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Smart Cities:  
A Global Perspective
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Abstract

The impact of globalisation and industrialisation has been a subject for research around the globe due to 
the huge paradigm shift caused by them. Such phenomena are also a cause of concern as cities consume 
close to three-quarters of the world’s natural resources and generate three-quarters of its pollution 
and waste. There is a need for the cities to get smarter through the application of innovative solutions 
to address large-scale urbanisation challenges and find new ways for creating liveable, competitive and 
self-reliant cities. 

In this direction, the advent of smart cities could be a much larger wave of transformation which 
is about to splash the entire world. The precise content, feature and nature of smart cities vary from 
country to country, depending upon geographical condition, ecosystems, resource availabilities and 
major challenges being faced. Pilot projects have been taken up in almost all parts of the world to 
emulate such cities. Many countries have rolled out grand plans for the development of both greenfield 
and brownfield smart cities. There have been several agitations against such extensive infiltration of 
information technologies in societies due to the fear of cyberattacks, privacy threats, etc. However, 
societies have decided to go ahead because of the greater advantages as well as necessity of smarter 
systems for ensuring a quality life for citizens. The revolution of upcoming smart cities would thus 
be one of the most holistic movements, which would require extensive participation from almost all 
fronts of the society, thus resulting in a truly substantive development.

Due to enhanced dependency on data sensors, automation technologies, information and communi-
cation technologies, software analytical applications, etc., any disruption/disaster may disintegrate 
the whole string of services and jeopardise the smart city ecosystem. Further, high concentration of 
population and economic activities make smart cities vulnerable to severe damage in terms of human 
lives as well as financial breakdown. Therefore, resilient measures for various natural and man-made 
disasters need to be taken care of. Major portions of all urban areas on earth are coastal/riverside, 
exposing them to sea/river-level rise and storm surges. Climate impacts such as cyclones, floods 
and droughts have financial impacts, with major disruption to business operations and city finances. 
This necessitates that at the onset of the development of smart city, concomitant actions are needed 
to make them resilient to disaster as well.
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 This article introduces the concept of smart city and discusses its various attributes. Technology 
span required for smart city development has been analysed and presented. Some of the global initia-
tives have been discussed, along with the Government of India’s ambitious programme of establishing 
100 smart cities on a fast track. The planning and prioritisation strategies necessary for the success and 
sustainability of such a programme are discussed. To be really intelligent, cities must also consider the 
impacts of climate change. Therefore, disaster risk reduction is one of the key aspects in smart city 
development. Accordingly, vulnerabilities associated with smart cities have been listed with a holistic 
and far-sighted approach. These help in identification of mechanisms, policies and practices to be taken 
up by all the stakeholders to ensure that the smart cities serve their purpose of socio-economic devel-
opment and citizen-centric governance, instead of procedural governance, without posing a threat to 
security, stability and integrity of the individuals and the society as a whole. The article also highlights 
the need for establishing a central command control centre and the shift in administrative procedures 
as well as emergency governance structures to accommodate the modern needs of involving citizens 
extensively in building these cities, not only literally but also figuratively.
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Smart City—The Definition

The term ‘smart city’ is ambiguous in the sense that the precise content, feature and nature of smart cities 
varies from country to country, depending upon geographical condition, ecosystems, resource availabili-
ties and major challenges being faced. A narrow definition classifies smart cities as ‘the cities that use 
information and communication technologies to deliver services to their citizens’ (Cohen). Broadly 
defining, ‘Smart cities use information and communication technologies (ICT) to be more intelligent and 
efficient in the use of resources, resulting in cost and energy savings, improved service delivery and 
quality of life, and reduced environmental footprint—all supporting innovation and the low-carbon 
economy’ (Cohen) and providing low-cost service delivery to marginalised sections of the society. Some 
typical attributes of smart cities include:

•	 Shared	information	and	communication	technology	(ICT);	common	infrastructure	for	communi-
cation using optical fibre backbone for effective public delivery systems,

•	 Information	 gathering	 through	 sensors	 like	 smart	meters,	 and	monitoring/control	 from	central	
command centre,

•	 Open	government:	bridging	gaps	between	citizen	and	administration,	multiple	service	kiosks,
•	 Energy-efficient	technologies	like	light-emitting	diode	(LED),	smart	street	lights	and	microgrids,
•	 Time	optimisation:	multi-level	parking	brings	additional	revenue,	global	positioning	system	(GPS)-

enabled vehicle,
•	 Zero	emission,	reduced	utility	bills,
•	 Green	rooftops	towards	clean	and	green	environment.

