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W + Context

Preposition

A\

-

4

{

District: Id ukki

Flooding/ Landslides

ﬂ }‘f A Population growth

(D

Urbanisation
Agriculture

Mountain: Periyar/Megamalai

Flooding & Landslides + Dams(externalities)

16,842,150 people

Deforestation/Habitat loss
Agriculture Soil erosion

City: Madurai

Drought

Population growth

Urbanisation
Agriculture
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| Risk: 3 Key systems

Monsoon

Hydrological

!
system \

Grey Infrastructure

) Primary Production\/

G\ + Systems



' Water stress

N+ Systems

Overall water risk

default
Bl Low (0-1)
B Low - Medium (1-2)
B Medium - High (2-3)
High (3-4)
' Extremely High (4-5)
Not enough valid data







SWASAS + o\




=+ Systems

S

Variability of
the monsoon
2019

Periyar River Basin Vaigai River Basin

Rainfall over a year

1000-1140 Tunnel

2150-4135
WO b
200 1400-2150 990-1000 am
e Check Dam
§aa 1140-1400 950-990
et O |:| River basin
o ww 850950
i ] - Waterbodies
“u"s 575850

0100 —  Waterways
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Variability
of monsoon
over 100
years

©

@

Periyar

Vaigai >

<0 10 20 30 km

N

Cumulative rainfall
mapped for 100years
1903 - 2013

@ Thrissur
(2) Pallakad
3 Idukki
@ Kottayam
Y
@ Theni g
@ Coimbatore
@ Tiruppur
1YY
Madurai
@ Ramanadhapuram
p
Virudunagar
8
@ Allapuzha
@2 Kakkanad
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Grey
Infrastructure

Global impact on local
systems

Grey infrastructure (Dams) designed on
higher altitudes[500-1000m] planned without
prior evaluation of its risks, socio-cultural and
economic implications are now not capable of
handling the pressures.




City

Origin Object of control Agriculture in the vallgy

' Upstream > Downstream

ystems

= +S

(V)

Fig 3 Photographs by author



' Composition of grey
Infrastructure

Periyar River Basin Vaigai River Basin

Water Erosion

='- S Tunnel
Wind Erosion
e D
am Water Logging

tres Check Dam Salinisation/ Alkalisation

é I:I River basin Other

% N - Waterbodies Landslide Fatalities
>

A | Q 10 20 30 km — Warerwavs

+ y A 5-10

1 4 Excess water overflow @®  Hydro-powerplants A 2-4

——  Diversion of water O  Windfarms & 0-1



' Temporal change
In control of
water

Periyar-Vaigai watershed in its
natural state

—  Waterways

w

g . Waterbodies

&

+ 0 Dam infrastructure



emporal change
In control of
water 12C

12C - Introduction of system tanks

by Pandiya Kings
- —  Waterways
§ . Waterbodies
? 3 Dam infrastructure
16
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emporal change

In control of
water 1890-2022

2022- Current state of the water
shed. (Dams built by british from

1890s)
—  Waterways

. Waterbodies

0 Dam infrastructure
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Nature of
infrastructural
projects

Small
2z
ol
g Medium /large T
a
® |
g Small U
t 3
3 Medium /large T
1 |
Community % Outside surface systems T
a
ae]
managemnet of o
gem = Within surface systems T
water bodies 2
S
& |
g Outside surface systems [
E
= Within surface systems [
|
8 Outside surface systems |
ot A >
4 Within surface systems [
.
Community
detached from _
. Water course improvement [
water bodies
g’f Main system improvement [
B
a Unimproved [
I
Investment return rate 5% 10% 15% 20% 25%
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Primary
Production

Global impact on local
systems

The current paradigm for
development in the higher altitudes of the
Western ghats are defined by operationalising
landscapes with a view of nature as a
commodity.
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Global
Impact
on local
systems

The current paradigm for
development in the higher altitudes of the
Western ghats are defined by operationalising
landscapes with a view of nature as a
commodity.
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Global
Impact
on local
systems

