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In the 26th Conference of Parties of UNFCCC that concluded in Glasgow recently, the risks 
associated with climate change were reiterated as “code red for humanity”. In the confer-
ence, the Prime Minister of India also highlighted the importance  of  adaptation and resil-
ience initiatives that have been under-prioritized for long. Despite the existence of a host 
of techniques and approaches to climate resilience,  there is a lack of understanding on 
how climate resilience is built in different context, and the contribution of such undertak-
ings to climate actions. There is also very limited appreciation and recognition to the long-
term benefits associated with it. Inadequate flow of finances to adaptation initiatives stifle  
resilience actions at the ground level. 

Given this background, this document showcases select illustrations highlighting lessons 
learnt at the project level and provides pathways to accelerate the shift to resilient future. 
This could serve as a valuable resource for people working in the resilience space, the 
stewards of nature. This compendium includes illustrations covering diverse sectors like 
agriculture, water, forests, urban and rural development. The challenges are plenty and 
complex and many different actions will be needed. Besides strong policies, program  
support provided by the state, community supported and locally led initiatives are the 
most powerful levers we have, to build resilience across scales.

Many thanks to my colleagues, Yasar Khan, Nambi Appadurai and Shahana Chattaraj who 
worked on this valuable publication.

Sincerely,

O.P. Agarwal
CEO, WRI India
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Joint Mangrove Management 
n Green infrastructure is recognized as a carbon nega-
tive and climate resilient approach to meet multiple de-
velopmental goals. However, its creation and manage-
ment require a different set of participatory approaches 
that can enable resilient restoration of ecosystems. 
n The approach aids in creation of new livelihood 
opportunities, and support sustainable utilisation  
of ecosystem services, apart from serving as the natu-
ral bulwark against disasters- as witnessed during the 
2004 Indian Ocean tsunami. 

Infrastructure for Climate Resilient Growth
n Climate change is increasing the stress on the built grey 
infrastructure. By modifying certain  construction practic-
es, the associated losses and damage can be minimized. 
This illustration highlights such an approach for rural mi-
cro-infrastructure such as check dams, village tanks, and 
minor irrigation works, that serve as the foundation of ru-
ral economy.
n Mainstreaming of disaster resilience infrastructure 
into the flagship MGNREGS program.  Emphasis 
on enhancing the capacities of local communities to  
undertake climate action.

Peri-Urban Agriculture 
n Urban floods and other climate risks often have 
their roots in peri-urban areas. These risks provide 
an opportunity to integrate developmental priori-
ties of communities in peripheries of cities into ur-
ban planning. 
n An inclusive, sustainable, and climate resilient 
urbanization requires empowerment of marginal-
ized rural communities to enforce their civic rights 
on common property resources and draw economic 
benefits from them.

Climate Proofing Watersheds
n Watershed development is a tried and tested ap-
proach for integrated management of environmental 
resources in a region. However, for adaptation to cli-
mate change certain modifications are needed in the 
interventions to “climate proof” development based on 
climate projections. 
n Convergence of initiatives from governmental and 
non-governmental entities is an effective way to avoid 

maladaptation, enhance financial flows for climate re-
silience and build synergies for multiplicative benefits. 

Social Welfare for Migrants 
n Climate change impacts like sea-level rise, could  
increase forced out-migration of communities. The  
responses of Government of Kerala to the economic and 
social shock created by the Covid-19 pandemic provides 
a framework of measures to build resilience.  
n Decentralized governance, planning, and delivery  
systems that bring together government and 
non-governmental actors are crucial to respond to 
the social dimensions of a crisis.

Climate resilient pathways are sustainable de-
velopment trajectories that combine adaptation and 
mitigation strategies to reduce climate change and its 
impacts. It includes processes such as mainstreaming, 
climate-proofing, pilot-testing of new approaches, and 
scaling-up of successful models. It is a dynamic ap-
proach that strives to meet multiple objectives of de-
velopment as under Sustainable Development Goals 
(SDG); climate action priorities under Paris Agreement 
(2015)-Nationally Determined Contribution (NDC); 
and disaster resilience priorities under Sendai Frame-
work for Disaster Risk Reduction (2015-2030). 

An effective climate resilience strategy also requires 
monitoring and evaluation of the outcomes of climate resil-
ience initiatives and sustained, predictable finance for long-
term. The monitoring and evaluation component aids in 
identifying gaps in programs and provides a feedback loop 
to help improvise climate actions even during project cy-
cles. Sustained predictable finance ensures long term sup-
port for resilience initiatives that take longer time frames to 
provide outcomes. These dimensions ensure that climate 
resilience programs translate into measureable outcomes 
in the long run, such as decreased vulnerabilities, reduced  
losses from disasters, and improved livelihoods. 

The vision of Climate Resilience Practice (CRP) in 
WRI India  is to help stakeholders understand the drivers 
of climate vulnerability in their regional or policy context, 
support them in their adaptation efforts, and enable ac-
cess to the information, tools, and resources they need to  
integrate climate change in their plans and programs. 

PREFACE

A s the world continues to recover from the biggest 
social and economic shock of last century- the 
Covid 19 pandemic- the impacts of a changing 

climate are already visible around the globe. Disaster 
like floods, cyclones, and wildfires, caused damages of 
US$ 210 billion across the world in 2020. India faced 
two of the 10 most costly climate disasters of the world 
in 2020-the super cyclone Amphan and the June–Oc-
tober floods across the country, and by 2100, the coun-
try could lose 10% of its gross domestic product if cli-
mate change is not adequately addressed. Thus, there 
is  a need to build resilience of ecosystems, livelihoods, 
economic sectors, regions, communities, and assets 
against the multitude of risks that lie ahead.

Climate resilience refers to the ability of a  
system—natural or artificial—to adjust, absorb, resist, and 
recover from the stress and shocks brought about by cli-
mate change. There are a host of techniques and approach-
es for climate resilience that are being adopted in India.  
The document presents a snapshot of ten projects and ini-
tiatives from India that illustrate the strategy for building 
climate resilience. A special emphasis has been given to 
provide due recognition to locally-led initiatives and op-
portunities created by national programmes like MGN-
REGS. The purpose of this compilation is to acquaint read-
ers with the fundamentals of climate resilience in different  
sectoral context; the perspectives of stakeholders and 
the processes involved in climate resilience. It is not 
a research-intensive publication that seeks to estab-
lish the success of the covered projects through a de-
tailed investigation, rather a practical manual about  
operationalisation of  climate resilience initiatives on the 
ground. 

ILLUSTRATIONS

Climate Resilient Agriculture
n ICAR’s NICRA (National Initiative for Climate  
Resilient Agriculture) project incorporates local  
traditional practices and technological solutions 
to build resilience in agriculture sector. While this 
begins at the farm level, but it also requires interven-
tions across the rural economy. 
n The flexibility for the farmer to choose from resil-

ience options and a comprehensive package of mea-
sures under the project are essential for resilience of 
agriculture sector.

Farm Innovations 
n Certain local innovations and traditions are inher-
ently climate resilient. They need to be nurtured and 
scaled up to promote locally led adaptation. Three 
such innovations have been highlighted from West 
Bengal, Sikkim and Bihar.
n Cost-effective yet functional innovations by farm-
ers acting as entrepreneurs and change agents create  
opportunities for rapidly scalable models of locally-led 
adaptation

Climate Smart Wetland Management  
n Climate change risks and vulnerabilities cut across 
multiple sectors of economy. An integrated “smart”  
approach at the landscape level is needed to address 
these and meet development goals. 
n Cross-sectoral and convergence-based program for 
the entire wetland ecosystem of Mahanadi River in  
Chhattisgarh is the core strength of the project

Dhara Vikas Programme
n Building resilience is a continuous and cyclic process 
that has to operate under successive governments. An 
effective way to achieve this is to embed them into ma-
jor national programs such as MGNREGS. 
n The project’s game changer was the clear recognition 
of the benefits of the interventions in the springshed of 
Sikkim which enabled community-led action. 

Disaster Resilient City 
n  Data and information technology are critical pil-
lars of resilience, especially in ensuring timely actions 
across administrative boundaries and hierarchies. 
This illustration highlights the role of  information 
technology in building resilience against recurring 
floods in Surat.
n  Effective institutional structure for planning and  
coordination across administrative boundaries and 
public institutions at various levels play a key role in 
bridging gaps in implementation of climate resilience 
measures. It enhances the benefits of tools such as  
end-to-end early warning system.
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Today, as the world struggles to recov-
er from the 21st century’s biggest eco-
nomic and social shock—the COVID-19 

pandemic—other risks lie on the horizon. Al-
though the pandemic has demonstrated our 
lack of preparedness in managing shocks, it is 
an opportunity to prepare for  risks of the fu-
ture. Climate change— “an existential threat to 
humanity”1— and its impacts are no longer in 
doubt. It is a scientific fact. The planet is today 
warmer by 1.2°C compared to the pre- industri-
al level, and 2020 was the second-warmest year 
in recorded history (Sangomla 2020). Even 
as the world struggled through the COVID-19  
pandemic in 2020, disasters—such as cyclones, 
wildfires, and floods—caused US$210 billion 
in damages (Newburger 2021). The impacts 
of a changing climate are also visible in the  
Indian subcontinent, with unprecedent-

ed floods, frequent storms, locust attacks, 
droughts, and other disruptions (Agarwal and 
Jain 2020; IANS 2020). In 2018 alone, climate 
change cost India over 2,000 lives and $37 bil-
lion (Soni 2019). India endured 2 of the 10 most 
costly climate disasters of the world in 2020: 
the super cyclone Amphan and the June–Octo-
ber floods across the country (Tripathi 2021). 
By 2100, the country could lose 10% of its gross 
domestic product if climate change is not ad-
equately addressed (Dutt 2019). We face a  
climate crisis, much like the COVID-19 crisis, and 
time is running out to tackle it (AFP 2021). Thus, 
climate action and socio-economic development 
can no longer be regarded as distinct ends.

Fortunately, there are ways to achieve 
these twin ends. It is possible to modify farm-
ing practices, urban planning, and regional  
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1 World Economic Forum’s Global Risks Report 2021.

INTRODUCTION

GLOSSARY OF KEY TERMS

C L I M AT E  C H A N G E
It is the long-term shift in climate patterns at the global and regional levels.

C L I M AT E  P R O O F I N G
It is the process of integrating climate change, and its impacts, into ongoing  
development planning. It is one of the approaches used to “mainstream” 
climate action.

C L I M AT E  R E S I L I E N C E
It refers to the ability of a system—natural or artificial—to adjust,  
absorb, resist, and recover from the stress and shocks brought about by  
climate change.

C L I M AT E  R E S I L I E N T  PAT H WAY S
They are sustainable development trajectories that combine adaptation and 
mitigation to reduce climate change and its impacts.

G R AY  I N F R A S T R U C T U R E
This refers to the infrastructure designed and engineered by humans such as 
wastewater treatment plants, stormwater drainage system, seawalls, and dams.

G R E E N  I N F R A S T R U C T U R E
This refers to natural systems (such as forests, gardens, wetlands, or green 
roofs) that are strategically planned to provide services generally provided 
by gray infrastructure.

M A I N S T R E A M I N G  (C l i m a t e  A c t i o n  o r  C l i m a t e  C h a n g e )
It refers to the integration of climate action priorities into government plans, 
policies, budgeting, and decision- making. It is usually undertaken with  
an economic sector in focus. It is a much broader exercise than climate 
proofing. It also involves building new institutions, finance mechanisms,  
assets, and so on, for resilience against a range of risks (Schaar 2008).

M A L A D A P TAT I O N
It refers to actions that increase the risks or vulnerabilities associated with 
climate change.

R E S I L I E N C E
The ability to withstand and recover quickly from stress.



areas of India. It provides wages for guaranteed man-
ual work on a demand basis. The scope of the initia-
tive has been enhanced over the years to encompass  
natural resource management, agricultural produc-
tivity, fodder availability, and so on. Uniquely, the 
program also has a strong locally led orientation, with 
substantial powers  delegated to the Gram Sabha and 
other Panchayati Raj institutions to decide MGNREGS  
works. These opportunities for convergence are further 
demonstrated in the illustrations (Babu et al. 2013).

The purpose of this compilation is to acquaint 

readers with the fundamentals of climate resilience 
in different sectoral contexts. It seeks to familiarize 
readers with the perspectives and processes involved 
in building climate resilience through demonstra-
tions. It is not a research-intensive publication that 
seeks to establish the success of the covered projects 
through a detailed investigation, and nor is it a peer- 
reviewed publication that  incorporates the views of 
all the concerned stakeholders. Thus, the document is  
primarily intended to serve as a practical manual 
that demonstrates how climate resilience is opera-
tionalized on the ground.

development strategies, among others, in ways that  
reduce exposure to climate risks and build resilience 
against them. For instance, consider the devastating 
Indian Ocean tsunami of December 26, 2004, which 
although not a climate change induced disaster, 
provides certain key lessons on resilience. Unlike 
usual tsunamis with waves of up to 3m height, the 
2004 tsunami brought 17.3m waves into the Indi-
an coastline (National Geographic 2005; World 
Data n.d.). Although the disaster caused unprecedent-
ed devastation along the eastern coastline of India,  
certain pockets experienced surprisingly lower 
losses (World Data n.d.). The villages in Cuddalore  
district of Tamil Nadu were examples. It turned out 
that mangrove forests and casuarina plantations—
natural and artificial ecosystems, respectively—had 
dampened the impacts  of one of the most severe 
environmental shocks in known history (Danielsen 
et al. 2005).

Climate resilience refers to the ability  
of a system—natural or artificial—to adjust,  
absorb, resist, and recover from the stress and 
shocks brought about by climate change.2 It in-
cludes their inherent capacities to adapt to  
climate change, and to recover quickly in the  af-
termath of disasters. The interventions that form 
part of this process have additional benefits of gen-
erating sustainable livelihoods, and building resil-
ience to other stress and shocks like the covid-19 
pandemic and tsunami. In Cuddalore, the coastal 
ecosystem comprising natural as well as cultivated 
vegetation—mangroves and plantations, respec-
tively—exhibited enhanced resilience against the 
tsunami. There are many examples of such tradi-
tional practices across India, and the world, where 
communities have learned to manage changes in 
climate. But the rapid dynamic changes in climate 
of this century pose new and increased risks to com-
munities, changes that could be far more difficult 
for them to deal with. Thus, there is a need to up-
grade these traditional practices and simultaneous-
ly adopt more comprehensive strategies to manage 
the climate crisis. Resilience to a range of climate 
risks and vulnerabilities can be developed through 
contributions from a host of stakeholders. The  
associated short-term and long-term benefits of climate 
resilience, such as protection of biodiversity, go far 
beyond economic benefits. These stakeholders and 
outcomes are illustrated in Figure 1.

Many initiatives and projects have been under-
taken in India to manage the implications of climate 
change. These have enhanced the climate resilience 
of ecosystems, livelihoods, economic sectors, regions, 
communities, and assets. The following sections 
present 10 illustrations from India to showcase the 
strategy underlying these projects. These illustrations 
have been selected based on the following  consider-
ations: wide distribution across Indian states, incor-
poration of the perspectives of  diverse stakeholders 
(farmers, entrepreneurs, local bodies, state govern-
ments and central government, research institutions, 
international aid agencies, etc.), and inclusion of the 
key dimensions of climate resilience.

Apart from the techniques demonstrated here, 
a range of other climate resilience techniques are  
being adopted globally, such as climate smart villages,  
climate smart cities, nature-based solutions, and local-
ly led adaptation. India has ongoing projects on a few of 
these as well.  Though the complete range of interven-
tions, their  associated planning processes in the Indian  
context, and their outcomes are yet to be clearly estab-
lished. For instance, under the Climate Smart Cities 
initiative, many projects are yet to incorporate com-
prehensive planning for peri-urban areas and recog-
nize the need for nature-based solutions. Further, not 
all of the  vast number of climate resilience techniques  
have been covered in the illustrations here.