Innovative	use	of	infrastructure	shall	also	be	designed,	such	as	use	of	multi-utility	halls/labour	chowks	
(place for hiring of daily wagers) as rain baseras	during	nights	for	rag	pickers	and	homeless	people;	
physical	activity	facility	for	slum	children	also	doubled	up	as	an	informal	classroom;	and	malodorous	
trash dump transformed to a scientific waste management facility (Chitlangia, 2015). Smart cities aim  

 by SAGE Production (DO NOT CHANGE THE PASSWORD!) on July 17, 2016iqq.sagepub.comDownloaded from 

http://iqq.sagepub.com/


NOT FOR C
OMMERCIA

L U
SE

Hayat 179

at sustainable development with enhanced quality of life and clean air and water for all citizens at  
affordable prices.

Introduction: Need for Smart City

Cities are referred to as the engines of economic growth accounting for 80 per cent of the global gross 
domestic	product	(GDP).	However,	they	consume	around	75	per	cent	of	global	primary	energy	and	are	
responsible	for	about	70	per	cent	of	the	greenhouse	gas	(GHG)	emissions	(The	Global	Commission	on	
the	Economy	and	Climate,	2014).

Cities provide ample opportunities to its citizen for jobs, economic development, better living stand-
ard, etc., and therefore migration of people takes place from villages to cities. This continuous migration 
over	the	years	has	made	cities	densely	populated	and	congested	as	almost	54	per	cent	population	of	the	
world	is	confined	in	about	4	per	cent	of	the	terrestrial	surface.	Further,	global	urban	population	is	expected	
to	rise	to	70	per	cent	by	2050.	This	urbanisation	is	also	a	cause	of	concern	as	cities	consume	close	to	three-
quarters of the world’s natural resources and generate three-quarters of its pollution and waste.

Urbanisation in India as well is increasing rapidly as never before. It is estimated that urban popula-
tion	would	double	to	about	60	crore	in	the	next	20–25	years.	United	Nations	(UN)	has	predicted	that	 
the	number	of	people	in	India’s	towns	and	cities	will	almost	double	to	814	million	by	2050.	Urban	popu-
lation	contributes	over	60	per	cent	of	India’s	GDP	and	will	contribute	about	70	per	cent	of	the	national	
GDP	in	the	next	15	years	(Indian	Urban	Infrastructure	and	Services,	March	2011).	Figure	1	shows	the	
growth of urban and rural population.

Figure 1. Growth of Urbanisation

Source: http://esa.un.org/unpd/wup/Country-Profiles/ (Retrieved on 04 May–2016)
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Rapid urbanisation has brought forward many challenges, including increased energy demand,  
tremendous	waste	generation,	stress	on	existing	infrastructure	and	resources,	safety	and	security	threats,	
increasing pollution levels, technology dependence, etc.

Fortunately,	the	last	two	decades	have	brought	in	enormous	innovations	and	affordable	technologies	
in	 the	 domain	 of	 communication	 and	 computing.	 City	 planners	 are	 thus	 making	 efforts	 to	 exploit	 
these technological advancements to mitigate the above-mentioned challenges and develop sustainable,  
resilient, comfortable and citizen-centric cities—the smart cities.

Global Initiatives in Smart City Development

It may be noted that the concept of smart cities is evolving and progressing. It may not provide with 
explicit	qualifying	criteria	that	label	a	city	as	smart.	Rather,	it	encompasses	the	technologies,	practices	and	
reforms that result in enhanced quality of services as well as environment. While several cities across the 
globe have made efforts towards developing as smart cities, no single city has been able to implement  
all the attributes simultaneously which are dynamic in nature, mainly due to geopolitical diversity and 
extensive	ongoing	research	in	smart	city	attributes.	Some	of	the	global	implementations	are	as	under:

•	 Barcelona: With its holistic approach towards smart city development, Barcelona has gained 
tremendous attention and glory as the most outstanding smart city on several platforms. Barcelona 
has implemented several innovative attributes, the major ones being geospatial mapping of assets, 
open data sharing between public and private bodies and citizens, smart traffic lights, green build-
ings,	smart	parking,	city	operating	system	(OS)	(extensive	sensor	deployment	and	citizen	service	
kiosks),	open	government,	smart	bus	network,	telecare	(emergency	help	for	70,000	elderly	people	
through sensor-based pendants), etc.1 While several cities have deployed hi-tech attributes, 
Barcelona stands out due to the broad domain of services that has been touched.