The current paradigm for
development in the higher altitudes of the
Western ghats are defined by operationalising
landscapes with a view of nature as a
commodity.
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ragmented
abitats

Periyar River Basin Vaigai River Basin

10 20

30 km

Landuses

7
V//
7

River basins
Waterways

Water bodies

Crop land
Plantation
Forest Plantation
Forest Evergreen

Forest Deciduous

Crops

Ol&EREE

Tea o
Cardamom y‘)”
Pepper @
Rubber ‘
e

Banana

Cotton

Ginger
Paddy
Coconut
Grapes

Jasmine
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| ocal
conditions

from
Upstream to
Downstream

@

Periyar
Volume: 443.23 mcm

@ Megamalai
Volume: 2.4mcm

(3) Idukki
Volume : 1460mcm

) Periyar-Theni drop

@ Uthamapalayam

© Vaigai Dam
Volume:174 mem

@ Madurai

5@

Composition of flow of
water accross different
topography and diverse
settlements.

Water discharge at each level
is yet to be calculated.
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Economic
Composition

Urban area
Port

Agriculture

Plantation

Tourism-Adventure, Wildlife,
Wellness

Agriculture

Urban

Tourism-Religious

International Tourism

National Tourism

Production for local
consumption

Production for International
consumption



' Extreme
weather event

35/54 Dams in Kerala were
opened on Aug 15th
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Dams

Rainfall anomalies of X =X-7
years mean daily rainfall

2018
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2013
Flooding
In Kerala

<78

<33

<15

Waterways
Waterbodies

Dam (map)
Rainfall

Landslides
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| How do we design for uncertainity?

N 1 .
Monsoo Fluctuations

) Hydrological

system \

Grey Infrastructure ?

i ? Primary Production Landscape as infrastructure

Diversifying production to \—/
respond to the climate

+ Way foward

\®)
~



' Research Micro
Question
Network
0
How can through
of nested
systems in to restorve a state of
¢
i
River basin
0
Regional

+ Research Question
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J Design
framework

Uncertainities
U in Monsoon

Seasons

Summer
Monsoon/Rainy season

Winter

Resource

+ Design

Availability of water

Average

Low

Extreme scarcity

Risk

Flooding

Landslides

Drought



J Design
framework

Seasons

Summer
Monsoon/Rainy season

Winter

Resource

+ Design

Availability of water

Average

Low

Extreme scarcity

Drought

Adaptation

m

Structure

Territorial

Riverbasin

Network

Micro

From a centralised to
a decentralised system
using landscape as
infrastructure

Resilient landscapes

Essential infrastructure

Production infrastructure



J Design
framework

Seasons

Summer
Monsoon/Rainy season

Winter

Resource

gn

W  + Desi

Availability of water

Average

Low

Extreme scarcity

Drought

Adaptation
m et * t
Low %M’ ....... 7ﬂ
Structure Agency
Program Practices
Territorial E_COSYStem restora- Aligning to phenology
tion
Riverbasin Primary Production Aligning to the indigenous
Network culture
_ . _Habitation
Micro Aligning daily life to phenology
I g Recreation



J Design
framework

Seasons

Summer
Monsoon/Rainy season

Winter

Resource

+ Design

Availability of water

Average

Low

Extreme scarcity

Drought

Adaptation
Low %% ........ ﬁ
Structure Agency Protocols of care
Program Practices
G Ecosystem restora- Aligning to phenolo Ecosystem based
Territorial don gHngtop &Y economy
- Riverbasin Pri i Placi
Riverbasin Primary Production Aligning to the indigenous acing care on
nature.
Network culture
Micro ST Aligning daily life to phenology
B — Recreation



J Design

+ Design

SV

3

framework

Resource

Seasons

Summer
Monsoon/Rainy season

Winter

Availability of water

/ Extreme precipitation event

High
Average

Low

Extreme scarcity

Risk

Flooding

Landslides

Drought

\

Adaptation

m

Structure

Territorial

~ Riverbasin

Network

Micro

Resilient landscapes

Essential infrastructure

Production infrastructure

High

J

Low

Program

Ecosystem restora-
tion

Primary Production

“Habitation

Recreation

Agency

Practices

Aligning to phenology

Aligning to the indigenous

culture

Aligning daily life to phenology

1l

Protocols of care

Ecosystem based
economy

Placing care on
nature.
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§ Structure : Territory

