain

Annex B pr¢vides an elaboration of the CAO ontology classes, with a detailed description of the

relevant entfities provided in Table 2.

Table'2 — CAO classes used to describe the structure system

of

most

Class Property Value restriction
owl:SubClassOf City_system
isOrganizedAs only Structure_layer
Structure
owl:DisjointWith Interactions
owl:DisjointWith Society
owl:SubClassOf City_system_layer
isFormedBYy only Structure_layer_component
Structure_layer
owl:DisjointWith Interactions_layer
owl:DisjointWith Society_layer

20
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Class Property Value restriction
owl:SubClassOf City_system_layer_component
isConstituent only Structure_layer

Structure_layer_component owl:DisjointWith ]
Interactions_layer_component
owl:DisjointWith .
Society_layer_component

5.4.2 Environment

The first component of the structure layer is the environment. The environment is the sg
city. [The environment is formed by nature (plants and animals, may be referred te.as|
and py the three basic environmental compartments, air, soil and water, interacting dy1
a sedsonally variable way as described in Table 3. Each of these compartment$has its

indidators.

Table 3 — CAO classes used to describe the environment layer

Class Property Value restriction
Environment owl:SubClassOf Structure_layer_component|
isFormedBy some (Biodiversity and Envlironmen-
isRelatedTo tal_compartment)
some Settlement
Biodjiversity owl:SubClassOf CityAnatomyThing
Environmental_compartment owl:SubClassOf CityAnatomyThing
owl:NamedIndividual Air
owl:NamedIndividual Soil
owl:NamedIndividual Water
owl:NamedIndividual Sediment
owl:NamedIndividual Biota

Settlement

owl:SubClassOf

CityAnatomyThing

5.4.3 Infrastructures

The second subsystem layer within the anatomy structure comprises the infrastructures, i.e. connective
structures that enable people to get the resources they need, especially from the environment,
and bring them to the city, or that enable the flows or cycles inside the city itself. Two main types of
infrastructures are considered: networks and cycles, where a cycle can have a network as one of its
interconnected nodes. Tables 4 and 5 along with Figure 14 describe and depict the main entities and

relationships in the infrastructure component.
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Table 4 — CAO classes used to describe the infrastructure layer

ji=

5

Bus EED ¥ OL @ Car
£ Metro m[:] D & Moto
Train EDD & Bike

& walk

Network infrastructures Cycle infrastructures
Class Property Value restgiction

Infrastructure owl:SubClassOf Structure_layer_compohent

enable some Flow

transports some TranspertableThing
Network_inflrastructure owl:SubClassOf Infrastructune

isNodeOf some Network_infrastructure
Data_communication_network owl:SubClassOf Network_infrastructure

transports some Data

owl:NamedIndividual Internet
Metropolitaql_area_network owl:SubClassOf Data_communication_network
Local_area_llletwork owl:SubClassOf Data_communication_network
Mobility_netjwork owl:SubClassOf Network_infrastructure

hasElement some Mobility_network_component
Mobility_netfjwork_component owl:Sub€lassOf CityAnatomyThing

isElementOf some Mobility_network
Subway owl:SubClassOf Mobility_network_component
Bus/Bus Rapid Transit owl:SubClassOf Mobility_network_component
Road owl:SubClassOf Mobility_network_component
Railway owl:SubClassOf Mobility_network_component
Pedestrian_yvay owl:SubClassOf Mobility_network_component
Highway owl:SubClassOf Mobility_network_component
Bicycle_way owl:SubClassOf Mobility_network_component
Airports owl:SubClassOf Mobility_network_component
Power_network owl:SubClassOf Network_infrastructure

isNodeOf some Energy_cycle

transports some Electricity
Sewer_network owl:SubClassOf Network_infrastructure

isNodeOf some Water_cycle
Water_distribution_network owl:SubClassOf Network_infrastructure

isNodeOf some Water_cycle

transports some Water
Cycle_infrastructure owl:SubClassOf Network_infrastructure

22
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Network infrastructures

Cycle infrastructures

Class Property Value restriction
Energy_cycle owl:SubClassOf Cycle_infrastyUsture
Matter_cycle owl:SubClassOf Cycle_infrastructure
Nature_cycle owl:SubClassOf Cycle_infrastructure
Watgr_cycle owl:SubClassOf Cyelelinfrastructure
Green_infrastructure owl:EquivalentClass Ndture_cycle
Flow owl:SubclassOf CityAnatomyThing

transports some TransportableThing

TranfsportableThing owl:SubClassOf CityAnatomyThing
Datql owl:SubClassOf. TransportableThing
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Figure 14 — Main classes and relationships in the infrastructure component of the city anat
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5.4.4 Built domain
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FUNCTION concept can be mapped onto the CAO Urban function class.
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Table 5 — CAO classes used to describe the built domain

