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Abstract: This paper aims to introduce urban resilience to cities that are in the forefront of action for the future and requested a
new frame of reference — “urban resilience’. The word “resilience” is very flexible and broad, that it is being used for resilience to
everything from coastal flooding to terrorism to economic downturns. This paper is on urban resilience that aims to provide an
overview of its meaning and its dimensions as well as a perspective on how to experiment for understanding and achieving place-
explicit action for urban resilience. There is a rising significance in applying resilience for cities particularly in the context of
shocks and stresses emerging from natural disasters and climate change. Urban sector is acting as a key driver of economic
growth. This paper is concentrated on the comparison of resistance and resilience of the urban areas from natural disasters. The
findings from the examples in India will identify the environmental performance on making the coastal cities resilient.

Index Terms - Resistance, Vulnerability, Disasters, Sustainability, Environmental performance.

|. BACKGROUND

1.1Growth of Cities

Year after year, millions of people are in search for a job and better life in the city. For the first time in human history, the world
is experiencing the most abrupt shift in human settlements as more of us live in the towns and cities rather than the country sides.
With more than 60% of world population living in cities, the focus is on how to make them more sustainable in terms of
consumption, living conditions and socio-environmental footprint. The cities are growing exponentially, and becoming smarter and
more innovative. Those are the areas which have the greatest economic activity. They are generating over 80% of the global
income and are providing opportunities for millions of workers, business owners and industries. However, they are still very
vulnerable and climate change is posing more and more threats from flooding, sea level rise and other natural hazards and climate
change. Since economic growth is the priority for the region, a need to manage such areas is becoming an important development
challenge of the 21% century.

1.2Vulnerability of Coastal Areas

Due to the trend of Global Urbanisation, more and more people are shifting to less resilient areas like coastal regions, flood
plains, and earthquake prone zones which is being one of the factors responsible for more and more natural disasters. Coastal
environments are having 10 percent concentrations of urban land area and 65% urban population than any other ecosystems.
Vulnerability is acute along coastal areas, where the strongest growth is occurring with an increase of 49% in the 30 years and
where any land remaining for urban growth is generally risk prone. So, in particular, we are focusing on resilience of coastal areas
in the urban environment.
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Figure 1Urban growth at coastal areas leading to risks from natural hazards.(Yahoo Finance)
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Figure 2 Risk of construction at coastal area(Donn, 2017)

1.3Effects of Urbanization
Urbanization is integrally linked to three crucial terms, vulnerability, hazard and exposure, which define the urban risk (Fig.

4). Due to the increase in the population, degradation of natural environment is taking place which in turn is increasing calamities.
Today’s pell-mell urbanization increasingly occurs in peripheral zones of marginal habitation and also in disaster prone areas,
leaving millions of people at the mercy of natural disasters. This paper reveals through examples how environmental destruction is

the primary consequence influencing the urban resilience.

.
\ The Risks =
‘ As more people and assets become rapidly

concentrated in cities and as infrastructure struggles
to keep up with rapid growth, the risk from natural

' disasters and climate change is rising. /

— Qﬂus

p— :
=-8=
collapsed buildings 0 : e =m [ g
— —
:‘ - flooding

landslides

O

085

Figure 3 Infographic representing Urban Risk(Sordo, 2018)

1.4Challenges Faced by Urban Areas
It is clear from disasters like cyclone Gaja, 2018 in Tamil Nadu, Indian Ocean tsunami, 2004, cyclonic storm Phailin, 1999 in

Odisha that there is a sharp rise of vulnerability of human beings and society’s health to natural catastrophes (Fig. 5).

For instance, Washington DC with one million people or more suffer from heat island effect, which is the annual mean
temperature rising by 1.8-5.4°F (1-3°C) making the place warmer than its surroundings. This phenomenon intensifies the storms.
Also, in Houston, Texas, another two decades of urbanization might be increasing the risk of flooding due to intensified
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thunderstorms. Similar dynamics has taken place in China, which suffered with most catastrophic rainstorm, and was stated by
some Chinese researchers that the effects of urbanization was the reason for the storm’s power.
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Figure 4 A beach in Chennai, India, is covered by water and debris following a massive tsunami on Dec. 26, 2004 (Miller, 2014)
1. INTRODUCTION

Urban resilience can be defined as the ability of the city to tolerate the disasters and to reorganize or overcome the
physical damage and socio-economic disruption and build back better and this applies to individuals, to communities, to the
infrastructure, and to the environment (Sandiford, May 30,2018). Urban resilience encompasses dual concerns which focus on
both the maintenance of the current identity of the city and also the safety of individual citizen.

The assessment of environmental performance can be done by using three criteria. These measures are reliability, which describes
how likely a system is to fail, resiliency which describes how quickly it recovers from failure and vulnerability which describes
the severity of consequences of failure.

4 I. Urban Resilience as a boundary object )
Definition of Delineafion of
urban resilience ‘urban’
1
/ 2. Five Ws of Urban Resilience

Resilience for whom?
Resilience of what to what?
Resilience for when?
Resilience for where?
Why resilience?

