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ABSTRACT

Smart City Mission was launched by the Government of India in 2015, aims to develop 100
smart cities across India. The primary objective of the program is to transform existing cities into
smart cities by incorporating urban renewal and redevelopment, both brownfield and greenfield
and retrofitting thereby making the cities smart, sustainable and citizen friendly. The secondary
objective of this program is to foster economic growth through these smart cities, which in turn
will have a “rub-off effect” on neighboring cities and towns. India is vulnerable to several types
of disasters — natural and man-made and such a large-scale program of urban renewal and
redevelopment could have been useful in make a selected few cities disaster resilient. However,
the Smart City Mission loses out on an opportunity to incorporate resilience in the newly
developed smart cities.

The focus of this study is the city of Srinagar in North India, which is currently being developed
as one of the Smart Cities in India. Srinagar is one of the most disaster-prone cities in India. The
city has developed a detailed system with several layers of policies and procedures for disaster
management, but that system is majorly reactive in approach and does not emphasize on
resilience. Though several frameworks exist for incorporating resilience at a city level, there are
none for operationalizing resilience at a city level. To overcome this research gap, a detailed
study was carried out in association with experts related to disaster management and allied fields
to develop a stage-wise holistic resilience maturity model. Though cities face unique disasters,
due to their geographies, complexities, urbanization and culture, this Resilience Maturity Model
can be adopted by any city of the world.

INTRODUCTION

Srinagar, the winter capital of the state of Jammu and Kashmir, has witnessed unprecedented
levels of unplanned urbanization over the past few decades. The population has increased from
2.85 lakhs in 1961 to 4.57 lakhs in 1971, 6.06 lakhs in 1981, 11.10 lakhs in 2001 to 20.84 lakhs
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in 2011. (Nengroo, et al., 2017). Same is the case with rest of India where the urban population
has seen an increase of around 4% from 2001 to 2011 and is projected that 40% of total Indian
population will be residing in urban areas by 2030, and nearly 50% by 2050. (Census of India,
2011). Globally as well, the trend of urbanization continues at a steady rate.

In general, urbanization does not pose any threat to the environment or development, however,
access to several basic amenities is restricted by unplanned urbanization. (Nengroo, et al., 2017).
Further, if the urbanization is at a rapid rate it may lead several other issues like lack of suitable
dwelling units, slums, overburdened transportation system, pollution, environmental degradation
and an overall burden on the existing infrastructure. (Aijaz & Hoelscher, 2015). In India, due to
the lack of strict regulations and planning cities have seems unorganized and unplanned growth.
There is a large-scale migration across the country from rural to urban areas, as urban areas
provide better employment opportunities and better quality of life. It is estimated that around
30% of the Indian population now live in urban areas as compared to around 18% in 1960
(World Bank, 2020). This constant, rapid and unregulated urbanization has led to the
overburdening of existing city infrastructure. (Bashir, 2020) which is an underlying cause of low
FDI (foreign direct investment) in India (Aijaz & Hoelscher, 2015).

NATIONAL SMART CITY MISSION IN INDIA

The National Smart City Mission launched by the Government of India in 2015 as an urban
renewal program to make existing cities citizen-friendly and sustainable. It emphasized on
development of core infrastructure; technological interventions and area-based development.
The basic objective of this program is to drive economic growth in the 100 selected Smart city
which other cities can emulate. (Praharaj & Han, 2019) (Gupta & Hall, 2017) (Smart Cities
Mission, 2015).

SRINAGAR - INTRODUCTION

Srinagar is the capital and the largest city of the state (now Union territory) of Jammu and
Kashmir, the northern state of India. It is located at the foothills of the Himalayas at an elevation
of 1585 meters from sea level. The city is located on both the banks of river Jhelum, which
divides the city into two parts and is connected by 9 bridges. The total area of the city is around
294 square kilometers.