Public Space
] — NG Nax]
wm B E O i Yot
1 10 100 1000 10 000 100 000 1000 000 10 000 000
 Object Dwellings  Building Block ., Neighborhood District ~ City Metropolis
Class Property Value restriction

Built_domain owl:SubClassOf Structure_layer_component

nasconstituent some Bullt_domain_element

performs some Urban_function
Buily_domain_element owl:SubClassOf CityAnatomyThing
Gengric_built_domain_element owl:SubClassOf Built_domain_eleiment
Speciific_built_domain_element owl:SubClassOf Built_domain,element

hasCost some Cost

hasImpact some Impact

hasOwnership some Ownership

hasUse some Use

isLocated some sc:Place

performs some Urban_function
Objert owl:SubClassOf Generic_built_domain_element
Contjinent owl:SubClassOf Generic_built_domain_elemept
Earth owl:SubClassOf Generic_built_domain_elemept
Admlinistrative_built_domain_element owl:SubClassOf sc:AdministrativeArea

owl:SubClassOf Specific_built_domain_element
City owl:SubClassOf Administrative_built_domair]_element
District owl:SubClassOf Administrative_built_domairn_element
Metropolis owl:SubClassOf Administrative_built_domair]_element
Country owl:SubClassOf Administrative_built_domair_element
Physgical_built_domain_element owl:SubClassOf Specific_built_domain_element
Property owl:SubClassOf Physical_built_domain_elemgnt
Dwelling owl:SubClassOf Physical_built_domain_elemgnt
Buildling owl:SubClassOf Physical_built_domain_elemgnt
Block owl:SubClassOf Physical_built_domain_elemgnt
Neighbourhood owl:SubClassOf Physical_built_domain_elemgnt
Publit_space oWl SubCIlassof Specific_buttt_domain_etement

hasUse value public_use

hasOwnership some publicly_owned
Use owl:SubClassOf CityAnatomyThing

owl:NamedIndividual private_use

owl:NamedIndividual |public_use
org:Ownership owl:SubClassOf OrganizationThing
org:privately_owned owl:SubClassOf org:0wnership
org:publicly_owned owl:SubClassOf org:Ownership
org:charitable_owned owl:SubClassOf org:Ownership
© IS0 2019 - All rights reserved 25


https://standardsiso.com/api/?name=d7a9f80021558bff8a8efbcc0182ede3

ISO 37105:2019(E)

Table 5 (continued)

Public Space
[ | SEEs .
ml El = Soae Yl
. ases
1 10 100 1000 10 000 100 000 1000 000 10 000 000
Object Dwellings | Building Block | | Neighborhood District | | City Metropolis |
Class Property Value restriction
org:government_owned owl:SubClassOf org:Ownership
Cost oWEStthtlassof EityAatomything
owl:NamedIndividual Maintenance_cost
owl:NamedIndividual |Operation_cost
owl:NamedIndividual Production_cost
Urban_functfion owl:SubClassOf CityAnatomyThing
Impact owl:SubClassOf CityAnatomyThing
owl:NamedIndividual economic_impact
owl:NamedIndividual |environmental_impact
owl:NamedIndividual socialfimpact
Dwell@# [ Country ] [ &@olis ] [ City ] [ District ]
1 1 |
Build|ng |
Physical_built domain_element ] [ Administrative_built domain_element ]

Blodk

Neighboyirhood

T

T

|

N
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v
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y
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Object Earth

Continent

Figure 15 — Representation of the built domain entities and relationships
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Interactions system

5.5.1 Introduction

The interactions system describes the relationship between structure and society, with the nodes

whe

Tabl

re functions take place. The interactions layer is formed by the following components:

Functions, which are the activities such as living, working, education, shopping, healthcare, arts and

tourism, but not the buildings that host these activities.

