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Impact of hurricane Katrina. source: archinect




Flooding -Mumbal 2005

Climate Change. Vulnerabilities.
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Climate Change. Vulnerabilities.
Flooding -Mumbal 2008



Climate Change. Vulnerabilities.
Flooding -Mumbal 2011

Mumbai floods in 2011. source: thehindubusinessline
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Climate Change. Vulnerabilities.
Flooding -Mumbal 2015
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Climate Change. Vulnerabilities.
Flooding -Mumbal 2018




Mumbai floods in 2019. source: mumbailive

Climate Change. Vulnerabilities.
Flooding -Mumbal 2019
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Mumbai floods in 2020. source: indiatoday

Climate Change. Vulnerabilities.
Flooding -Mumbal 2020
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source: Safwan Patrawala

The problem ?

—  Aim & Research Question

-

Operationalisation

-

Design & Planning
Framework

—  Conclusion & Discussions
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source: Safwan Patrawala

The problem ?

5 Alm & Research Question —

A\ 4

Operationalisation

— 5 Conclusion & Discussions

— Design & Planning ——
framework
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Archipelago of 7 islands
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Economy
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Figl_ﬁ'ing-' o o - Port Clty | | Textile Industry i Financial Capital of the country

Archipelago of 7 islands inhabited by a fish-  British East India Company colonised Inthe nineteenth Century, Mumbal had a Later/ Now deinsutrialised and became a

INg community this island and reclaimed land to build a flourishing cotton textile industry hub Tor Tnance, commerce, entertainment
strategic port- Gateway of India. and others.

source: alamy; indiatoday 18



Infrastructure

Water Infrastructure Port & Water infrastructure Railway Infrastructure Technological Infrastructure

The water became a basic structure or Port and water became a basis for devel- Th Rall infrastructure guided the develop- Deindustrialised due to technolohical ad-
facility to which society responded to. opment of Mumbal as a port city. ment and also enabled the economy to be vancements and outsourced its manufac-
connected to its hinterland. turing and focussed on finance.

source: author 19



Morphology

Archipelago of 7 islands Port City Development guided by Railways Guiding the development

Mumbal -7/ islands with fishing community British East India company had a port in With Indsutrialisation, textile mill began Eventually the urban area extended turther
Mumbal with Tew settlements setting up and the settlement grew



source: PRI




Natural Causes

Geographic sensitivity -High Precipitation Pattern

source: author based on IMD
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Natural Causes

Geographic sensitivity- Elevation below sea level

Legend
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Elevation below sea level
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source: author based on DEM



Anthropogenic Causes
Focus on Global economic concentration
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MUNMBAI

The Business
gestination

e L R e

CITY OF GOLD

THE DEVELOPMENT OF BOMBAY AS THE NATION'S CENTER OF FINANCE,
TRADE AND INDUSTRIAL ACTIVITY CONTINUED THROUGH THE FOLLOWING DECADES
UPTO 1947 WHEN INDIA GAINED INDEPENDENCE FROM THE BRITISH RULE.
SINCE THEN, BOMBAY-MUMBAI HAS CONTINUED TO EXPAND SKYWARDS
IM THE FORM OF HIGH-RISE BUILDINGS, AND IN A NORTHWARD DIRECTION TO
ACCOMMODATE ITS SWIFTLY GROWING POPLILATION,

WHICH IS ATTRACTED TO THE 'CITY OF GOLD' IN LARGE NUMBERS
BY THE PROSPECTS OF ENTERPRISE AND EMPLOYMENT.
THIS VAST AREA IS NOW KNOWN AS BRIHANMUMBAI METROPOLITAN REGION.

AR R

HARIMAN POINT - CENTRAL BUSINESS DISTRICT

Development focussed on socio- economic system

source: author based on MCGM



Anthropogenic Causes

Infrastructure serving the global economic concentration
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Anthropogenic Causes

Urban development oriented towards infrastructure

source: author based on openstreetmap

Legend

wilier

FATUPE Feldre
lanedz

Bigdnannity hotipat
grassland

grassland

bsilding

port

- wetands

il crer ddepthosea
oremercial
flaoding

s gl
rogdi-imallge
Feghway

iy

Development focussed on socio- eco

Al

nomic system

] y
.....