Periyar River Basin

Scales

Vaigai River Basin

Seaward

o)
2
J Fl
5]
~
2

g |

= (=]

IE =

5

Vaigai River

N o am L BIC S e | u GO

Seaward

Goals : From a Centralised to de-centralised system

1. Water Balance

2a. Re-naturalisation : Transitioning intensive
monocultures to dynamic production land-
scapes aligned to natural cycles

2b. Re-introducing nature in cities.

+ Design

S8

5




Re-distribute
water storage

@ Storage/ Passage

© Storage/Passage

@ Interceptors

© Rclease

@ Passage

@ Storage/Passage

'Water Balance

udrso( +

\O
cn



' Re-naturalisation

@ Aquaculture @ Infiltration Forestry © Agro-forestry O Agro+Rain- forests © Low irrigation Agri @ City green networks

Recreation+production Recreation+production

)

SRR

Kodanad Idukki Megamalai Madurai
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'Structure - River

+ Design
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Goals

1. Water Balance
2a. Re-naturalisation : Transitioning inten-
sive monocultures to dynamic production

landscapes aligned to natural cycles

2b. Re-introducing nature in cities.

Goals : Periyar

1. Resilience for flooding and landslides.
2. Connecting back the river to the basin.

3. Sustainable production zone

Goals : Vaigai

1. Resilience for drought.
2. Rejuvenate the river.

3. Sustainable production and consumption.



| Structure :
Periyar River basin
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' Structure :

+ Design

NN

0

Periyar River basin

Population

Land-use

Slope

Landslides and
infrastructures

500 year Flooding



Structure :
Vaigal River basin

+ Design

NN
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Population

Land-use

Slope

Infrastructures

Extreme waterstress
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Structure :
Network scale

Scales

Territory

Seaward

Inland

Seaward

Goals : Sponge

1. Water retention
2.Regenerative agriculture.

Site 1
o~
&
o=
5 Site 2
Site 3
o4
5
§ Site 4

Goals : Passage

1. Slope stabilisation
2. Agro-forestry
3. Eco-tourism

Goals : Interception

1. Reforestation
2.Agro-forestry
3.Eco-tourism

Goals : Mediator

1. Riparian restoration
2. From consumer to producer
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Network scale
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ldukki dam Megamalai Madurai

Population : 15,953 Population : 26,250 Occupation : Population : 8,348 Population : 1,766,000
' Occupation : Agriculture Tourism, plantations Occupation : Tourism, plantations Occupation : Tourism, Urban
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Structure :
| ocal scale
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Resulting landscape Phasing
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Structure Agency Protocol
Sl of Care

= Site 1 Devices
s
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Built environment

Settlement pattern
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Site 1;
Kodanad,
Kerala
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Site 1;
Kodanad,
Kerala




Site 1;
Kodanad,
Kerala

5 10 15 20
Organisation Infrastructure Cyclic program
&initiation of construction
l processess
Site 1
Sediment Divert river Bird habitats
accretion water inland
Dre.dglng river De—sﬂtln'g Mobility
& riveredge  floodplains :
infrastructure
9 @ Processing
é centre @
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Relocation area Relocated production

development
Surangams/
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Temporary
ponds/ tanks
Terracing
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Site 1;
Kodanad,
Kerala
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' Site 1:
Kodanad,
Kerala

+ Design
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Fresh water :
Surangams for water
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Site 1;
Kodanad,
Kerala
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Site 1;
Kodanad,
Kerala

Rice cultivation
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What Is the section
which exist between
these extremes?




