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Context & Sources of Evidence



We live in an era of 
interconnected 
global polycrises: 

• Poverty
• Inequality
• Climate & Water
• Biodiversity
• Debt
• Intergovernmental 

fragmentation

The Global Polycrisis of the early Anthropocene



World SDG Dashboard (2023)GDP/cap (PPP): $12,703 HDI: 0.73

Population: 8 billionBiocapacity: - 1 gHa/cap Sources: SDR,2023; World Bank, 2022; UN, 2021; GFN, 2022

Status of individual SDG targets at the 
midpoint of the 2030 agendaWorld SDG Dashboard at the midpoint of the 2030 Agenda

Gross World Output: ~$ 100 trillion     Growth: ~2.5% per year       Losses: ~ 1% per year 
Capital Assets         : ~$ 550 trillion     Growth: ~2   % per year



IPCC AR6 Summary for Urban Policymakers (2022)



AR6 Summary for Urban Policymakers at CoP27



GCEW World Water Crisis, PBL Bending the Trend, Lancet Pathfinder 
Commission  (2023)



The WSS-Climate nexus



Scoping the Solution space: Water is the common thread linking all the SDGs

Source: PBL, 2023



Fresh water is a very precious resource

Source: Shiklomanov, 1993



Projected progress on SDG6:  Access to clean water or sanitation (2030)

Source: United Nations, 2022



Annual Global impact of water-related disasters and diseases (1980-2021)

Source: IHME, 2019 (data 1990 - 2019)
Source: CRED



Water- and climate-related risks in Cities and regions (2020-70) 

Source: PBL, 2023



Key Pathways & connections between climate mitigation and health

Credits: Lancet Pathfinder Commission Report, 2023



Mitigation across sectors and pathways to Health outcomes

Credits: Lancet Pathfinder Commission Report, 2023



Climate Action: as if only 
temperature extremes matter



We are headed for a 1.5oC Overshoot: Temperature change (2020-2070)

Source: Lange and Büchner, 2017; PBL: the results are based on the projections of 4 climate models



Source, SUP Vol 1, 2022

Source: Change in the annual mean surface air temperature over the period 1958-2018 based on the local linear trend retrieved from CRU TS (°C per 68 years). This map has been amended from IPCC 2021, Climate Change 2021: The 
Physical Science Basis, Chapter 10: Linking Global to Regional Climate Change; United Nations, Department of Economic and Social Affairs, Population Division (2018); World Urbanization Prospects: The 2018 Revision, Online Edition.

*Urban Warming refers to the difference between local urban 
temperature change and surrounding warming.

Changes in Global & Urban Surface Air Temperature (1958-2018)



Cities and regions as Climate hotspots (2010-2050)

Source: PBL, 2023



Concentrated in regions & large cities in the global South:
Projected mean annual temperatures of over 29 °C (2020) 

Source: Lange and Büchner, 2017; PBL: the results are based on the projections of 4 climate models



Concentrated in regions & large cities in the global South:
Projected mean annual temperatures of over 29 °C (2070)

Source: Lange and Büchner, 2017; PBL: the results are based on the projections of 4 climate models



Urban Heat Island (UHI) will make things worse

Source: Zhou et al., 2013; Schlünzen and Bohnenstengel, 2016; Huang et al., 2019



Climate Resilient Development:
mapping the Solution space



Every system & place are connected in an urban world with over 4 billion urban 
residents. The global economy & human societies are strongly coupled with the climate 

system and ecosystems. A change in one system impacts the others.

Image credits: Patricia Jekki / Unsplash

https://unsplash.com/photos/CqstmkFR824


Figure Source:  A re-interpretation of data underlying the Figure SPM.1, Summary for Policymakers, IPCC AR6 WGII

The Climate system, Ecosystems and Human Systems are tightly coupled 



Every region will experience concurrent and multiple changes in climatic impact-drivers in a 
warming world. In many places, these cause compound and cascading events. 

Haiti

Image credits: Logan Abassi / UN Photo

Heat & cold Rain & drought Snow & ice Coastal & oceanicWind Other Open ocean

https://cutt.ly/rCkpfhv


Climate Resilient Development (CRD) 
brings together Sustainable Development 

for All, with Climate adaptation, 
Mitigation and Biodiversity conservation. 

Volume II

Cape Town, South Africa

Image credits: Tobias Reich / Unsplash 

https://unsplash.com/photos/1GgWbP74phY


Vancouver, Canada

System Transitions are key to address systemic risks to coupled human, natural and 
climate systems. 

● Urban and Infrastructure systems

● Land, coastal, ocean and freshwater ecosystems

● Energy systems

● Industrial systems

● Societal choices and transitions

Together, these transitions advance CRD i.e. sustainable development along with 
adaptation and mitigation and biodiversity conservation. 