26



Anthropogenic Causes
Neglecting the ecological system

ource: silentmaj

Encroaching Mangroves.
Image of development in Mangroves under Coastal regulation Zone
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Anthropogenic Causes
Conflict of space with Ecology

source: quartzindia

Mumbalr’s ecologically important
salt pans may soon be opened up
for real estate

By Mikiul 5 Duat = October 18, 2019
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Encroachlng Saltpans

act as natural barriers to prevent flooding in Mumbai, salt pans hold the seawater from
entering the city and stop flooding. Hosts several species of birds and different types of
INsects
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Anthropogenic Causes
Conflict of space with Ecology & society

The government has introduced amendments to

allow special economic zones (SEZs) to be set up in
CRZ | areas.

Rampant pollution of the coast has forced Koli
fishers to travel up to 10 nautical miles off the
coast, where they face competition from trawlers

and seiners.

In Cuffe Parade in South Mumbai, elite residential
projects have expanded into fishing spaces of Koli
settlements.

Kolis are then denied access to fishing activities on
grounds of “sanitation” and “aesthetics.”

Coastal Regulations

Coastal regulation zones being changed to allow SEZ developments for economic benefits
and affecting the fishing communities

ource: engage



Anthropogenic Causes
Storwater drainage network
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Anthropogenic Causes

Impervious Urban built environment

Temperature (°C)
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Anthropogenic Causes

Regional Planning framework

L Hﬂm,m-l

Draft 13
Mumbai
Metropolitan
Regional

Plan
2016-2036 /3@

Find

Very few cities in MMR have a comprehensive storm water network. Master planning of storm

water tystems is imperative given the high monscon inddence in MMR and large parts of the
cities routinely experiencing flooding during the monsecons.

2/3 @ c) Dumping of construction and demolition waste in coastal areas and rivers are a threat to coastal

wetlands incduding mangroves and mudflats also leading to flooding. Solid waste management
sites on coastal wetland areas that lack scientific management also contribute to pollution of
creeks. These are a further threat to marine life.

5.10 Environment

The environmental resources of the region provide an opportunity to work as a sink to help mitigate
flooding risks and increase the region’s resilience towards dlimate change effects like water scarcity
or sea level rise. The environmental resources in MMR are currently overstressed due to pressure
from urbanization. A series of strategies are envizaped with a view to conserve existing resources,
create a much needed open space network in the metropolitan area and create an integrated preen
and blue web across the region; promote infrastructure systems like public transport that will actively

mitipate environmental pollution and help transform and aupment existing natural systems. They
include projects, zoning, D'CRs and policy interventions.

September, 2016

1/1

source: MMRDA

5.10 Environment

The environmental resources of the region provide an opportunity to work as a sink to help mitigate
flooding risks and increase the region’s resilience towards climate change effects like water scarcity
or sea level rise. The environmental resources in MMR are currently overstressed due to pressure
from urbanization. A series of strategies are envisaged with a view to conserve existing resources,

Inconsideration of climate change impact

Lack of planning framework
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Anthropogenic Causes
Development Pattern

Airport runway extension BKC Complex reclaimation Aarey colony- metrocar shed Coastal road project
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Anthropogenic Causes
Development Pattern

Airport runway extension BKC Complex reclaimation Aarey colony- metrocar shed Coastal road project
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Flooding
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Coastal Flooding

Long coastline of 840km

source: author based on Climatecentraal; WRI; Agarwal,2005
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excessive rainfall® (based on2005 map) Flooding due to changing weather patterns
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Soclo-economic context
Proposed plan for future growth

source: author based on MCGM
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Socio-economic context
Projected increase in urban population
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Socio-economic vulnerability
55% of the population in Mumbai are in Slums
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Large proportion of this population is involved in informal ecoﬁomy
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Hypothesis

Infrastructure - Paradigm Shift

Water Infrastructure

Continuation of trajectory of development oriented around infrastructure with a shift of focus on ecological infrastructure and re-establishing
the connection with ecology where society becomes a part of the nature rather than a separate entity.

source: author
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| Research Question

To what extent coulc
Mumbal metropolita
resilient region agal

an alternate regional design and planning framework in
N region through ecological infrastructure provide a climate

st flooding?
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| Sub- Research Questions

ecological infrastructure

 What are the current ecological infrastructures present in Mumbai Metropolitan Region that responds against flooding?