Economy, the wealth production and distribution, commerce and trade, and a key element in the

¢VOIULIO O dele g 110l OIly C dS1D V O d O dliondal proje O
the quality of urban life, but also the fate of cities themselves. Economy also influ
innovation, everyday city operation and the life cycles of services provided by cjties.

Culture refers to the assets in the city anatomy that are not part of the materialtworld or |
juch as language, traditions, beliefs, values and the ways in which people erganize their
¢of the world.

nformation platform, which integrates all of the information flaws that move data
different interconnected and integrated layers of systems and subsystems that fo
gdnatomy. The platform has four functional elements:

1+ city operating system (city OS);
1+ city performance indicators and indices;
+ information portal;

+ city applications.

lists

¢ 6 and Figure 16 show the components'of the interactions system and their relations}
the CAO classes used to describe theinteractions subsystems. Table 8 and Figure 17 i

the JAO classes of the information subsysStem.

r increasing
bnces urban

built domain
conceptions

through the
rm the city

hips. Table 7
t and depict
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Figure 16 — Components of i@\ﬁlteractions system

Table 6 — CAO classes used t

xO
(@escribe the interactions subsystem

Class

g

Value restriction

Interactions] layer

&

Q

} edBy
owl:DisjointWith

owl:DisjointWith

City_system_layer

only Interactions_layer_component

Society_layer

CN Structure_layer
Interactions _layer_compo@d owl:SubClassOf City_anatomy_layer_component
?\ owl:DisjointWith Structure_layer_component
éo owl:DisjointWith Society_layer_component
Functions ‘&\?\‘ owl:SubClassOf Interactions_layer_component
Education (O owl:SubClassOf Functions
Health owl:SubClassOf Functions
Transport owl:SubClassOf Functions
Tourism owl:SubClassOf Functions
Urban_planning_and_administration |owl:SubClassOf Functions
Living owl:SubClassOf Functions
Performing_arts owl:SubClassOf Functions
Security owl:SubClassOf Functions
Shopping owl:SubClassOf Functions
Sports owl:SubClassOf Functions
Working owl:SubClassOf Functions
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Table 6 (continued)
Class Property Value restriction

Economy owl:SubClassOf Interactions_layer_component
owl:NamedIndividual Commerce_and_trade
owl:NamedIndividual Competitiveness
owl:NamedIndividual Entrepreneurship
owl:NamedIndividual Finances
owl:NamedIndividual Wealth_distribution
owl:NamedIndividual Wealth_production

Culttyire owl:SubClassOf Interactions_layer_component

owl:NamedIndividual
owl:NamedIndividual

owl:NamedIndividual

Diversity
Heritage

Social_expression

Table 7 — Main CAO classes in the information-platform

Data
In/Out

iCity 0s

Lol

i

LCL

ﬁatforrﬁ?ﬁ

City Ontolo

)

y

N

Applications & Tools

8 @

X
® @

Class Property, Value restriction

Information_platform owl:SubClassOf Interactions_layer_component
hasElement some City_information_portal
hasElement some City_operating_system
hasElement some City_indicator
hasElement some City_application

CityJoperating_system owl:SubClassOf CityAnatomyThing
isElementOf some Information_platform
owl:EquivalentClass CityOS

City Jinformation_portal owl:SubClassOf CityAnatomyThing
isElementOf some Information_platform

City |application owl:SubClassOf CityAnatomyThing
isElementOf some Information_platform

City_indicator? owl:SubClassOf CityIndicatorThing
isElementOf some Information_platform

a  City indicators are described in full detail in 5.5.1.
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Interactions [ City_application ] [ City_indicator
f £ )

