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Outline 
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Sustainability Development Indicators 

•  SD indicators aim to assess and benchmark SD conditions 
and trends across time and space, monitor progress toward 
goals and targets, inform planning and decision-making, 
raise awareness, encourage political and behavioral changes, 
promote public participation and improve communication on 
sustainability 
–  1983: Brundtland Commission/Report coined the term sustainable 

development  
–  1992: United Nations Commission on Sustainable Development 

(CSD) established to follow-up the Earth Summit in Rio  
–  1996: CSD indicators published 
–  2001 and 2005: CSD indicators revised  
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UNCSD Framework 

•  Poverty  
•  Governance  
•  Health  
•  Education  
•  Demographics 
•  Natural Hazards  
•  Atmosphere 
•  Land 

•  Oceans, seas & coasts 
•  Freshwater 
•  Biodiversity   
•  Economic 

Development  
•  Global Economic 

Partnership  
•  Consumption and 

Production Patterns  

One reference set of 96 indicators, 50 core, 14 themes 
http://www.un.org/esa/sustdev/natlinfo/indicators/factSheet.pdf  
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SOCIAL 
Theme Sub-theme Indicator 

Equity 
Poverty 

Percent of Population Living below Poverty Line 

Gini Index of Income Inequality 

Unemployment Rate 

Gender Equality Ratio of Average Female Wage to Male Wage 

Health (6) 

Nutritional Status Nutritional Status of Children 

Mortality 
Mortality Rate Under 5 Years Old 

Life Expectancy at Birth 

Sanitation Percent of Population with Adequate Sewage Disposal 
Facilities 

Drinking Water Population with Access to Safe Drinking Water 

Healthcare Delivery 

Percent of Population with Access to Primary Health Care 
Facilities 

Immunization against Infectious Childhood Diseases 

Contraceptive Prevalence Rate 

Education (36) 
Education Level 

Children Reaching Grade 5 of Primary Education Adult 

Adult Secondary Education Achievement Level 

Literacy Adult Literacy Rate 

Housing (7) Living Conditions Floor Area per Person 

Security Crime (36, 24) Number of Recorded Crimes per 100,000 Population 

Population (5) Population Change 
Population Growth Rate 

Population of Urban Formal and Informal Settlements 

Social Indicators 
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Education Indicator 
 
•  Definition: The indictor is the ratio of the number of 

children of official school age (as defined by the national 
education system) who are enrolled in primary school to the 
total population of children of official school age. 

•  Description: The indicator shows the proportion of children 
of primary school age who are enrolled in primary school. 
Net enrolment refers only to children of official primary 
school age, and excludes children of other age groups 
enrolled in primary school age as well as children of primary 
school age enrolled in other levels of education. Universal 
primary education is an important goal of the international 
sustainable development agenda 
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International Efforts - Frameworks 
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City Indicators 

•  Belo Horizonte, Brazil 
•  Bogota, Colombia 
•  Cali, Colombia 
•  King County, Washington 

State, USA 
•  Montreal, Canada 
•  Toronto, Canada 
•  Vancouver, Canada 
•  Porto Alegre, Brazil 
•  Sao Paulo, Brazil 

•  World Bank and Province 
of Ontario funded a study 
at the the University of 
Toronto of performance 
indicators at 9 cities. 
(P. McCarney, UofToronto) 

Total of 1100 indicators across 9 pilot cities. 

Only 2 comparable 
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ISO 37120 (May 2014) 

City Indicator Themes 
•  Economy 
•  Education 
•  Energy 
•  Environment  
•  Finance 
•  Fire and Emergency Response 
•  Governance 
•  Health 
•  Recreation 
•  Safety 
•  Shelter 
•  Solid waste 

•  Telecommunication and 
innovation 

•  Transportation 
•  Urban Planning 
•  Wastewater 
•  Water and sanitation 
 
Profile Indicator Themes 
•  People 
•  Housing 
•  Economy 
•  Government 
•  Geography and climate 

100 indicators defined 

Sustainable Development and Resilience of Communities – Indicators for 
City Services and Quality of Life 
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Education Indicator Definition 

•  "The student/teacher ratio shall be expressed as the number of enrolled primary 
school students (numerator) divided by the number of full-time equivalent primary 
school classroom teachers (denominator). The result shall be expressed as the 
number of students per teacher.  

•  Private educational facilities shall not be included in the student/teacher ratio.  
•  One part-time student enrolment shall be counted as one full-time enrolment; in 

other words a student who attends school for half a day should be counted as a full-
time enrolment. If a city reports full-time equivalent (FTE) enrolment (where two 
half day students equal one full student enrolment), this shall be noted.  