•	 Rio de Janeiro: At Rio de Janeiro, Brazil, city planners have made efforts to create a better trans-
portation system and deal with the city infrastructure problems. Initiatives in communication 
technologies,	like	Rio	Datamine	(an	open	data	system	for	city	information),	are	also	playing	an	
important	role	in	giving	a	boost	to	the	economy.	Knowledge	Squares	have	been	built	in	nearly	40	
low-income, crime-ridden neighbourhoods, along with 32 digital facilities which have provided 
digital	literacy	training	to	69,000	citizens	(Intelligent	Community	Forum,	2015).

•	 Singapore: With strong economy and technological backbone, Singapore has set high targets for 
smart	city	development.	It	aims	to	have	80	per	cent	of	all	buildings	meet	its	Green	Mark	certifica-
tion standards by 2030. Considerable progress has already been made in domains like smart 
energy (30 per cent households have smart grid systems installed), strong Internet (100 per cent 
broadband penetration), smart mobility (real-time travel information on the Internet, rebate on 
green vehicles) and smart health care (integrated health information across Singapore, cloud com-
puting	models	incorporated	(Frost	&	Sullivan).

•	 San Francisco:	With	closeness	to	Silicon	Valley,	San	Francisco	has	an	advantage	in	technological	
support.	However,	the	city	has	made	clear	objectives	towards	sustainability	(zero	waste	by	2020,	
reduce	GHG	emission	by	25	per	cent	from	1990	level	by	2017).	In	line	with	such	targets,	the	city	
has	implemented	programmes	like	RecycleWhere	(open	source	software-based	waste	disposal);	
SF	 Energy	Map	 (online	 tool	 for	 tracking	 solar	 and	 wind	 installations);	 SFpark (an initiative 
towards	smart	parking);	ChargePoint	(programme	for	promotion	of	electric	vehicles);	and	Central	
Steam Supply (pipeline to supply steam generated from centralised plants for space heating in 
customer	buildings)	(SF	Environment,	2012).
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While	 the	smart	city	concept	 is	significant	for	developed	cities	for	achieving	excellence	and	sustain- 
ability, these developments bring significant relief to developing economies in alleviating their long- 
standing	challenges.	For	instance,	smart	grid	technologies	of	net	metering	and	energy	efficiency	help	 
the countries in the Indian subcontinent and Afro-Asian nations to address their energy crisis through 
distributed generation and efficient management.

Till now, India is in a nascent stage in smart city development due to several geopolitical conditions. 
However,	recently,	the	Government	of	India	has	embarked	on	an	ambitious	programme	of	developing	
100 smart cities2 on fast track, with focus on building modern, physical disaster-resilient infrastructures 
that are scalable, intelligent and interoperable so as to build smarter cities and meet the growing demand 
for	various	types	of	services.	The	Ministry	of	Urban	Development	(MoUD)	has	clearly	stated	that	the	
fundamental purpose of a smart city is to drive economic growth and improve the quality of life of  
the citizens.

The strategic components of area-based development are city improvement (retrofitting), city renewal 
(redevelopment)	and	city	extension	(greenfield	development),	plus	a	pan-city	initiative	in	which	smart	
solutions are applied covering larger parts of the city. A few key areas of development have been identi-
fied	as	shown	in	Figure	2.

Figure 2. Indicative List for Smart Solutions

Source: smartcities.gov.in (accessed 14 April 2016).
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Smart City Development

Any	city	can	be	developed	as	a	smart	city.	However,	the	quantum	of	efforts,	investment	and	approach	
would	differ	according	to	existing	status	and	envisaged	smartness	attributes.	While	for	a	developed	city,	
investments for bringing competitiveness and environmental targets are enough, an emerging city may 
require	addressing	priority	concerns	and	 tapping	opportunities.	Greenfield	city	 though	 requires	more	
investment,	there	exists	an	opportunity	to	meticulously	plan	the	city	incorporating	all	desired	attributes	
in an efficient manner. These factors demand efficient planning for greenfield smart city projects and 
meticulous retrofitting and reinforcement for brownfield projects.

Attributes to be implemented in smart cities may be different according to requirement and  
geographical	conditions.	Some	of	the	major	smart	city	attributes	and	their	subsystems	are	defined	next.