hasElement | hasElement

interactsWith Information_platform
City_system
hasElement 4 hasElement

isOrganizedAs

[ City_operating_system ] [ City_Information_portal

v
) ( )
[ Thing ]—O TtyAnatomy Thing City_system_layer Tnteractions_layer J

isFormedBy

v

\
—’[ City_system_layer_component } >[ Interactions_layer_component

———p  ow|:SubClassOf

Figure 17 — Components and relationships in the inforination platform

5.5.2 City indicators

The city perfformance language in the platform enables bothCity evaluation and transformation, gither
in real time pr through the more complex and slower processes, such as urban growth and developinent.
City indicatprs are the explicit elements that measure@erformance in the city anatomy frameyork.
Performancg is measured in terms of progress towards‘the achievement of specific “city objectives| like
self-sufficiency, mobility, resilience, investments, equity, entrepreneurship and quality of life. Figure 18
depicts the [way in which city indicators havecbéen modelled in the ontology. At the ontology |evel,
all the clasges related to city indicators are"grouped under the convenience CitylndicatorThing ¢lass.
Table 9 lists|the CAO classes used to describe the city indicators.
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Figure 18 — CAO modelling of city indicators

Table 8 — CAO classes used to describe the city indicators

Class Property Value restriction
CitylndicatorThing awlSubClassOf CityAnatomyThing
Indigator owl:SubClassOf is021972:Indicator

hasPurpose some Purpose
isDerivedFrom some Raw_data
measures some Measurable_thing
hasType some ‘unit of measure’
hasValue some measure
City |indicator owl:SubClassOf Indicator
owl:SubClassOf CityIndicatorThing
isElementOf some Information_platform
isRelatedTo some City_process
measuresProgressTowards some City_objective
Structure_indicator owl:SubClassOf City_indicator
Environment_indicator owl:SubClassOf Structure_indicator
Infrastructure_indicator owl:SubClassOf Structure_indicator
Built_domain_indicator owl:SubClassOf Structure_indicator
Interaction_indicator owl:SubClassOf City_indicator
Culture_indicator owl:SubClassOf Interaction_indicator
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Table 8 (continued)
Class Property Value restriction
Economy_indicator owl:SubClassOf Interaction_indicator

Function_indicator owl:SubClassOf Interaction_indicator
Information_platform_indi- |owl:SubClassOf Interaction_indicator
cator
Society_indicator owl:SubClassOf City_indicator
Citizen_indicator owl:SubClassOf Society_indicator
Government_indicator owl:SubClassOf Society_indicator
City_procesg owl:SubClassOf CityAnatomyThing
owl:SubClassOf org:Process
City_objectivye owl:SubClassOf CityAnatomyThing
owl:SubClassOf org:Goal
isRelatedTo some City_vision
City_vision owl:SubClassOf CityAnatomyThing
isFormedBYy some (City_objective and City_priority)
City_priority owl:SubClassOf CityAnatomyTHing
isRelatedTo some CitywviSion
ranks some City_objective

Additional details of the interrelationships between indicatofsand the data used to develop indicptors

are shown in Figure 19.

ISO/IEC 219724 defines an upper level ontology for-stnart city indicators. The ontology extendf the
CAO'’s Indicftor class by providing a machine-readable, precise semantics for the representatipn of
the definitign of an indicator and the data usedto derive an indicator’s value. The CAO incorpofates

ISO/IEC 219[72 in two ways:

1) CAO Inflicator is an owl:subClassOf is021972:Indicator>), thereby inheriting the propertips of
ISO/IE(Q 21972’s Indicator definition:

2) Importing the ISO/IEC 21972-ontology (available as an OWL file) directly into CAO OWL ont¢logy

file, thereby making the classes and properties of ISO/IEC 21972 accessible to users of the CA(Q).

The consequience of this infegration is that precise definitions of a city’s indicators can be repres¢nted

directly by 4n application, making them available for smart applications.

4) Under preparation. Stage at the time of publication: ISO/IEC PRF 21972:2019.
5) is021972 is the namespace prefix for the owl file that contains the ISO/IEC 21972 ontology.
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Figure 19 — Indicators;¢ity indicators, data and properties

Finally, the following mappings can be made from ISO/IEC 30182’s concepts onto the CAQ’s|classes:
— METRIC onto Indicator;
— OBJECTIVE onto City_objecttive.

5.6 | Society subsystem

The §ociety subsyistem comprises the living entities of the city. It includes all the people whpo live in and
occupy the physical space of the city while carrying out functions. The structure of the so¢iety system
is depicted invFigure 20 and described in detail in Table 10.

The 1nain components of the society system are:

1) Citizens, including person (the individual), family, organizations and businesses. The term person
is applied broadly, and includes individuals who live in, work in, and/or visit a city, whether or not
they are permanent or legal residents. Beyond individuals, citizens include the different ways in
which people organize themselves (e.g. into clubs), work and do business (e.g. in corporations and
small businesses).