A special emphasis has been given for showcas-
ing locally led initiatives. These efforts are particu-
larly significant for the sense of ownership that they  
generate, which is a critical component for the suc-
cess of any resilience program. The snapshots of 
projects also attempt to demonstrate the importance 
of capacity building, institutional support, and pro-
visioning local communities with essential tools to 
support locally led adaptation.

At the same time, national-level programs offer 
a unique opportunity to build climate resilience 
through convergence with other programs and 
schemes. They are important for scaling up mod-
els across different regions. This has been demon-
strated through the Mahatma Gandhi National  
Rural Employment Guarantee (MGNREGS) 
scheme, which is a national social security pro-
gram that guarantees employment for at least 100 
days in a financial year to households in the rural 

2 Resilience refers to the “capacity of social, economic and environmental systems to cope with a hazardous event or trend or disturbance” 
and reorganizing in ways that maintain these systems’ essential functions, identity, and structure during such hazards (IPCC 2014).
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FIGURE 1: STAKEHOLDERS AND OUTCOMES

 Sustainable management  
of water, soil, forest, and  
other natural resources

Livelihoods that can withstand 
climate shocks and slow-onset 
changes like sea level rise

 Reduced damage and 
losses from disasters, and 
improved ability to bounce 
back from them

 Reduced vulnerabilities  
and risks for communities  
and assets Individuals

 Reduced carbon 
emissions

  KEY  
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OUTCOMES FOR  
PEOPLE AND THE PLANET

Governments  
(national and 
sub-national)

Private firms and  
aid agencies

Communities

Individuals

Research  
institutions
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Nirmal Pimpri is a typical Indian village locat-
ed near the town of Shirdi, a spiritual center,  
in Maharashtra. Home to about 1,200 fami-

lies, it lies in one of the driest parts of the country- 
Marathwada. Much like other Indian villages, most of 
its workforce (approx. 73.6%) is engaged in the agri-
culture sector, which is 90% rain fed (KVK  Babhalesh-
war(f) n.d.; Office of the Registrar General & Census 
Commissioner India 2011). The meager 45 cm of  
average annual rainfall that it receives, with no major 
river stream in its vicinity, caused persisting water 
shortages. There are years when the annual rainfall 
drops to as low as 24 cm, as in 2011, leading to severe 
droughts (Reddy et al. 2012). The low erratic rainfall 
has also led to agricultural underdevelopment and 
dependence on other regions for food, water, and 
livelihood needs (Office of the Registrar General & 
Census Commissioner India 2011).

Farmers adapted to this reality by growing pearl  

millet (bajra), rabi sorghum (jowar), maize, wheat, on-
ion, and pomegranate, albeit with lower productivity. 
At the same time, faced with an acute water shortage for 
irrigation, farmers increasingly relied on open wells and 
bore wells. The village’s groundwater resources were 
categorized as“overexploited,” and this overdepen-
dence on groundwater was another risk for sustainable 
agriculture here (GSDA and CGWB 2014). Moreover, 
located as it was in the groundwater basins of emerging 
megacities like Pune and in a district known for sugar-
cane cultivation, Nirmal Pimpri could not rely on this 
rapidly depleting resource alone (Kraas and Butsch 
2011). Dairy farming had also been an important part 
of the village’s economy (KVK  Babhaleshwar(e) n.d.). 
However, during summers there were acute shortag-
es of water and fodder for the livestock. These factors 
limited the prospects for agriculture development in 
the village.

Nirmal Pimpri  is located in Ahmednagar district, 
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the 31st most vulnerable district to climate change in 
India. Climate projections for the district indicated  
a further rise in the number of drought years.  
The low expanse of irrigated area in the district limit-
ed the options for adaptation in the village (Rama Rao 
et al. 2013), and neither could groundwater serve as a 
long-term solution to manage the acute water stress 
(GSDA and CGWB 2014). In India, climate change is 
projected to reduce crop yields by 4.5% to 9% between 
2010 and 2039. Such productivity losses could se-
verely impact the livelihoods of farmers in the village. 
During 2010–11, the Indian Council of Agricultural 
Research (ICAR) launched a major all-India project, 
National Initiative for Climate Resilient Agriculture 
(NICRA), to enhance the climate resilience of Indian 
agriculture (CRIDA n.d.). In 2011, Nirmal Pimpri was 
selected as one of the project sites under NICRA.

Climate Resilience Strategy

The NICRA project aimed to enhance the climate 
resilience of crops, livestock, and fisheries by devel-
oping and applying improved production and risk 
management technologies. It sought to demonstrate 
site-specific technologies at the field level for adap-
tation to climate risks. It also attempted to enhance 
the capacities of scientists and other stakeholders for 
undertaking climate resilient agricultural research 
and application (CRIDA n.d.). The project consisted 
of four components: strategic research, technology 
demonstration, capacity building, and competitive 
grants (CRIDA n.d.).

Strategic research was initiated at the nation-

al level in 2011–12 to assess the vulnerabilities of  
multiple districts of India, including Ahmednagar.  
It also included evolving adaptation strategies in  
agriculture and livestock, and studying the impacts  
of climate change on crops, fisheries, and pests.  
Research on critical gaps in the project and other  
problems such as the socioeconomic impact of  
climate change and hailstorm management  
was also sponsored through competitive grants 
(CRIDA n.d.).

The goal under the Technology Demonstra-
tion Component of the project was to arrive at the  
specific intervention/strategy for a location through 
participatory evaluation (Reddy et al. 2014). ICAR 
partnered with Central Research Institute for Dry-
land Agriculture (CRIDA), Hyderabad, and Krishi Vi-
gyan Kendra (KVK), Babhaleshwar, to implement the  
program in Nirmal Pimpri (Reddy et al. 2014). 

To identify the interventions, an appraisal was 
conducted in the village to understand its farming 
systems, resource situation, constraints, and climatic 
vulnerabilities. Panchayats and the state’s line de-
partments participated in the appraisal, which also 
involved identification of opportunities for climate 
change adaptation and mitigation of farming com-
munities in the village (Reddy et al. 2014). Subse-
quently, a range of location-specific measures were 
identified and adopted in the village that covered 
natural resource management, crop production, live-
stock management, and capacity building of farmers 
(KVK Babhaleshwar(c) n.d.).

 Water resource management was one of the top 
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Kolhapuri-type weir, an alternative low-cost water storage and 
retention technology that can be constructed on minor water 
streams. (Multimedia Enterprises n.d.)

priorities for the village. To increase the availability 
and efficiency of water usage, a package of measures 
was adopted in the village through the local KVK  
in Babhaleshwar. Water storage tanks and  
low-cost Kolhapuri-type weirs were renovated 
and desilted in the village, to increase water stor-
age locally and enhance groundwater recharge.  
Simultaneously, micro-irrigation was promoted for 
horticulture crops (pomegranate) to improve wa-
ter-use efficiency. Composting of agricultural waste 
generated was also undertaken to improve soil-nu-
trient management. This further reduced carbon 
emissions from agriculture. As a part of a monitoring 
and evaluation tool, a village-wise soil fertility index 
was developed in the state to periodically monitor 
the status of soil health and natural ecosystems (In-
tegrated Nutrient Management Division 2012; KVK 
Babhaleshwar(c) n.d.) Kolhapuri-type weir, an alter-
native low-cost water storage and retention technol-
ogy that can be constructed on minor water streams.

 For cropping, as an improvement over tradition-
al drought-resistant crops such as bajra and jowar, 
mixed cultivation of moth bean (a drought-resis-
tant legume) and bajra was taken up in the village. 
This new method notably helped minimize evapo-
rativelosses during cultivation and improved soil 
health. The farmers were also provided with PUSA 
hydrogel, a water-absorbent polymer developed by 
Indian Agriculture Research Institute (IARI) to ef-
ficiently cultivate crops with relatively higher water 
requirements such as onion and pomegranate. This 
polymer has the unique property of swelling up by 
absorbing water, and then gradually releasing the 
water when the osmotic pressure at the crop roots 

increases (KVK Babhaleshwar(a) n.d.; Wadke 2017). 
The technology enabled better management of water 
stress and optimum growth of crops. Similarly, tar-
geted locally feasible innovations were selected for 
other crops based on on-farm testing. These includ-
ed soil mulching using plastic sheets and bio-pesti-
cides to tackle wilt infestation in pomegranate (KVK 
Babhaleshwar(c) n.d.; Reddy et al. 2014). Agroforestry  
is a key part of dryland management owing to its 
multitude of benefits. Under the project, drumstick 
trees were introduced in Nirmal Pimpri.

Diversification of income is an essential compo-
nent of livelihood resilience. As the village is close to 
urban centers, dairy farming has great growth po-
tential. However, water stress and fodder shortages, 
especially after March, have been a major factor lim-
iting its growth.

Further, the village depends on fodder from  

Application of PUSA hydrogel in Nirmal Pimpri  
(KVK Babhaleshwar(a) n.d.)

FIGURE 2: PROJECT COMPONENTS OF NICRA
Sources: KVK Babhaleshwar(a) n.d.;  KVK Babhaleshwar(c) n.d.;  Reddy et al .  2014; Wadke 2017.
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SECTOR: AGRICULTURE & ALLIED
PROJECT TIMELINE: 2012– ongoing

CLIMATE  VULNERABILITIES  
ADDRESSED

Drought, moisture stress, 
heat stress, groundwater 
depletion, socioeconomic 

vulnerabilities

RESILIENCE MEASURES
UNDERTAKEN 

Climate smart  
agriculture, natural 

resource management, 
livelihood resilience

KEY  
STAKEHOLDERS

Research Institutions 
(CRIDA-ICAR), Agriculture 

Extension Center  
(KVK Babhaleshwar)

GAME  
CHANGER

Flexibility for the farmer  
to choose from resilience  
options and a comprehen-
sive package of measures

other villages, which increased their cost of milk  
production (KVK (Pirens), Babhaleshwar 2020).  
Under the project, low-cost silage-making tech-
nology was introduced in the village as an alter-
native to green fodder. The silage was made from 
locally available sugarcane tops and maize fod-
der, using local labor by providing tools such as 
chaff cutters. The initial cost of local silage pro-
duction was driven down by an innovation in si-
lage pit construction that used plastic paper bags 
instead of concrete. To further enhance the lo-
cal fodder availability, KVK introduced multi-cut 
fodder sorghum, Jayawant (a perennial fodder), 
Stylo (a rain-fed fodder from Brazil), and Azolla  
(aquatic ferns that can be used as fodder) (KVK 
Babhaleshwar(e) n.d.) Moreover, drought- and  
disease-resistant varieties of livestock such as Os-
manabadi buck and Vanraja poultry were intro-
duced in the village to manage productivity losses 
due to climate change (KVK Babhaleshwar(d) n.d.) .

These measures were to be undertaken by farm-
ers, and hence enhancing their capacities was an 
essential part of the project (Reddy et al. 2014) The 
project involved extensive training of farmers—in-
cluding women, for opportunities in dairy farming—
through field visits, special sessions, circulation of 
literature and books, and so on. SMS-based adviso-
ry services were also provided to the farmers (KVK 
Babhaleshwar(c) n.d.).

Outcomes and Drivers of Success

These interventions dramatically improved the 
yields across crops: onion by 28.8%, bajra by 9.77%, 
and pomegranate by 21.87%. It has also led to water 
savings of up to 34–35% in onion and pomegran-
ate. Today, farmers are able to ensure the survival 

of pomegranate plants even during summers owing to 
improved irrigation efficiency. As a result, there has 
been a growth of about 52% in the number of pome-
granate cultivators in the village. The quality of pro-
duce has also improved substantially (KVK Babhalesh-
war(b) n.d.). The groundwater level of Nirmal Pimpri 
has increased, and is now available up to the month of 
March. The village has transformed into an exporter 
of green fodder to other villages in the district as well 
(KVK (Pirens), Babhaleshwar 2020). The impacts of 
the project on rural livelihood are most evident in its 
short-term livelihood gains. The initiatives in fodder 
and livestock management have also been particularly 
successful in creating livelihood opportunities for the 
women of the village.

The interventions under the NICRA project harmo-
niously integrated technological solutions, traditional  
practices, and the current preferences of farmers.  
Innovations at multiple stages to lower the cost of  
interventions increased their financial viability and  
enabled their greater adoption by local farmers. 
The solutions focused on a wide range of crops si-
multaneously, giving local farmers the freedom to 
choose based on their own skill sets and preferences.  
No homogeneous crop-specific solution was envisaged.  
This in effect made the program locally led, despite  
being spearheaded by national institutions. At the same 
time, interventions were not in the form of a piecemeal 
program looking at on-farm interventions alone.

The interventions have been able to simultane-
ously increase crop productivity, enhance the climate  
resilience of farming, and curb greenhouse emissions, 
the three goals of climate smart agriculture. It has 
set the ball rolling for the creation of “Atma-nirbhar  
(self-sufficient)” Nirmal Pimpri that is able to provide 
for the needs of local communities around the year.

A climate resilience solution is not always top-
down driven; it can also begin at the grassroots. 
It is often driven by the intuitive choice of in-

dividuals who are frequently impacted by changing 
climate and benefit directly from resilience interven-
tions. Indian farmers have been at the forefront of 
extreme weather events and changes in climate for 
centuries. Necessity, adversity, opportunity, and a 
change in perspective have been some of the main 
drivers of farm innovations. They have pioneered in-
novation in resilience measures in Indian agriculture. 
Their centuries of experience in adapting to extreme 
weather events and changes in climate are embedded 
in the traditional practices of farming communities. 
Today, they continue to innovate to address the new 
challenges of climate change. There are many exam-
ples of such farm-level innovations across the coun-
try, covering soil and water management, low-cost 
farming solutions, and new livelihood opportunities. 
Three such innovations are highlighted in this section.

Madan Mandal is an experienced small farmer 
from Bongheri village in South 24 Paraganas, West 
Bengal. In his irrigated 1-hectare farm, he usually 
cultivates paddy. His village falls under the coast-
al agricultural zone, which witnesses torrential and 
erratic rainfall during monsoons, resulting in water-
logging and inundation of farms. The prolonged sub-
mergence of paddy seedlings had caused increased 
crop losses. The village is also very vulnerable to 
floods and cyclones. Climate change is even prolong-
ing this period of extended submergence of paddy 
fields to 10–12 days. Mandal, who has been formally 
educated up to the seventh standard, devised an in-
novative solution to his problems through a floating 
nursery for paddy seedlings (Rama Rao et al. 2017). 
See the box titled “Floating Paddy Seedbed of Madan 
Mandal in West Bengal.”

Gokul Rai is a farmer from Nandok, East Sikkim. 
In his ~1 hectares (ha) of rain-fed land, the young 

2
FARM INNOVATIONS

Agricultural work at Nodai Seeds farm, 
Bilaspur -2007 ILO/Benoit Marquet  

(ILO Asia-Pacific 2007)
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JALKUND-BASED AGRIPRENUERSHIP  
OF GOKUL RAI IN SIKKIM

Gokul Rai recognized an opportunity in rainwater harvesting. He volunteered 
to adopt the pond technology provided by the local Krishi Vigyan Kendra 
(KVK). He constructed a low-cost water harvesting structure, a 40 m3 
Jalkund, on his farm. The Jalkund was designed to tap the flowing water from 
the village stream during the water-surplus kharif season. The stored water 
is used during the rabi season to cultivate horticultural crops, including  
vegetable seedlings, cabbage, and broccoli. He further improved the   
efficiency of pond water use by adopting a micro-irrigation system. For  
this, he lifted the sprinkler system by -1.5 feet (ft), and the crops were  
irrigated through water discharge due to gravitation, rather than by  
amotorized system.