•  The number of classroom teachers and other instructional staff (e.g. teachers’ aides, 
guidance counselors) shall not include administrators or other non-teaching staff. 
Kindergarten or preschool teachers and staff shall not be included.  

•  The number of teachers shall be counted in fifth time increments, for example, a 
teacher working one day per week should be counted as 0.2 teachers, and a teacher 
working three days per week should be counted as 0.6 teachers.” 

•  Grades, courses, Catholic school, … 

6.4 Primary Student Teacher Ratio 
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Toronto ISO 37120 for 2013 
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World Council on City Data 
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Analysis 

24.1 

  

  

  

  

  

  

  

    

14.6 

  

  

  

  

  

  

  

  

Toronto Melbourne 

1.  What standards exist for representing city data? 
2.  How are indicator definitions to be represented? 
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What Data? What Definition? 

•  "The student/teacher ratio shall be expressed as the number of enrolled primary 
school students (numerator) divided by the number of full-time equivalent primary 
school classroom teachers (denominator). The result shall be expressed as the 
number of students per teacher.  

•  Private educational facilities shall not be included in the student/teacher ratio.  
•  One part-time student enrolment shall be counted as one full-time enrolment; in 

other words a student who attends school for half a day should be counted as a 
full-time enrolment. If a city reports full-time equivalent (FTE) enrolment (where 
two half day students equal one full student enrolment), this shall be noted.  

•  The number of classroom teachers and other instructional staff (e.g. teachers’ 
aides, guidance counselors) shall not include administrators or other non-
teaching staff. Kindergarten or preschool teachers and staff shall not be 
included.  

•  The number of teachers shall be counted in fifth time increments, for example, 
a teacher working one day per week should be counted as 0.2 teachers, and a 
teacher working three days per week should be counted as 0.6 teachers.” 

•  Grades, courses, Catholic school, … 

6.4 Primary Student Teacher Ratio 
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Data Safari 
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Goal 1: What to Publish 

•  Cities lack direction on what data sets should be 
published on their Open Data web. 

•  Our goal is to identify the content that needs to be 
published to support the analysis of their indicator 
performance. 
–  “Ground truth” 
–  Meta-Data 
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Goal 2: How to Publish 

•  Cities lack direction on the Format  
and Vocabulary for the indicator- 
related data they publish. 

•  Our goal is to provide standard  
ontologies for the publishing of  
indicator-related city data on the  
Semantic Web. 
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Goal 3: Automated Analysis 

•  Though the intent of Open Government and  
Open Data is to enable public oversight, the  
vast amount of information and the  
complexity of analysis limits what citizens  
can do (and they can’t be bothered). 

•  Our Goal is to provide tools to automate the 
analysis of city performance 
–  Perform longitudinal and transversal analyses, and 
–  Determine the root causes of differences, 

  using data from across the semantic web. 
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Requirements 

•  Indicator Independence.   
–  Since there are a vast number of indicators used by cities, 

beyond those defined in the ISO 37120 standard, and ISO 
standards evolve over time, we do not want our agent to 
have any knowledge of indicator definitions “hardwired” 
into its code.   

–  An indicator’s definition must be an input to the agent. 
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Requirements 

•  City Independence.  
–  It would be practically impossible to construct an agent 

that can understand every data model used by every city. 
–  Nor can they understand how a city uniquely interprets an 

indicator definition  
–  Hence the agent will assume that cities will adopt or 

translate into a standard for representing the information 
used to derive its indicators, and provide information on 
how they interpret indicator definitions. 
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Hypothesis 

•  There is an ontology design pattern that underlies 
the representation of indicator definitions and the 
data reported by cities. 
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Example Environment Indicator 

•  8.1: Fine particulate matter (PM2.5) 
concentration  
–  “Fine particulate matter (PM2.5) concentration shall be 

calculated as the total mass of collected particles that are 
2.5 microns or less in diameter (numerator) divided by 
the volume of air sampled (denominator). The result shall 
be expressed as the concentration of PM2.5 in 
micrograms per standard cubic meter (µg/m3). 
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Example Finance Indicator 

•  9.2: Capital spending as a percentage of total 
expenditures 
–  “The capital spending as a percentage of total 

expenditures shall be calculated as the total expenditure 
on fixed assets in the preceding year (numerator) divided 
by the total expenditure (operating and capital) 
(denominator) by the city in that same period. The result 
shall then be multiplied by 100 and expressed as a 
percentage of capital spending as a percent of total 
expenditures.” 
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Example Health Indicator 

•  12.1: Average Life Expectancy  
–  “The average life expectancy shall be calculated as the 

average number of years to be lived by a group of people 
born in the same year, if health and living conditions at 
the time of their birth remained the same throughout their 
lives”.  
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Types of knowledge 

