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Understanding and Tackling
Urban Floods in India
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Abstract

Given their frequent recurrence in Indian cities, the problem of urban flooding
is gaining focus in policy discussions. Indeed, urban floods can cause massive loss
of infrastructure, property, and lives, and have a substantial economic impact. To
ensure they remain functional and secure, Indian cities must tackle the issue of
floods by examining the urban over-densification problem and adopting innovative
mitigation measures with the technical and financial support of the central and state
governments.
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he term urban floods refer to instances when a city receives

massive levels of water due to heavy precipitation or other

causes (such as rapid snowmelt or a storm surge caused by a

cyclone or tsunami), which lead to the submergence of parts of

or the entire city, and is coupled with the inability of the city
infrastructure to drain the water quickly enough (or deal with it in other
ways) to prevent inundation.! Climate change and rising temperatures have
intensified the overflow of rivers and lakes, snowmelt, storm surges (such
as hurricanes and cyclones), and abnormally heavy rains. This, coupled
with locational vulnerabilities, have resulted in increased instances of urban
flooding.* Flood incidents disrupt normal life, cause economic dislocation,
destroy infrastructure, and may even result in the loss of lives. In recent
decades, many Indian cities, both big and small, have had to contend with
flood incidents, with larger cities such as Mumbai, Hyderabad, Chennai, and
Bengaluru facing floods nearly every year.

This brief examines the issue of urban floods in India and globally, and
recommends policy measures to tackle the problem.
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rban floods were not always a priority issue for the National
Disaster Management Authority (NDMA),” which remained
focused on assessing riverine floods that caused distress in rural
areas.” Although many Indian cities had routinely experienced
flooding in the past, there were no specific attempts to study
the incidents and prescribe measures to deal with such disasters. However, the
2005 Mumbai floods—which were caused by an unprecedented cloudburst
and resulted in widespread destruction because the civic administration was
unprepared to tackle a disaster of that magnitude’—forced the NDMA to
rethink its approach to urban floods, delinking it from other kinds of floods
and addressing it as a separate disaster.” Indian cities are densely populated
and are centres of economic activity with vital physical, commercial, industrial,
and social infrastructure. As such, any disruptions caused by floods—or indeed
any other disaster—will have serious national and global implications. This
understanding led the NDMA to formulate the ‘National Guidelines for the
Management of Urban Flooding’ to “boost...efforts for urban flood disaster
management and strengthen the national vision of moving towards a more
proactive pre-disaster preparedness and mitigation centric approach”.’

Indeed, the threat of urban floods has risen exponentially in recent years.®
In India, significant flood incidents were recorded in Hyderabad in 2020°
and 2021;' in Chennai in November 2021;'"" in Bengaluru'? and Ahmedabad
in 2022;"% in parts of Delhi in July 2023;'* and Nagpur in September 2023
(forcing many residents to abandon the city and flee)."”” Smaller cities like
Chandigarh and Gurugram (Haryana), Patna and Gaya (Bihar), Pune
(Maharashtra), Jaipur and Sikar (Rajasthan), Bhopal and Indore (in Madhya
Pradesh), Lucknow (Uttar Pradesh), Kochi (Kerala), and many in the hill states
(such as Dehradun in Uttarakhand and Shimla in Himachal Pradesh) have also
taced flood incidents in recent years.'® Notably, in October 2023, many towns
in the Northeastern state of Sikkim experienced flash floods, with a significant
number of deaths and widespread destruction.'”!

Similar instances of urban flooding have been recorded in countries around
the world. Between 2000 and 2009, for instance, many South African cities
taced flood disasters, causing huge economic losses and 140 deaths.' In 2005,
Hurricane Katrina caused floods in New Orleans, US, that resulted in more
than 1,800 deaths and US$170 billion in damages.* In 2012, the drainage
systems in China’s Wuhan, Nanjing, and Tianjin could not cope with the
severity of rains.?' In 2021, hurricanes Henri and Ida led to many US cities
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on the east coast being inundated.” In 2023, Beijing, China, was tormented
by severe floods that damaged its transportation system;* the US’s New York
was ravaged by high levels of rainfall, resulting in a state of emergency being
declared;** and Derna in Libya experienced devastating floods that left over
1,000 dead and about 10,000 missing.*

In the 2021 version of its annual report on the impacts of climate change,
the Intergovernmental Panel on Climate Change (IPCC) warned that rising
temperatures will result in increased and intense monsoon precipitation
across South Asia, including India.*® The 2023 report reiterates that global
warming is already causing many weather and climate extremes worldwide.
Amid further global warming, global monsoon precipitation and very wet
weather events are projected to intensify and adversely impact human health,
livelihoods, and key infrastructure.’” Indeed, data for India reveals that such
precipitation events are rising in intensity and frequency. For instance, many
cities across India received more than 50 mm of rainfall per day in several
instances a year, with some even experiencing over 100 mm of rainfall per
hour.*® Chandigarh, Ahmedabad, and Agartala faced extreme precipitation
in 2017, while Mumbai®® and Delhi’! were confronted by a similar extreme
flood situation in 2023.