Smart Grid

Smart grids are a conglomerate of electrical infrastructure with ICTs, thus establishing a bidirectional 
communication link between the utility and consumers. Thus, utility can take an informed decision in 
case of any disturbance, while better managing and monitoring its assets. Also, consumer convenience is 
ensured by active participation of the consumers.

Smart grids also ensure that disaster-resilient electrical infrastructures are planned to promote co-
location of generation and load to reduce the need for long haulage of power and increase efficiency. 
With advanced control and communication, microgrids shall be developed to ensure continuous power 
availability even during disaster, by using locally available resources through islanding. Smart grids, 
thus, aim at providing reliable and high-quality service to consumers, while ensuring sustainability 
through the use of renewable resources and energy-efficiency measures.

Utilities, administration and academic institutions have a pivotal role in encouraging and enabling 
integration	of	renewable	generation	in	the	distribution	grid.	Net	metering	schemes	are	being	rolled	out	
by	several	utilities	as	shown	in	Figure	3.

Figure 3. Net Metering

Source: Power Grid Corporation of India Limited (2013).
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In the net metering arrangement, single smart meter shall be installed and when demand is more than 
the local generation at any premises, consumer draws the power from grid, and when generation is more 
than demand, consumer injects the power into grid. Smart meter shall record net energy values and the 
same shall be used for billing by the utilities, thereby reducing electricity bills.

Smart Water Management

Water	has	made	the	difference	when	we	wonder	about	life	on	earth.	Life	could	neither	originate	without	it	
and	nor	can	it	be	sustained	in	the	absence	of	water.	Global	population	is	growing,	but	our	supply	of	water	
is not. According to an estimate, water use is increasing at more than twice the rate of population growth. 
Demand	for	water	will	continue	to	increase	dramatically	as	the	developing	world	modernises	and	industri-
alises with systems that fail to keep up. It is high time that we value and manage water similar to other 
resources. Smart water management system shall focus on the following three perspectives:

•	 water	demand	management;
•	 water	resource	management;	and
•	 water	infrastructure	management.

Different	systems,	like	smart	water	meters/sensors,	supervisory	control	and	data	acquisition	(SCADA)	
system, automatic billing system, greywater management, rainwater harvesting and water treatment 
plants, are deployed to use water resources efficiently.

Smart Traffic and Transportation System

A city suffocates, once it stops. An hour is too long a duration to bring complete chaos if the traffic is 
seized.	With	 the	 number	 of	 vehicles	 increasing	 exponentially,	 it	 is	 time	 to	 adopt	 technology	 to	 the	
maximum	possible	extent	for	smooth	handling	of	traffic	and	ensuring	convenient	commutation	for	the	
citizens.	Further,	to	reduce	vehicular	pollution,	use	of	electric	vehicles	is	becoming	popular.	The	issue	of	
efficient traffic management has gained tremendous attention from city planners as well as researchers 
globally.	National	Aeronautics	and	Space	Administration	(NASA)	has	collaborated	with	a	few	universi-
ties to develop a drone-based traffic management system to address the challenge.3 Some of the attributes 
of	smart	traffic	and	transport	management	are	discussed	next:

•	 Automatic traffic lights: These lights are designed with such inbuilt intelligence that the on-and-
off	time	for	a	particular	lane/road	is	dependent	on	the	actual	condition	of	traffic,	instead	of	the	
fixed-time	operation	in	conventional	traffic	lights.	Also,	LED-based	smart	lamp	posts/street	lights	
result in reliable operation and energy efficiency.

•	 Online traffic monitoring: Real-time monitoring through advanced control centres is based on 
informed decision with actual scenario governed by numerous closed-circuit television (CCTV) 
cameras/sensors/drones.	 Thus,	 to	 handle	 large	 traffic	 jams,	 diversion/rerouting	 of	 traffic	 can	 
be	done	based	on	the	overall	picture	of	the	area	instead	of	the	local	scenario.	Geographic	informa-
tion	system	(GIS)	mapping	of	assets	enables	the	administration	to	effectively	carry	out	geospatial	
monitoring.
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•	 Emergency kiosks/counters:	These	shall	be	installed	at	regular	intervals	on	highways	or	express-
ways to provide basic amenities like phone and first aid, and have accessible information regard-
ing emergency aid contact numbers, location of nearby hospitals, police stations, maps, vehicle 
breakdown and towing services, etc.