2) Government, the part of society that at some point is either elected or appointed to serve the
community. The process of running a government, governance, is used for evaluation purposes and
discussed in 5.7.
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Figure 20 — Components-of the society subsystem
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v
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In the ontology, society is organized according to the structure shown in Figure 20. The ont¢logy
distinguish¢s between public, private andsocial organizations. Governmental organizations are defined
as a subclags of public organizations.managed by the Government. Examples of social organizations

include fam

ly, clubs (e.g. sports club))communities and non-governmental organizations.

Table 9 —CAO classes used to describe the society subsystem

Class Property Value restriction
Society_layer owl:SubClassOf City_system_layer
isFormedBy only Society_layer_component
owl:DisjointWith Interactions_layer
oWl DisjoIntWith Structure_layer
Society_layer_component owl:SubClassOf City_system_layer_component
owl:DisjointWith Interactions_layer_component
owl:DisjointWith Structure_layer_component
performs some Functions
Citizens owl:SubClassOf Society_layer_component
hasConstituent some Citizen
performs some Citizens_activities
Citizens_activities owl:SubClassOf CityAnatomyThing
Capacity_development owl:SubClassOf Citizens_activities
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Table 9 (continued)
Class Property Value restriction

Participation owl:SubClassOf Citizens_activities
Government owl:SubClassOf Society_layer_component

isElectedBy isAppointedBy |some Citizens

serves some Citizens

some Community
Tabtet0—€AOlassesusedtodescribe theorganizatiomsand citizens-withimrthe society
subsystem
Class Property Value restriction

Organization owl:SubClassOf OrganizationThing
For_profit_organization owl:SubClassOf org:Organization
Govgrnment_organization owl:SubClassOf org:Organization
Non |government_organization owl:SubClassOf org:0rganization
Socigl_organization owl:SubClassOf org:Non_government_organization
Corporation owl:SubClassOf org:Fef profit_organization
Club owl:SubClassOf org:Social_organization
Community owl:SubClassOf org:Social_organization
Family owl:SubClassOf org:Social_organization
schema:Person owl:SubClassOf SchemaOrgThing

hasRole some schema:Role

isRelatedTo some schema:Person
schema:Role Owl:Sub€lassOf SchemaOrgThing
Perspn_role owl:SubClassOf schema:Role
Citizen owl:SubClassOf Person_role
Resiglent owl:SubClassOf Citizen
Permanent_resident owl:SubClassOf Resident
Temporary_resident owl:SubClassOf Resident
Visitpr owl:SubClassOf Citizen
Tourjist owl:SubClassOf Visitor
The followingmappings from ISO/IEC 30182 concepts onto the CAQO’s classes can be made:
— PERSONonto Person;
— ORGANIZATION onto Organization

5.7 City dynamics as city processes

The descriptive framework of the city anatomy can be applied to facilitate the core organizing activities
for cities. Activities in the city are considered as processes that take place in a dynamic way for a
certain period of time. The anatomy model defines three different types of city processes: governance,
evaluation, and transformation (see Figure 21 and Table 11).

Governance includes the set of all processes of governing the formal and informal city organization
together with concrete activities and actions. It requires leadership to guide and influence city
organization by setting the objectives and priorities needed to achieve the city vision within a political,
administrative and legal framework - both within the election cycle and over the long term.
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Evaluation measures and evaluates the city to identify and prioritize the actions needed to help the city
progress according to its vision. As a result of such assessment, a city could start a transformational
process by first evaluating, together with other stakeholders, its current and specific anatomy by
means of city indicators. City maturity models or city dashboards constitute examples of the outcome

of an evaluation process.

Transformation processes manage the implementation of transformational projects. Cities can achieve
their strategic objectives by establishing appropriate policies and by applying well-assessed and
commonly accepted methodologies for city transformation stemming from a reliable city model and
framework (i.e. the city protocol), along with indicators and indexes, tools, processes, shared projects,
documents of reference, and guidelines or “de facto” standards.