Increased instances of urban floods will lead to a substantial loss of local
infrastructure, businesses, and human lives, with a significant impact on the
local, subnational, and national economies.” As economic hubs, any stoppage
in city activity will result in enormous financial losses. Roads may be damaged,
mobile phone networks may become inoperative, and electricity lines may be
disconnected as a safety precaution to prevent electrocution.”® Infrastructure
may have to be rebuilt or repaired before it can be used again. Additionally, as
floodwaters recede, cities may need to contend with potential diseases such as
cholera and malaria, which can affect large numbers.**

The 2005 Mumbai deluge
forced the National
Disaster Management
Authority to delink urban
floods from other kinds of
floods, and address it as a
separate disaster.
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rban floods can be caused by a combination of natural reasons

(extreme precipitation, rapid snowmelt, storm surge from a

cyclone, or tsunami in coastal locations), planning deficits,

governance shortages, and flaws in the overall conceptualisation

of urbanisation in a country. Between 2000 and 2019, India
recorded the third greatest number of disaster events of all countries worldwide
(321 incidents), after China (577) and the US (467).*® Worsening climate change
will certainly exacerbate this situation. In recent years, India has seen storms
and hurricanes increase in severity, heatwaves and cold waves, and harsh
droughts and floods, and its cities remain vulnerable. For instance, a study
revealed that rainfall on India’s west coast had acquired greater ‘convectivity’,*
resulting in intense rain over a region from deep thunderclouds. Cities are
witnessing more such bursts of rain, and their current drainage systems cannot
cope, leading to flooding, as was seen in the state of Kerala in 2019.%7

Planning deficits include the lack of poverty planning in cities despite clear
indications that migration to cities is fuelled more by the need for employment
and survival than by the attraction of urban opportunities.”® However, there
is little evidence of this being considered while planning cities. Consequently,
while they contribute to building the economy of the city, poor migrants are
unable to find housing in the formal market and often seek shelter on or near
riverbanks, mangroves, and land along drains.* This results in encroached
rivers, heavily silted drains, clogged culverts, and a dysfunctional stormwater
system that leaves little outlet for rainwater. This is exacerbated by the inability
of most cities to attract migrants because of their weak economies, leaving only
a few cities to receive the entire inflow of migrants.

Indian cities also have an extremely fractured governance system. The urban
local bodies have truncated functions, and several parastatals have been created
to manage separate services. In Bengaluru, for instance, water and wastewater
are managed by the Bangalore Water Supply and Sewerage Board, city
transport is controlled by the Bangalore Metropolitan Transport Corporation,
and fire services are provided by the Karnataka Fire and Emergency Services.
On the planning side, the Bangalore Development Authority is the principal
planning authority for Bengaluru city, and the Bangalore Metropolitan
Management Authority is responsible for the planning of the Bengaluru

a  ‘Convectivity’ is the phenomenon of convection that refers to the process of heat transfer by the
movement of liquids or gases. When the Earth’s surface is heated by the sun, the air above gets warmer,
hence lighter and begins to rise. The upward movement of warm, moist air causes precipitation. Rising
temperatures will heat the Earth’s surface more, will cause more warm air to rise, and lead to greater
precipitation.
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metropolitan region. Any coordination among these agencies during a crisis is
an enormous problem, leaving little scope for mitigation efforts. **!

Furthermore, modern cities have been hostile to the elaborate ecosystem
that sustained the city in the past. Lakes in many cities have been filled up;
others have been curtailed through slow and stealthy encroachment and
concretisation.* Other items of city infrastructure that have a bearing on floods
have also been mismanaged. Stormwater drains, generally built on the edge of
roads, are designed to drain excess water from impermeable surfaces such as
footpaths, streets, and roofs, and empty this water into a larger water system.
Most cities in India do not have stormwater drains, and those that exist are
poorly maintained. Over time, they get heavily clogged and have little utility.
Additionally, the drainage systems have failed to keep pace with the growth of
the built city.* Solid waste management leaves much to be desired, and many
citizens and cities indulge in indiscriminate disposal of solid waste.

Another recent practice in cities is to cover the water-draining nullahs (drains)
by inserting concrete drainpipes and building roads over them to tackle
mounting traffic congestion, but this hampers the capacity of nullahs and
limits their maintenance. Furthermore, open spaces are concretised, leaving
less permeable land in the city. This happens primarily due to demographic
pressures and the consequent need for more living spaces, which results in
the demand for more traffic space. As such, open areas in cities often get
converted into built spaces.

Similarly, another factor is unauthorised construction, with developers
usurping public land and water bodies to construct buildings.** Rivers, lakes,
ponds, and nullahs have either disappeared or have been made to dry up in
the process of being readied for construction.