 What are the current ecological and social vulnerabilities in the MMR?

climate resilient region

 How to operationalise resilience through ecological infrastructure?

 What would be the critical strategies at a regional scale to provide the adaptive capacity for different types of flooding
in the region?

flooding

» What are the other physical infrastructures (man-made) to provide capacity against flooding?

 What is the current planning framework to tackle climate change and flooding?

44



Concept

ecological
infrastructure

interface of society and ecology

ecology

society

interactions b/w society- ecology

% ecological infrastructure

: \ ecology
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- .~ ”_.
“The essence of planning is found in a vision, a persuasive story able to
evoke and generate change. “

—LACSHReror (15 %04
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ECOLOGICAL CORRDIOR

source: author

@ Increased percolation or recharging ground water
@) Increased storm water capacity- storage
() Increased drainage

@ Buffering capacity-Delineate ecological buffers & urban
fringes

(B) High integration of ecology with existing built area
(&) Support biodiversity

@) Improve liveability

Absaorptive capacity

+

Storage capacity

_I_

Drainage capacity
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2 - Increased storm water capacity- storage

4 | - Buffering capacity-Delineate ecological buffers & urban fringes

7 |- Improve liveability

source: author




ECOLOGICAL CORRDIOR @

source: author
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COASTAL PROTECTION

(1) - Barrier to flood water

2 - Absorbs and filters sea water for use

3 - Support biodiversity

source: author




COASTAL PROTECTION

source: author




CAPILLARIES

1. Introduce/ increase storage capacity ‘ ‘
Absorptive capacity

2. Capacity to use flood water
+

3. Capacity to drain / direct to ecological corridors
Storage capacity

4. Improve liveability
+

Drainage capacity

source: author




CAPILLARIES @

 —

1 - Introduce/ increase storage capacity

‘2 - Increase percolation

'3 - Capacity to use flood water

4 - Capacity to drain / direct to ecological corridors

5 - Improve liveability

source: author




CAPILLARIES @ Fo ,'
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VISION

The 3 Principles :Ecological Corrdior, Capillaries & Coastal
Protection

source: author




REGIONAL VISION
Extrapolating the 3 Principles on the Region

source: author



REGIONAL VISION
Extrapolating the 3 Principles on the Region
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REGIONAL VISION

Strategic Transformations
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Introduction to 3 cases

Saltpan & creek

source: author



Introduction to 3 cases
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to 3 cases

Introduction

ealy Y9al) ¥ ued 1jes

Baly O)g -Hodlly

TR

(L] =

source: zoomearth; author



Introduction to 3 cases

Airport- BKC Area

source: zoomearth 6 5
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Design Interventions
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Fish Ponds- Creating fish ponds for the local fishing com-
munity to continue seasonal fishing
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Mangrove State Park - Develpment of a Mangove forest
recreational park with mangroves and other species which
would protect from floods and serve as a recreational

park for locals & tourists
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Urban Farming - Combination of Urban farming in the
built areas- integration of aqua culture or crop farming
within the built structure through redevelopment/ reftro-
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Ecological Corridor
Design Interventions

Phytoremediation- Preserving and regenerating to con-
vert green areas/ vacant / unused plots into urban forest.
Also this involves growing plants specifically for purifying
the water and improving the water quality.

Green blue network - Combination of intervention with
green or blue elements like green / blue roofs or green
facades, addition of parks, permeable paving, increasing
open green spaces or making room for water storage.

o - ]

Water Network - Introduction of water or giving more
space to water to be absorbed ,stored or drained. Creation
of water channels, widening rivers , adding water square

or reservoir.

source: zoomearth; author
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Capillaries
Design Interventions

Green Network - Possibilities of introducing green spaces
on roofs and facades of buildings. It involves, permeable
pavings, percentage reservation for green spaces, vacant
plots to be turned into functional green spaces and

L) : .I L]
e

Water Network - Possibilities of increasing water stor-
age capcity on roofs and facades of buildings. It requires
collection of water ain large spaces like creation of lakes

raingardens or water squares.

source: zoomearth; author
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Coastal protection
Design Interventions