The city is growing rapidly amongst all Himalayan cities (Bhat, 2008) and is currently ranked at
92nd based on the annual growth rate for a period from 2006 to 2020 (City Mayors, 2006). The
population of the city stands at 1,180,570 as per 2011 census (Census of India, 2011). The
density of population is around 4000 per square kilometer (10000 per square mile). The average
temperature varies from 23.3 C during summers to 3.2 C in winters. The city has several water
bodies and wetlands.

SRINAGAR SMART CITY
Srinagar is one of the Smart Cities being developed under the Smart City Mission of the

Government of India. Srinagar Smart City project was approved in Round 3 of the Smart City
challenge held in April 2017. Srinagar Smart City “aspires to leverage its Natural & Cultural
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heritage/ tourism, through innovative and inclusive solutions, enhance the quality of life for its
citizens”.
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DISASTERS IN INDIAN CONTEXT

The vast and varied geographical expanse, geology, climatic conditions, demographic divide,
socio-economic conditions and rapid urbanization makes India vulnerable to multiple disasters.
These pose a great risk to the economy, population and development of the country (Bashir,
2020). More than half of the total geographical area falls under the “moderate” to “severe
intensity” zone of earthquakes. Around 20% of the area is prone to drought and 12% is prone to
floods. India has a long coastline of more than 7500 km which is vulnerable to tsunamis and
cyclones. The mountainous region, Himalayan and sub-Himalayan ranges are prone to
snowstorms, avalanches and landslides. (Metri, 2006) (NDMA, 2020).

Apart from natural disasters, India is also prone to manmade disaster like chemical, biological,

radiological and nuclear proliferation. (NDMA, 2020). Further, it is also vulnerable to health
epidemics, political turmoil and terrorism due to the country’s varied nature. (Bashir, 2020)
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LITERATURE REVIEW
URBAN AREAS AND DISASTERS

Urban areas or cities are seen from the view of a rural-urban continuum in disaster management
research. This continuum includes villages or the rural countryside, towns or semi urbanized
villages, cities and adjoining satellite cities or towns, metros and megapolis. Urban disasters are
limited to the urban context. (Wamsler, 2014). A high density of population is one of the main
characteristics of an urban area, this is often the main reason for increasing the disasters
manifolds. (Malalgoda, et al., 2013). A disaster can be defined as an unprecedented and sudden
disruption (either short or long term) which results in fatality, economic or environmental loss.
(Bashir, 2020)

With cities growing larger and larger, the disasters have also been increasing in magnitude and
intensity in the urban areas. Research also suggests that urban disasters are increasing in both in
the terms of occurrences and human and economic losses. (Wamsler, 2014). This is true in
Indian cities as well, the magnitude of disasters is increasing in terms of losses and can be
attributed to the changing built environment of the ever-growing cities.

RESILIENCE AND URBAN STRESSORS

Resilience is often defined in terms of the system’s ability to resist and function optimally
during the period of stresses and threats (Satterthwaite, 2013) and how the system recovers as
well (Baum, 2015). The ability to resist, for a city depends significantly on its built
environment. A resilient built environment provides safety and protection to the city’s physical
and social environment (Haigh & Amaratunga, 2011). Using a holistic approach of
understanding the strengths, weaknesses, threats, risks, linkages, stressors and relievers to make
the city be able to better cope up with disasters. This leads to minimizing losses — loss of life,
property, environment and economy and helps the city to return to the state before the disaster
quickly and ensuring socio-economic wellbeing. (Hernantes, et al., 2019) (Spaans & Waterhout,
2017) (Bashir, 2020). The World Bank has developed the Resilient City’s Program intending to
incorporate resilience in the cities around the world. The vulnerabilities are categorized into five
broad groups — Climate, Environment, Resources, Infrastructure and Resources. To overcome
these vulnerabilities the cities, need to develop five broad groups — Governance, Institutions,
Technical Capacities, Funding structures and Planning systems. (Global Facility for Disaster
Risk Reduction, 2015). For a holistic resilience to be developed for a city, it needs to be at three
levels — Individual level, household level and at the community level. (Satterthwaite, 2013)