 This innovation has increased the cropping intensity from 100% to 216%.  
At the same time, he has diversified the range of organic crops cultivated in 
his farm to mustard and cole. It has also enabled him to manage mid-season 
droughts. He is now a commercial vegetable seedling provider in the district 
and a disseminator of technical know-how to other farmers. He is also  
working with KVK scientists to further improve his farming practices.

Rai now enjoys net returns of `85,250 from arable land of 0.45 ha  
(an over fivefold improvement). For his novel approach, Gokul Rai was  
given the Best Rural Youth Farmer award in 2013 by ICAR (Deka et al. 2017;  
KVK Ranipool 2017; Rama Rao et al. 2017).

Jalkund in Nandok village, East Sikkim. 
Image Credit: 2017 ATARI (Deka et al. 2017)

Water-saving micro-irrigation method  
by Gokul Rai. Image Credit: 2017 ATARI 
(Deka et al. 2017)

FLOATING PADDY SEEDBED  
OF MADAN MANDAL IN WEST BENGAL

In the transplantation method, paddy seeds are first 
matured for 30–35 days into seedlings. The seedlings 
are then transferred to paddy fields with standing 
water for maximum productivity. But the prolonged 
submergence of seeds during the initial phase can 
significantly reduce yields and kill the seedlings 
(International Rice Research Institute 2006). Madan 
Mandal innovatively built the entire seedbed on a 
bamboo frame that can float over water to avoid 
submergence. The 10 foot (ft) × 4 ft bamboo frame is 
overlain with a polythene sheet, and a thin layer of top 
soil is spread over it. To ensure that the frame remains 
afloat over water, either bamboo poles are fixed at its 
four corners, or it is manually lifted as the water level 
increases, or it is fixed on empty plastic vessels.

This method, apart from protecting seedbeds from 
submergence, allows timely seedbed preparation in 

case of delayed monsoon or heavy precipitation  
during the initial phase of the monsoon. Further, 
the seedlings of the floating seedbed are ready for 
transplantation just 24 days after sowing, leading to 
early transplanting. The sown paddy seedlings of the 
floating nursery also have —22% higher yields at 33 
quintal /ha compared with the traditional method of 
water-soaked paddy seeds (Rama Rao et al. 2017).

farmer has been growing rice and maize during the 
crop season of good rainfall, that is, the kharif sea-
son. However, a mere 26.9 cm of rainfall during the 
rabi season forced him to fallow the fields. In small 
pockets of his farm, he also cultivated crops like 
broccoli, cabbage, and garden peas using the water 
provided for domestic use. However, the net returns 
from his arable land of 0.45 ha were very nominal 
at  just ₹16,500 per year. The temperatures in Nan-
dok and the proximity to Gangtok provided oppor-
tunities for horticultural crops, but water shortages 
limited his prospects. Faced with these challenges, 
Gokul worked with the local Krishi Vigyan Kendra 
(KVK) to turn his agripreneurship ideas into reality 
through a Jalkund (farm pond) (Deka et al. 2017; 
Rama Rao et al. 2017). See the box titled “Jalkund-
Based Agriprenuership of Gokul Rai in Sikkim.”

Sunita Kumari is a farmer from Tebta village in 
Bihar that is located near the cities of Patna and 
Gaya. She has been cultivating many crops, includ-
ing paddy, in her rain-fed agricultural land of 10 
ha. The land here is fertile, and average ground-
water levels remain high at 1–5 m below ground  
level (b.g.l.) (India-WRIS n.d.). This allowed  
farmers in the region to cultivate multiple crops in 
a year. However, once October arrives, the farmers 
are in a rush to clear their fields to sow the next 
crop. Left on its own the crop residue would have 
taken one and half months to decompose. Burning 
of paddy straws in the field thus became the default 
choice of the farmer because of its quick, cheap and  
efficient nature (India- WRIS n.d.). However, this 
practice damages soil quality and generates large 
emissions of pollutants and greenhouse gases. This 
has been a problem not just for Sunita Kumari and 
the farmers here, but also for other settlements in 
the region. Sunita, though, had other ideas about 
this agricultural “waste” (Rama Rao et al. 2017). 
See the box titled  “Value Addition to Paddy Straw 
by Sunita Kumari in Bihar.”

Climate Resilience Strategy

Farmers develop their own strategies to address  
their perceived vulnerabilities and tap into the op-
portunities specific to their farm. Rather than re-
lying on the institutional emphasis on programs, 
often, it is the farmers’ own hard work and experi-
ence  that enables them to develop their own solu-

VALUE ADDITION TO PADDY STRAW  
BY SUNITA KUMARI IN BIHAR

Faced with the challenge of paddy straw disposal,  
Sunita Kumari thought of using it in alternative  
ways. She began using the “waste” for preparing 
idols and structures of historical importance.  
October was when major festivals such as Diwali 
and Dussehra were celebrated, which was an  
additional opportunity. Thus, the availability of 
cheaper eco-friendly alternatives was a win-win  
for farmers and consumers.

In this method, paddy straw is first soaked in  
water for 10–15 minutes to loosen the fibers. The 
moist individual straws are then ironed to get the 
required stiffness. The straws are finally cut and 
pasted on the back side of a piece of paper, and the 
desired design is made on the front side. The entire  
process is based on human labor and thus creates 
employment opportunities as well.It provides an 
environment-friendly alternative to the traditional 
approach of making idols using hay.  
Moreover, in the new process, even rotten and  
old straw can be used to make structures.

Sunita Kumari is generating an additional income 
of `5,000 per month by making these articles.  
She has also inspired many other women in the 
area to take up this initiative at their homes as a 
small business enterprise. Surveys show a decline 
of —21% in crop burning in the area between 2014 
and 2017.  She now has plans to expand her  
business to other villages as well  (Rama Rao  
et al. 2017).

tions. It involves drawing inspiration from similar 
models in different parts of the world or creating a 
new approach by merging the different needs of the 
hour. In the process, farmers take inputs from other 
support systems such as farming communities, ex-
perts at the regional KVK, and cooperatives. Madan 
Mandal, Gokul Rai, and Sunita Kumari developed 
their resilience strategies in the following ways.



SECTOR: AGRICULTURE & ALLIED
PROJECT TIMELINE: Not applicable

CLIMATE  VULNERABILITIES  
ADDRESSED

Drought, floods,  
carbon emission

RESILIENCE MEASURES
UNDERTAKEN 

Natural resource  
management,  

livelihood resilience

KEY  
STAKEHOLDERS

Farmers, Krishi  Vigvan  
Kendra (KVK) 

GAME  
CHANGER

Cost-effective yet  
functional innovations by 
farmers acting as entrepre-
neurs and change agents
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Outcome and Drivers of Success

Innovation and entrepreneurship have played an 
important role over the years in making farming  
remunerative. Today, we recognize their importance 
for enhancing the climate resilience of farming.  
Although these ideas do not belong to the main-
stream discourse, they are invaluable for com-
munities at the forefront of managing the risks  
associated with a changing climate. The examples 
of these farmers indicate a growing sense of re-
sponsibility toward climate action at the ground 
level, and a growing understanding of the necessi-
ties of adaptation and resilience to climate change. 
The success of these aspirations has been driven 
by an ecosystem of support systems that provided 
finance, information, know-how and other inputs 
to the farmers.

These grassroots innovations, due to their cost- 
effectiveness, can also be replicated at a much fast-

er rate, extending their potential benefits far beyond 
individual farms. Recognition of the principles of 
shared responsibility and collective action is also a 
prerequisite for sustainable management of natural 
resources, which is strengthened by encouraging 
actions at an individual level. Climate resilience be-
comes most meaningful when it tangibly improves 
the lives and livelihoods of communities impacted 
by climate change. Madan Mandal, Gokul Rai, and 
Sunita Kumari are just a few of the Indian farmers 
who are making this movement a reality.

These innovations certainly do not constitute a 
comprehensive program for enhancing the resil-
ience of farming. In other contexts, their scaling 
up could pose new challenges for farmers and oth-
er stakeholders. Certain elements of these innova-
tions, such as the use of plastics, could have neg-
ative environmental impacts. Yet, such efforts are 
vital for supporting locally led initiatives in climate 
resilience and climate change mitigation.

Ecosystems are complex natural systems. They  
encompass not only nonliving elements such as 
soil and water, but also the local biodiversity, and 

even humans. This makes the task of sustainable  
management of these entities challenging, let alone 
managing their vulnerabilities due to a changing  
climate. This illustration covers the process for sus-
tainable management of the wetland ecosystems of  
Mahanadi river. Wetlands are a unique transitional 
ecosystem that lie between land-based (terrestrial) 
and water-based (aquatic) ecosystems, and are in-
undated with shallow water for at least some parts 
of the year. These ecosystems are particularly signifi-
cant for recharge of groundwater, water purification, 
and carbon sequestration. They serve as habitats for 
biodiversity and perform a multitude of other ecosys-
tem services.

The Mahanadi is one of the largest rivers of  
India, and has unique significance for the states of CG 
and Odisha. The river originates in the dense forest 
area of Dandakaranya in southern CG, subsequently 
flows north through the agricultural plains of cen-

tral CG and then east through the forested areas of  
Odisha, before draining into the Bay of Bengal  
(Dhamtari District Administration n.d.). The river 
provides for the irrigation needs of central CG and 
also serves the urban-industrial needs in cities such 
as Raipur and Bhilai (ENVIS Centre CECB 2016;  
Government of Chhattisgarh 2018; Sharma et al. 2014).

Climate change poses multiple risks to the  
Mahanadi River ecosystem and the communities 
that depend on them. In the last century, the cli-
mate in the central districts of CG has become drier, 
and droughts and long dry spells have become more  
frequent (Mishra 2018). Studies suggest that the riv-
er is particularly vulnerable to droughts in April and 
floods in September (Government of Chhattisgarh 
2018). These changes could lead to an increased 
demand for irrigation water, water shortages, and  
serious damage to paddy, the predominant crop of the 
state. In 2016, the Chhattisgarh State Centre for Climate 
Change sought to address these vulnerabilities through 
long-term restoration and management of the wetlands 
of the Mahanadi River basin (NABARD(a) n.d.).

Mahanadi catchment 
area in Chhattisgarh  
(ENVIS-CECB 2016)

3
CLIMATE SMART 
WETLAND  
MANAGEMENT- 
CHHATTISGARH



24 | Climate Smart Wetland Management-Chattisgarh Climate Smart Wetland Management-Chattisgarh | 25

Resilience Strategy

The project was to be undertaken over four years, from 
2016 to 2020, but has been extended owing to the 
COVID-19 pandemic. It aims to promote an integrat-
ed climate adaptation strategy for wetland-dependent 
communities: farmers, fishermen, forest dwellers (in-
cluding tribals), and resident villagers in the wetland 
area (Government of Chhattisgarh 2018). A few pilot 
projects were undertaken in select wetlands of the riv-
er basin as part of the strategy. The lessons and best 
practices from them are to be subsequently dissemi-
nated across the wetland-dependent communities.

The sites of the pilot projects were strategically  
selected in the catchment area of the Mahanadi so 
that they can provide a comprehensive strategy for 
the wetlands across the state, including the wetlands 
of the Mahanadi. The pilot sites included both natural 
and artificial wetlands with declining water resources, 
and featured a mix of forest, agriculture, and wetland 
ecosystems. The existence of vulnerable communi-
ties such as marginal farmers and forest-dependent 
communities was also factored in when identifying 
the wetlands. The total coverage area was 20,000  
ha from three districts. Climate smart wetland  
management practices were initiated subsequently  
in the pilot areas (NABARD (a) n.d.).

Mahanadi river basin (CCZMCSB 2015)
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Climate smart wetland management practices 
are a set of strategies for sustainable management 
of  wetland ecosystems. They are designed to address 
the specific vulnerabilities of wetlands. As a first step, 
research organizations (such as IIT Delhi and Ch-
hattisgarh Council of Science and Technology) were 
consulted to undertake an extensive study on the 
climate vulnerability of the ecosystems and commu-
nities in the pilot areas. These vulnerabilities were 
identified based on projections of climate change 
and the adaptive capacities of communities to cope 
with them. These adaptive capacities were assessed 
through many co-related factors such as household 
incomes, incidence of poverty, and access to drinking 
water. Based on the identified vulnerabilities, an in-
tegrated adaptation strategy was implemented in the 
pilot areas. An array of state departments, research 
institutions, and NGOs were roped in to implement 
various interventions. They included the state depart-
ments of Panchayat and Rural Development, Forest, 
Agriculture and Animal Husbandry, and Scheduled 
Tribes Welfare, among others. The district adminis-
tration and local governing institutions such as the 
Gram Sabha played an important role (Government 
of Chhattisgarh 2018).

The integrated strategy involved a host of in-
terventions on both the demand and supply sides.  
It included steps for water management, agriculture, 

fisheries, forestry, and health and nutrition. The wa-
ter management activities included construction of 
water storage structures at the village and farm levels, 
plantation along river banks, pond bunding, catch-
ment area treatment, and gully plugging. The activi-
ties also included watershed development, in which 
most notably, the ridge-to-valley approach was ad-
opted. The ridge-to-valley approach is a method of 
climate resilient watershed management in which 
the interventions begin at the top ridge of the water-
shed, and then progress downward to the valley. It is a  
scientific method that increases the stability, durabil-
ity, and efficiency of soil and water conservation mea-
sures downstream (Sen and Vaghasia n.d.).

Resource-efficient farming practices such as 
micro-irrigation, System of Rice Intensification 
(SRI), climate smart agriculture (CSA), and crop 
diversification were introduced as demand-side in-
terventions. The CSA and SRI farming techniques 
also reduce carbon emission from agriculture, and 
have been promoted through training imparted to 
farmers. The interventions have the additional ben-
efits of improving water quality and soil health in 
the watershed. The structural measures of wetland 
management relied on local materials and labor. 
This reduces the cost of construction of physical as-
sets and simplifies their maintenance (Government 
of Chhattisgarh 2018).

 

FIGURE 3  PROJECT COMPONENTS OF CLIMATE SMART WETLAND MANAGEMENT IN CHHATTISGARH
Sources: Government of Chhattisgarh 2018.
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SECTOR: WATER,  AGRICULTURE &  
ALLIED HEALTH (cross-sectoral)
PROJECT TIMELINE:  2016– (ongoing)

CLIMATE  VULNERABILITIES  
ADDRESSED

Drought, floods,  
socioeconomic

RESILIENCE MEASURES
UNDERTAKEN 

Natural resource  
management, 

 livelihood resilience

KEY  
STAKEHOLDERS

Chhattisgarh State Centre on  
Climate Change,  multiple state 
departments local governing  

bodies (such as Gram Sabha and 
Joint Forest Management Commit-
tees ( JFMCs), NABARD, research 
institutions (such as IIT Delhi)

GAME  
CHANGER

Cross-sectoral and 
convergence-based 
program for the entire 
wetland ecosystem

To reduce the socioeconomic vulnerabilities of 
communities dependent on the Mahanadi’s wetlands, 
additional measures to ensure livelihood resilience 
and improve health and nutrition status were under-
taken. The livelihood resilience measures included 
diversification of farm incomes (toward opportuni-
ties such as fisheries, poultry, non-timber forest pro-
duce, and duck farming), access to farm advisories, 
and promotion of eco-tourism. The program also in-
volved setting up health camps to raise awareness on 
health issues such as vector-borne diseases and nu-
trition. Selected households were also supported with 
measures related to drudgery reduction (through 
measures such as smokeless chulha), drinking water 
treatment (such as chlorination), and promotion of 
kitchen gardens (Government of Chhattisgarh 2018).