Consequently, two patterns emerge. First, cities avidly engage in creating
new infrastructure but exhibit a great indifference to the role of maintaining
the existing facilities. Over time, this causes infrastructure dystrophy, and
the infrastructure becomes non-functional and a liability, endangering lives.
Second, excessive human density is against city openness.” Every individual
in a city requires some built space (housing, a workplace, more roads, schools,
hospitals, and recreation facilities). Additionally, the city must provide water
and sanitation facilities. Consequently, more infrastructure is constructed. This
results in changes in the environment and climate. As such, these antagonistic
demands can be satisfied only if they are balanced, which requires a cap
on the human footprint in the city. However, this critical issue of rampant
human footprint expansion in cities—or the over-densification of cities—is
continuously ignored.
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he NDMA has crafted a comprehensive National Disaster

Management Framework that underlines the interrelationship

of the economy, environment, and development. It lays emphasis

on mitigation and readiness for post-disaster response, recovery,

and reconstruction.*® Institutionally, the agencies dealing with
climate change (the environment ministry) and disasters (the home ministry
and the NDMA) are well integrated. However, to prepare and mitigate
instances of urban floods, states must ensure proper synchronisation between
their own agencies and those of the Indian government. States particularly
vulnerable to extreme precipitation events should pay greater heed to pre-
disaster planning and make climate change mitigation an essential component
of disaster risk management.*’

A committee set up in the aftermath of the 2005 Mumbai deluge
recommended the city undertake reclamation and restoration jobs, regulatory
steps, and the establishment of a new governance mechanism,* specifically
a multistakeholder and interdepartmental Disaster Management Authority
headed by a professional. It recommended the preparation of contour maps
(a map on which the shape of the land surface is shown, indicating the relative
slope of the surface), a survey of the city’s stormwater drainage network,
the implementation of the Brihanmumbai Stormwater Disposal System,
the completion of cross drainage works, and the augmentation of pumping
and gated structures. Solutions were also suggested for the protection of
the airport, including a review of the hydraulic and structural design of the
airport runway and taxiway bridge.* The committee also suggested a second
set of jobs, including the removal of obstructions to stormwater drains, the
restoration of four waterways that were reduced in capacity, the removal of
blockages caused by floating debris, the refurbishment of the nullah system
that had been restrained due to encroachments, effective garbage handling,
and the desilting and preservation of holding ponds. Regulatory measures
included a ban on plastics and the prevention of further encroachments.®
Other vulnerable cities and states across India can measure their preparedness
against the Mumbai experience and the committee’s recommendations.

City administrations must also take on some of this responsibility. However,
even if urban development is the mandate and responsibility of the states and
cities, the central government should not ignore that city infrastructure may
be failing to support the requisite quality of life in large Indian cities (especially
given their economic importance). Notably, the central government must make
concerted efforts to support cities’ financial stability to tackle urban floods.*!
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Cities must formulate their own climate action plans (CAPs) based on
their unique contexts. For instance, the Mumbai Municipal Corporation’s
CAP identifies city floods as a major concern.”? Once CAPs are readied, the
administrations must ensure they are implemented yearly. The annual
municipal budget must include budgetary provisions to implement the CAP,
with clear allocations to the relevant departments assigned to carry out
specific works. A separate monitoring unit, such as a ‘climate cell’, could be
formed with the municipal commissioner as its head, to oversee and guide
departments. Since CAPs are currently not mandatory for the states, they
should consider amending their municipal statutes to make such planning a
statutory obligation for cities. Beyond the states, community approaches in the
future are vital for disaster mitigation and management.”® This would include
integrating disaster risk reduction into local development policies and plans.

Additionally, city regulations must be tightened to prescribe the maintenance
of permeability and the use of rooftop rainwater harvesting tanks, among
other similar resilience jobs, in all construction activities.

Several innovative methods can be used as mitigation measures. For instance,
the adoption of green roofs and infiltration (the process by which water across
the ground surface enters or flows into the soil).** Mitigation requires that the
quantum of infiltration that has been lost on account of the construction of a
building should be made up by provisions on the rooftop. Infiltration beds
can be installed on roofs. These guide the rainwater through pipes under the
ground, compensating for the loss of permeability on the ground caused by
construction. Flood risk can be reduced using rooftop rainwater harvesting
tanks that can hold vast amounts of water. If installed across the city in large
numbers, the volume of floodwater can be meaningfully reduced; for instance,
a 100-metre tank could reduce overflows by 11 percent and a 1000-metre tank
by 43 percent.”® Some open areas can also be designed as water detention/
holding ponds. Hong Kong has undertaken a massive underground storage
scheme called the Tai Hang Stormwater Storage Tank with a capacity of
100,000 cubic metres by upgrading existing drains and constructing 7 km long
new box culverts. Permeable pavements also have a great capacity to reduce
runoff.”® Similar initiatives can be undertaken in cities across India.
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ndia must closely examine the over-densification of its cities and

articulate a national policy that disincentivises demographic density

beyond an accepted limit based on economic, environmental, and social

sustainability.’” At the same time, a sizeable programme will need to be

initiated to invest and develop smaller cities to ease the migration and
resultant burdens on the large cities. This would encourage the growth of other
cities in a sustainable manner. Efforts must also be made to inculcate disaster
risk reduction behaviour among citizens. Men, women, and children across
the country must be supported in espousing and integrating risk reduction
concerns into their daily lives, livelihoods, and occupational patterns. This will
require the state to undertake a massive education programme for disaster
risk mitigation and management.©RF
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