•	 Advanced information system:	 Public	 transport	 systems	 shall	 be	 strengthened	 with	 advanced	
visual	information	systems	for	schedules,	routes,	expected	arrivals,	present	location	of	vehicles,	
helpline	numbers,	 etc.	School	 buses	 shall	 be	GPS	 tagged	 to	 enable	 online	 tracking	by	 school	
administration	and	parents.	SMS-based	tracking	shall	also	be	enabled.	Wi-fi-enabled	public	buses	
would	enrich	commuter	experience.

Smart Waste Management System

Waste management is the collection, transport, processing or disposal, managing and monitoring of waste 
materials. The term usually relates to materials produced by human activity, and the process is generally 
undertaken to reduce their effect on health, the environment or aesthetics. In big cities, waste disposal 
becomes a problem as the quantum of waste is high, whereas land or resources for disposal are less. 
Meticulous	implementation	of	smart	practices,	as	listed	next,	would	help	in	efficiently	handling	the	menace:

•	 Reduction, redeploy and recycle	(United	Nations	Environment	Programme,	2010):	Waste	man-
agement can be effectively done by using the 3Rs, which include reduction, redeployment and 
recycle of waste. Waste can be reduced by increasing the use of second-hand items or repaired old 
items, avoiding disposable cutlery, etc.

•	 Segregation: Waste management can be easily done by proper segregation of waste into different 
categories	 like	glass,	 paper,	 plastics,	 bio,	metals	 and	non-recyclable.	Glass,	 paper,	metals	 and	
plastics can be recycled to produce usable items. Biodegradable items can be used to produce 
compost or electricity.

•	 Automated waste collection system:	Many	cities	are	presently	using	automated	system	for	collec-
tion of waste, which automatically transfers the collected waste from various collection points to 
disposal end.4

•	 Waste-to-energy/compost:	Waste-to-energy	(WtE)	is	the	process	of	generating	energy	in	the	form	
of	electricity	and/or	heat	from	the	primary	treatment	of	waste.	In	less-equipped	localities,	waste-
to-compost enables citizens to use the biodegradable wastes in increasing soil fertility by using 
compost.

•	 Indian Institute of Technology, Delhi—Green initiative (Business Standard, 2015): Under the 
waste	management	initiative	named	‘Sustainable	IIT-D’,	the	institution	has	taken	up	several	activ-
ities like hostel waste management, paper and plastic recycling, recycled cups campaign, poster 
reuse	and	conversion	of	PET	bottles	to	light	bulbs	and	chairs.

•	 E-waste management:	Electronic	waste	(e-waste)	comprising	of	old	appliances	like	TV	sets,	com-
puters and video games have costly metal parts and large silicon and plastic volume. These shall 
be	segregated	at	source	and	processed	to	extract	valuable	components	and	ensure	proper	disposal	
of the remaining non-biodegradable parts.

Smart Security System

Public	security	is	an	essential	precondition	for	personal	freedom,	maintaining	law	and	order	situation,	
civil liberties and the functioning of political institutions in a market economy. Whether people feel 
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secure or insecure plays a crucial role for their individual well-being, influences their behaviour  
and	 determines	 the	 demand	 for	 public	 security.	 Following	 initiatives	 shall	 enhance	 the	 security	 of	 
smart cities:

•	 Electronic	surveillance	at	central	command	control	centre	(CCCC)	through	CCTV	cameras	placed	
at strategic locations.

•	 Virtual	monitoring	 of	 incidents	 and	 riots,	 and	 decision	making	without	much	 legwork	 in	 the	
streets by police.

•	 Direct	monitoring	of	law	and	order	by	top-level	officials.
•	 Special	monitoring	of	events	like	fair,	festivals	and	religious	processions.
•	 Security	alarms	in	public	places	and	vehicles.
•	 E-filing	of	first	information	report	(FIRs)	such	as	theft	of	vehicle	and	phone.
•	 Real-time	monitoring	of	security/patrolling	teams.

e-Governance

The backbone for implanting intelligence in various city attributes and services is based on the philoso-
phy of data sharing in real time, using ICTs, through customised secured network between clients, city 
administration	and	public	and	private	sector	organisations.	Governance	mechanisms	and	systems	shall	
also	 exploit	 these	 developments	 to	 bridge	 the	 gap	 between	 administration	 and	 citizens	 and	 bolster	 
the	concept	of	open	government.	Multiple	service	kiosks	spread	across	the	cities,	providing	all	citizen	
services under a single roof, have proved their usefulness in several cities like Barcelona (Spain), 
Bangalore	(India),	San	Francisco	(California)	and	Switzerland.	Such	models	shall	be	widely	deployed.