The program since its conception aimed to  
replicate climate smart wetland management practices 
across the rivers in the state. As a part of a “soft-adapta-
tion strategy,” these lessons are planned to be dissem-
inated widely in vernacular languages through various 
media platforms. Know-how and best practices will be 
disseminated through web portals, workshops, reports, 
journal articles, brochures, videos, and so on. These  
efforts will blend traditional knowledge and frontier 
technologies to enhance the adaptive capacities of 
communities (Government of  Chhattisgarh 2018).

Outcomes and Drivers of Success

The project was originally planned to conclude by 
July 2020 (Government of Chhattisgarh 2018). How-
ever, the ongoing pandemic has modified these time-
lines, and the new end dates have not been declared. 
The project is estimated to have benefited ~18,500 
farmers and wetland-dependent communities in the 
pilot project areas alone. About 1,500 farmers are 
estimated to have switched to CSA practices, and 

over 500 forest-dependent communities will be pro-
vided with alternate livelihood options. The project 
will bring about 1,500 ha under green cover (planta-
tion) and directly benefit over 20,000 ha of wetland 
area. Further, it is expected to improve the health  
indicators of over 2,000 households directly through 
measures such as smokeless chulha and kitchen  
gardens (NABARD(a) n.d.).

The climate smart wetland project of the Mahana-
di basin is an example of climate smart strategies that 
adopt a comprehensive integrated approach to target 
the vulnerabilities associated with climate change. Such 
strategies are most effective when adopted as a pack-
age of programs that converge at the local level. The 
project mainstreams the climate action agenda across 
the sectors of water, forest, agriculture, and health si-
multaneously. For this, the program brought together 
6 state departments, 11 research institutions, local gov-
erning institutions, and many NGO partners. The Ch-
hattisgarh State Centre on Climate Change, which was 
established in 2015, served as the all-important nod-
al agency that ensured coordinated implementation 
of the project. The innovative components of knowl-
edge dissemination would also enable replication and  
scaling up of lessons across similar regions.

One of the biggest hurdles in undertaking such  
extensive programs is ensuring collaboration among 
the participating entities. However, such conver-
gence is also necessary to address the cross-sectoral 
nature of climate risks and vulnerabilities. The ongo-
ing national programs, such as the Aspirational Dis-
trict Programme, also emphasize the importance of 
convergence of various government schemes at the 
district level. Such a reorientation in approaches to 
climate action planning and development planning 
makes them outcome oriented. It also makes it easi-
er to identify corrective measures if the outcomes are  
not achieved. Life on the planet originated from water. It is cen-

tral to the functioning of ecosystems, survival of 
biotic life-forms, and even human progress. The 

Himalayas, an integral part of India’s water lifeline, 
is drying up, and this is most evident in its dying 
water springs (NITI Aayog 2018). Springs are loca-
tions of the natural discharge of groundwater on the 
surface. They are an important source of water for 
many rivers and streams. They are an indicator of the 
health of not only the groundwater table but also of 
the entire ecosystem. These springs hold particular 
significance for resident communities in hilly areas 
as well as those who depend on them for their drink-
ing water, irrigation, and other needs. For many, they  
are the sole source of water.

In Sikkim, the state of water springs was particu-

larly alarming in the mid-2000s. Early surveys in-
dicated a decline in water production for half of the 
springs (NITI Aayog 2018). This was particularly 
concerning as nearly 80% of Sikkim’s rural house-
holds depend on springs for their drinking water and 
irrigation needs (NITI Aayog 2015). The problems 
of water scarcity were even higher for South Sikkim 
and West Sikkim districts, which receive much lower 
rainfall than other districts (NITI Aayog 2015). Fur-
ther, the springs and aquifers in these regions are fed 
by rainfall and not glaciers, unlike springs in other 
regions, and thus their recharge is directly impacted 
by changes in rainfall regimes.

Climate change has increased the frequency of 
very short bursts of heavy rainfall in Sikkim. As a 
result, 80–85% of the rainwater was being lost as 

Yumthang Valley,  
Sikkim (Kumar 2017)
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surface runoff (Vertiver Creative Agency 2020).  
By 2008, these districts experienced more droughts 
in summer. Many streams and springs also began to 
dry up. The Government of Sikkim recognized that  
it was imperative to address these issues. In 2008,  
a robust climate adaptation strategy for the drought-
prone districts of South Sikkim and West Sikkim  
was launched in the form of the Dhara Vikas  
(springshed development) program, which sought  
to revive the state’s dying lakes, springs, and streams 
(NITI Aayog 2015).

Resilience Strategy

The objective of the program was to break the cycle 
of water abundance and scarcity. This was to be pri-
marily achieved by capturing the runoff water and 
using it to recharge groundwater. It involved using 
the techniques of rainwater harvesting, geohydrolo-
gy, and geographical information systems (GIS). In 
the first year of the program, several capacity-build-
ing programs were launched covering these tech-
niques for local communities. A new cadre of trained  

professionals was also created, including para-hydro-
geologists, and they were to play a key role in the sub-
sequent stages of the program for ensuring effective 
local participation (NITI Aayog 2015).

Simultaneously the Department of Rural  
Management and Development, Government of  
Sikkim, initiated studies to identify recharge areas for 
springs and watersheds. These were identified based 
on local geohydrology for the entire state. Extensive 
resource mapping was undertaken to identify the 
recharge areas, and ultimately village spring atlas-
es were prepared to provide village-level geotagged  
details regarding springs at the village level (NITI 
Aayog 2015). They include details such as GPS  
location, catchment status, and discharge (Arrawatia 
and Tambe, 2012).

Later, in 2010, a pilot project was initiated to  
revive Nagi Lake in South Sikkim, which had gone 
dry 25 years ago. The local Gram Panchayat of  
Nagi Karek took the lead in artificially redirecting 
spring water toward the lake. It involved digging 
trenches and laying pipes over 10 km through the 

3 The MGNREGS is a national programme for employment guarantee in rural areas. It was launched in 2006  as a social security measure 
to provide guaranteed manual paid work for at least 100 days in a year (Department of Rural Development 2019). It is implemented by  
state governments as a centrally sponsored scheme.

FIGURE 4 PROJECT COMPONENTS OF THE DHARA VIKAS PROGRAM
Notes: GIS = geographical information system; NGO: nongovernmental organization.   Sources: NITI Aayog 2015.
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participation of local communities under the Mahatma 
Gandhi National Rural Employment Guarantee Scheme 
(MGNREGS).3 The benefits of the project were soon 
evident in Nagi Karek village and in eight other vil-
lages downstream. The lake had become perennial 
and resurrected other springs connected to it. It also 
improved the recharge of groundwater and soil mois-
ture conditions (Kaur 2013; NITI Aayog 2015).

Encouraged by the pilot, the Dhara Vikas program 
was scaled up in 2012 to cover South Sikkim and  
West Sikkim districts. A range of other activities were  
also incorporated under the program, such as the  
development of springsheds, reviving lakes, and 
terracing slope lands. This was done through an ex-
emplary convergence of expertise and programs of  
departments such as Forest and Horticulture, and 
NGOs such as the World Wild Fund for Nature 
(WWF). Further the association of the programs with 
the national scheme, MGNREGS, ensured sustainable 
finances for the activities under it (NITI Aayog 2015).

The program used a landscape approach to spring-
sheds for the revival of springs, streams, and lakes (NITI 
Aayog 2015). The lack of intensive geological studies in 
these areas made it difficult to identify the best loca-

tions for the construction of trenches and other ground-
water recharge structures. Deutsche Gesellschaft für 
Internationale Zusammenarbeit GmbH (GIZ), along 
with other research institutions, played an important 
role in conducting field studies and using geospatial 
tools to identify these sites. This was very beneficial  
economically as MGNREGS works could now be  
undertaken in just 10% of the areas to catch the runoff 
water (Vertiver Creative Agency 2020).

The demonstrable benefits of springshed develop-
ment soon generated a demand from other villages 
facing problems of water scarcity. The emphasis on 
participation of local communities at various stages 
of planning under the project had transformed it into  
a community-driven initiative. All MGNREGS-work- 
related resolutions were taken up in the panchayats  
and prioritized through village-level discussions.

The decisions related to sites for digging trenches 
and recharge points were based on the principles of 
geohydrology. The para-professionals in geohydrolo-
gy (para-geohydrologists) played a key role in bridg-
ing the knowledge gap in geohydrology at the village 
level (NITI Aayog 2015). These trained professionals 
were also involved in disseminating information and 

Impact of pilot project on Nagi Lake and Dolling Lake situated downstream  
(Arrawatia and Tambe 2012)
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SECTOR: WATER
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Local governments and
communities; Government
of Sikkim; Non-Government

Organizations such as
WWF India; GIZ; research

Institutions such as
IIT Roorkee and ISRO

creating an awareness of the benefits of the Dhara 
Vikas program among the locals during the Gram 
Sabhas in simple and locally spoken languages.

At the other end of the spectrum, interventions 
were also made by the concerned state departments 
for the delivery of water to end users. These includ-
ed provisioning water for the drinking water needs of 
rural households through pipelines connecting wa-
ter storage structures to public taps. The irrigation 
needs of farmers were also addressed by expanding 
minor irrigation networks and enhancing the water 
storage infrastructure. The convergence of efforts by 
different institutions ensured that the benefits of a re-
stored, resilient ecosystem were translated into tangible  
improvements in the quality of life of the communities.

Outcomes and Drivers of Success

Over the course of 4–5 years, about 700 springs were 
rejuvenated under the program. This has led to an  
estimated annual recharge augmentation on the or-
der of 900 million liters through a one-time invest-
ment of just 1 paisa per liter (NITI Aayog 2018). The  
program has had a profound impact on the local  

ecology and communities. The increased access 
to water for rural needs has improved sanitation  
practices and reduced the daily drudgery of women. 
The enhanced availability of irrigation water has en-
couraged farmers to take up new horticultural crops 
such as beans, radish, and chilly, and increased the pro-
ductivity of the crops that are usually cultivated, such 
as cardamom, rice, and tomato. Many perennial crops 
such as orange and lichi are also being increasingly ad-
opted. The program has increased the crop yield by 15% 
on average (Jamwal 2018; NITI Aayog 2015).

The village spring atlas Web portal developed 
for nearly 700 springs is now utilized for periodic 
monitoring of water springs in the state. It serves 
as an important tool for evaluating the progress and 
conservation status of springs rejuvenated under  
the program (Tambe 2011).

The program has received numerous national 
accolades for its innovative and comprehensive ap-
proach, including the Prime Minister’s Award for 
Excellence in Public Administration. However, de-
spite its evident success, the program, being a new 
concept altogether, had to overcome many stumbling 
blocks. For instance, contour trenches were origi-

GAME  
CHANGER

 

Mainstreaming and  
converging springshed  

management with MGNREGA, 
a major national program for 
rural employment assurance.  
A clear recognition of the  
benefits from the program  

ensured community participa-
tion and community-led action.

nally dug without supervision on terraced fields 
rather than on sloping land. This made them inef-
fective in tapping surface runoff. Similarly, many 
of the initially undertaken horticultural and for-
estry activities did not produce any improvement 
in groundwater recharging. It was only later that it 
was understood that trenches and ponds are better 
for groundwater recharge and for improving soil 
moisture (NITI Aayog 2015). By drawing on these  
lessons, an eight-step methodology was devel-
oped for springshed management through the 
program (NITI Aayog 2018).  A pictorial training  
handbook, Dhara Vikas Handbook, is being uti-
lized to widely disseminate these ideas across 
similar regions. Many other Indian states such 
as Himachal Pradesh and Arunachal Pradesh, 
and other countries like Nepal and Bhutan, are  

already in the process of emulating the program. 
Thus, the program also provides opportunities for 
scale-up and replication to address water scarci-
ty problems in mountain ecosystems such as the  
Himalayas (NITI Aayog 2015).

The increased agricultural incomes and op-
portunities have lifted many families out of  
poverty, and many no longer depend on MGNREGS 
for their livelihood needs (MRD-GoI 2017). The  
program has redefined what MGNREGS or any other  
developmental program should aim to do: create assets 
and capacities that enable communities to become 
self-reliant for their livelihood and necessities, rather 
than directly alleviating poverty. Empowerment of in-
dividuals and communities, which is the ultimate goal 
of development, is exemplified in the program.

Preparation of stream channels through MGNREGS works 



why the 2006 floods were so destructive was that 
stakeholders in Surat were not informed about dam 
management decisions (PTI 2006).

Surat has seen a dramatic expansion along the 
banks of the Tapi river since 1971 (Parikh et al. 2017). 
The increased water demand from industries, ag-
riculture, and urban needs led the authorities to 
increase the storage level of water in the Ukai dam 
during the monsoons. There had also been a reduc-
tion in the carrying capacity of the Tapi within the 
city due to changes in river regime, siltation, devel-
opment of infrastructure along the banks, and so on. 
Thus, any severe rainfall events during the monsoons 
led to floods in the city (TARU Leading Edge n.d.).

Being a coastal city, Surat also has to manage 
its vulnerabilities associated with torrential rains, 
sea level rise, and inundation from high tides. The  
southern parts of the city are particularly prone to 
Khadi floods, a local name for floods caused due to 
torrential rains (TARU Leading Edge 2010). Much 
of Surat is located at an elevation of less than 10 
m above the mean sea level. The city is among the  
Indian cities that face the highest risk of submer-
gence due to sea level rise by the end of this century  
(Parikh et al. 2017; TWC India Edit Team 2019).

As much as 90% of the city’s area is affect-
ed by some form of climate hazard: flooding,  
inundation from high tides, cyclones, and so on. 
There was clearly an urgent need to act. In 2008, 
Surat joined the Asian Cities Climate Change Re-
silience Network (ACCCRN), an initiative of the  
Rockefeller Foundation, to learn from the best  
practices of other Asian cities facing similar  

challenges (Royal Dutch Shell and Veolia 2015). The 
process of formulating a city resilience strategy was 
subsequently initiated in 2009–10 through support 
from the Department of Climate Change (Govern-
ment of Gujarat), Gujarat State Disaster Management 
Agency (GSDMA), the Surat Municipal Corporation 
(SMC), TARU Leading Edge Pvt. Ltd (a private firm), 
and others (Surat Municipal Corporation 2011).

Resilience Strategy

In 2010, a city resilience strategy was outlined for  
Surat. The main objective of this project was to reduce 
the intensity of floods and the resultant damage in the 
city (CTCN n.d.). An extensive analysis of the gaps in 
the infrastructure, institutions, and knowledge-sharing 
processes was undertaken to understand the enabling 
and preventive factors (ADB 2014). The objectives were 
planned to be achieved through improved reservoir op-
erations and an end-to-end early warning system to 
handle flood emergencies. It involved monitoring and 
forecasting extreme precipitation events in the Tapi 
basin and the city (CTCN n.d.; TARU Leading Edge 
n.d.). A new institutional coordination mechanism for 
urban flood resilience and accompanying new rules for 
improved reservoir management were also envisaged. 
The cross-sectoral nature of impacts was recognized 
from the earliest phases of the strategy formulation. 
Data collection, data analysis, and the transformation  
of data into a usable format were also an essential part 
of the strategy.

To identify the differential risks of locations and 
communities in Surat to disasters, a comprehensive 
vulnerability and capacity assessment was undertak-

Climate change poses a wide range of risks to In-
dian cities, and these go beyond the stress as-
sociated with the scarcity of natural resources. 