These include five simultaneous transitions in:

Image credits: JP Holecka / Unsplash

https://unsplash.com/photos/u9laMUW0thM


Multiple feasible 
Mitigation Options across 
the System Transitions 
that are clearly mapped to 
the SDGs and hence to 
Climate Resilient 
Development.

We need to make choices 
on the deployment of 
mitigation and adaptation 
options that can accelerate 
System Transitions for CRD

Figure Source: Derived from IPCC AR6 WGIII, Summary for Policymakers, SPM.8

Climate Mitigation



Figure Source: Derived from IPCC AR6 WGII, Summary for Policymakers, Figure SPM.4(a)

Multiple feasible 
adaptation options 
across the System 
Transitions to 
respond to a range of 
Representative Key 
Risks (RKRs).

The question is which 
of these ‘solutions’ 
should be deployed, 
where and when in 
aid of which goals?

Climate Adaptation



Cities hold the key to Climate Resilient Development. Cities and urban areas have a 
central role to play in the Systems Transitions and future transformations needed to 
adapt and mitigate to the climate crisis.
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Vancouver, Canada

Image credits: JP Holecka / Unsplash

https://unsplash.com/photos/u9laMUW0thM


The Global Water crisis of 
the Anthropocene



Global drought risk 
(1900–2010)

Too little waterToo little Water: Global Drought Risk (1900-2010)



Too little water

Source: PBL, 2018

Too little Water: Annual Drought Affected People (1996-2015)



Increasing flooding 
across the world

Source: PBL, 2018

Too much waterToo much Water: Flood events (1996-2015)



Source: PBL, 2018

Too much Water: Cities as flood-risk hotspots



Source: PBL, 2018

Too Dirty & Polluted water: Annual deaths (1980-2015)



Source: IPCC 2022,

Loss of Terrestrial & Freshwater biodiversity in a warming world (1.5oC to 4oC)



The coming together of the
Global Water & Climate crises



We are headed for a 1.5oC Overshoot: Precipitation change (2020-2070)

Source: Lange and Büchner, 2017; PBL: the results are based on the projections of 4 climate models



Climate change will only make extreme weather events worse

Source: Carbon Brief, 2022



The water cycle is the 
basis of all life and is 

inseparably 
connected with the 

The Global Water cycle is out of balance
The Blue-Green water planetary boundary has been breached

Image credit: The What, Why and How of the World Water Crisis, GCEW, 2023

Source: Grafton, Krishnaswamy and Revi, 2023



Projected Global Land use & Population distribution (2070)

Source: PBL/IMAGE, 2023

Projected Global Land use distribution (2070) Projected Global Population distribution (2070) 



Water quality constraints: Desalination capacity (m. m3/day)(2019)

Source: Jones et al., 2019



Changes in Urban Nitrogen release (2020-70)

Source: PBL, 2023



Aquatic Biodiversity changes (2015-70)

Source: PBL/GLOBIO, 2023



Climate Resilient Development:
mapping the WSS solution space



Source: IPCC 2022, WGII

Strategies to address the various colours and hues of water (2015-70)



Source: IPCC 2022, WGII

Water-related Climate adaptation Options (2015-70)



The safe and just delivery of human well-being & ecosystem 
health by 2050 is fundamental to our future. 

This must be met within global water limits.

Transformational change, from the local to the global.

Water SDGs + Climate Action + Biodiversity conservation

Where do we need to get? 



How can we implement Transformational WSS change?

Food Systems
    Transition

Health Systems               
        Transition

Sustainable            
Livelihoods

             Transition

Sustainable Cities  
      & Infrastructure

           Transition

Biodiversity 
conservation 

Transition

Water Quality          
       Transition

 

Societal 
Transitions

Land use & 
ecosystems 
Transition

Governance & Regulation + Finance + Institutional Capacity 
+ Technology & Innovation



Scaling Inclusive 
Sanitation in 

Tamil Nadu, India



Sanitation for All - Now

Source: TNUSSP, 2016

Full Cycle of Sanitation

Across Cities

1

2

3



Spatial Coverage of FSM in Tamil Nadu: ~16 million people

Source: TNUSSP Analysis, 2022



• Significant investment in 
treatment infrastructure.