Land	record	management,	digital	services,	online	service	request/delivery,	digital	lockers,	services	
through mobile application, etc., would make smart city governance dynamic and citizen friendly. The 
introduction of Web and mobile phone-based services in the domains of banking, rail ticketing, etc., has 
already been substantiated as revolutionary development towards customers’ ease. Incorporating similar 
platforms for other administrative and policy-driven services, and strengthening e-governance, would 
thus ensure substantive values. Also, the entire channel of governance would be shortened to establish 
high level of transparency.

The	deployment	of	the	above-mentioned	infrastructure/services	would	attract	businesses,	talent,	skills	
and	 taxpayers	because	of	 ease	of	operation,	 in	 terms	of	 cost	 efficiency,	 infrastructure	 (office	 space),	
broadband, telecommunications, as well as utilities such as energy, water and transportation, and general 
quality of life for residential, health care and education systems.

Open Government: Engaging Citizens through  
Collaborative Organisations

The domain and structure of public administration has been substantially influenced by globalisation  
and	 growth	 of	 capitalism.	 However,	 the	 paradigm	 shift	 has	 been	 explained	 by	 several	 authors,	 for	
instance,	Professor	Ali	Farazmand	(2012),	while	answering	the	question:	‘Why	citizens	have	become	so	
important	 in	 the	process	of	governance?’	With	extensive	globalisation	and	 integration	of	economies,	
there has been a change in the role of government. While the welfare and security of citizens was always 
the motive of administrators, citizens did not have much direct involvement earlier. With increasing 
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exposure	 of	 citizens	 to	 market	 mechanism,	 it	 becomes	 inevitable	 to	 facilitate	 their	 involvement	 in	 
governance, thus moving towards open government. The objective behind open government is that  
more governments increase their transparency, accountability and responsiveness towards their citizens, 
with the ultimate goal of improving the quality of governance, as well as the quality of citizen services. 
Such approach demands for a substantial shift in norms and culture to ensure genuine dialogue and  
collaboration	between	the	governments	and	civil	society.	With	such	vision,	a	global	Open	Government	
Partnership	 (OGP)5 has been formed to strengthen the collaborative efforts of countries in establish- 
ing	a	sustainable	open	government.	The	first	meeting	was	held	in	New	York	in	2011	with	11	member	 
countries.	At	present,	63	countries	are	contributing	 in	 the	partnership.	Other	developing	nations,	 like	
India, should grab such opportunities to strengthen the policy platform for upcoming smart cities and 
attain substantive democracy. 

The rise of smart cities would serve as the culmination of globalisation, capitalism and consumerism. 
At	this	stage,	an	extensive	involvement	of	citizens	in	public	administration	is	a	must	to	ensure	sound	
governance. Thus, well-coined collaborative mechanisms and organisations for citizen involvement 
must be put into place in time for a chaos-resilient smart city environment.

Smart City—Vulnerabilities

Smart cities, due to their various advantages in terms of social and economic benefits, are a magnet for 
large populations searching for better living standards and employment generation. Therefore, these 
cities would be the centre of productive workforce and major economic activities. Because of enhanced 
dependency on data sensors, automation technologies, ICTs, software analytical applications, etc., any 
disruption/disaster	may	disintegrate	whole	string	of	services	and	jeopardise	smart	city	ecosystem.	Very	
high concentration of population and economic activities make smart cities vulnerable to severe damage 
in terms of human lives as well as financial breakdown.

Over	90	per	cent	of	all	urban	areas	on	earth	are	coastal/riverside,	exposing	them	to	sea-level	rise	and	
storm surges. Climate impacts such as storms, floods and droughts have financial impacts, causing major 
disruption to business operations and city finances. To be really intelligent, cities must also consider the 
impacts	of	climate	change.	Disaster	risk	reduction	is	one	of	the	key	aspects	in	smart	city	development.

‘Smart’ delivery of services relies on ICT as a key enabler. When ICT devices run a ‘smart city’, they 
may become the weakest link in the chain and essential public services become vulnerable to cyber 
security challenges. Therefore, smart city should have solutions with robust, embedded cyber security 
and mitigation strategies in case of attack or loss of data.