They also include the increasing frequency of natural 
disasters such as floods and cyclones, and sea level 
rise. Urban floods have been a particular challenge 
for Indian cities. Climate change is projected to fur-
ther exacerbate the intensity and frequency of such 
disasters. If the economic gains of the engines of the 
Indian growth story—cities, are to be sustained, they 
must reduce their vulnerability to these disasters and 
learn to manage these disruptions. The initiatives 
in the diamond city—Surat—are an example of how  
cities can build disaster resilience.

Surat experienced a devastating flood in August 
2006 that inundated over 95% of the city and caused 
property damage of about INR 22,000 crores4 (Ma-
valankar and Srivastava 2008; PTI 2006). Howev-
er, this was not a one-off event. The city had faced 
such large-scale flooding in 1998 and 1968 as well 
(PTI 2006). Its unique geography is one of the major 
causes of frequent flooding. The city is located at the 
mouth of the Tapi, a river known for high variabili-
ty in its discharge (TARU Leading Edge n.d.). At the 
same time, coordination issues in the management 
of the Ukai dam, which was constructed in 1972 to 
control the very problem of flooding, left the issue 
unaddressed (Parikh et al. 2017). Another reason 

Surat, Gujarat  
(Bhadane 2011)

Tapi river basin and Surat city (Surat Municipal Corporation 2011)

Surat City

India

4 The numbering system followed in this document is the Indian numbering system. Typical values that are used are lakhs 
 (1 lakh = 100,000) and crores (1 crore = 10 million).
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en. These assessments were then incorporated into a 
geographic information system (GIS) to enhance its 
usability from a decision-making perspective (ADB 
2014). The city-level spatial data were also analyzed 
to generate ward-level risks to inundation based on 
different flow rates in the Tapi river (CTCN n.d.).  
A sample of this assessment is shown in the adjoin-
ing figure. To further improve upon the available  
weather, tide, and river flow information, new  
weather stations and water level measurement units 
were also installed in the city (Gupta et al. 2018).

To improve reservoir operation systems, new 
statistical models were developed to predict the in-
flow and outflow from reservoirs. These models 
notably incorporated the impact of climate change 
in the estimation of reservoir flows. This provided 
decision-makers with forecasts of inflows five days  
in advance (Gupta et al. 2018).

To make this data effective in flood management, 
data transfer mechanisms from the catchment area 
to the reservoir to the city were also established 
(Gupta et al. 2018). Fortunately, Surat had its core 
infrastructure, dams, and SMS-based warning sys-
tem in place, and hence it focused on further improv-
ing access to knowledge, and building the capacity of 
existing institutions (ADB 2014). The Surat Climate 
Change Trust (SCCT) was set up in 2012 to coordi-
nated efforts across three states—Madhya Pradesh, 
Maharashtra, and Gujarat—covering the entire 
catchment area of the Tapi river. Since the SCCT 
was constituted as a public trust, diverse institutions 
from different domains could join it. Its members 
include the city administration (the Surat Munici-

pal Corporation, SMC), industrial associations (South  
Gujarat Chamber of Commerce & Industries, SGCCI),   
academic institutions (NIT Surat), and state- 
level stakeholders (Gujarat Department of Narmada,  
Water Resources and Water Supply; Gujarat State 
Disaster Management Authority, GSDMA).

The common platform for stakeholders under the 
SCCT enabled integrated planning and coordinated 
actions, before as well as after the floods (Gupta et al. 
2018). The SCCT has now been brought under the Surat 
municipal administration to provide the much-needed 
continuity beyond the project cycle (TARU Leading 
Edge n.d.). To further streamline the process of disaster 
management, flood preparedness, response, and mit-
igation plans are under development (TARU Leading 
Edge n.d.).

Outcomes and Drivers of Success

In 2013, Surat faced similar hydro-meteorologi-
cal conditions as in 2006 (Verulam Associates Ltd. 
2014). Although the streets were flooded again, the 
damage was nowhere near that of 2006. This time 
around, Surat’s new early warning system, which in-
formed the public and stakeholders, played a decisive 
role. One of the local official responded in the after-
math of the 2013 floods: “We knew around when it 
was likely to rain heavily, how much water would be 
in the dam, the rise of the water level, and how much 
water should be released.” This timely information 
enabled a coordinated response to the potential  
disaster. Residents who had been warned a few 
hours earlier through loudspeakers to evacu-

SECTOR: URBAN RESILIENCE,  DISASTER MANAGEMENT
PROJECT TIMELINE:  2008–2012

CLIMATE  VULNERABILITIES  
ADDRESSED

Floods, sea level rise,  
extreme precipitation 

events

RESILIENCE MEASURES
UNDERTAKEN 

Infrastructure resilience, 
disaster resilience

KEY  
STAKEHOLDERS

TARU Leading Edge Pvt. Ltd.; 
Governments of Gujarat,  
Madhya Pradesh, and  
Maharashtra; municipal  

administration of multiple cities; 
The Rockefeller Foundation

GAME  
CHANGER

Effective institutional 
structure for planning 
and coordination 

across administrative 
boundaries and public 

institutions at  
various levels. 

ate to higher ground, now knew about the threats 
and evacuation plans well in advance. Subsequent 
proactive measures of evacuation and planned 
discharge from the Ukai reservoir helped in dras-
tically reducing the severity of the 2013 floods. 
Today, Surat’s municipal corporation has fur-
ther strengthened its monsoon preparedness 
and sends out regular SMS alerts to the residents  
(Desani et al. 2017; Verulam Associates Ltd. 2014).

Climate change is projected to increase the fre-
quency of floods, cloud bursts, tropical cyclones, 
and other disasters across cities. In some of these 
habitats, communities will have to learn to live 

with these increasingly frequent disasters. This is 
particularly the case for rapidly urbanizing coastal  
cities such as Surat that face multiple climate risks. In-
dian cities would thus have to simultaneously work to-
ward their sustainable development goals while making 
their growth climate resilient. Early warning systems 
attempt to ensure that climate shocks do not translate 
into disasters. They give communities, governemnt and 
other stakeholders the time to respond—and not just re-
act—to an imminent disaster. They help minimize the 
loss of lives and assets. It is for these reasons that early 
warning systems form a key component of disaster risk  
reduction under the UN’s Sendai Framework  
2015–2030.

River
Inundation Depth (in m.)

<1

1 to 2

2 to 3

3 to 4

4 to 5
>5

SAMPLE OF WARD-LEVEL RISK PROFILE FOR SURAT

(CTCN n.d.)

FIGURE 5  PROJECT COMPONENTS OF THE RESILIENCE STRATEGY FOR SURAT
Sources: Surat Municipal Corporation 2011; ADB 2014; Royal Dutch Shell and Veolia 2015; TARU Leading Edge n.d.
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Remote sensing studies in 1986 indicated a grim 
picture of the mangroves in Tamil Nadu with nearly 
54% of the Pichavaram mangrove forests in a degraded 
state. In 1996, the percentage of degraded mangroves 
was even higher, ~79.5%, in the Muthupet mangroves. 
Ecological studies in the early 1990s indicated that 
the unscientific management practices of the local  
communities were the main cause of this degradation. 
This included practices such as the “coupe system,” 
which involved clearing mangroves in coupes on a ro-
tational basis, and the practice of grazing over young 
seedlings of mangroves. Sea level rise and its impact 
on coastal areas was also recognized as a concern for 
these ecosystems (Selvam et al. 2010).

To address these issues, the Government of Tamil 
Nadu and the M. S. Swaminathan Research Foun-
dation (MSSRF) developed and demonstrated a res-
toration technique for mangrove forests in the state 
in the mid-1990s. The technique sought to address 
the formation of a trough-shaped topography in the 
mangrove areas due to the coupe system that had led 
to stagnation of tidal water, decreased soil moisture, 
and increased soil salinity. It involved the creation 
of deep artificial canals across the entire degraded 
area to enable free flow of tidal water. The success 
of the pilot led to development of a more compre-
hensive community-based mangrove restoration and 
conservation program: Joint Mangrove Management 
(JMM) (Selvam et al. 2003; Selvam et al. 2010).

Resilience Strategy

The JMM was introduced in late 1997 in selected 
mangrove wetlands of Tamil Nadu, Andhra Pradesh, 
Odisha, and West Bengal. It was implemented in 
partnership with the concerned state departments 
and local communities. The chief aim of the project 
was to enhance the capacities of local communities, 
village-level institutions, the forest department, and 
other stakeholders to restore, conserve, and sustain 
the mangrove wetlands. In Tamil Nadu, the focus 
of this illustration, the project was implemented in 
four hamlets each in the Pichavaram and Muthupet 
mangroves. Three communities—traditional fisher-
men, non-traditional fishermen, and farmers—were 
targeted in the initiative. Broadly, the approach  
involved the following steps (Selvam et al. 2004a).

As a first step, an elaborate situational analysis 
was undertaken to understand the environmental 
(biophysical) conditions of the villages. The goal was 
to identify the resources available to the stakeholders 
in the hamlets and their utilization patterns. Through 
multiple studies (rural appraisals), the socioeconom-
ic condition of the villagers and their dependence on 
mangroves were analyzed. This created a compre-
hensive picture of the challenges faced by the local 
community related to the management of mangroves 
and livelihoods. The list of issues identified through 
the appraisals included overexploitation of fisheries 

Nature is not as fragile an entity as one might be-
lieve. The life-forms around us have survived 
and evolved over millions of years. A few have 

survived  through climate extremes that were severe 
than the current trends. The fragility of ecosystems  
today is a result of human actions that have fragment-
ed them and pushed beyond their carrying capacities. 
However, in areas where ecosystems are conserved, 
they continue to nurture and protect the communities 
dependent on them. One such example is from the 
coastal districts of Cuddalore in Tamil Nadu, where 
resident communities were protected from the devas-
tations of the 2004 tsunami due to a unique ecosys-
tem: mangroves.

Mangroves are shrubs and woody evergreen trees 
that grow in saline or brackish waters. They are most 

frequently found naturally in the coastal inter-tidal 
zones of tropical and sub-tropical regions. They are 
unique not just because they can grow in highly saline 
waterlogged environments that most plants cannot tol-
erate, but also because of the vast biodiversity that they 
support. They also perform additional roles: checking 
coastal erosion from tides, preventing soil erosion, sup-
porting the filtration of water, recharging groundwa-
ter, and much more (Lavieren et al. 2012; Selvam et al. 
2004). These ecosystems are particularly significant for 
Tamil Nadu, as the state supports a large coastal com-
munity whose needs of fishing, firewood, and medici-
nal plants are met from mangroves. The most extensive 
patches of mangrove wetlands in the state are located 
in Cuddalore district (Pichavaram mangroves) and in 
Thiruvarur and Thanjavur districts (Muthupet man-
groves) (Selvam et al. 2010; TNAU 2014).

FIGURE 6 PROJECT COMPONENTS OF THE JOINT MANGROVE MANAGEMENT APPROACH
Sources: Selvam et al. 2003; Selvam et al. 2004a; Selvam et al. 2010.
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riodic monitoring and evaluation of the imple-
mentation of the micro-plans. It also involved  
mobilization and training of community members 
for self-employment and creating micro- enterpris-
es through self-help groups (Selvam et al. 2003;  
Selvam et al. 2004b).

Outcomes and Drivers of Success

There has been a dramatic improvement in the man-
grove cover in the project sites, along with an improve-
ment in the health of these ecosystems. For instance, 
in the Pichavaram mangroves, the expanse of degraded 
areas has reduced by over 82% while the dense man-
grove cover has increased by ~26% (between 1986 and 
2002). With the improved citizen– government inter-
face, 85 self-help groups and micro-enterprises cov-
ering 402 families sprang up in the project villages to 
generate new employment opportunities. Some of these 
local endeavors continue to generate livelihoods to this 
day (Selvam et al. 2004a).

Restoring mangroves is a very complex refor-
estation process, and the average survival rate of 
planted saplings could be just around 60% (GEC 
2012). Remarkably, the project managed to achieve 
a survival rate of 68% by adopting a people- centered 
approach (Selvam et al. 2004b). The Tamil Nadu 
Forest Department has recognized the Mangrove 
Councils established under the program and accord-
ed permission to the local forest officials to function 
as their secretary. The department is now also rep-
licating the JMM model in other mangrove areas of 
the state. Even the MoEFCC, Government of India, 
has included the JMM model as one of the strategies 
for the conservation and sustainable management 

by trawlers, pollution by prawn farms, degradation  
of mangrove forests, siltation of irrigation canals, 
and flooding during monsoons. This step also helped 
the MSSRF, a non-government entity, build a rap-
port with the local communities (Selvam et al. 2003;  
Selvam et al. 2004a).

To discuss and decide on the actions needed, a 
new forum, the Village Mangrove Council, was sub-
sequently proposed to the villagers. Its member-
ship was voluntary and open to all households. The 
emphasis on women’s participation was achieved 
through mandatory women’s representation of 50%  
in the general body of the council (and 33% in its ex-
ecutive committee). The objectives of the council in-
cluded promotion of alternative sustainable fishing 
methods, restoration of mangroves with the help of 
the forest department, improvement in the relation-
ship between the villagers and different government  
agencies, and so on. The structure of these councils 
was similar to that of the Village Forest Councils un-
der the Joint Forest Management approach in India.  
State forest officials were also engaged to partner  
with the Village Mangrove Councils to help implement 
its agenda (Selvam et al. 2003; Selvam et al. 2004a, 
2004b).

As a part of the next step, smaller patches of man-
grove wetlands were identified where restoration 
activities were to be undertaken. These were to be 
demarcated in a participatory manner to include ar-
eas that local communities have traditionally used 
without any conflict with adjacent villages. These 
identified mangrove management units were to be 
jointly managed by the Village Mangrove Council, 
a community-based organization, and the state for-
est department (Selvam et al. 2004b, 2004c). A de-
tailed plan of activities to be undertaken by the Vil-
lage Mangrove Council was also conceptualized under 
the Annual Micro-Plan.5 The micro-plan also in-
cluded details of the sources of funds that have to be 
mobilized to implement the planned interventions. 
The MSSRF played a key role in preparing the annual 
plans, identifying sources of finance for them, provid-
ing financial support, and getting them approved by 
the state forest department (Selvam et al. 2003; Sel-
vam et al. 2004b).

The last and most important component of the 
initiative was the implementation of the micro plans. 
This was to be undertaken by a  smaller Execu-
tive Committee of the Village Mangrove Council. 
The Executive Committee was also tasked with pe-

SECTOR: COASTAL RESILIENCE
PROJECT TIMELINE: 1997–2003

CLIMATE  VULNERABILITIES  
ADDRESSED

Targeted Sea level rise,  
extreme precipitation 

events

RESILIENCE MEASURES
UNDERTAKEN 

Ecosystem Restoration, 
Disaster Resilience,  
Coastal Adaptation

KEY  
STAKEHOLDERS

M. S. Swaminathan  
Research Foundation  
(MSSRF), Government  
of Tamil Nadu, local  

communities

GAME  
CHANGER

Adoption of people- 
centered, participatory,  
and scientific approach 
during the planning and  

implementation of  
the project

of mangrove wetlands envisaged under its National  
Mangrove Action Plan (Selvam et al. 2004a).

The project stands out in demonstrating the  
benefits associated with investments in climate  
resilience. When the initiative was conceptualized,  
it did not explicitly recognize the risks of a tsunami in 
the coastal areas and yet adopted much of the same  
strategies to build resilience against it. Thus, when 
the massive 2004 Indian Ocean tsunami struck, the 
areas in Cuddalore with restored mangrove cover 
suffered significantly lower damage. Many villages 
lay behind these “green shields of nature” and hence 
experienced no damage! (Danielsen et al. 2005).  
On the other hand, vast stretches of coastal areas in  
Tamil Nadu, and in the rest of India, experi-
enced heavy damage and inundations. Only in the  
subsequent decades have these approaches  
been recognized as a modern method of climate  
resilience under ecosystem-based approaches (EbA) 
and nature-based solutions (NbS).