Sand dunes - Introducing sand dunes in parts of the
coastline with recreational beaches and areas for fishing
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@ Mangroves- Introducing mangroves for flood protection
on the coastline areas where it doesn’t obstruct fishing

communities and could provide possibilities for variant
fishing during high tides and provide flood protection
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Looking at the micro scale
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Looking at the micro scale
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Looking at the micro scale

source: zoomearth: author

75



Looking at the micro scale
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Capillaries

CAPILLARIES
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source: author



Capillaries

source: author
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Ecological corridor

source: author
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Ecological corridor

source: author

Mangrove Habitat

- Phytoremediation

Eco- State Park

80



Urban metabolism
Fishing

Mangrove Habitat
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Urban metabolism
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Urban metabolism
Construction
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Spatial Experience

source: author based on image by urbz 84



Spatial Experience

—r
=~
-

g =

1 :
-~ ' (8 =
LS R Em‘f T T P ;hl’v“lﬁg“{i ’{Eﬁ}f‘w‘.
o -

e g | ' l-.. e i e | 1..___,.-._‘_.___;1_1 g_ o "“"1#’-7'1-1-—,'
— A - R :

TP gy g W e

source: author 85



w8

= w L
" Bapipas .

b gLy

i s .

e B P o = e i .
] e | . . r g -
..-..'_. v, Ve F.H.J"q._-.k ¥ i . - 8 1. 3 TREvE h..“.-.r..m..r.m.ull.l.

..l.n ...l gl g Pl n..-.._-..ll... — !
1.....-..:11 l_..u_..r.l...: ...-.r.FI WH .__”.

G Ep sl e T vy
o m Y S i Sy S 2
o T - i
.__.... -“ld.q..uu.l i - E F . ...-.-uu.1

L L b

L ]

" SR
’ ...uuu  m

g, --|.n

e S

. sollt W i g ._.n.....__nﬂ ST W
= ll._]..l.._.ll..l _I.-.'.I. — - ¥ .l........ -
| R e m B o — iy L} ] b T Lol e Sl 8 4 n
=l | WIERET T e 'n.r-“ u =M & P g

S .

- iy =
e 1 S i B i
l.|..= N e ] - . —_—.1 n..-..ru—..uﬂ " : e
T 55 & -m!i..t“ﬁa.ﬂ_-uﬂ.-w.ﬂ..ﬂu....l = EHiG s 0TI ey .p..mJH...H.M ._u_.-_.n |.q._1.q.l. B - e X
LEEER mie A gy ArEhaci b = fim 5 I ol e LT et 1
A e ﬂ_q...—lr_:...-”...l._r._h“.'. 4_ ”.h.._..h.d._... i .M..‘._.. 5 ui.l. Huu__..."“_.nﬂn“.ﬂ._‘...nﬂhhﬂ:h#..u-uir .-:LJ..._....-__.—...m .
- =BT, =@ NSk = - T
W2 o e MEENT AT SN A, o gy B o b T
B o 1l by . PR _= 5 _— - ki - * I- E = ra o .-I—— - l~
el b ._. __h..._._._ ___-._u.m”... e et L — ...u..”............,l..,..rw.,”u_n-._.é.u..-.n .._...__._-nmm.
T ) ; - e S i ¥ @
ir "_.“.1_ h.-_..r._.-___..u....u..:nr..“ . .. Al aney A 1

ol T Akl LA )

{ sk
=" i g Lo
i .r....".l.ﬂ... - .ml

- zoomearth

e: author ;
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Urban Metabolism
Farming , fishing & Agro-/Eco-tourism
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Urban Metabolism

Urban Farming & rainwater harvesting

source: author
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Planning framework

Municipal Corporation of Greater Mumbai
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Planning of the Spatial strategies
Steps involved

Assessment Capacity Evaluation
Building
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Timeline
Ecological Corridor

B PHASE T
. PHASE 11
. PHASE 111
PHASE IV

PHASE YV
PHASE VI
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Timeline
Coastal protection

source: author
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Timeline
Capillaries

o ESI
- e 2 /— Ecological Space Index

ESI = Total ecological area
Total area

source: author

100



Timeline
Capillaries

ESI

.~ Ecological Space Index

Total ecological area

ESI

Total area

source: author



PLANNING CAPILLARIES

TIMELINE

SPRTIAL STRRTEGES- [l wretia nissriLn
g £, EF

ECOLOGICAL SPACE
INDEX

Gradual transformation with community participation to match upto the ecological space index on the target decided by each ward / administrative unit for ESI
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Informative Instruments

source: author; Mumbaimirror

—
v
-
o
.
—
-
L]
o
—_—

ViumbaiMirror

SUNREE G606 NICL ) SUNCSEY PO RS | SENSET FTRAD  MFTY KD GOCD 26050 | SEVER 1INS | DOULAR 0.1

MUMBAI TO BE SUBMERGED IF
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Adaptation
is the key
to a
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PLANNING CORRIDORS