• Quality Assured Implementation:
51 FSTPs (1.5 MLD capacity)
Co-treatment at 59 STPs 
(1,200 MLD capacity)

Scaling and Sustaining FSM

Strengthened Institutional 
FSM capacity

Impact at the State Level: Population served: ~16 million

Enabling Inclusive FSM

Challenges

• Sustaining operations & 
maintenance 

• Regulating non-standard 
on-site systems

• Regulating de-sludging 
operations including 
occupational health, safety 
of workers

• Securing land for setting 
up treatment facilities



1. Expand existing FSTP treatment capacity through Co-treatment

2. Create new Fecal Sludge Treatment Plants (FSTPs) across the state 

3. Scale access to treatment through the Cluster Approach across the urban-rural continuum

State Investment Plan (SIP): Phase-wise Scale-up

Crowding-in Public investment: ~ INR 500 crores (USD ~60 m)



Impact of TNUSSP-CWIS
TREATMENT & REUSECOLLECTION & 

CONVEYANCE
ACCESS CONTAINMENT

Improving safe 
sanitation for urban 
poor 

Enabling Community 
and Public Toilet 
(CTPT) 
management

Light-touch regulation of 
private desludging 
operators

Monitoring of disposal

Improved services for 
urban poor in select 
locations trialed 

Improved treatment capacity, 
covering ~15 million urban 
population through cluster 
approach

Demonstrating reuse methods 

Treatment technologies adapted 
to specific requirements

Improving Onsite 
Sanitation Systems (OSS) 
for Large Generators and 
Individual Household 
Toilets (IHHT) 

Enabling periodic 
desludging for CTPT

Institutional strengthening and improved governance across the State, Strengthened 
eco-system & capacity of stakeholders, Behavior Change Communication 



TN: Legal and Regulatory Reform 

Operative 
Guidelines for 

Septage 
Management 

2014

State Investment 
Plan

(GO (Ms) No. 
88) 

2018

Tamil Nadu 
Combined 

Development 
and Building 

Rules
2019

2020
MoU for Cluster 

Approach
Standard Licensing 

Agreement for 
private de-sludging 

operators
(GO (Ms) No. 2D 35)

Faecal Sludge and 
Septage 

Management 
Chapter (TN 

District 
Municipalities Act, 
City Corporation 
Acts, Tamil Nadu 

Urban Local Bodies 
(Amendment) Act)

2022

Byelaws for 
Septage 

Management
2020

2023
Operative 

Guidelines for 
Septage 

Management 
Revised

(GO (Ms) No. 1)

Septage 
Management 

Rules*
(GO (Ms) No.183)

2023

TNUSSP-TSU 
launched

Advisory committee, 
State/ City working 

groups

2015



TNUSSP: Climate resilience & Emission-reduction questions 

• Health-benefits

• Water efficiency: keep water-carriage running
• Data on water efficiency & quality
• Recycling and reusing water: financial viability for industrial and agriculture use?
• Solids à regenerative agriculture or biochar

• Emission reduction: net-zero WSS services?
• Decarbonisation of infrastructure: embodied energy & Carbon
• Decarbonisation of Operations 
• The business case for emission reduction?

• Infrastructure Resilience
• Prepare for extreme drought and benchmark with desalination
• Prepare for flooding & storm surge – planning intervention & critical infrastructure resilience
• Prepare for planned withdrawal & relocation



IIHS Campus



IIHS Campus, Kengeri: Surface Water Flows



Conjoint Water Use

• Surface water ponds

• Shallow groundwater

• Deep groundwater

• Treated tecycled 
wastewater 

IIHS Campus, Kengeri: integrating four major Water systems 



Phase-wise area, population and 
water demand for the Campus

Base case and design case water
consumption for different end-uses

IIHS Campus, Kengeri: Factor 2+ water efficiency



IIHS Campus: Climate resilience & Emission-reduction

• Net-zero energy and commercial viability with conjunctive use

• Net-zero water (up to what densities, dual piping, storage & grid connectivity)

• Regenerative agriculture & biodiversity restoration 

• Near closed-loop recycling & reuse

• Biological à Technolgical treatment system

• Operation & Control systems

• Standards, measurement of water quantity & quality

• Lifestyle & behaviour change



Conclusions



A few WASH-Climate Resilience & GHG Emission-reduction questions 

• WASH has to be embedded in the local water cycle and the larger Water, Climate, Nutrition 
security & Biodiversity agenda = transform ‘Planning’ & ‘Development’

• Severe gaps in the WASH-Climate evidence chain & narrative
• Health impacts, ‘cost-benefit’ and (multi-dimensional) viability
• Mitigation: small fraction of C02 + CH4 emissions. No discussion on embodied C & Scope 3. No 

discussion on Carbon storage. No surprise that finance is negligible 
• Adaptation: 
• Loss & Damage: conversation hasn’t even started
• Vulnerability reduction: 
• Culture: gender and caste-dynamics

• Operationalising Climate Resilience in WASH systems
• Drought-resilience: the septage vs. sewerage debate
• Flood- & SLR-resilience: 
• Storm-resilience: coastal area
• Nature based Solutions: Blue-Green-Grey-Digital infrastructure and services

• Urban-Rural linkages: Regenerative Agriculture & Biodiversity restoration & conservation
• Recycling and reuse of blue water à green water 
• N and P discharge and nutrient recycling à regenerative agriculture


