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R E S E A R C H AT A R U P

Visualisation Tool
for sustainable cities
and communities
SUMMARY

The United Nations’ Sustainable Development
Goals set ambitious targets for life in the
world’s cities by 2030. At present, cities have
no standard way of measuring their progress.
However, a new research project is underway
at Arup to create a visualisation tool that any
city and its main stakeholders could use to
benchmark efforts.
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QUESTION

Cities are growing –
but are they doing so 			
sustainably?

INTRODUCTION

In 2015, all 193 members of the United Nations
(UN) agreed to 17 Sustainable Development
Goals (SDGs) that would guide humanity’s
progress until 2030. One of the most important
targets for cities is SDG 11, which focuses on
making cities safer, more inclusive, resilient
and sustainable.
SDG 11 is especially important because by
2030 some 60% of the world’s population will
live in urban areas. What’s more, the number
of large metropolises is growing. There will be
43 megacities in 2030 (those with more than 10
million inhabitants), up from 33 in 2018.
How can cities know if they are making good
progress towards this goal? Today most cities are
trying to introduce measures to improve social,
economic and environmental sustainability but
they have no standardised framework to assess
how well they are doing and which areas they
need to focus on to meet the SDGs.
© Unsplash

In this context, Arup has begun to develop a
unique mapping tool that helps cities, engineers,
universities and anyone working on the urban
environment to measure a city’s progress
towards the SDGs. The tool aims to facilitate
an integrated evaluation of SDGs locally, to
periodically measure the impacts of a city’s
actions, and to generate a global benchmark.
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P R O B L E M S O LV E R S

The project 		
team

A N D R E A TA S S O N E

PA O L O C R E S C I

Research project lead and author, Arup

Research project supervisor, Arup

Andrea is an energetic, passionate and result
oriented Energy and Sustainability advisor.
His work covers different scales and sectors,
developing energy, sustainability and innovation
strategies for cities, major infrastructures
and buildings. His research is focused on the
opportunity offered by digital and big data to
foster the transition to a zero-carbon future.

Paolo leads Sustainable Development for Arup
in Italy. He has developed significant international
experience leading multidisciplinary teams in the
delivery of innovative and highly sustainable projects.
His work spans from building to city scale. Following
a data-driven approach, he is contributing to the
development of innovative solutions for a ZeroCarbon and Circular Economy based future.

M A R T I N PA U L I

C I R O VA L E N T E

IRAKLIS LAMPROPOULOS

Research project reviewer, Arup

Research project co-author

Research project reviewer, Arup

Martin leads the Foresight Advisory Business for
Arup in Germany. He has extensive experience
in strategic innovation management and
collaborative product development as well as
special expertise in the areas of sustainability
and circular economy.

Ciro is a passionate and motivated Energy
Engineer with a practical approach, and a
positive attitude towards technical and work
problems. He is interested in Energy Efficiency
and Networks.

Iraklis is an Associate with Arup in Germany,
specialising on projects involving digital systems
and smart technologies. His interests lie in
current and emerging digital technologies, while
constantly promoting innovation and sustainable
design principles.
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THE PROBLEM

No consistent way
to measure progress
toward SDG 11

S D G 1 1 : S U S TA I N A B L E C I T I E S A N D
COMMUNITIES

“The future we want includes cities of
opportunities for all, with access to basic services,
energy, housing, transportation and more” –
United Nations statement on Sustainable Cities.
Working with key public stakeholders, Arup
works to foster commitment to the Sustainable
Development Goals. We aim to make them
tangible and practical for cities and have
developed a variety of measures, such as the City
Resilience Index, to achieve this.
The aim of SDG 11 is to ensure cities continue
to thrive even as populations grow. The UN
has outlined 10 targets and 15 indicators of
sustainable cities, covering everything from
affordable housing to cutting environmental
impact to improving access to outdoor spaces. All
the SDGs are intrinsically linked with one another,
so a sustainable city is also one with good access
to education (SDG 4) and clean water (SDG 6), for
instance. Arup’s researchers aim to bear all these
factors in mind when designing the tool.
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THE PROBLEM