5  Micro-planning refers to planning at the project location by the people present there.
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Ganga River basin; it also has a drought-prone south-
ern region. Odisha, on the other hand, is a coastal 
state that is most vulnerable to cyclones, droughts, 
and flash floods, according to climate projections. 
Chhattisgarh, which lies in the basin of a season-
al river—the Mahanadi—faces the risk of seasonal 
droughts and floods (IPE Global 2017, 2020; Mishra 
2018). Thus, the project had to account for a range of 
vulnerabilities that varied across states and districts.

In 2015, the UK’s Department for International 
Development (DFID) supported the Infrastructure 
for Climate Resilient Growth (ICRG) to manage both 
these climate vulnerabilities and the problems of 
MGNREGS in these three Indian states in a unique 
way. The project was started in 2016 with the sup-
port of the Ministry of Rural Development, GoI, and 
the respective state governments, and was led by 
IPE Global Limited through a consortium of private 
firms, research institutions, and local civil society orga-
nizations. It envisioned the conversion of MGNREGS’s 
conventional work into climate resilient work through 
technical assistance (The Resilience Shift 2021).

Resilience Strategy

The aim of the ICRG program was to strengthen the 
climate resilience of rural communities by building 
resilient infrastructure. This change was sought to be 
brought about using unskilled work available under 

MGNREGS and not by involving construction com-
panies, architects, or large machinery. Rather, it fo-
cused on enhancing the capacity of governments and 
technical institutions to support the construction of 
climate resilient infrastructure through MGNREGS. 
This was particularly important because climate re-
silient assets under the project were to be ultimate-
ly built by the local communities themselves. The 
program’s objective also included strengthening the 
systems and processes associated with MGNREGS, 
especially through the development of innovative in-
formation technology (IT)-based tools. It was also to 
serve as an evidence base to scale up such programs 
of climate resilience at the national level. The pro-
gram covered 22 districts and 103 blocks across the 
three states (ICRG n.d.; The Resilience Shift 2021).

First, multiple capacity building and training 
workshops were conducted for government officials 
associated with MGNREGS implementation. The at-
tendees included functionaries from the national-, 
state-, and district-level administration, such as the 
MGNREGA Commissioner (the state nodal officer), 
Assistant Engineer, and Panchayat Technical Assis-
tant. The workshops focused on building knowledge 
of and awareness about the best practices of infra-
structure resilience. The officials were encouraged 
to mainstream climate resilience aspects into their 
plans, policies, and practices. These interactions also 
familiarized them with the possibilities of conver-
gence of the program with other schemes. These ini-

Infrastructure is a key enabler of economic develop-
ment. It also plays a very important role in quick 
response and recovery in the aftermath of disasters. 

Climate-change-induced disruptions, such as degra-
dation of infrastructure due to reduction in its life 
span, non-serviceablity of assets for parts of a year 
due to changes in levels of river streams and disas-
ters, negatively impact lives and livelihoods. Resilient  
infrastructure would reduce the damage to infra-
structure, increase reliability in different climate sce-
narios, and improve their life span. This illustration 
involves a project that seeks to build climate resilience 
of micro-infrastructure assets constructed under  
MGNREGS. Micro-infrastructure refers to infrastruc-
ture projects that have relatively small- scale capital  
requirements and land footprint.

In India, the unique community-based infrastruc-
ture creation program MGNREGS (Mahatma Gandhi 
National Rural Employment Guarantee Scheme) is 
used to create such micro-infrastructure on a massive 

scale. MGNREGS came into force in 2006. It provides 
100 days of guaranteed wage employment to every 
Indian rural  house hold  in a financial year. It pro-
vides paid unskilled manual work, in lieu of wages, for 
the creation of durable and productive rural assets, 
among its other roles (Babu et al. 2013). The inade-
quate quality and durability of the assets created un-
der it became apparent in the subsequent years. There 
was a need for improvement in the identification, 
design, and maintenance of these assets (The Resil-
ience Shift 2021). This project used these hurdles as 
opportunities for climate action in three states: Bihar, 
Chhattisgarh, and Odisha. By focusing on micro-in-
frastructure, it also redefines our priorities to build 
disaster resilient and climate resilient infrastructure.

The states of Bihar, Chhattisgarh, and Odisha are 
among the most underdeveloped and natural-disas-
ter-prone states in India, but differ substantially in 
terms of geography and climate vulnerabilities. Bihar 
is one of the most flood-prone states of India in the 

Contour bunds built in Bardaspur 
village under ICRG program  
(The Resilience Shift 2021)

FIGURE 7 PROJECT COMPONENTS OF CLIMATE RESILIENT INFRASTRUCTURE CONSTRUCTION THROUGH MGNREGS
Notes: MGNREGS = Mahatma Gandhi National Rural Employment Guarantee Scheme.

Sources: ICRG n.d.; IPE Global 2019; Jogesh et al. 2019; The Resilience Shift 2021.
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tiatives especially focused on district- and block-level 
administrative personnel for selection and planning 
of Integrated Natural Resource Management (INRM) 
works (IPE Global 2019; Jogesh et al. 2019; The  
Resilience Shift 2021).

  As a part of its second objective, capacity build-
ing of technical organizations and community mem-
bers was undertaken. The attendees included state  
engineering institutions and technical resource per-
sonnel such as block-level engineers and community 
resource persons under MGNREGS (or barefoot en-
gineers6). These stakeholders were trained to incor-
porate climate considerations in designs of assets. 
A simple Excel-based tool was also shared with the 
stakeholders that provided design specifications for 
each of the structures. Interestingly, this tool also  
allowed cost estimation for construction of assets 
based on the design specifications chosen by the  
project workers. This included assets such as check 
dams, farm ponds, and water tanks. The new  
designs are to be more durable than the earlier ones, 
and are projected to last 10–20 years. These stake-
holders were also trained to use geographical infor-
mation systems (GIS) tools, which enhanced their 
access to information such as land use, local geology, 
and groundwater potential. It thus enabled GIS- based 
planning in the districts by allowing mapping of the 
existing infrastructure and the new assets created. 
With the help of these training manuals developed un-
der the program, the State Institutes of Rural Devel-

SECTOR: RURAL INFRASTRUCTURE
PROJECT TIMELINE:2016–2024

CLIMATE   
VULNERABILITIES  

ADDRESSED

Floods, droughts,  
losses to individu-
als, and community 

assets

RESILIENCE  
MEASURES

UNDERTAKEN 

Climate resilient  
infrastructure

KEY  
STAKEHOLDERS

IPE Global Limited; International 
Institute for Environment and  

Development (IIED); Ministry of 
Rural Development, Government  

of India; State Governments  
of Bihar, Chhattisgarh, and Odisha; 

district administration and  
panchayats; communities in 

 22 pilot districts

GAME  
CHANGER

Mainstreaming of  
disaster resilience  

infrastructure into the  
flagship MGNREGS  

program. Emphasis on 
enhancing the capacities  
of local communities to  

undertake climate  
action.

opment were able to undertake such training sessions 
on their own from 2018 itself, thus ensuring sustained 
efforts (IPE Global 2019; Jogesh et al. 2019; The  
Resilience Shift 2021).

Once these capacities had been developed, 
the next question was where the climate resilient  
micro-infrastructure would be built. The goal of the 
project team was to identify the best type of asset for a  
location, out of a list of about 250 approved MGNEGS as-
sets, to increase resilience against droughts and floods. 
For this, the digital tools developed under the program 
were used. The information gathered in the initial 
stages of the project through climate modeling studies, 
vulnerability assessments, studies on local biophysical 
aspects, and so on, was used to develop an “adapta-
tion package” for each block to select the best types of  

6 A barefoot engineer is an educated person from the local community who has been trained in civil engineering concepts.
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Check dams in Bihar built under the project  
(IPE Global 2020)

assets. The adaptation package was also restruc-
tured in the form of a mobile application—“Climate 
Smart”—to provide recommendations directly to local 
communities about the best-suited asset for a location 
(Jogesh et al. 2019; The Resilience Shift 2021).

The improvements in MGNREGS assets benefited 
the local communities in multiple direct and indirect 
ways, such as improved availability of paid work under 
MGNREGS, expansion of farm and community ponds, 
and improved natural resource management. The proj-
ect went a step further in improving the outcomes asso-
ciated with MGNREGS works by actively seeking con-
vergence with other government programs. The goal 
was to offer communities additional livelihood benefits 
by creating climate resilient assets. For instance, there 
was convergence with irrigation schemes, watershed 
development programs, and fisheries promotion pro-
grams. In Odisha, parts of ICRG were aligned to the 
Bihan program for livelihood diversification into agri-
cultural value chains. In Chhattisgarh, there was con-
vergence with the Narva Garwa Ghurwa Bari program 
for improving drainage system management. Thus, the 
program simultaneously enhanced the productivity of 
farmlands and created new local employment oppor-
tunities (Jogesh et al. 2019; The Resilience Shift 2021).

A framework for outcome-level monitoring has also 
been developed under the project to measure the pro-
ductivity and durability of the created assets. This is 
expected to generate the much-needed evidence of the 
value provided by climate resilient infrastructure. The 
climate resilient works undertaken in the project are also 
in the process of being geotagged. This would also help 
state officials to track existing assets and plan new ones  
(Jogesh et al. 2019; The Resilience Shift 2021).

Outcomes and Drivers of Success

Within four years of the project’s initiation, over 
900 resilient infrastructure works have been  
developed across 22 districts (The Resilience Shift 
2021). A few villages are also witnessing improve-
ments in groundwater level, which has improved  
agricultural productivity and cropping intensity 
(IPE Global 2020). The creation of assets such as 
farm and community ponds, tanks, and check dams 
has also had a multiplicative impact on the liveli-
hoods of local communities (IPE Global 2020). The 
Government of Odisha has decided to scale up the 
ICRG approach in another district of the state (IPE 
Global 2019).

It should be noted that the project is still at least 
3 years away from completion, and a few problems 
have to be overcome. For instance, the adoption  
of the Climate Smart mobile application is still low 
among locals. There is also scope for expanding  
discretion at the local level for the creation of their 
preferred asset types. The program has to better  
integrate the different micro-assets in a given region 
within the broader perspective of ecosystem function-
ing. Nevertheless, the project provides an innovative 
way to create climate resilient infrastructure that can 
be maintained by the local communities themselves 
which is one of the core pillars of locally-led adap-
tation to climate change. It is yet another program 
where the purpose of MGNREGS as a social protec-
tion scheme has been expanded to enhance climate  
resilience. The project also demonstrates the impor-
tance of mainstreaming the climate  agenda into ongo-
ing government programs to sustain climate actions  
beyond the project cycle.

Sample design for a climate resilient asset: a check dam (The Resilience Shift 2021)
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assessment in 2010  by GEAG (Gorakhpur Environ-
ment Action Group) 7 identified clearing of forest/ 
vegetation and climate change as one of the main 
causes of diseases (Verma and Singh 2017).

Gorakhpur’s peri-urban areas are also prone to 
recurring floods, and remain waterlogged for two to 
three months every year. Climate change projections 
indicated an increase in the intensity of extreme 
rainfall events. This could further worsen floods 
in the peripheral areas, as well as in the city. To  
address these problems, GEAG initiated a project in 
2012 to promote maintenance of open spaces in the 
form of peri-urban agriculture (PUA). The project 
was supported by the Rockefeller Foundation under 
its Asian Cities Climate Change Resilience Network 
(ACCCRN) initiative (Meijboom et al. 2016).

Resilience Strategy

The project aimed to reduce flood risks in Gorakhpur 
city through improved maintenance of open areas in 
the form of PUA. These open green spaces would add 
flood buffering capacity to the city and help replenish 
its groundwater resources (GEAG 2020). PUA would 
also enhance the incomes of the poor and vulnera-
ble farming communities residing in the peri-urban 

areas, and enhance the food security of Gorakhpur. 
Ninety percent of the farming community around 
Gorakhpur consists of small and marginalized  
farmers (Mani and Wajih 2021), including many 
women farmers and vendors at local markets, who 
were targeted under the project. The project was  
implemented in 8 of the 170 peri-urban villages, but 
it also aimed to influence citywide land-use planning.  
It involved activities in the following key areas  
(Meijboom et al. 2016).

First, it involved the development of models of 
integrated farming systems for small and margin-
al landholders covering agriculture, horticulture,  
aquaculture, and livestock (GEAG 2020). These  
models incorporated a host of climate resilient 
and low external input and sustainable agriculture  
(LEISA) practices such as mixed farming, kitchen 
gardening, bag or Thermocol farming, composting, 
integrated pest management, and permanent raised 
beds. Twenty-five master trainers were tasked with 
communicating these complementary practices to 
farmers. At the same time, 30 model farms were  
developed to demonstrate these practices at the  
farm level (Meijboom et al. 2016).

These farm model measures were supported 
through newly established community institutions- 

India is a rapidly urbanizing country that is  
expanding more in its peripheries than vertically. It 
is also in the peripheries that the impacts of ex-

panding infrastructure, such as highways, sewage 
connections, and electricity, are most felt. More im-
portantly, urbanization changes the very pattern of 
land and water use, and their relationship with com-
munities in peri-urban areas. The essential ecosys-
tems of the city, such as waterbodies, forests, and 
green spaces, are transformed. Many urban prob-
lems, such as urban floods, groundwater depletion, 
and elevated temperatures, are rooted in these un-
planned modifications. This illustration highlights a 
community-led approach to manage the peri-urban  
landscape of Gorakhpur.

Gorakhpur is a city located in the Ganga river 
plains of the northeastern part of Uttar Pradesh. 
Its population has grown over 2.9 times since 1971 

to about 6.73 lakh (Office of the Registrar General 
& Census Commissioner India 2011), and it contin-
ues to be one of the fast-growing tier 2 Indian cities 
(Verma and Singh 2017). The population growth in 
Gorakhpur has modified its peri-urban landscape, 
apart from its many impacts within the city. The 
easy and cheap availability of land in the peripher-
al areas became the target for housing projects and 
speculative investments in Gorakhpur. Between 
1971 and 2001, more than 25 unauthorized colo-
nies were developed, most of which was outside the 
city boundary. Large tracts of agricultural land and 
green spaces were converted into residential areas 
through acquisition of land from small and margin-
al farmers (Verma and Singh 2017). Haphazard ur-
banization and the relatively flat terrain of the city 
exacerbated the sanitation conditions. As a result, 
the peri-urban areas frequently faced the problem 
of water- and vector-borne diseases. A vulnerability  

 Peri-urban area in Gorakhpur 
city (GEAG 2020)

7 GEAG is a local NGO that has been working toward inclusive and equitable development since 1975. It has been involved in 
improving the livelihood of small and marginal farmers, particularly women, using ecological and participatory approaches.
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SECTOR: URBAN RESILIENCE 
AGRICULTURE & ALLIED
PROJECT TIMELINE: 2012–2018

CLIMATE   
VULNERABILITIES  

ADDRESSED

Floods, depletion of 
groundwater

RESILIENCE  
MEASURES

UNDERTAKEN 

Ecosystem resilience, 
climate resilient  

agriculture

KEY  
STAKEHOLDERS

Gorakhpur Environment  
Action Group (GEAG), Local 
communities in eight project 

villages, Government of  
Uttar Pradesh

GAME  
CHANGER

Empowerment of  
communities through  

institutions and capacities to 
enforce their civic rights on 
common property resources.

farmer clubs, farmer field schools, and agro-service 
centers (GEAG 2020). Apart from providing capaci-
ty-building support to farmers, these platforms also 
enabled exchange of information about new farming 
practices among the farmers. This raised their con-
fidence in adopting the new practices. Subsequently 
these farming practices were taken up by over 1,247 
other farmers in the eight project villages (Meijboom 
et al. 2016). Notably, the agro-service centers also 
rented out agricultural equipment, such as water 
pumps and polyhouses, at lower than market pric-
es. The farmers were also linked to public institu-
tions/state departments and their programs, such as  
Kisan Credit Card and National Horticulture Mis-
sion, so that they could benefit from ongoing gov-
ernment initiatives. Further, establishment of mar-
ket linkages for farmer produce formed part of the 
activities under the project. To facilitate this, farmers 
were networked with local organic stores, producer  
companies, and local markets in Gorakhpur  
(Meijboom et al. 2016).