Site 1: Kodanad,
Kerala

] ] Production Storage Production Production Processing
r Production Consumption Waste Treatment

L1177777117777777777]

Regeneration
e Processing unit

Livestock
o /ﬂ‘
N | ]
Fruitand %( - R\Jm 1 ; ‘ ‘ ‘
ML, < ’ P
Vegetable garden 7| | A Voo ||
& 8 ( JEJJJAJ i ,Jﬁ \Aj o , ‘ML

Fresh water

Fertilization Sewage treatment
+ Aquaculture

Surangams for water
during summer

Maturation

Aquaculture

+ Design
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Site 1: Kodanad,
Kerala

Production

Primary Production Consumption Waste Treatment

Housing
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Fruit and
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Surangams for water
during summer

Production
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Resilience Flood water storage
Water retention
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Treated sewage water

Production Aquaculture

Rice/paddy cultivation
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Tourism Eco tourism
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Site 1;
Kodanad,
Kerala

N\ + Pilot projects
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projects

N+ Pilot
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Site 2 :
|dukki dam
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+ Pilot projects
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Site 2 :
|dukki dam
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G\ + Pilot

Site 2 :
|dukki dam

Recreational area

Living units as water
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Slope stabilisation
and agro forestry

|

5 Y

T
it
I
T

>
< .

T
|

Y
|
1
T
I
T
I
[
|

: Proposed

Settlements

Energy 7
production

Seasonal
A Recreation




+ Pilot projects

o\
\®)

Site 2 :
|dukki dam

Housing

Plantation
Hardwood ,
trees
¢ Floating roads
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Energy
| generation
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Site 2 :
|dukki dam

Housing
Plantation
' Hardwood
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Pepper
Tea

Fishing
Forestry

Tourism Eco tourism
Water sports
Hiking paths
Camping areas
Forest trails

KnOWledge EnVirOnantal learning center L]

+ Pilot projects

(O
(V)



+ Pilot projects

N
B

Site 2 :
ldukki dam




Site 3:
Megamalali
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ilot projects
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Site 3 :
Megamalai
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1. Forest

3. Forest + Fruit trees +Tea plants
Year: 3
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2. Forest+fruit trees
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4. Perimeter forest + Mature tea plants
+ Tea
Year: 10

5. Tea plantations

Year : 30
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Patterns of Production
+ Forestry : State 1
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Patterns of Production
+ Forestry : State 2

Agro-forestry

Restaurants

|
8! ( /

Production cycles Jan Feb ar pr May un ul ug ep ct ov cc 10 20 40 years

Resilience Agroforestry
Water retention downstream
Aquifer recharge

' Borrow water from Periyar

Production Tea
Fishing
Forestry

Tourism Eco tourism
Water sports
Hiking paths
Camping areas
Forest trails

+ Pilot projects
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Water is shared in case of deficit in Vai-
gai river basin until the system able to re
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' Stakeholders

Socio-cultural Water management Environmental and disaster Economic Planning
management

Power to be embeded here

Primary sector workers Residential associations
Tribal communities

Agricultural labourers

People in risk /

Travel agents
Lodging services
Landscape architects

Hospitality sector Architects

Local led NGOs eg. Dhan/Tata Community water tanks
foundation,

Activists groups ‘Temple tanks

Individuals

Communities united by culture and religion

o
g

Urban Planners

Private led Academic Private led universities Water tankers Privat funded parks

. ypivate i
Research units Private industrial research and Bottled water
development units

Construction of infrastructure and

Developers o
structures

Private parks

Industries involved in primary sector and

Industries

use resources f‘(DH] the region.

State led . ) KFD Protect Forest and Promote Eco- . Regional Planners
Seate lod amiverci Regulation of water supply Tourism management State tourism departments
Academic tate led universities and waste water collection and TNFD U
- A rban Planners
TWDA disposal in the state of Kerala
"ublic works Department Periyar Tiger reserve Transportation
PWD 2 P JAC 2B Land schitect
Management of human resources - andscapc architects
Regulation of Cultural matters District Srivilliputhur _ Mcgamalai Agriculture
Water supply and drainage Highways department Architects
0C.
SDMA State disaster - prepares,
Vﬂlage strives to mitigates and
manages disasters.
. . Groundwater management TR - — T g i i
National Set up laws for human resources g National disaster MoT Management of tourism, India PC ; )
Sets up palnning and

man 'Age ment
development guidelines

HE

e . Sets up policy, and enforces laws | Allocation of funding
rganisation for heritage J
Org, tion for heritag PP MoF e