[3. Urbanresilience in empirical contexts ]

Figure 5 Process enabling Urban Resilience(Sara Meerow, 2016)
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2.1Need for Urban Resilience

While cities are the home to the future, it is important to make the cities cope with the environmental shocks and
stresses. The cities generally does not have the capacity to resist extreme disasters. Urban resilience can act as an alternative
framework for urban hazard management by applying resilience theory to address the city’s persistence through changes.
Sustainable Development Goals (Nations, 2018) tells about promoting prosperity while protecting the environment by making
cities comprehensive, safe, resilient and sustainable.

2.2Resilience v/s Resistance

Resistance is the capability for an ecosystem to remain unaffected while being exposed to a hazard. Some ecosystems are
superior at resisting change, and therefore have high resistance (lIsling, 2016)
Resilience is the capability and rate of an ecosystem to recuperate from a disturbance and return to its pre-disturbed state. Some
ecosystems are capable of shifting greatly from their earlier state and still return to pre-disturbance state (Isling, 2016).
An ecosystem would be capable of having high resistance to disturbance, but low resilience, and vice versa. Low resistance at
times can be advantageous, such as in ecosystems that depend on natural disturbances to provisionally change their state in order
to remain secure more than extensive term (Isling, 2016).
For example, large parts of the Netherlands which is below sea level consist of what are called polders, low-lying areas of land
that have been reclaimed from the sea and are protected by dikes. The country is considering ways to dampen the development
process in those low-lying areas and achieve a sustainable development goal by developing adequate levels of preparedness (Dr.
Niki Frantzeskaki, 2016).
Relying on the natural coastal processes of land forming such as reefs, islands, mangroves, beaches and dunes is an alternative
design approach. These ecosystems build resilience that could help in avoiding many disasters and saving lives and communities
in holistic approach. These natural defence system plays a big role in strengthening preparedness and reducing the impact of the
disasters which are inevitable. The coastal development acquires the issue of resilience into contemplation as it is imperative that
the city should be able to absorb, accommodate and recover from the impact. We can help these natural protectors to be formed
by providing the triggers for them to emerge (Wernick, July 16, 2017).

1. MANAGING COASTS WITH NATURAL SOLUTIONS

Coastal areas are the transition areas between land and sea, are home to about half of any domain’s populace, a high
concentration of urban areas, hotspots of economic activity, centres of infrastructure, and have important cultural and social
significance (Lange, January 2016).

Coastal areas are inevitably related to a region's growth. Healthy coastal ecosystem support a community with services such as
tourism, fisheries and most importantly protecting people, infrastructure, and economic activities from flooding, erosion, and sea-
level rise. Growth of a region squeezes coastal ecosystems which is facing a range of pressures including climate change. Thus,
people are looking to prioritize nature as the first line of defence for coastal protection. The coastal ecosystems can dampen waves,
reduce storm surges, flooding and erosion, attenuate water flow hence building up coasts by contributing the means that produce,
trap and distribute sediment across the shore. Mangroves reduces waves and reduce storm surge and flooding. Coral reefs
diminishes wave force and traps sediment. Sand dunes offer protection from storm surges and waves. The reduction on the
activities that disrupt these coastal ecosystems can increase their health and resilience and also their restoration would help further
the coasts from any hazards (Schueler, September 2017).

3.1Mangroves

Mangroves are the first line of defence against flood risks and can substantially reduce the vulnerability of the adjacent
coastal land inundation and erosion. They are a provider of resilient livelihoods for coastal communities. Mangroves significantly
attenuate waves. Studies imply that wave height can be diminished by 13 to 66 percent over a 100-meter-wide mangrove belt,
while wave height can be diminished by 50 to 100 percent over a 500-meter-wide mangrove belt. Mangroves can also diminish
tsunami flood depth, which is likely to be diminished by 5 to 30 percent by mangrove belts that are several hundred meters wide.
Tsunamis above approximately 4 meters in height are likely to destroy mangroves, portraying them ineffective at reducing
tsunamis (Lange, January 2016).
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Figure 6 Wave attenuation throughmangroves(Lange, January 2016)

For example, in the Nagapattinam and Tiruvarur district, Tamil Nadu, India, 2018 faced Cyclone Gaja. Extensive
damage was spared due to the presence of mangroves called Alaiyathi Kadugal (forests that cool the waves) which served as a
shield and broke the wind’s velocity. The mangrove is spread beyond 12,000 hectares which is inhabited by six species of plants.
On account of the mangroves the wind forces were deflected which failed to root out the coconut trees. The wind force was
sensed at 5m above the ground. The canopies of the coconut tree alone tolerated the force of the cyclone and their root structure
with bush-like growth without any gaps contributed strength to the mangrove to brace itself from the hazard (Kolappan, Dec 3,

2018).
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Figure 7 Location map of Nagapattinam, Tamil Nadu, India (Maps of India)
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Coconut trees unaffected due to presence of
- mangroves

Figure 9. Aftermath of the cyclone Gaja in Nagapattinam(V. Selvam

3.2 Coral Reefs

Coral reefs are amongst the most biologically diverse and economically valued ecosystems. They shield coastal
communities from natural hazard like flooding, coastal storms, and sea-level rise. Coral reefs reduce wave energy by up to 97
percent by absorbing and diffusing a substantial amount of the wave energy that or else would be transmitted onshore. They also
supply and trap sediment found on adjacent beaches. Healthy reefs can provide a significant part of coastal protection even during
cyclones under strong wave conditions (Lange, January 2016) whereas degraded coral reefs can result in shoreline erosion and
increase risk of damage to people and property.