N
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Figure21,//— Entities and relationships in the dynamics of a city

Table 11— CAO classes used to describe city dynamics and city processes

€lass Property Value restriction
org:Process owl:SubClassOf OrganizationThing
City_process owl:SubClassOf org:Process
owl:SubClassOf CityAnatomyThing
City_governance_process owl:SubClassOf City_process
governs some City_organization
isSupportedBy some (Law or Policy or Regulation)
requires some Leadership
serves some City_vision
sets some City_priority
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measuresProgressTowards

some City_vision

Table 11 (continued)
Class Property Value restriction
City_management owl:SubClassOf City_governance_process
isRelatedTo some City_objective
City_operation owl:SubClassOf City_governance_process
City_organization owl:SubClassOf CityAnatomyThing
owl:SubClassOf Org:Organization
City_formal_organization owl:SubClassOf City_organization
City Jinformal_organization oWl SubCIlassof City_organization
City Jevaluation_process owl:SubClassOf City_process

sets some Transformational_project
evaluates some City_mdturity
measures some City)performance
City jmaturity Owl:SubClassOf CityAnatomyThing
Tranisformational_project owl:SubClassOf City’ project
isRelatedTo some City_evaluation_proc¢ss
isImplementedBy only City_transformation_pjrocess
CityJproject owl:SubClassOf CityAnatomyThing
isimplementedBy some City_process
City Jtransformation_process owl:SubClassOf City_process
isRelatedTo some Transformational_prgject
Tranjsformational_objective owl:SubClassOf City_objective
isRelatedTo some Transformational_project

ISO/]EC 30182’s METHOD concept can be mapped onto the CAO’s Process class.
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Annex A
(informative)

Applying the descriptive framework to core organizing activities
for cities: governance, evaluation, and transformation

A.1 Intraduction

This Annex
cities: goven

Hescribes how the descriptive framework can be applied to the core organizing'activitjes of

nance, evaluation and transformation.

prise
ems-

Understand
the three sy
knowledge 1
successful @
allowing fof
below, this

ng networks (i.e. the relationships and flows between the objects and entities that com
stem elements of a city: structure, interactions and society) is key to-developing a sysf]
Fiew that can guide governance, facilitate evaluation and direct the teadership needed for
ity transformation. The descriptive framework helps build this systems-knowledge yiew,
the observation of the city at both the macroscopic and_ mieroscopic scales. As shown
iewpoint can be helpful in framing the core organizing actiwities of cities.

A.2 Governance

f city
uires
rities
e and

As viewed here, governance is the set of all processes that censtitute the structure and function o
organization, including both formal and informal processés. Generally, and as assumed here, it req
leadership. Leadership guides and influences city orgahization and sets the objectives and prio
needed to achieve the city vision. It must operate within location-specific political, administrativg
legal frameworks, on both near- (electoral cycles) and long-term timelines.

The systems approach of the descriptive framework frames how governance relates to all the fhcets
of a city angl, in turn, how the city inhabitants interact with the city structure (i.e. the environment,
infrastructyre and built domain) viaSsocietal functions, economy and culture. These interacfions
generate and are empowered by information - enabled by ICT or otherwise, and they often extend

beyond the ork’s
system elenj
identifies “¢
priorities, li
elements of
vertical axis
city governd
city govern
elements, la

boundaries of the city itself. The matrix in Figure A.1 lists the descriptive framew|
ents, with their asgociated layers and sub-layers along the horizontal axis. The vertica
nablers” of governance, such as laws and regulations, as well as examples of overar
ke “self-sufficiency” (i.e. sustainability). In addition, the axis also identifies componer
ICT, like “instrumentation and control” or “security and privacy.” While the list alon

is not inténded to be an exhaustive representation of all the elements that form e
ince orI€T systems, the matrix helps build a holistic, high-level view of how the relg
hnce elements (like new economic models or ICT projects and initiatives) relate t
yérs and sub-layers that form the city. Enabling this holistic view helps ensure the sys

axis
thing
ts or
g the
ither
vant
b the
tems

and subsys

€M3 can wWork and be managed together, and may reveal COmMmon Needs across mu

tiple

city responsibilities (i.e. the components of the framework), or it could reveal the need to reorganize

governance

to better serve city objectives and priorities.®)

6) The elements on the vertical axis of this matrix are based on the Smart City Readiness Guide (http://

smartcitiesco

uncil.com/smart-cities-information-center/the-scc-readiness-guide).
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Evaluation

Hescriptive framework can also be useful in city evaluation activities. Baseline revig
ontinuous evaluations are central to the implementation ©f)inanagement systems, lik
are also generally needed to gauge progress towards meeting city goals and objectiv
al to any evaluation is determining its scope or asking;“What should be measured aj
Her to identify and prioritize objectives and priorities'to ensure the city progresses acc

visiop?”