International/ UNESCO Western ghats

Water resource management regarding environment, forestry

:

conservation :
and climarte change

Sets up policy, and enforces laws

Responsible for river and river regarding environment, forestry

@]
3

infrastructure ll‘ll\ll;\gﬁlﬂfllt ‘Jl'ld climate change

2]
=1

5! =
18 3
(@)

Forest survey India

C UN Daris Climate agreement UN Sustainability development goals
Non Annex [

Z
=
0

Multilateral agencies

Sustainability development goals UN Sustainability development goals NESCO Western ghats World bank

i

w

g IPCC Intergovernmental panel on climate change
—

]
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= Fig 98 Stakeholder chart by author
A~ Highest power stakeholders Transition of power
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Protocols of
Care

Could ecosystem services be
monetised?

Could environmental
stewards be compensated
with so called capital?

Could the ecosystems
western ghats mountain
range be compensated for
ensuring water safety?

Could an upstream region
which restores and safe keeps
its ecosystem for the benefit of
downstream consumers gain
profit for the resources they
provide?

Could restoring and
maintaining the systemic
Sfunction of each local level in
agreement for the larger good
be an solution?

Water retention
Groundwater recharge

Water for local people
Small scale biodiversity
Restoring water source
Safety - Allowing water to flow
Regenerative agriculture
Restoring water source
Safety - Allowing water to flow
Regenerative agriculture

Water retention
Reuse/recycle water
Small scale riparian habitats

| l — Lo

Floodplain
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Local habitats
Forest restoration
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Stakeholders

Local led

Private led

State led

National

International/

Multilateral agencies

Socio-cultural

NGOs

Activists groups

Individuals

Communities united by culture and religion

Water management

Environmental and disaster
management

Economic Planning

Power to be embeded here

eg. Dhan/Tata Community water tanks

toundation,
Temple tanks

NGOs
Tribal communities

Agricultural labourers

People in risk

Residential associations

Primary sector workers

Labourers
Labour unions

Academic Private led universities Water tankers

Research units
Developers

Industries

Academic

RD

id

Private industrial research and
development units

Bottled water

Construction of infrastructure and
structures

il "

Private parks
Industries involved in primary sector and
use resources from the region.

Regulation of water supply

State led universities and waste water collection and

disposal in the state of Kerala

Public works Department
Management of human resources

Regulation of Cultural matters

Water supply and drainage

o Groundwa[er [11;111ag5111611[
Set UP l’d\’\'S for l]UlU'{lH resources ‘

Organisation for heritage W
. Jater resource management
conservation WRMB i3

CWC Responsible for river and river

in t‘f'AS[f ucture lllﬂll‘dgflﬂﬁl]t

UNESCO Western ghats
Sustainability development goals Sustainability development goals

Highest power stakeholders

O Transition of power

Privat funded parks

KFD Protect Forest and Promote Eco-

TD urism man agemen t

TNFD

Periyar Tiger reserve

Srivilliputhur - Megamalai

(SDMA_
RO

SDMA State disaster - Pprepares,

strives to mitigates and
manages disasters.

National disaster

management

Sets up policy, and enforces laws

regarding environment, forestry

and climate change

Sets up policy, and enforces laws

regarding environment, forestry
2 £ ¥

and climate change
g

FSI Forest survey India

UNFCC UN Paris Climate agreement
Non Annex

UNESCO Western ghats

IPCC Intergovernmenml panel on climate Cll‘dl]gf

Fig 98 Stakeholder chart by author

‘Travel agents
Lodging services
Landscape architects

Hospitality sector Architects

Urban Planners

Regional Planners

State tourism de partmen ts

Urban Planners

Transportation =
Landscape architects

Agriculture

Highways department Architects

Management of tourism, India

Sets up palnning and

" development guidelines
MoF Allocation of funding F &

g

Z
AE

UN Sustainability development goals

World bank



+ Vision

\o
N

Current situation

Stakeholder roadmap

Local led Local

Interstate

Private led

State led Local

Interstate

International/ International commissions help national
Maultilateral organisation in setting up goals for the
agencies tuture and in certain cases financially aid —

Network + Organise cross-community

Stage 1

Citizens organise local valnerable
communities with the help ot NGOs,
along with the state to set up workshops
tor immediate temporary resilient
measures with the municipality aiding
their efforts by providing space and

O

infrastructures.