Figure 7 Result of healthy coral reef (Dr. Christine C. Shepard, 2012)
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Figure 8 Degraded coral reef resulting in decreasing coastal resiliency (Dr. Christine C. Shepard, 2012)
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A report, entitled Status of Coral Reefs in Tsunami Affected Countries: 2005 in conjunction with the UNESCO-
IOC/WESTPAC conference on Post-Disaster Assessment and Monitoring of Coastal Ecosystems, after the 2004 Indian Ocean
Tsunami, discloses that numerous coral reef ecosystems in the area were unpredictably resilient to the outcome of the tsunami,
which also were responsible for defending other marine ecosystems from the consequences of the tsunami. The key findings of
the report states that the destruction of the coral reef was irregular, and deeply altered by local ecological conditions. Most of the
coral reefs got away with grave destruction and will restore naturally within 5-10 years provided there is supervision on reduction
of damage caused from human’s actions. However, a small amount was considerably destroyed and might take 20 years to more
to restore. The coral reefs absorbed some of the tsunami energy, perhaps defending the adjacent land even though mangroves and
coastal forest supported protection to infrastructure possibly reducing the loss of life (Department, Feb 20, 2006).

3.3Sand Dunes

In physical geography, a dune can be defined as a hill of sand built by Aeolian processes (wind action) (Bagnold, 1954).
They are built over years when windblown sand is trapped by beach grass. These grasses anchor dunes with roots while the leaves
contribute dune expansion by trapping sand. Sand dunes are believed to act as a defence system against tsunami. They act as wind
barriers, protecting against storm surges and tsunami. Several settlements built on coastal dune or behind it were protected against
tsunami inundation. Coastal dunes at all times appear in the dominant wind direction, but the shape and size depends on the shape
of the beach. If a beach is shallow-sloped, extra sand sets down on the coast, following in bigger dunes. Extra sand washes back
out to sea and hence the dunes are smaller. Coastal dunes are a distinctive ecosystem, and they facilitate to defend the immediate
areas from erosion. Vegetation like dune grass acts as a stabilizer for coastal dunes (Ronca, February 2019)

— )

Foredunes

Figure 9Foredunes help stabilise beach after storms (Naveen Namboothri, 2008)

Figure 10 Shrubs colonise the leeward side consolidating the dune (Naveen Namboothri, 2008)
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A report observed that during the Indian Ocean tsunami in December 2004, a lot many villages along the coast of Tamil
Nadu were preserved by the presence of sand dunes.
For example, Nayakarkuppam village covering approximately 1sq.km. in area had houses at 500 meters away from sea at the
nearest. Sand dunes concave in shape of 1.5 meters in height was like a ridge sloping down to the sea which acted as a natural
defence against the sea for the village. The village perceives these as natural barriers.

1V. CONCLUSION

The significance of cities in building resilience was clear with examples from both developing and developed countries
across the globe. In prior the examples of diverse areas were discussed which were robust and planning of highly resilient
infrastructures without any account for potential vulnerabilities in development processes and implementation. There is a range in
which natural infrastructure operates effectively and outside which it will fail. Buffering effect of coastal systems can be a
solution to coastal risks.

Finally, the nature based solutions offer long term and sustainable as nature has been proven more resilient and adaptable than the
hard infrastructure, which deteriorates over a finite lifespan for areas exposed to high-frequency, low-intensity hazards. The
nature ecosystems grow stronger with age and provide robust coastal protection. They address hazards, reduces vulnerability and
increases resilience.

In highly urbanized areas or high wave energy areas where the local surroundings are not suitable to natural infrastructure, large
scale alterations or hard infrastructure to the coast can be extensively improved and made more sustainable in the initial planning
and development stage where a thoughtful approach of the coastal processes and ecosystems are integrated.

Additionally, a hybrid infrastructure can be developed by combining hard infrastructure with coastal ecosystems that harnesses
the strength of every approach which improves performance of coastal defence intervention, while conveying further benefits and
enhancing livelihoods. For example, by placing vegetation in front of dikes or habitat-promoting surfaces in seawalls.

Figure 11 Minimal natural defence on coast. (Ariana E Sutton- Grier, 2015)

Figure 12 Combination of natural habitats protecting the coast. (Ariana E Sutton- Grier, 2015)
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Figure 13 Hybrid structure protecting the coast. (Ariana E Sutton- Grier, 2015)
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V. METHODOLOGY
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