Usin
syste
perfq
meas
goal

b the descriptive framework, stakeholders. ¢an create a high-level dashboard based o
ms understanding, as pictured in Figure A.2. Figure A.2 shows a dashboard
rmance in a hypothetical city. The gfeen, yellow and red represent evaluative in|
ures) for the components of the framework, showing the degree to which each is meeti
or objective. This information, together with more detailed analysis of success stor]

incomplete goals, and cultural and management barriers, can help focus problem-solving e

This
cities
for n

ore reliable tracking’and assessments over time.

type of holistic dashboardwiew helps cities, either individually or in collaboration
, define and implement(well-scoped projects, evaluating them via a common scheme, y

igure A.1 — Smart city deployment matrix consistent with the architecture in Figure 11

w activities
p [SO 37101.
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The following questions serve to guide cities with transformational objectives. The descri
framework proyvides stakeholders with a common, sharable method of identifying answers to {

Infrastructures
Structure <

Communication ~ Water cycle Energy Matter cycle Mobility Nature
succomain | 1] | T8 [T W [ 1] p | |
~ Dwellings Buildings/blocks Neighbourhood  City/metropolis  Public space Urban landscape
f [ [ ][] EERENEEEEEEEE |
Functions

Living Working ~ Shopping  Leisure Health Education Performingarts Sports Security

I

Beonomy [ | |||||||||||@|

Interactions <

Society <

Culture

Information

~

~

Citizens

Government

~

Wealth production Wealth distribution Commerce/trade Investment

Competitive

NESS,

Entrepeneurshi;

[ AN ]

Traditions cuisine ...
Intangibles

Museums artefacts ...
Tangibles

Diversity

Architecturalherita;

Social expression ge

Equity Resilience  Self-sufficiency ...

Tools and apps

Open data Data in/out Performance

IF |

IIIIHMI]:.]IH

Me Family

Organizations Business

:III_I_I_JJJ&L!]:.Z-I

Participation

Leadership

Visigmand priorities Laws and regulations

ransformation and knewledge sharing

Social empowerment

Five framework can also-be-ised as a means of developing a maturity model for a city.

11t of events and changes taking place over the course of their histories. The descri
brovides cities witlza-common means of analysing their progress over time, which en
of ideas and strategies across cities. While cities may be bound by constraints uniq
hight be inspifed by common models or initiatives (e.g. the Slow City7)), and thus al
ach other enabled by a common framework.

questions, ehabling both advancement toward the transformation and solution sharing across citi

— Evaluation framework with top-level indicators for city transformational projects

lities
ptive
hbles
lie to
le to

ptive
hese
bS.

i) What are the most feasible projects that could be undertaken to cover the agreed needs and whom
do they benefit?

legal and regulatory, economic) do the agreed initiatives impact?

transformational project?

7) h

40

rs.com/environment/sl

On what basis would the effectiveness of different approaches be compared?

ities.html

What infrastructures, buildings, scales, functions, information/data and context (e.g. environment,

What examples of good practice and/or of reference projects exist that are relevant to the proposed
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The taxonomy of city elements and concepts present in the descriptive framework shown in
Figure 1, including the principles underlying such classification, enables cities to develop and share
transformational projects together and to systematically identify services and modelling tools that
could be adopted across multiple cities and a variety of community contexts.
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Annex B
(informative)

Developing guidelines for multipurpose public spaces with
physiological performance described by the descriptive

framework

B.1 Intrg

The purpos
framework
framework
in a commui

Squares, plg
thought-of
pedestrian-
are open pu

duction

e of this Annex is to provide an illustrative example of the manner in which\the descri
could be used to help plan and assess a city objective. In this case, the descri
hssists in the development of indicators to judge the performance of multi-use public §
nity.