Gather indigenous knowledge for
propagating learning local understanding
of ecological management and skill
building. By employing skilled locals

trom the region.

interrelations for careful co-ordination of
each others interest.

In the first phase the private entities are
informed by the state (through a process
of tender) for the need to build urgent
infrastructure such as mobility networks
in areas out of risk. W

As the strategies proposed require a
change in the business models of the
actors, the involved businesses formulate
to switch to the new proposed model in
collaboration with other businesses and
the state. Citizens organisations involve
private actors to assess the timeline and
teasibility of the project.

Recognise immediate risks and set up
committee to overlook redevelopment of
the site and network scale. Float tender
tor building urgent infrastructares and
urgent operations.

Such as mobility networks, dredging in

riverbeds, building water retention units, ———————————

Additionally set up a larger committee to
toster a non-biased opinion of matters
related to the interlinked river and in the
context of water management.

Stage 2

Stage 4

The local groups choose experimental
pilot projects to test the interventions
along the river, to bring the interest of the
larger actors involved.

In this phase the local committees have

a strong knowled ge on the working
of the small interventions and the
project impact on resilience of the area.
Thus encouraging local farmers, workers

Local groups start to take administrative
command of the municipal facilities
to engage with locals and coordinate
participatory workshops to agree on
project time lines and relocation strategies.

The tender taken from the government
to build urgent mobility networks is
started, development in the safe regions
start which can be used for the relocation
of the critical zones soon.

to follow regenerative agriculture

or maintain water local tank asa
community in return for subsidies
from the local government. For example
regenerative agriculture doubles up as

flood storage which save considerable cost
of flood damage for the state, which could

be utilised for the reduced productivity.

In this stage the private actors complete
the construction of the mobility
infrastructure and the landscape
works, which sets the stage for local

actors to start the regenerative })I‘OdLlCtiOIl

program throughout the river basins.

Simultaneously Landscape work starts

in the 4 sites for the preparation of the site
to handle the next monsoon season. For
exainpie terracing, water retention units,
reforestation and restoring or building
system tanks in the region.

In-case of lack of funding from the state or
the municipality private organisations can
potentially invest in public works forming
a public-private partnership.

The tenders floated for the urgent
infrastructure construction are given to
appropriate agencies while the state and
local communities follow the process
of construction on a regular basis.
The state redevelop zoning planning

After this stage the private actors just act
as service agents appointed by the local-
state committees and eventually let go of
ownership of the said infrastructure.

The state at this point after mobilising
actors for the construction of resilient
infrastructure the state gives managing
responsibility to the communities, yet
overlooking certain administration.

regulations based on the risk zones and
resilience at the forefront of planning.
The need for multilateral agencies and
local participation in planning processes is
taking into account.

Interstate committee appoints
professionals from various fields to manage
and regulate water in the two river-basins.

An adaptive pathway here could be
international organisations could fund

tor sustainable transitions with developed
world.

for testing such nature based projects in
the region.

A potential adaptive pathway here is that
the state could act as a mediator between
the community and the private actor
providing service.

The state here could try to recoup
ownership of private built infrastructure
with the gains of such infrastructure.

A possible pathway here could be that
the state with NGOs organises the pilot
projects to test and also encourage the
locals to understand the impact of nature
based solutions.

~
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Fig 99 Stakeholder roadmap chart by author
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Site 1
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Divert river Bird habitats
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development
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Safe hiking Camping
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Fig 101 Structural timeline by author
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Hiking
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