Local self-reliant farmer unions—Laghu See-
mant Krishak Morchas (LSKMs)—was also estab-
lished in four of the villages. They were tasked with 
raising the awareness of local communities regard-
ing common property resource (CPR) areas such as 
open lands, water bodies, forests, and pastures. They  
were also tasked with lobbying and advocating for  
farmers’ concerns such as encroachment of CPR 
areas and pollution of water bodies. The goal was 
to bring these issues to the attention of local decision- 
makers. The LSKMs formed under the project were 

also integrated with their national networks. This 
step, most importantly, connected the local farmers 
with other small and marginal farmers in the state  
(Meijboom et al. 2016).

SMS-based agro-advisories formed the next  
major component of the project (GEAG 2020), which 
involved providing weekly updates to farmers regard-
ing weather, irrigation, sowing, harvesting, use of  
fertilizer and pesticides, and so on. This information 
was also communicated through public notice boards 
and farmer field school meetings for farmers without 
mobile phones (Meijboom et al. 2016).

The project recognized the need to raise aware-
ness about preserving and supporting agricul-
ture in peri-urban areas. It sought to protect these  

important landscapes through zoning of agricul-
tural land in city land-use and development plans  
(Meijboom et al. 2016). Thus, as a part of the last com-
ponent, interestingly, the project involved micro-level  
research and advocacy on PUA and ecosystems 
(GEAG 2020). To convince stakeholders about 
PUA as a method of ecosystem management, there 
was wide dissemination of papers, reports, policy 
briefs, films, blogs, and so on. These communication 
products were published in international journals,  
national conferences, and regional platforms.

Outcomes and Drivers of Success

The project has been able to make a remarkable  
contribution to the conservation of CPR lands in 
peri-urban areas and to the improvement of the socio-
economic conditions of the local communities resid-
ing there. The farmers covered under the project have 
had seen a significant increase in their incomes—for 
some farmers, income more than doubled during the  
project cycle—and their food and nutrition security 
have been enhanced. There has been an increase in 
the area under cultivation and a reduction in fallowing 
of agricultural land in the peripheries of the city. The 
adoption of climate resilient and LEISA farming prac-
tices have enabled many farmers to harvest three crops 
in a year. These improvements have renewed the inter-
est of local communities in farming. Studies conducted 
in 2016 itself indicated a reduced interest in selling land 
by the villagers. As a result, although land prices have 
skyrocketed 10–15 times in a few of the peri-urban villag-
es, sale of land declined by 60% to 97% during 2010–15.  
However, it is important to note that the project has not 
been able to provide clear evidence on the contribution of 
PUA to buffering floods. This could be because just 8 of the 
170 peri-urban villages were covered under the project  
(Meijboom et al. 2016).

The project has also had a visible impact on 
the peri-urban areas, where it has succeeded in 
conserving about 24,000sq.ft of waterbodies and 
23,200sq. ft of community land. Further, 3.5acres 
of open land have been conserved by establishing 
plantations of teak, guava, and so on. Two decen-
tralized wastewater treatment systems have also 
been installed to reduce the discharge of untreat-
ed sewage water in waterbodies and increase the 
access to clean irrigation water. The local institu-
tions initiated (farmer clubs, LSKMs, etc.) under 
the project have now evolved into self- reliant com-
munity-led organizations. They now also help the 
farmers obtain benefits from state government ini-
tiatives, National Bank for Agriculture and Rural 
Development (NABARD), and other institutions 
(Meijboom et al. 2016).

Although this project may not necessarily address 
climate vulnerabilities, it provides a framework for 
climate action that other peri-urban villages and cities 
could adopt. It provides an approach to incorporating 
the land-use patterns of agriculture itself to strength-
en ecosystems, enhance livelihoods, improve food  
security, and build resilience in cities. This is  
particularly significant for India, where over 60% 
of its land use is devoted to agriculture that extends 
to the peripheries of the urban center (The World 
Bank Group n.d.). Further, Gorakhpur’s experience 
provides a broader strategy that can help envision 
a circular economy for Indian cities. Nearly half of 
the municipal solid waste generated in India is or-
ganic waste, and this can be readily incorporated in  
peri-urban farms as inputs (Joshi and Ahmed 2016). 
This would also help reduce methane gas emis-
sions from organic waste. Contemporary farming  
approaches such as ZBNF (Zero Budget Natu-
ral Farming) also have similar goals in farming  
as LEISA.
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FIGURE 8 PROJECT COMPONENTS OF THE RESILIENCY STRATEGY FOR GORAKHPUR
Sources: GEAG 2020; Meijboom et al. 2016.
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Ideas about the need to conserve and sustainably  
manage environmental resources are not entire-
ly new, and a host of techniques have existed and 

evolved over the years. Watershed development is 
one such tried-and-tested approach for integrated 
management of the environmental resources in a re-
gion. A watershed is a region (geo-hydrological unit) 
in which all surface water runoff drains through a 
common point. Watershed development refers to con-
servation, regeneration, and the judicious use of nat-
ural resources (such as land, water, vegetation, and 
wildlife) in the watershed for human development 
(Goswami 2018). Various central and state govern-
ment programs (such as the Integrated  Watershed  
Management Programme, MGNREGS, and PMKSY 
[Pradhan Mantri Krishi Sinchai Yojana]) adopt a 
host of structural and non-structural measures to 
support watershed development. These include  

afforestation, creation of contour bunds, gully  
plugging, and digging up of farm ponds. In this illus-
tration, we analyze the need for climate proofing wa-
tershed development and how it can be achieved in 
one of the most drought-prone areas of India: Udaipur,  
Rajasthan (NABARD 2016).

Rajasthan is the largest Indian state (in terms of 
area) that is also one of the most drought prone. Be-
tween 1901 and 2002, the state experienced 48 drought 
years of varied intensity. The number of severe and 
very severe drought years is particularly high in the 
western and southern districts of the state. Further, 
the state is also vulnerable to flash floods and high-
speed winds (NABARD 2015). Some of the poorest 
regions of the country also lie in the state, which fur-
ther compounds the vulnerability of the state to disas-
ters (NABARD(c) n.d.). Climate projections for a few  

8 Climate proofing is the process of integrating climate change, and its impacts, into ongoing development planning.  
It is one of the approaches to mainstream climate change.
9 Maladaptations are actions that increase the risks or vulnerabilities associated with climate change.

watersheds in Udaipur indicated significant changes 
in precipitation and temperature patterns. The mean 
maximum and minimum temperatures were project-
ed to increase by 3.6°C and 4.5°C, respectively, by the 
end of the century! The annual average rainfall was 
projected to increase by 12% during the same period  
(NABARD(c) n.d.). At the same time, these regions 
were at high risk of droughts, with delayed onset and 
long dry spells in the monsoon season (NABARD 2015).

 
The traditional models of watershed projects  

adopted in the state, much as in other parts of In-
dia, do address the issues related to conservation 
of resources but do not address the long-term cli-
mate adaptation challenges (NABARD(c) n.d.). A 
climate proofing8 exercise adds value to ongoing 
programs while avoiding duplication of efforts for 
adaptation. First, the gaps in ongoing programs 
that make them less effective in managing a re-
gion’s vulnerability are identified. Second, malad-
aptation9 is weeded out, and new and more effective  
resilience measures are introduced based on future 
climate scenarios. Most importantly, such an exercise  
incorporates the lessons from other climate resil-
ience projects based on the requirements of the local  
community (NABARD 2016).

The current project was initiated by NABARD in 
2016. It was financed through grants under the Adap-
tation Fund, and was implemented by Village Water-
shed Committees (VWCs), which comprise nominated 
members appointed by the Gram Sabha, in association 
with a host of non-government entities and research 
institutions. The goal of the project was to climate 
proof selected watersheds (20 in all) in rain-fed areas 
of two states-Rajasthan and Tamil Nadu. This illus-
tration analyzes the initiatives in the watersheds of  
Udaipur district from Rajasthan. The project was exe-
cuted by the Foundation for Ecological Services (FES), 
ITC Rural Development Trust, Rajasthan Rural Insti-
tute of Development Management (RRIDMA), and 
other executing entities (EEs) (NABARD 2015, 2016).

Resilience Strategy

The objective of the project was to enhance climate 
resilience and build the adaptive capacities of the 

communities to climate change (Adaptation Fund 
2019). The primary focus of the interventions under 
the project was small and marginal farmers, but the 
broader strategy was to climate proof the watersheds. 
The strategy was developed through a separate pilot 
project undertaken by NABARD and GIZ (a German 
development agency) in four watersheds, two each in 
Rajasthan and Tamil Nadu. The pilot project utilized 
a combination of top-down and bottom-up approach-
es to identify and implement a set of climate resilient 
interventions. The process used is summarized in the 

CLIMATE PROOFING METHODOLOGY 
for watersheds. Adapted from  

NABARD(c) n.d.; NABARD 2015; GIZ 2014

COMMUNITY-LEVEL DATA 
l Participatory appraisal
l Interviews

SCIENTIFIC DATA 
l Land use
l Weather
l Climate Projections

By CLIMATE EXPERTS

Analyze risks through workshops 
with all stakeholders

Identification and prioritization  
of interventions

Climate proofed report for  
watersheds

Climate Resillient interventions  
on watershed
l By different institutions
l Integration with other  
sub-district level plans

By NGOs

9
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RAJASTHAN

Image credit-Shree Padre
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above figure. The approaches developed under the  
pilot project were scaled up in the illustration  
discussed here (NABARD(b) n.d.). The scientif-
ic data on the watersheds in Udaipur indicated  
major climate risks. Subsequent consultations with 
the local communities helped validate the climate 
analysis, identify specific livelihood risks, and un-
derstand their adaptation interventions (NABARD 
2015). The adopted interventions had four broad  
objectives.

Foremost, the project sought to improve the soil 
water regime through various measures. The goal 
was to minimize water stress and enhance water 
availability in the watersheds. The interventions 
used were farm ponds, catch pits in sloped areas, 
recharge pits in shallow aquifer areas, and other 
water harvesting structures. To improve soil health 
practices, measures such as summer ploughing (that 
is, opening up hard top soil during mid-summer 
to increase movement of air, water and nutrients 
within the soil profile, and to kill pests and weeds) 
and deep tillage (breaking hard pans at 15–20 cm 
soil depth that impede the percolation of rainwater) 
were introduced (NABARD 2015). These measures 
helped enhance both the resilience of the farm  
sector and farmer incomes (Adaptation Fund 2019).

As a part of its second objective, the project 
sought to increase adoption of climate resilient 
farming systems and diversification of farm live-

lihood. Farm livelihood diversification measures  
included afforestation, development of pastureland, 
agro- forestry, backyard poultry, and so on. Improved 
farming practices were promoted by introducing alter-
native crops (such as minor millets and fodder sor-
ghum), integrated farming systems (rearing of crops 
and livestock at the same time), composting, drip irri-
gation, and so on (NABARD 2015).

Moisture stress is not new to farming commu-
nities in these rain-fed drought-prone areas. To ad-
dress these problems, farmers traditionally adjust-
ed their sowing dates or tried sporadic measures to 
save the crops, which often failed. Thus, as the third 
project objective, climate risk mitigation products 
were also integrated into the program. The products 
included advisories for farmers related to weather, 

crops, and the market; and crop water budgeting 
tools. Installation of automatic weather stations on 
a cluster basis under the project permitted real-time 
dissemination of more realistic agro-advisories  
(NABARD 2015).

The project also had a strong focus on generating 
awareness and disseminating the lessons learned 
to different stakeholders. As a part of its fourth  
objective, the project aimed to create a knowledge 
management system for climate change adapta-
tion in rain-fed areas. For this, many independent  
studies were initiated in project areas to capture  
different aspects of the project. There was also  
regular monitoring and review to capture the 
knowledge/lessons from the project. These were 
subsequently disseminated through seminars, in-
teractive workshops, and exposure visits. Knowl-
edge material such as photo series, short films, 
and presentations were circulated among different 
stakeholders, including planners and policymakers 
(NABARD 2015).

Outcomes and Drivers of Success

The project, with a total budget of $1.344 million, has 
directly benefited over 26,000 participants between 
2015 and 2019. This included over 4,500 small and 
marginal farmers from Udaipur alone. The proj-
ect has led to improvements in soil healthin over 
2,500 ha of land across the 20 watersheds. Accord-
ing to NABARD, there has also been major growth 
in fodder availability for livestock, growth in animal 
husbandry, and increased adoption of horticultural 
crops (Adaptation Fund 2019; NABARD 2015). The 

project also provides additional insights into climate 
proofing of watershed projects that would enable a 
faster and more efficient scaling up of climate proof-
ing interventions.

The illustration demonstrates the importance of 
climate proofing traditional approaches to climate 
resilience. It provides an overview of the procedure 
and principles that underlie contemporary scien-
tific approaches to building climate resilience. The 
project was overseen by NABARD, and a substantial 
number of interventions were financed through the 
Adaptation Fund. However, the on-ground imple-
mentation of different interventions was undertak-
en by multiple NGOs as project EEs. These EEs were 
identified by NABARD through an appraisal based 
on a predefined set of criteria. It thus provided a 
framework for collaboration and convergence in the 
initiatives of various governmental and non-govern-
ment institutions to build climate resilience. It also 
ensured that the institutions selected to implement 
an intervention had the right skill set and expertise 
(NABARD 2015).

At the same time, participation of local communi-
ties was ensured by building linkages to village-level 
institutions through the Village Watershed Commit-
tees (VWCs). The technology, knowledge, and skills 
for managing the project are also being transferred 
to the VWCs through the project EEs. This ensures 
that the VWCs are able to carry forward the mainte-
nance and management of resources and the created 
structures. This is also bound to generate a sense of 
ownership regarding the assets created and broaden 
the understanding of climate resilience locally (NA-
BARD 2013).

Inter-cropping (NABARD 2015)

FIGURE 9 PROJECT COMPONENTS OF THE RESILIENCE STRATEGY FOR WATERSHEDS
Sources: Adaptation Fund 2019; NABARD 2015.
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The COVID-19 emergency brought to national and 
international attention the precarity of India’s in-
ternal migrant workers.With the lockdown, tens 

of millions of self-employed, informal, and daily-wage 
workers lost their livelihoods and were unable to meet 
their basic needs (Center for Contemporary South 
Asia 2020). Although urban economies are migrant 
dependent, migrant workers tend to be excluded from 
the patchy and domicile-dependent welfare programs 
available in India’s cities and towns. An exodus of  
migrants from cities to their rural homes ensued, many 
traveling hundreds of miles on foot with no transport 
available. The lack of social protection for much of the 
urban workforce makes cities less resilient, and wors-
ens the social and economic impacts of crises, shocks, 
and climatic events. More inclusive and adaptable  
social protection systems will be crucial to building  
resilience in India’s cities and communities.