ublic spaces (i.e. open and universally accessible urban spaces). However, in some d
riendly streetscapes can serve this function as well. Eyén/streetscapes occupied by
blic spaces. High-performing, or high-quality, open public spaces encourage comm

developmenit as places people go to meet, socialize, relax and«¢arry out community activitieg

events, such
forcesinac
or, in fact, h
Thus, the p}
the commur

The perfor
space. Am
the surroun

OHIE

as sports, leisure, performing arts and open markets. While public spaces can be pos
bmmunity, poorly designed public spaces may fail\to facilitate these aspects of a comm
elp breed negative outcomes such as crime, social isolation or general community de
lysical and social quality of the space are ke&y to whether they support the overall go

ity.
ance of multipurpose open public.spaces depends on the physical and social qualities q

g other criteria, physical quality can be assessed by visual and physical connectivity
ding areas; easy accessibility; social and green dimensions; acoustics; lighting; thg

comfort; an|

air and soil quality. Social'quality can be gauged by the ability to attract peopls

encourage ipteraction, contact and coexistence.

ptive
ptive
pace

zas, public recreational areas, parks and playgrounds are seine of the most comnjonly

ities,
cars
inity

and
itive
inity
Cline.
hls of

fthe
with
rmal

and

In this exanjple, the users’ goal.is to ensure the community has adequate high-performing open public
space, and that it is well distributed throughout the community. Multipurpose public space is int
to a well-fupctioning, liveable community. It facilitates connectivity - both to the natural and
environment — as well as’8uccessful urbanism and civic life by fostering the interactions that help
and strengthen a community, making a city an attractive place to live and visit. Multipurpose public
space can also help itnprove the environmental performance and resilience of the city. To support {
benefits, the publiespace must be of a certain quality (i.e. high-performing).

poral
built
build

hese

In addition tp designing open public spaces that perform well in terms of the physiological character

stics

described above, the process of planning for such places should follow the methodology used to achieve
any target action within the community. This process should be conducted in a transparent manner
that engenders trust and stakeholder participation. The example shown in Figure B.1 relies on the
four-step Deming cycle (plan-do-check-act) described below. However, a community could also make
use of the more robust process established by ISO 37101 to plan and manage community sustainable

developmen

42
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Observe and set vision
« baseline evaluation

« hotspots identification

o vision shared with community

Execute and monitor . (2] . N
« policies Cyclic methodology Establish priorities

« execution measures to achieve . .
« communication channels and timeline

« report and understand for liveable districts « priorities
« evaluation « execution measures
o restart cycle « appropriate projects
« stakeholder participation

Develop action plan

« goals, strategies, actions, policies

« conflicts

« business model(s)

« financial sources and financing mechanisms
« indicators

Figure B.1 — Methodology to progressively develop comjmnunity projects

As shown in Table B.1, the descriptive framework can be helpfal in identifying the chardcteristics of

each

thes¢ characteristics can help target planning and evaluation activities and enable stal

impl
Keyy
Publj
— 1

element that plays a role in the quality and performance-efunultipurpose public space
ement their vision.

yords derived from the descriptive framework (focus for multipurpose public spaces):

c and common space actions

Spec
1) 1

performance for the-relevant physiological characteristics:

+ acoustic and thermal comfort;

1+ public space ergonomics;

istribution to ensure maximum utility to the community.

Identifying
teholders to

nsure an adequate amount of high-petforming public space in terms of total surface area and

acilitate connectivity between the constructed public spaces in the community, as welll as with the

atural spaces.
fic targets for public common spaces

Develop guidelines for the design of liveable and multipurpose built public spaces wit

— air and sgil'quality;

h acceptable

3 ] < 1 3 1 firxid 1l ladlidar 20 € 4+ 4
visUdl dliu pIlIiySital CULIIITULIVIL Yy VWILIT IITUUIIIL y I T a5t uttulc,

— spatial proportions;

— visual spatial perception of green infrastructure and social dimensions.

2) Ensure equitable access to all public common spaces.

3) Restore, reclaim, remake and redesign mobility infrastructures into built public spaces®) to provide
access to:

— street sidewalks accessible to all ages and abilities;

8)
Infra

https://www.asla.org/uploadedFiles/CMS/Meetings and_Events/2014 Annual Meeting Handouts/FRI-AQ7

structure is Public Space.pdf
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