•  Theme specific knowledge 
–  Education, Finance, Health 

•  City specific knowledge 
–  Toronto, Montreal, London 

•  Common conceptual elements of all indicators 
–  Measurement, Time, Geospatial, Statistics 
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Heterogeneous Representation 

gci:for_
SchoolYear

gci:cardinality_of

gci:for_city

gci:numerator gci:denominator

om:unit_of_measure

GCI_
Quantity

Ratio
Indicator

gci:
Population_
ratio_unit

gci:Population_Size gci:Population_Size

owl:subClassOf

"an object property"

gci:Population

gci:cardinality_of

gci:Population

SchoolYear

gci:defined_by

Person

gci:defined_by

Person

gci:City

gci:locatedin

Indicator unit of measure  
(measurement ontology) 

Year of measurement 
(temporal ontology) 

Place of measurement 
(placename and geospatial 
ontologies) 
Statistic being measured 
(Statistics ontology) 

Population being measured 
(Population ontology) 
Person being counted 
(Theme ontology) 
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Quantity: Population Size 

•  Define a Quantity 
Population_size which is the 
cardinality of a Population (set). 

om:unit_of_measure

Student_
population_

size

Teacher_
population_

size

Population_
size

om:Quantity

Population_
cardinality

_unit

owl:subClassOf

"an object property"

gci:for_
SchoolYear

gci:cardinality_of

gci:for_city

gci:numerator gci:denominator

om:unit_of_measure

GCI_
Quantity

Ratio
Indicator

gci:
Population_
ratio_unit

gci:Population_Size gci:Population_Size

owl:subClassOf

"an object property"

gci:Population

gci:cardinality_of

gci:Population

SchoolYear

gci:defined_by

Person

gci:defined_by

Person

gci:City

gci:locatedin
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Unit of Measure: Population Cardinality 

•  Define a unit of measure of population size: introduce the notion 
of measuring the cardinality of a population (set). 

gci:for_
SchoolYear

gci:cardinality_of

gci:for_city

gci:numerator gci:denominator

om:unit_of_measure

GCI_
Quantity

Ratio
Indicator

gci:
Population_
ratio_unit

gci:Population_Size gci:Population_Size

owl:subClassOf

"an object property"

gci:Population

gci:cardinality_of

gci:Population

SchoolYear

gci:defined_by

Person

gci:defined_by

Person

gci:City

gci:locatedin

om:zero_element

om:unit_of_
measure

om:Unit_of_
measure

om:Singular
_unit

Cardinality
_unit

Population_
cardinality

_unit
om:symbol: pc

om:Unit_
multiple_or_
submultiple

kilopc
om:prefix: 
om:kilo

megapc
om:prefix: 
om:mega

om:singular_unit

gigapc
om:prefix: 
om:giga

om:Ratio_
scale

om:numerical_value: 0

Fixed_zero_cardinality 
-->

om:Fixed_zero_point

Cardinality
_scale

owl:subClassOf

"an object property"
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Unit of Measure: Population Ratio 

•  Introduce Population_ratio_unit which is a measure of the ratio 
of two populations. 

om:zero_elemen
t

om:unit_of_
measure

om:denominatorom:numerator

om:Unit_of_
measure

om:Singular
_unit

Population_
ratio_unit

Cardinality
_unit

Population_
cardinality

_unit
om:symbol: pc

om:Unit_
division

kilopc
om:prefix: 
om:kilo

megapc
om:prefix: 
om:mega

om:singular_unit

gigapc
om:prefix: 
om:giga

om:Ratio_
scale

om:numerical_value: 0

Fixed_zero_cardinality 
-->

om:Fixed_zero_point

Cardinality
_scale

owl:subClassOf

"an object property"

gci:for_
SchoolYear

gci:cardinality_of

gci:for_city

gci:numerator gci:denominator

om:unit_of_measure

GCI_
Quantity

Ratio
Indicator

gci:
Population_
ratio_unit

gci:Population_Size gci:Population_Size

owl:subClassOf

"an object property"

gci:Population

gci:cardinality_of

gci:Population

SchoolYear

gci:defined_by

Person

gci:defined_by

Person

gci:City

gci:locatedin
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What is the Population? 