From the urban planning view, a city can be termed as resilient if it can cope and respond to
changes during a disaster without much loss in functionality (Tompkins & Hurlston-McKenzie,
2011). A resilient city needs to demonstrate resilience against four categories of stressors —
Natural, Economic, Technological and Man-made. Natural stressors are usually unpredictable
and uncontrollable. These include but not limited to earthquakes, landslides, floods, droughts,
cyclones, tornadoes. A city typically has little or no control over these natural stressors. Natural
stressors are majorly external barring famines or droughts, which may not be truly external.
Other three stressors — Economic, Technological and Man-made are internal and the city has a
certain extent of control over these internal stressors (Desouza & Flanery, 2013). However, the
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control may not be absolute and may vary from city to city depending on several factors —
unplanned development, growth of population, level of urbanization and dearth of resources.
The systems of a city are under a lot of stress due to the combining effect of these factors and
the four stressors. This combining effect extrapolates the magnitude and intensity of disasters in
urban areas. (Bashir, 2020).

RESILIENCE AND QUALITY

The overall quality of the built environment is one of the main factors which determines the
overall resilience of a city. Well-designed cities with good construction are more resilient to
disasters and have a greater chance of recovering from a disaster in a short span of as opposed
to a city with poorly designed and constructed built environment. The poorly designed and
constructed built environment, in some cases, increases the magnitude of the disaster or may
give rise to interdependent or secondary risks (Bosher, 2008). Even cities with the well-built
and resilient built environment may have areas where the infrastructure is poorly designed and
constructed. These areas suffer the most during the disaster (Satterthwaite, 2013). The quality of
life in the urban area is dependent on the built environment of the city. It is essential to
incorporate resilience in the systems of the city so that it not only copes and adapts to any
disruption in a way that it remains functional at a certain level during the disaster and its built
environment remains intact (Malalgoda, et al., 2016). Critical Infrastructure that is deemed
necessary for the built environment of the city must remain functional at an optimal level during
the disaster. Therefore, it is necessary to “design, develop and manage resilience” the critical
infrastructure in the built environment of the city (Haigh & Amaratunga, 2011). Additionally,
given the unique nature of the cities in terms of the built environment, it is essential to consider
city-specific needs while designing resilient solutions for the city (Satterthwaite, 2013) which
may include re-engineering the infrastructure to make it more resilient so that it can cope any
disaster (Malalgoda, et al., 2016)

DISASTER RISK REDUCTION IN INDIAN SMART CITIES

The Smart City Mission launched by the Government of India in 2015 is a program of urban
renewal and redevelopment of existing cities to transform them into smart cities. It had given a
chance for the cities to incorporate resilience in developing the smart cities. However,
examining the Smart City Proposals (SCP) of the cities submitted for the Smart City Mission it
is observed that only 30% of the cities have incorporated resilience in some form but there is a
lack of implementing holistic resilience in the proposals (Bhatnagar, et al., 2018). The Indian
cities are some of the most densely populated cities in the world and are facing several stressors
which have put a lot of stress on the already existing infrastructures of these cities.

DISASTERS IN SRINAGAR CITY

The city, in the past few decades, has faced a spate of earthquakes, landslides and floods,
terrorism and is prone to multiple disasters. The recent floods in 2014 resulted in the death of
around 277 people and estimated property damage of around 5 billion rupees (Mishra, 2015).
The highest flood depth was around 32 meters. (Kumar & Acharya, 2015). Srinagar falls under
Zone V or “very severe intensity zone” of earthquake zoning in India. Earthquakes occur
frequently and are mostly of high intensity. The earthquake of 2005 measured 7.6 on the Richter
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scale was one of the very severe intensity earthquakes to hit the region. Nearly 90000 people
lost their lives and around 100000 injured (USAID, 2006). Given the topography of the city, it
is vulnerable to landslides and mudslides. Apart from natural disasters, the city is vulnerable to
man-made disasters as well. The precarious political situation has given rise to terrorism and
violence due to which many people have lost their lives.