TIMELINE

2030

2040

FISCAL INSTRUMENTS
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Planning approach
Integrate Adaptation

Disaster Management Cycle
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Governance structure -Adaptation
Integrated approach

Municipal Corporation of Greater Mumbal

Water Management

Storm Water Drainage
Department

Disaster Management
Department

Integrative approach

Water Maﬂagerﬂent

Storm Water Drainage
Department

Transport &
Infrastructure

Environment

Disaster Management
Department

Market

source: author
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Governance structure -Adaptation

Mational
. Government it MIT1 AYOS Ministry of Water Minlstry af Ministry of
,GD'I-I'E'I‘I'II'I:I'E!I‘H of t 2 Planning resaurges Housing & Urban Sciemce &
India b i nek Commiftae Aftairs Tochnology

Mﬂ.lu'-ll:l wl LLPCTTRR IR REL N o A T ) I warsliy isl Fomsshig Pleresting il Walin o il v | i L
State Erveaniimtiend K T, L I8 A AR 5 .-‘.:.- Al Himsniiaor= Lensing Applraticn
Government © Llimate: Chaige Matfweity Cila
Maharashtra
Government .
L i
r|
r

llr
'
Pl Pl Mt ik an
* Ragiapag
Mumbai f e
Metropolitan
Region .
Development Eo
Authaority v
] oY
bR asmsmmEEmmag
i T amas® - -

o £

HU I'Ilﬂip-al Rl I 1 E..I.'i!r.l'.lll':u-r-l
Corporation of to sl bl tanagerment Departimen
Greater Mumbai

source: author 107



Governance structure -Adaptation
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Governance structure
Collaboration across Coastal Cities
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Governance structure
Global Collaboration
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Conclusion & Discussion

e Confluence of Socio-economic system with ecology

THE CLIMATE

~

e Transferability

e Ecological Space Index

WHY AREN'T Wwe?

o Adaptation and Collaboration is the key to tackle Climate
Change

|
=
i

e Climate Literacy



Reflection

e A Ray of Hope

THE CLIMATE s

source: businessdaily



Reflection

e A Ray of Hope

THE CLIMATE s

e Mitigation is not forgotten

source: businessdaily



Reflection

e A Ray of Hope

e Mitigation is not forgotten

e Rethinking Scales

On a concluding note, the design and planning framework depicts the rethinking of
scales necessary to tackle urban challenges in current times. Any action at one scale
has a cascading effect on the others and the adaptive geographies would require an
iterative process of spatio temporal rescaling to assess the impacts and implications of
the strategies to deal with ClimateChange.

source: businessdaily
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Fiscal Instruments

MAN-GROVE

MATCH-MAKING
INVESTMENT

CLIMATE BONDS

DECENTRALISE
FORESTRY

f
Je

ECOSYSTEM SERVICE-
PAY FOR PERFORMANCE
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Regulating Instruments

source: author
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INDEX

BUILT STRUCTURE ON
COASTLINES
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Regulating Instruments

Limits Other Mandatory Requirements

SPATIAL STRATEGIES- BUILT AREA IN COST REGULATIONS EMISSIONS REGULA- AUTOMIBILE
EC,C,CP DIFFERENT ZONES TION OF INDUSTRIES -REGULATE EMISSIONS

ENERGY LABEL NEW RAINWATER
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Informative Instruments

Education Advisory Services & Capacity Building

CLIMATE LITERACY PUBLIC OUTREACH TRAINING TO RESEARCH INSTITUTE VOCATIONAL ADAFPTATION

MANTAIN ECOLOGICAL TRAINING INSTITUTE WORKSHOPS -
INFRATRUCTURE = BUSINESSES

| P z

CLIMATE RISK- CLIMATE RISK-
AWARENESS CITIZENS AWARENESS
BUSINESS

CLIMATE RISK- ADAPTATION &
AWARENESS MOST MITIGATION ACTIONS
VULNERABLE

ENVIRONMENTAL
IMPACT ASSESSMENT

it | V2.

