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What is the Purpose of Cities? 

 

A place to settle 

A place to trade (especially food) 

A place of safety 

 ... with a source of clean water 
 

An agglomeration of people 

 ... a place to live, work and play 

 ... A place for (all) people to flourish  

... a place for biodiversity to flourish – trees, birds, bats 
 

We all have different visions of, and aspirations for, a city. 
 

How must it be supported? – the role of the civil engineer 

How can we measure the performance of a city?  

Are cities the best vehicle to accommodate future  

population growth?   
 

  

Resilience Through Innovation 
Critical Local Transport and Utility Infrastructure 



Servicing our Cities 

 

Engineers need to provide 

 ... a source of clean water 

... energy (gas, electricity ... even fuel) 

... telecommunications 

... removal of wastewater (sewage) 

... removal of storm water (drainage) 

... removal of solid waste 

... street lighting 
 

... a variety of means to move around (walking, cycling, 

cars, trams, buses, trains, rollerblades, pushchairs)  

 ... and a means to control the interfaces (traffic lights, 

traffic control, CCTV) 
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Mapping the Underworld 

Slide courtesy of UKWIR 



Mapping the Underworld 



One sensor will not locate all utilities  

    ... but operating several at once might 

 

Four sensor technologies are being investigated: 

—   Ground Penetrating Radar (GPR) 

—   Vibro-acoustics 

—   Low Frequency Electromagnetic Fields 

—   Passive Magnetic Fields 

Development of a Multi-Sensor Device 



Development of a Multi-Sensor Device 



Development of a Multi-Sensor Device 

Vibro-Acoustics 
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Development of a Multi-Sensor Device 

Passive Magnetic Fields 



We contend that what is buried in, and on, the ground is to some 

degree controlled by the ground – the geotechnical infrastructure 

 ... if the ground properties change, or the ground moves,  

 the adjacent / overlying infrastructure responds accordingly 

We seek to create a system able to manage, coherently, what we 

do to the buried infrastructure (add new services, repair or renovate 

existing services, leave it alone for now), and for this  

 ... we need to be informed by the ground conditions and how 

 the ground might react to any new activity or intervention  

The same argument holds true for the transport infrastructure 

 ... and in fact there are three interdependent infrastructures 

 ... the buried services, road and geotechnical infrastructures 

Assessing the Underworld 



Urban Futures 

 
Waste water     Clean water     Electricity       Telephone 

         Gas 

  

 

Near surface placement in 
pathway in Barcelona (1992) 

Near surface placement under  
tramway in Geneva (1972) 



Urban Futures 

 

 

      

  

 

 

 

 

 
 

 

  
 
 
 
 

   

   

   

 
 
 

 
 

District heating. 

Electricity cables. Waste. Communications. 

District cooling. Clean water.     Sewage.      Storm water.   Gas. 

‘cut and cover’ in Japan (2002) ‘DOT tunnelling’ in Japan  (2002) 



Urban Futures 

Traditional placement  

method in 1880s  

The concept for alternative approaches existed over 100 years ago… 

Concept design for a multi-utility tunnel                 

in 1901  (Scientific America) 



Tree 

Roots ? 

Urban Futures 

Slide courtesy of UKWIR 



How do we plan, design and construct for the future? 

 ... the big debate is about sustainability, or resilience 
 

Sustainability is about putting in place now solutions that will 

yield a positive rather than negative future legacy 

 ... and we are investing our limited resources today 

 ... we want to make sure they are good investments 
 

The essential underlying question is:  
 

 “how sustainable are these engineering solutions?”  
 

while the answer inevitably is: 
 

  “it depends on how the future develops” 
 

Resilience is about maintenance of function or service in the 

face of change ... or bouncebackability in the face of shocks 

 

Urban Futures 



Vision 

Vision:  

—To test the resilience of actions being taken today (today’s 

‘solutions’) in the name of sustainability 

Method: 

— Identifies a sustainability solution and its intended benefit(s) 

— Identifies the necessary conditions for each benefit to be 

delivered 

—Assesses the necessary conditions in the four futures:  

… will the necessary conditions remain in place? 
 