RESEARCH METHODOLOGY

The study uses a mixed research method with both qualitative and quantitative research
techniques using research tools such as co-word analysis, semi-structured interviews and Delphi
technique. Since developing a model for resilience building requires holistic participation of
various stakeholders with different perspectives. Also, it is necessary to know about the
interdependencies amongst sectors and services to have coherence in policies and plans
(Desouza & Flanery, 2013).

The Risk Maturity Model presented in this study was developed in collaboration with
multidisciplinary expert’s form district administration, State disaster management authority,
State police, state fire and emergency services and the Smart City Limited. These experts were a
part of the pilot interview, Delphi technique and semi-structured interview.

Table 1: Brief profile of the experts consulted in the study

Organization District State Police Fire and National Smart
Administration Disaster Emergency Disaster City
Authority Services Relief Limited
Force
g Oto5 3 X X X X 1
§?¢ 61010 2 1 X 1 1 X
“ @©
gL 11to 15 1 X 3 1 X X
>< Nt
w 15+ X 1 X X X X
Total no. of experts 3 2 3 2 1 1

MAPPING WITH RESILIENCE FRAMEWORKS

The Srinagar Smart City Proposal (SCP) was mapped against two established resilience
frameworks to establish a benchmark. The Sendai Framework for Disaster Reduction (2015-30)
was adopted by the United Nations in 2015 as a non-binding, voluntary agreement that allows
member nations to reduce disaster risk (Bashir, 2020). It comprises of seven specific targets and
four areas of priority. (UNISDR, 2015)

The Rockefeller Foundation’s 100 Resilient Cities (LOORC) aims to establish a hundred resilient
cities around the world. Applications were invited in 2013, 2014 and 2016. The City Resilience
Framework developed by the 100RC, includes four priority areas, with each priority, having
three drivers (100 Resilient Cities, 2015)
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The two frameworks were adopted before the SCP was prepared. The criteria of both the
framework were analysed and mapped against the Smart City proposal (SCP) submitted to the
Smart City Mission Challenge by using text analysis method. Further, a pilot interview was
conducted with experts from the smart city project to establish the correctness of the mapping.

Table 2: Mapping against Sendai Framework

Srinagar Smart
City Proposal

& Understanding disaster risk Yes
—
§ Strengthening disaster risk governance No
§ Investing in disaster risk reduction for resilience No
E Enhancing preparedness for effective response Yes
% Effective recovery, rehabilitation and reconstruction Yes
(7]
Table 3: Mapping against 100 RC Framework
Srinagar Smart
City Proposal
Provide reliable communication and mobility No
Provide and enhance natural and manmade assets No
Foster long term and integrated planning Yes
Promote leadership and effective management No
g Meet basic needs Yes
é Ensure public health services No
% Ensure social stability, security and justice No
E Support livelihoods and employment No
§ Promote cohesive and engaged communities No
Foster economic prosperity No
Ensure continuity of critical services Yes
Empower a broad range of stakeholders No
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DEVELOPMENT OF A RESILIENCE MATURITY MODEL

A maturity model is a hierarchical description of progress in various stages of maturity
(Wendler, 2012). The main use of a maturity model is to define the level of maturity using
multi-dimensional criteria which are used to derive action areas according to priority and areas
for improvement (Fleming, 2001) (Becker, et al., 2009) (Wendler, 2012).

Using different incremental maturity levels of resilience, the maturity model was modified to
depict different stages of incorporating resilience in the smart city. (Bashir, 2020). Using
progressive and systematic increments a Risk Maturity Model can be used to develop
incremental resilience in a city. (Hernantes, et al., 2019). Resilience Maturity Model (RMM)
used in this study used two parameters of judging resilience — likelihood of recovery and
Recovery readiness.

The stages of the Resilience Maturity Model are depicted below:

5 - Resilient
3 - Advanced

Likelehood of Recovery

2-Moderate 4 - Proactive

1- Starting

Recovery Readiness

Figure 1: Five-Stage Resilience Maturity Model (RMM)
The maturity levels are defined below:
STARTING
This is the stage-1 of RMM and there is no approach to incorporate resilience. There is very little

or no understanding of disaster and disaster management. There is no clear policies or
procedures exist for disaster management. The disaster management plan may exist in a
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fragmented form and there is no chance that it may be useful to deal with the disasters —
unknown, unexpected or multiple disasters. There is no collaboration between the institutions
and the city lacks the technical capability to deal with any disaster.