Steps towards Resiliency

A detailed pre-disaster plan is the core of building disaster resiliency and helps in mitigating the losses 
caused.	Figure	4	shows	the	aspects	to	be	planned	before	disaster	to	minimise	the	damages	caused	and	
ensure speedy recovery.

In smart cities, it shall be ensured that all buildings—residential or commercial—shall be built with 
disaster resilience as a basic necessity and shall be audited and certified by the relevant authorities. 
Researchers and engineers around the globe, including premier research institutes of India like the Indian 
Institute	of	Technology,	Delhi,	have	been	carrying	out	extensive	research	in	building	disaster	resilience	
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Figure 4. Pre-disaster Planning for Risk Minimisation

Source: Author’s own.

for further value addition in development of smart cities. Researchers have come up with several innova-
tive technologies and designs to develop efficient and disaster-resilient infrastructure with minimal 
investment.	Some	of	the	examples	are	discussed	here.

Building Base Isolation for Earthquake Resilience

The initial approach of civil engineers and structural scientists in the development of earthquake- 
resilient buildings was use of steel braces to a skyscraper’s skeleton or beefier rebar to concrete shear 
walls. After absorbing the brunt of seismic shaking, however, the compromised structures often must be 
demolished.6 With further research, it has been found that small structures fitted with wheels or spheres 
for little mobility, when placed on shaking test beds, had better stability as compared with their rigid 
counterparts.

Building with Tyres for Energy Efficiency and Disaster Resilience

Millions	of	used	tyres	have	been	a	menace	for	city	administrators	for	waste	disposal	due	to	the	issues	of	
large landfill space requirement, and the possibility of fire hazards, etc. The trouble has however been 
transformed to advantage by engineers by developing techniques to use them as building material. Apart 
from	being	strong	and	durable,	tires	are	quite	flexible	and	this	attribute	gives	significant	advantage	of	
using	them	to	achieve	shock	resilience.	Forming	rubber	bricks	from	used	tyres	through	hydraulic	press-
ing	may	be	done	for	high-rise	commercial	buildings.	However,	simple	cutting	and	joining	techniques	
may	be	used	for	building	low-cost	simplistic	houses	as	shown	in	Figure	5.	Such	earthquake-resistant	
houses	have	been	designed	in	several	communities,	for	instance,	by	Indonesia	Aid	Foundation,	to	provide	
a	buffer	zone	between	the	shaking	earth	and	the	houses	(see	Sustainable	Blog;	Vanak).
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Fire Protection Planning

Apart from natural calamities, fire hazards are considered to be the most destructive incidents, parti- 
cularly in densely inhabited cities. In metropolitan cities, high-rise buildings constitute major fire 
hazards,	due	to	inadequate	fire	protection	and	evacuation	plans.	Lack	of	adequate	fire	prevention	and	
fighting equipment and personnel have been frequently reported, particularly in developing countries.

Against such a background, while moving towards smart cities, it is imperative to consider planning 
and ensuring of fire prevention systems as a prime necessity for all buildings. Some of the basic activities 
that must be ensured include evacuation route planning, marking and drills, smoke detectors at critical 
locations,	light/sound-based	fire	alarms,	special	practice	sessions	with	children,	adequate	fire	fighting	
equipment and training, etc.

Emergency Management and Command Control Centre

Modernisation	has	complexity	as	an	inherent	trait.	Be	it	the	societal	structure,	political	interdependence,	
economic	dynamics,	social/technical	networks	or	administrative	systems,	complex	systems	have	been	
established at every front. While stability of all systems is the primary concern in all societies, it is well 
understood	that	complex	systems	give	way	to	the	possibilities	of	chaos.	Various	authors	have	covered	the	
critical	subject	of	crisis	and	emergency	management	in	several	books	and	publications	(Farazmand).