No consistent way
to measure progress
toward SDG 11
Meeting the targets of the SDG for cities would
bring countless benefits, yet most cities struggle
to understand how they are doing in relation
to those goals. In many cases, city authorities
are collecting large amounts of data which
could ‘tell them’ about progress, yet they lack a
framework for making sense of it. Why is this?
At present, the world’s most advanced cities
create their own urban planning models to try
and make sense of their data. However, most
cities lack such resources, and these models can
be very difficult to replicate.
The research conducted by Arup’s Milan team
is aiming to address these problems.

D ATA I S H E L D I N S I L O S :

Measuring a city’s ‘level’ of sustainability requires
the analysis of a huge range of factors – from
access to education to the quality of air to
employment rates. At present, most government
or city departments hold this data in silos, making
it very challenging to achieve a comprehensive
view of how the city is doing as a whole. As a
consequence, it is difficult to see the ‘bigger
picture’. Each department focuses exclusively on
its area of operations and cannot see how this fits
into the wider whole.
A LACK OF CONSISTENT BENCHMARKING:

As valuable as the SDGs are, it can be very
unclear how a city can ‘benchmark’ its progress
– both against its own past performance and
that of other cities. If different metropolises
or administrative regions are using different
measures, it becomes almost impossible to make
clear assessments of progress.
D I F F I C U LT T O A C T I O N :

In many cities, data about progress is held in
departmental spreadsheets, reports or by national
governments. It can be challenging to move from
merely collecting data, to using this as part of a
city-wide action plan.
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SOLUTION

A Visualisation
Tool to be used by
sustainable cities

In 2018, Arup’s Milan team began developing
a tool that could assess a city’s progress in
meeting the SDGs. The aim of this tool is to
suggest actions they can take to improve the
sustainability of their neighbourhoods.

© Unsplash

This will be achieved through the creation of an
interactive map where the actors can navigate
and understand the extent to which their cities
are currently addressing the SDGs’ objectives.
This quantitative assessment will be carried out
through the use of 90 KPIs based on the SDGs.
The data will be collected from different sources
(e.g. open data, ad-hoc surveys, additional
data). Linking to this assessment, there will be a
benchmark of case studies which will target the
weaknesses that the tool reveals.
The team believes this will offer best tool
for cities when it comes to sustainability
assessment and to address the SDGs’ objectives.
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R E S E A R C H R E S U LT S

Phases progressed
through tool’s
development

1. DEFINING METHODOLOGY AND KPIs

To begin with, the team created a list of 90 key
performance indicators (KPIs) that a city could
use to measure its progress towards sustainability.
These KPIs include anything from air pollution
levels to resources consumption to the number of
schools per child.

2 . C R E AT I N G A M E T H O D T O I N C O R P O R AT E
A N D W E I G H T T H I S D ATA

FOSSIL FUEL CONSUMPTION

Fossil fuel consumption (gas, oil,
etc.) per capita
METHODOLOGY

Calculate as: Fossil fuel
consumption (divided per fuel
type) (kWh.year)/ total number
of inhabitants
COLLECTION

TA B L E

Fossil fuel consumption

Data can be collected from
Smart Meters or provided by
local utilities

Unit:
Scale:
Updating time:
SDG Targets:

kWh/year/capita

The team then developed a way of feeding data
about cities into a central dashboard where
each individual KPI is weighted and ranked. This
allows users to get a quick snapshot of a city –
this might, for instance, show that a city scores
well on access to water but is poor at providing
adequate public transport.

Building
Hourly
7.3

3. DEVELOPMENT OF A GIS
M A P P I N G P L AT F O R M

The team are now working on methods for
transposing this data onto a GIS map which can
be used in any city around the world. This will
allow the user to select an area of the city and
immediately understand current poverty rates, for
instance, or access to electricity.
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BENEFITS

How would it work
in practice?