Access to Information/ Justice Rights

HYDRALULIC &% CITY FLODD RISK &
ECOLOGICAL ADAPTATION-
FERFORMANCE MITIGATION

CITIZENS MOST VULNERABLE ECOLOGY - LEGAL
POPULATION RIGHTS

ECO-TOURISM -
MUMBAI

ECOLOGICAL
INFRASTRUCTURE-
LEADING CITY

source: author
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Stakeholders

source: author
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Stakeholders

source: author
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‘The State’

Desired : promoters - support - collaborate

Why? Acceptance & sustainability
- effective implementation
 proper enforcement
e political acceptability

« ownership of decisions & outcomes

10 heoueures
F N

asl 7’

liveability

Increase Opportunity for Improve image of
recreational slum upgradation Mumbai city
spaces

Budget of MCGM
334,410,000,000 INR

13 fono

investment at RISK

3

Flood protection

Expenditure/
investment at risk

Improve
biodiversity

DECENT WORK AND
ECONOMIC GROWTH

i

Income generation

source: author ; SDG

' ﬂ ‘The Big Business’ o ® @ ‘The Citizens’

m Desired : support - collaborate - involve .“ Desired : inform - consult - aware - empower

Why? Economic efficiency
e cost saving
- broader benefits

Social cohesion & equity
« fostering corporate social responsibility

CURRENT BUSI-
NESS INVESTMENT
AT RISK

Economic
investment at risk

Economic benefits

Economic benefits

Why? Capacity & Knowledge development

e awareness raising

e information sharing

Social cohesion & equity

e building trust & confidence
- satisfaction

- '
MAN-GROVES
RESILIENT FL00D
MUMBAI WILL o oROTECTION EMPLOYMENT
ATTRACT MORE UHINES PROTES © OPPORTUNITY

N SAFETY
INVESTMENT Mangroves- impact & ECONOMIC U
benefits GROWTH liveability

Flood protection Opportunity for

economic growth

Economic benefits

MITIGATION &
ADAPTATION

REDUCES

CSR- CORPORATE VULNERABILITY

SOCIAL

ACTIONS
People understand
their responsibility
towards the planet

Benefits for varied
RESPONSIBILITY
Large companies
iInvest in climate
Impact projects

Socifal' | Expenditure/
responsibility investment at risk

Flood protection Improve

biodiversity

Open space per person

L —

Improve liveability
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Socio-economic vulnerability

source: OECD
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Figure 2: Map showing the Tap 20 cities for exposed population under the fulure climate
change and socloeconomic change scenario
(Source: Nicholls et al (2007), OECD, Paris)

Urban Exposed Population  Exposed Population
Agglomeration Current Future

14,014,000

Rank Country

844,000 11,135,000
1 ' 9,216,000

5,138.000

2,003,000 1,795,000

1N ___EGYPT_ _ Mlexandria 1,330,000 4.375,000

BANGLADESH  Khuina 3,641,000
NIGERIA agos 357,000 3,229,000

17 USA New York-Newark 1,540,000 2,931,000

19 JRPAN ___ Tokjo 1,110,000 2,521,000

Tfable 1: Top 20 cilfes ranked in ferms of population exposed to coasfal fooding in the 2070s (including
both climate change and socipecanamic change) and showing present-day exposure
(Souwrce: Aichols ef af (2007F), OECLD, FParis)

.-‘1‘1. o 5000 10,000 Kilometsrs @ <1.250,000
l (]

(O =2s00000

Figqure 3: Map showing the Tap 20 cities for expased assels under the future climate
change and socioeconomic change scenario
(Source: Nicholls et al (2007), OECD, Paris)

Urban Exposed Assats Exposed Assats
Agglomeration Current (3Billlon) Future {(3Billian)

3.513.04

Country

3 USA New York-Newark 320.20 2,147.35

: e — 7286 L

saka-Ko 215.62 6

NETHERLANDS __Rotterdam 11489 825.68

Table 2: Top 20 cities ranked in terms of assels exposed (o coastal Mooding in the 20705 (Including both
chimale change and socloeconomic change) and showing present-day exposure
(Eource: Moholls of &t (2007), OFCD, Paris)
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