It is well discussed that smart city environment aims at the security and convenience of its inhabitants, 
but	in	the	background,	it	is	formed	of	several	complex	systems.	Also,	the	socio-economic	development	
of these cities would lure people to move there and form a clustered population. While all security and 
preventive	measures	aim	to	reduce	the	risk	of	any	chaos,	the	complexity	and	population	give	way	to	
great hazard even during the rare possibility of emergencies. The administration shall thus give high 
significance to adapt practices and systems for effective governance during emergencies to minimise 

Figure 5. Use of Tyres in Foundation for Low-cost Earthquake-resilient Buildings

Source: http://www.sefindia.org/forum/files/low_1_464.pdf (Retrieved from 4 May 2016)
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loss to citizens as well as economy. The establishment of a central emergency command centre would 
have	a	great	advantage	in	the	management	of	such	emergencies.	Following	facilities/attributes	shall	be	
included in such a command centre:

•	 Pre-identification	of	shelter	and	rescue	camps,	security	arrangement,	etc.,	in	case	of	emergencies.
•	 Pre-planned	responsibility	matrix	and	sequence	of	actions	for	different	bodies	like	police,	hospi-

tals, city administration and military.
•	 Multi-level	 communication	 chain	 and	 information	 centre	 to	 inhibit	 unwanted	 rumours	 due	 to	

emotionally charged situation during chaos.
•	 Planned,	practiced	and	documented	rescue,	evacuation	and	restoration	plans	periodically.

Police,	being	the	first	line	of	action,	shall	be	specially	trained	for	handling	region-specific	emergencies,	
like nuclear plants, mines, radioactive units and high heat furnace.

•	 10–20	per	cent	of	police	staff	to	be	trained	for	first	aid	and	evacuation	in	golden	hour.
•	 Continuous	capacity	building	in	police	department	for	enhancing	domain	knowledge.
•	 Elementary	training	to	police	personnel	for	fire	handling.
•	 Legal	framework	explicitly	defining	the	role	of	police	in	disaster	management.
•	 Electronic	surveillance	at	CCCC	through	CCTV	placed	at	strategic	locations	facilitating:
 a.  virtual monitoring of incidents, riots and decision making, without much legwork in the streets 

by	police;
	 b.	direct	monitoring	of	law	and	order	by	top-level	officials;	and
 c. special monitoring of events like fair, festivals and religious processions.

Conclusion

In the regime of global focus on the advent of smart cities, it must be noted that the development of 
disaster resiliency for smart cities is inevitable towards sustainability. This article discusses various 
attributes of smart cities and aspects for sincere consideration during their development. To summarise, 
following points shall be considered to ensure that the ongoing advancements lead us to a safe and sus-
tainable future:

•	 Very	high	concentration	of	population	and	economic	activities	make	 these	cities	vulnerable	 to	
severe damages from disasters.

•	 Necessity	is	for	building	resilience	in	all	domains	to	prevent,	mitigate,	prepare,	respond	to	and	
recover from the impacts of disaster.

•	 Open	 government	 and	 citizen-centric	 governance	 and	 emergency	 management	 are	 needed	 in	
administration of these cities.

•	 Efficient	and	 innovative	utilisation	of	 infrastructure	 is	needed	 to	alleviate	 the	 living	standards	 
of economically weaker sections of the society.

•	 A	 comprehensive	 emergency	 command	 centre	 shall	 be	 established	 with	 all	 administrative	 
facilities for effective coordination and information sharing.

•	 Pre-identified	 role	 of	 different	 administrative	 and	 disaster	management	 agencies	 shall	 be	 laid	 
out and coordinated.
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•	 Police,	 being	 the	 first	 line	 of	 action,	 shall	 be	 given	 special	 training	 and	 capacity	 building	 
for medical aid and evacuation as per region-specific requirements, like mines, nuclear stations, 
radioactive units and industrial environment.

•	 In	countries	like	India,	where	the	role	of	police	in	disaster	handling	is	not	explicitly	laid,	National/
State	Disaster	Management	Authority	 shall	 strengthen/modify	 established	 legal	 framework	 to	
broaden the statuary role of police in disaster management.

•	 In	 smart	 city	 planning,	 expandability	 shall	 be	 ascertained	 with	 future	 scenarios	 of	 increased	 
congestion within the city through greenfield areas around the city.

Notes

1. Available at www.smartcity.bcn.cat/en	(Retrieved	on	4	May	2016)
2.	 Available	at	www.smartcitieschallenge.in	(accessed	14	April	2016).
3.	 See	www.fortune.com/2015/08/07/nasa-drone-air-traffic-management-project-software/	(accessed	14	April	2016).
4.	 See	www.waste-management-world.com	(accessed	14	April	2016).
5.	 See	www.opengovpartnership.org	(accessed	14	April	2016).
6.	 See		www.popularmechanics.com/technology/design/a11759/earthquake-proof-building-that-is-built-to-collapse	

(accessed	14	April	2016).
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