When cities begin to use the tool, they will
start by feeding in data from a wide variety
of sources (census data, employment figures,
crime statistics etc.). They could also utilise
recordings from smart city sensors dotted
around the urban environment which measure
things like pollution or traffic levels. Once
data streams are flowing into the platform, city
planners will have a comprehensive view of
an entire city and will be able to ask important
questions of the data, for example:
■ Which district has the highest fossil fuel
consumption?
■ Which neighbourhoods suffer from the highest
poverty rates and are these rates declining?

EXAMPLE USE CASE

Picture a fast-growing city of one million inhabitants
in a medium-income country.

■ Will there be enough schools in this suburb to
meet demand in 5 years’ time?

A new mayor has promised to improving housing
quality in line with SDG 11. In the past, data about
where informal settlements existed was scattered
around different silos and it was difficult to get a
true picture of where ‘slums’ were built and how
many people lived in them.
© Unsplash

However, if the city was using Arup’s tool,
they could immediately visualise where the
neighbourhoods with the worst housing exist and
develop a more coherent and effective action plan.

■ Which areas have the highest levels of
air pollution?
The ultimate goal of the research project is
to create an interactive GIS map that can be
used by any city in the world to visualise how
individual neighbourhoods and entire cities are
progressing. This tool lets urban planners ask
questions, assess progress and inform decisions
with accurate data.
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BENEFITS

How has this
helped to shape
a better world?

WHO COULD USE THIS TOOL?

Arup believes there are many different bodies
and individuals that could benefit from access to
this kind of tool:

A consistent method of assessing progress
towards SDGs

Understand the ‘bigger picture’ with the GIS map

Helps make better-informed decisions
The entire city has a ‘single version of the truth’,
meaning different departments are less likely to
duplicate efforts or work at cross purposes
More comprehensive development – multiple factors
are considered when making planning decisions

City planning departments could use the tool
to understand urban problems and develop
comprehensive solutions
Utilities companies could see where demand for
water, electricity or gas exists and where it is
likely to increase in future
Universities and researchers would have access
to a powerful tool for investigating the urban
environment
Architects and developers could use the map
to understand how construction projects could
change neighbourhoods and predict future
demand
Donors and financiers could use the tool to see
what effect a new bridge, road or school would
have on the surrounding urban landscape
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NEXT STEPS

Progress and
next steps
The initial phases of the research project are now
complete – the team have created 90 KPIS which
they are confident could be replicated in cities
around the world. They are now in the process of
building the GIS mapping platform with a view
to building their first city map in 2020.
And this is more than an academic pursuit. The
team at Arup Italy is currently working on a test
case of the tool to learn lessons and help refine
and improve the technology.

A possible future development phase of the tool
can be related to Innovations in Data Collection
activity and integration with real time data using
sensors as these become more common in the
coming years. To this end, the team has started
to explore the use of new technological devices
(such as smart lighting) for analysis.
To learn more about the project contact
andrea.tassone@arup.com
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Furthermore, the team is working to integrate
this research with studies conducted for
Arup’s City Resilience Index, with the aim of
developing an integrated sustainability and

resilience framework. This is intended to result
in a Visualisation Tool for Sustainable Cities
and Resilient Communities development.
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REGIONAL RESEARCH LEADS

Research is our investment in our future to
help our clients tackle the big challenges
facing society.

Ben Kidd
UKIMEA Research Leader, London
ben.kidd@arup.com

Arup has spent more than 70 years at the
forefront of the built environment design and
engineering. Throughout our history, research
has played a fundamental role in defining how
we anticipate and leverage emerging business
opportunities.

Dr Bree Trevena
Australasian Research Leader, Melbourne
bree.trevena@arup.com

At Arup, we test and develop early stage or high
risk technologies, methodologies, materials and
ideas in real-world applications.

Dr Ricky Tsui
East Asia Research Leader, Hong Kong
ricky.tsui@arup.com
Dr Jan Wurm
Europe Research Leader, Berlin
jan.wurm@arup.com

Find out more at research.arup.com
Contact us at research@arup.com

We shape a better world
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