In this illustration, we discuss the elements of such 
a system in the state of Kerala, looking at how cities 
and districts provided relief and livelihood-support  
services to migrant workers during the pandemic, build-
ing on strong local government institutions, embedded 
links with civil society, and progressive and inclusive 
state-level policies. Although urban resilience strategies 

often focus on infrastructure, environmental resources, 
and disaster mitigation; inclusive welfare policies and 
effective governance systems, are equally critical to  
resilience, in our era of multifaceted crises, uncertainty, 
and sustained stress.

Migration itself is a resilience strategy, enabling 
rural households to cope with stresses and uncertain-
ties, diversify earnings and reduce risk, and seek better 
lives and opportunities for their families. Through ur-
ban-rural remittances, migration supports not just 
those who migrate, but also extended families and  
rural economies. Climate change has intensified  
migration to cities and towns in the face of climate- 
related threats to rural livelihoods (Rigaud et al. 2018). 
News coverage and the literature on climate migration  
spotlights international movement, but internal, region-
al, and local migrations predominate (Mbiyozo 2020). 
In India, migration tends to be circular: migrants move 
between cities and rural villages, where they have fami-
ly and land. Within cities, migrants are likely to live and 
work in unsafe conditions, in places susceptible to cli-
mate stresses such as extreme heat, water scarcity, and 
flooding (Hari et al. 2021). The majority have informal 
and insecure jobs, little access to public services, and 
weak social and political networks in destination cities.

“Climate Refugee” by Mohammad Ponir 
Hossain. In picture, migrants escaping 
rising waters and disasters in  
Bhola Sadar, Bangladesh  
(Adapatation Fund 2016)

The Government of India, in the aftermath of the mi-
grant crisis, introduced measures to better serve India’s 
informal and migrant workforce, for example, a “One 
Nation One Ration” policy to enable migrants to access 
the public food distribution system in cities where they 
worked without official residence documents. Most 
Indian states and cities have struggled to implement 
these measures, or otherwise reduce migrant workers’ 
vulnerabilities (John et al. 2020). Circular migration 
patterns, social exclusion, and lack of political rights 
in destination cities make social protection for urban  
migrants in India an inherently challenging problem, 
as does their concentration in informal, mobile, and  
temporary jobs. Even in cities that are highly depen-
dent on migrant labor such as Delhi, institutional sys-
tems for the delivery of welfare and public services to 
migrants and informal workers are weak or nonexistent 
(Agarrwal et al. 2020; Gollerkeri et al. 2020; Rawat 
et al. 2020). As the COVID-19 emergency continues 
in India, resulting in widespread livelihood loss and  
immiseration, civil society organizations, some city  
administrations, and private businesses have stepped 
up to support migrants and informal workers. Yet 
these initiatives are sporadic and uneven, inadequate 
to cope with the scale of the problem.

The Kerala case provides insights into how state 
and municipal governments can more systematically 
and effectively implement social protection for urban 
workers to build resilience. Kerala is notable because, 
within an Indian context, it has laid the foundations 
of a more robust, inclusive, and versatile welfare sys-
tem for vulnerable urban residents, including out-  

of-state migrants. In the next section, we describe  
how cities in Kerala supported migrant workers  
during the COVID-19 lockdown and its aftermath,  
and identify the institutional drivers at the state and  
local level that made these outcomes possible.

Resilience Strategy

Kerala is known for its strong human development 
indicators, linked to a welfare state that prioritiz-
es social development and decentralized governance 
and planning. During the COVID-19 pandemic, these 
institutional strengths enabled the state to relative-
ly effectively manage the health crisis, while also  
setting up systems to provide relief and support 
to poor and vulnerable people and communities,  
including an estimated 3.5 million interstate migrants  
(Peter et al. 2020). Kerala had in place inclusive  
welfare policies and targeted social services for  
migrant workers, establishing an interface between  
the local state and its migrant workforce.

Severe floods in 2018 and a Nipah virus outbreak 
in 2019 bolstered state and civic capacity to deal with 
emergencies. Learning from these experiences to 
strengthen resilience, the Kerala government inte-
grated its crisis mitigation strategy into planning and 
public management systems. Thus, Kerala was able 
to quickly ramp up medical infrastructure and public 
health services to address the COVID-19 emergency 
(WHO 2020). State authorities worked closely with 
public health as well as private actors to establish  

FIGURE 10  PROJECT COMPONENTS OF THE RESILIENCY STRATEGY APPLIED IN KERALA
Sources: George et al. n.d.; Paliath 2019, 2020; Peter et al. 2020.
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testing, quarantine, and treatment facilities, even  
setting up facilities to produce medical oxygen.  
Kerala’s health mission shared COVID-19-related infor-
mation through multiples channels in multiple languag-
es. Local state officials were charged with disseminating 
information, engaging with community members, and 
planning and undertaking preventive measures in their 
localities (Peter et al. 2020).

The most important element of Kerala’s response 
during the COVID-19 crisis was not the policies them-
selves, which are in some cases based on national 
schemes and laws, but how they were implemented 
and delivered—that is, the role and capacity of local 
state institutions, their ability to mobilize and work 
together with nongovernmental actors to address  
social problems, and effective coordination at the  
state level to enable scale along with localization.

Innovations for Inclusive Policies and  
Effective Decentralized Governance

Kerala’s decentralized development planning and gov-
ernance system, well documented in the literature, has 
contributed to better provision of local public goods and 
services, such as health and education, compared to oth-
er states (NITI Aayog 2021). Minimum wage laws and 
labor protections extend to informal workers, and high-
er wages in the “unorganized” sector makes the state 
attractive to migrants from all over India. Recognizing 
that the state’s economy is migrant dependent, the state 
government set up a task force on migrant welfare, and 
incorporated provisions for migrants into Kerala’s 5-year 
planning process. To ensure that migration does not 
undermine wages and protections for workers in Kera-
la, wage and labor regulations apply to all workers. The 
state also introduced targeted social security schemes, 
public housing, and health and education services for 
out-of-state migrants (George et al. n.d.; Peter et al. 
2020). Although implementation is uneven, the state’s 
approach to migrant welfare has been comprehensive 
and relatively integrated into state and local planning 
and administrative processes.

Project Roshni, as an example, is an innovative 
public schooling project for children from migrant 
households that bridges language barriers by offer-
ing instruction in their mother tongues as well as  
Malayalam, thereby improving education outcomes 
for children. Kerala’s accessible and high-quality pub-
lic education motivated migrant families to remain in 
the state through the COVID-19 emergency. The mul-
tilingual program moved online, and schools telecast  

classes in community facilities for families lacking  
access to Internet devices (Paliath 2019, 2020).

Migrant workers in Kerala are recognized and pri-
oritized as a vulnerable population during disasters. 
Although the lockdown was an unprecedented event, 
the state was able to set up a coordinated and system-
atic response to support interstate migrants during the 
emergency. The state’s district-level Labour, Health 
and Family Welfare, and other related departments co-
ordinated with local government bodies, urban and ru-
ral, to combine public health measures with relief and 
support in localities where migrants were concentrated. 
Local governments were entrusted with provisioning 
food and shelter to migrants, and worked with neigh-
borhood and community groups as well as with private 
actors to tailor provisions to the situation, needs, and 
preferences of migrants and other vulnerable groups 
in specific localities. In Kerala, given the greater local 
embeddedness, planning, and enforcement capacity 
of government bodies, evictions were largely avoided 
during the lockdowns. Where employers and landlords 
were unable to feed and house their workers, the state 
stepped in to provide food, supplies, and shelter and 
also arranged transport for migrants seeking to return 
to their home states (Peter et al. 2020).

Institutional drivers through Local  
Government–Civil Society Linkages

The Kudumbashree, a network of women’s neighbor-
hood groups, played an important role in providing 
relief and support to migrant workers. Set up to im-
plement participatory local development and poverty 
eradication programs, the neighborhood groups were 
embedded with local government bodies and federated 
at the ward, village, and district levels (Kudumbashree 
n.d.). In recent years, some Kudumbashree groups 
have incorporated migrant women, working with  
them on welfare as well as income-generating projects  
(LSGD-GoK 2018).
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AND PROTECTION
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Civic capacity: Effective and 
decentralized governance, 

planning, and delivery systems 
during crises that bring  

together government and 
non- governmental actors to 
respond to social problems.

During the pandemic, Kudumbashree groups ran 
free community kitchens and subsidized “hotels”  
catering to migrants’ food preferences; disseminated 
health and public services information; ran enterprises 
making masks and sanitizers; and distributed grocer-
ies and health supplies. Their volunteers participated 
in outreach efforts and provided support, including 
mental health counseling, to vulnerable individuals and 
families. Whereas governments elsewhere struggled to 
identify and reach migrant workers, Kerala’s neighbor-
hood groups could identify and engage with migrant 
communities—as well as other vulnerable populations 
such as the elderly and destitute—within their locali-
ties. Experience in community projects and local social 
services helped them mobilize quickly and effectively 
deliver state-sponsored relief.

The Kudumbashree network was a key element in 
Kerala’s ability to support vulnerable groups during 
the COVID-19 emergency, connecting the state with 
communities. Working closely with local govern-
ments, they conveyed local information and needs and 
helped provide localized relief and support, at scale, 
across the state.

Expected outcomes & drivers of  success

Kerala’s approach of including migrants within broad-
er policymaking while also accounting for their spe-
cific needs led to it being ranked highest among 
states on an Interstate Migration Policy Index for India  
(Aggarwal et al. 2020). Kerala’s more effective response 
to the crisis was not just a matter of government pol-
icies and state capacity in the traditional sense, butan 
outcome of concerted engagement between the state 
and local government bodies and non-state actors—
women’s collectives, neighborhood and community 

organizations, NGOs, civic institutions, and private 
businesses—to work together to respond to an unprece-
dented and multifaceted emergency.

As COVID-19 lingers on, millions have seen in-
comes fall or lost jobs and livelihoods, deepening  
poverty across India. The MGNREGS rural employ-
ment guarantee program provided a lifeline for poor 
rural households, but urban-rural migration contin-
ues as cities offer prospects of higher wages and better  
opportunities. Migrant and informal workers and 
their families, in the absence of functional systems of 
social protection in India’s cities, remain vulnerable to 
livelihood loss, hunger, and poverty. Their precarity, 
exacerbated in crisis situations, has sparked debates—
and the implementation of new models—of liveli-
hood supports and safety nets in urban areas. Here 
again, Kerala is a pioneer. It launched the Ayyankalli  
Urban Employment Guarantee Scheme (AUEGS n.d.) 
in 2011, similar in design to the rural MGNREGS, to 
provide fallback employment for urban households 
for a fixed number of days. Prior to the COVID-19  
crisis, the program had poor uptake, but it may now 
be scaled up, expanded, and integrated into local  
planning. Some cities are using it for local infrastruc-
ture, environmental conservation, and even climate 
adaptation projects.

Resilience in cities, in an era where crises are  
recurrent and multi-pronged, is a complex problem.  
In the future, climate stress as much as urban opportu-
nity will shape India’s migration patterns. Social pro-
tection systems for a mobile urban workforce will need 
to be designed and implemented differently from those 
in rural areas, and must be both inclusive and adapt-
able, taking into account the mobility of urban work-
ers, as well as the linkages between internal migration  
patterns and climactic stresses and events.

A community kitchen run by Kudumbashree 
(Kudumbashree 2020)
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Climate resilience is a constantly evolving and  
dynamic field. New ideas, methodologies, and 
approaches that target resilience building 

emerge periodically. New insights are also gen-
erated from the implementation of various pilot 
programs on climate resilience. Certain strategies 
may work in certain areas, but fail to provide the 
intended outcomes in another area for various 
reasons. Even some climate risk projections may 
need to be updated over the years owing to the dy-
namic nature of climate and ecosystems. The de-
velopment process itself may lead to unintended 
consequences, and this has a bearing on existing 
socioeconomic vulnerabilities. Planners need to 
be mindful of these constantly changing aspects, 
which make the goal of building climate resilience 
far more nuanced.

The projects discussed here may not always  
address the specific climate vulnerabilities in their  
totality. Some projects may create new climate vulner-
abilities while tackling the earlier vulnerabilities. Thus, 
what one regards as adaptation today can morph into  
maladaptation tomorrow because of the lack of con-
sideration of an important unforeseeable dimension or 
the availability of relevant climate information. It is for 
these reasons that climate resilience needs a unique set 
of approaches to planning.

These illustrations highlight that certain process-
es such as mainstreaming and climate proofing play a 
major role in initiating and sustaining climate actions. 
They also demonstrate the importance of pilot testing 
certain ideas, while looking for opportunities for scale-
up and replication. National-level programs such as 
MGNREGS have also evidently been a major enabler 
for such scale-ups. The climate crisis necessitates adop-
tion of these processes for climate resilient pathways 
on a much wider scale, to reorient our development  
trajectories toward sustainability.

“Climate resilient pathways are sustainable  
development trajectories that combine adaptation and 
mitigation to reduce climate change and its impacts” 
(IPCC 2014). Apart from the above dimensions, it is 
also necessary to monitor and evaluate the outcomes 
of climate resilience initiatives and provide sustained, 
predictable finance for them. These dimensions ensure 
that programs translate into real outcomes in the long 
run, such as decreased vulnerabilities, reduced loss-
es from disasters, and improved incomes. The moni-
toring and evaluation component aids in identifying 
gaps in programs and provides a feedback loop to help 
improvise climate actions even during project cycles.  
wSustained predictable finance ensures timely com-
pletion of resilience initiatives that take longer time 
frames to demonstrate outcomes. It also helps sustain 
measures beyond project cycles.

The vision of Climate Resilience Practice (CRP) at 
WRI India is to help stakeholders understand the driv-
ers of climate vulnerability in their regional or policy  
context, support them in their adaptation efforts, and 
enable access to the information, tools, and resources 
they need to integrate climate change in their plans 
and programs. CRP’s initiatives aim to enable simulta-
neous achievements of various national developmen-
tal priorities, including the Nationally Determined  
Contributions, Sustainable Development Goals 
(SDGs), and global targets under the Sendai Frame-
work for Disaster Risk Reduction  (2015–2030).

CLIMATE RESILIENT 
PATHWAYS

Yet it is possible to strategize our development  
trajectories and remain resilient by using the best avail-
able tools and information. Natural ecosystems can be  
restored and human activities can be reorganized to reduce  
vulnerabilities. It is possible to build capacities and insti-
tutions that enable communities to bounce back resilient-
ly from disaster. These illustrations highlight that climate  
resilience of livelihoods, incomes, villages, communities, 
cities, sectors, and regions can be built with both short-
term and long-term benefits. It is also evident that multi-
ple stakeholders have a role to play in such transformative  
adaptation.

Today, it is imperative to look at development from 
a climate lens. This requires conscious planning for 
the multiple risks and vulnerabilities associated with a 
changing climate. To make planning and decision-making  

robust, the government and other institutions will 
have to dynamically plan, strategize and act on these 
changes. They will also have to ensure that lessons from  
climate resilience programs constantly feed into poli-
cies, plans, and programs. This is possible when knowl-
edge is shared across stakeholders, and when policies are  
dynamic. In the Indian context, it is equally import-
ant to ensure that planning for climate resilience is 
locally led. The enormous expanse and diversity in 
terrain of the country, which spans multiple ecolog-
ical zones, requires an understanding of these factors 
at the local level. Even when scaling up, the diversity 
of capacities and priorities of different communities 
necessitates reassessment at the local level. Locally 
led adaptation could ensure that the benefits of cli-
mate resilience projects are generated long after the 
end of the project cycle.
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