Provides analyses to determine the robustness of ‘solutions’ to 

future changes and facilitate their modification (if necessary) 

 



Dimensions 



Developing Scenarios 

 

— Four scenarios were 

chosen from the Global 

Scenarios Group 

(www.gsg.org) 

 

— The scenarios were 
refined to the                                                   
UK – urban scale 
 

— Lists of characteristics  
were developed for  
each scenario 
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Social economic equity 



— In this scenario, powerful 

actors organise themselves 

into alliances in an effort to 

safeguard their own 

interests 

— The UK divides into two 

groups: an authoritarian 

elite who live in 

interconnected, protected 

enclaves (‘gated 

communities’) controlling 

access to resources, and 

an impoverished majority 

outside 

 

Fortress World 



— In this scenario, current 

demographic, economic, 

environmental, and technological 

trends unfold without major surprise, 

with convergence toward today’s 

structures 

— Competitive, open markets drive UK 

development. The self-correcting 

logic of the market is expected to 

cope with problems as they arise 

— Sustainability issues are addressed 

more through rhetoric than action 

— Materialism and individualism spread 

as core human values, whereas 

social and environmental concerns 

are secondary 

 

 

Market Forces 

Photo by lyzadanger, via Flickr 



— In this scenario, co-ordinated 

government action is initiated to 

reduce poverty and social conflict 

while enhancing environmental 

sustainability 

— Strong government policies and 

some changes in consumer 

behaviour emerge to support 

environmental and social 

consciousness. Such policies help to 

negate trends toward high 

distributional inequity. 

— Tensions still exist between the 

continued dominance of conventional 

ideologies and values and key 

sustainability goals 

 

Policy reform 



— In this scenario, new socio-economic 

arrangements and fundamental 

alterations in societal values result in 

changes to the character of UK urban 

civilisation 

— The notion of progress evolves and a 

deeper basis for human happiness 

and fulfilment is sought 

— An ethos of ‘one planet living’ 

pervades, facilitating a shared vision 

for a more sustained quality of life, 

now and in the future 

New  

Sustainability  

Paradigm 



The Urban 

Futures Method 

Solution, intended benefit 
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The Urban 

Futures Method 

Solution, intended benefit 
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Analysis 

Methodology 

Analysis in 

Four 

Scenarios 

Solutions  

and Intended 

Benefits 

Necessary 

Conditions 

Implement 

Robust  

Solutions 

Implement 

Vulnerable 

Solutions 

Adapt 

Solutions 



 

So we have some answer to: 

“how sustainable are these 

engineering solutions?”  

and its blocking answer: 

“it depends on how the future 

develops” 

 

Yet the greatest value is perhaps 

the process of thinking about the 

intended benefits of our 

engineering solutions and the 

conditions necessary for their 

delivery 

... and social scientists’ focus on 

the  question comes into play 

 

Urban Futures 

         DR Lombardi, JM Leach, CDF Rogers and the Urban Futures Team 





Thinking about the Future 

To identify and test radical engineering interventions 

that will lead to low carbon, resource secure     

future cities in which societal wellbeing is prioritised.  

 

This will be achieved by  

-  envisioning 80%-reduced-carbon resource-secure cities,   

-  working back from there to explore what’s stopping us 

getting there,   

-  creating the necessary engineering solutions, and            

-  proving the concept of a viable and socially acceptable 

alternative future. 



How can one undertake an urban analysis clustered 

to allow cities to be viewed through an environmental 

lens, a social lens and an economy & governance 

lens, and then synthesised to combine all relevant 

disciplines and cover the complete spread of 

perspectives? 

RC1: City Analysis 



City Analysis Methodology 



City Analysis Methodology 



The Exam Questions 
  

Additional disciplinary expertise 

 … we seem to have the bases covered, by going big 

Role of partnerships (public and private) 

 … building the networks and maintaining interest is key 

State of urban sustainability science 

 … EPSRC Sustainable Urban Environments - £45m 

 … new initiatives have been spawned (e.g. LC) 

Critical issues for urban sustainability science 

 … dealing with ‘futures analysis’ 

 … infrastructure (and everything) interdependencies  

 … local versus national and global 

Useful types of metrics … and pathways to the future 

 … we are grappling with these issues in Liveable Cities 

Obstacles to implementation of sustainability / resilience plans 

 … disseminating all benefits / consequences (mini-Stern) 

 … providing a credible and compelling evidence base 

 



Conclusions 
  

There are several approaches to making our cities more 

sustainable, and our engineering solutions more resilient 

 … some seek better understanding of ‘the now’ 

  -  Mapping the Underworld locates buried services 

  -  Multi-Utility Tunnels provides another way 

-  Assessing the Underworld will illustrate the likely 

consequences of street works 

  -  Infrastructure Interdependencies – an opportunity? 
 

Urban Futures seeks to test whether today’s engineering 

solutions remain relevant if the future develops differently 

The Liveable Cities project is envisioning an alternative future 

world and working back from there to determine the radical 

engineering solutions needed to get us there 

  -  both address the issue of ‘alternative futures’ 

 
 

  



If you have been … 
 

Thank you for listening 