MODERATE

This is the second stage of the RMM and there are some regulations and standards which are
developed to deal with disasters. Disaster Management plans exist and there is some
coordination between different institutions and there is an emphasis on increasing awareness
through education and training. There is a general understanding of the role of critical
infrastructure during disasters.

ADVANCED

The planning systems are much advanced backed by policies, laws and regulations, standards
with dedicated elements of disaster management. Greater emphasis on spreading awareness in
the community and involvement of academia in the development of techniques for reducing
disaster risk. The role critical infrastructure is well understood, and measures are taken to
improve the reliability of the critical infrastructure during disasters. Their involvement of
stakeholders is only limited to the planning stage.

PROACTIVE

This is the fourth stage of RMM, the disaster management plans are fully developed, and
integrated, other policies, procedures, laws and regulations are also well developed, and the
institutions of the city are actively collaborating and are proactive in approach. The community
is well informed and actively participates in mock drill and training conducted by a group of
volunteers. The stakeholders work together on the same platform have a full understanding of
developing resilience.

RESILIENT

The city can withstand any disaster — expected, unexpected or multiple and can bounce back to
its original state without much delay. The city can optimally function during the disaster due to
its reliable critical infrastructure. All stakeholder work on the same platform and are engaged.

ADOPTION OF SMR AND RESILIENT CITY FRAMEWORKS

This study adopted the SMR framework (Smart Mature Resilience, 2016) for operationalizing
resilience. The SMR framework is developed for European cities and was modified in
collaboration with experts to be adopted for Srinagar Smart City keeping in view the unique
features of the city intact. Using the Delphi technique, the dimensions of SMR framework were
analyzed and using the opinion of expert it was combined with the Resilient City’s Program of
World Bank to develop a holistic framework for operationalizing resilience.

The World Bank has developed the Resilient City’s Program intending to incorporate resilience
in the cities around the world. The vulnerabilities are categorized into five broad groups —
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Climate, Environment, Resources, Infrastructure and Resources. To overcome these
vulnerabilities the cities, need to develop five broad groups — Governance, Institutions,
Technical Capacities, Funding structures and Planning systems. (Global Facility for Disaster
Risk Reduction, 2015).

CONCLUSION

Cities around the world, especially in developing countries are under a lot of pressure due to
unplanned and rapid urbanization. This is problematic when these cities face disasters. The cities
ability to cope with disasters is limited due to rapid unplanned urbanization. Indian cities are
currently undergoing redevelopment under the Smart Cities Mission and it provides an
opportunity to make the cities resilient.

Srinagar city is vulnerable to multiple disasters and there is a need to incorporate resilience.
There is an already existing system for Disaster Management in the city, however it is reactive
in nature. There is no provision of incorporating resilience in the city. As Srinagar is being
developed as a Smart City, it gives the city administration to incorporate resilience in the new
developments. However, there is a need to not only incorporate resilience in the city systems but
also to operationalize resilience. Though there are several frameworks available for
incorporating resilience at a city level, there is a lack of any established study for
operationalizing resilience. This study focusses on the development of a holistic stage-wise
framework for operationalizing resilience.

Table 4: Detailed Five stage Resilience Maturity Model (RMM)

Maturity levels
Dimensi | Subdimensi Starting Moderate Advanced | Proactive Resilient

ons ons

Develop Develop .
= Developme v[\)/fl\i/tzlggp?er policies policies gggb;'sg d
5 g |ntand about the dnd dnd standards
2 S | enhanceme OVernance procedures | procedures for
5 GEJ nt of laws g roach at conformin | conformin incorporat
g5 | multiple | 910 g g
@ o regulations Ievelsp National Internation regilience
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