•  Introduce Population as a set whose members are defined by a 
geo-location (city) and person. 

om:unit_of_
measure

gci:cardinalty_of

gci:defined_by

Student_
population_

size

Teacher_
population_

size

Population_
size

om:Quantity

gs:Population
cardinality:

owl:Thing

gci:located_In

Population_
cardinality_

unit

geo:Feature

owl:subClassOf

"an object property"

gci:for_
SchoolYear

gci:cardinality_of

gci:for_city

gci:numerator gci:denominator

om:unit_of_measure

GCI_
Quantity

Ratio
Indicator

gci:
Population_
ratio_unit

gci:Population_Size gci:Population_Size

owl:subClassOf

"an object property"

gci:Population

gci:cardinality_of

gci:Population

SchoolYear

gci:defined_by

Person

gci:defined_by

Person

gci:City

gci:locatedin
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What is the Population? 

gci:for_
SchoolYear

gci:cardinality_of

gci:for_city

gci:numerator gci:denominator

om:unit_of_measure

Education_
GCI

6.4

gci:
Population_
ratio_unit

6.4_Student_
Population_Size

6.4_Teacher_
Population_Size

owl:subClassOf

"an object property"

6.4_City

6.4_Student_
population

gci:cardinality_of

6.4_Teacher_
population

6.4_
SchoolYear

gci:defined_by

6.4_Student

gci:defined_by

6.4_Teacher

gci:Populatio
n_size

gs:Population

Teacher

has_Enrollment

6.4_Student_
Enrollment

gci:locatedin

6.4: Primary Education Student/Teacher Ratio 
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Ontology Infrastructure 

ISO37120

ontology_v3
.1.rdf

(Geonames)

om-1.8
(Measurement)

Prov
(Provenance)

ot
(Time)

kp.owl
(Validity)

GCI-
Foundation.owl

GCI-
Education.owl GCI-Energy.owl GCI-

Finance.owl GCI-Health.owl

ISO37120-
Education.owl

ISO37120-
Energy.owl

ISO37120-
Finance.owl

ISO37120-
Health.owl

trust.owl

organization.o
wl

ISO37120 Ontology

GCI Ontology

 Enterprise Ontology

 Foundation Ontology

govstat.owl
(Statistics)

•  Education 
•  Finance 
•  Safety 
•  Health 
•  Shelter 
•  Innovation 
•  Environment 
•  Energy 
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PolisGnosis Architecture 

ISO 37120 
Indicator Definition

Text

City Indicator and
Supporting Data

Spreadsheet
City Specific 
Knowledge

ISO 37120 
Indicator Definition

Semantic Web

City Indicator and
Supporting Data
Semantic Web

City Specific 
Knowledge

Semantic Web

GCIO: Global City Indicator Ontologies

Definition 
Consistency 

Axioms

Inter Indicator 
Consistency 

Axioms

Intra Indicator 
Consistency 

Axioms

Quantitative 
Analysis Axioms

Event Analysis 
Axioms

Definitions Analysis 
Axioms

(logic & spatial)

PolisGnosis 
Analysis Engine

Indicator Theme
Knowledge

Indicator Theme
Knowledge

Semantic Web
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ISO JTC 1 

•  ISO: International Standards Organization 
•  JTC 1: Joint Technical Committee 

–  ISO & IEC (International Electrotechnical Commission) 

•  JTC 1 is the standards development environment 
where experts come together to develop worldwide 
Information and Communication Technology (ICT) 
standards for business and consumer applications. 
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ISO JTC 1 WG 11 

1.  Serve as the focus of and proponent for JTC 1's Smart 
Cities standardization program.  

2.  Develop foundational standards for the use of ICT in Smart 
Cities - including the Smart City ICT Reference 
Framework and an Upper Level Ontology for Smart Cities 
- for guiding Smart Cities efforts throughout JTC 1 upon 
which other standards can be developed.  

3.  Develop a set of ICT related indicators for Smart Cities in 
collaboration with ISO/TC 268.  

4.  Develop additional Smart Cities’ standards and other 
deliverables that build on these foundational 
standards. 
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ISO JTC 1 WG 11 Project 21972 

•  Title: Information technology - An upper level ontology for smart city 
indicators  

•  Acceptance Date: 2016-09-16 
•  Description: Cities are adopting standards such as ISO 37120 to 

measure their performance, quality of life, and sustainability.  Many are 
publishing their indicators on their own and/or World Council for City 
Data’s web site. With the greater visibility of city performance, the 
inevitable question arises as to their root causes. In order to answer to 
these questions, access to the data used to derive these indicators is 
required. Yet no standards exist for publishing this data. This project will 
define a standard for representing and publishing data used by cities to 
derive their indicators.  Secondly, this standard will also be used to 
publish ISO 37120 and other indicator definitions in a machine readable 
form. The availability of an upper level ontology for indicator definitions 
and supporting data will enable the development of software tools that 
can read, analyse and identify root causes of city performance.  
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