<]
TUDelft

Delft University of Technology

Document Version
Final published version

Licence
CCBY

Citation (APA)

Gomes, S. L., Hermans, L. M., Chakraborty, S., Luft, S., Butsch, C., & Sarathi Banerjee, P. (2023). Comparative
analysis of local adaptation processes in the future across peri-urban India to support transformations to sustainability.
Global Environmental Change, 82, Article 102721. https://doi.org/10.1016/j.gloenvcha.2023.102721

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright

In case the licence states “Dutch Copyright Act (Article 25fa)”, this publication was made available Green Open
Access via the TU Delft Institutional Repository pursuant to Dutch Copyright Act (Article 25fa, the Taverne
amendment). This provision does not affect copyright ownership.

Unless copyright is transferred by contract or statute, it remains with the copyright holder.

Sharing and reuse

Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without
the consent of the author(s) and/or copyright holder(s), unless the work is under an open content license such as
Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1016/j.gloenvcha.2023.102721

Global Environmental Change 82 (2023) 102721

: - ; ; = -
Contents lists available at ScienceDirect

Global Environmental Change

Global Environmental Change

ELSEVIER journal homepage: www.elsevier.com/locate/gloenvcha

Check for

Comparative analysis of local adaptation processes in the future across ol
peri-urban India to support transformations to sustainability

Sharlene L. Gomes ™", Leon M. Hermans ™, Shreya Chakraborty ¢, Sarah Luft’,
Carsten Butsch “¢, Partha Sarathi Banerjee”

& Leiden University, Institute of Public Administration, Faculty of Governance & Global Affairs, Wijnhaven, Turfmarkt 99, 2511 DP, The Hague, The Netherlands
Y Delft University of Technology, Faculty of Technology, Policy, and Management, Jaffalaan 5, 2628 BX Delft, The Netherlands

¢ IHE Delft Institute for Water Education, Land and Water Management Department, Westvest 7, 2611 AX Delft, The Netherlands

4 International Water Management Institute, 2nd Floor, CG Block C, NASC Complex, Pusa, New Delhi 110012, India

¢ South Asia Consortium for Interdisciplinary Water Resources Studies, B — 87, 3rd Ave, Sainikpuri, Secunderabad, Telangana 500094, India

f University of Cologne, Institute for Geography, Faculty of Mathematics and Natural Sciences, Albertus-Magnus-Platz, DE-50923 Cologne, Germany

8 University of Bonn, Institute of Geography, Meckenheimer Allee 176, DE-53115, Germany

1 The Researcher, 3D Purbali, 507 Purbalok Main Road, Kolkata 700099, India

ARTICLE INFO ABSTRACT

Keywords: Peri-urban transformations in emerging economies like India demand scientific attention given their impact on

Pef'i'urba“ global environmental change processes. Some studies examine past or ongoing peri-urban adaptation processes,

Drivers ) but insight into future adaptation needs and aspirations of peri-urban communities is lacking. Also, it is unknown

E:’;Sgg';:: adaptation how the high degree of informality that characterizes peri-urban areas, interacts with formal institutions to shape

India or enable more sustainable adaptation pathways. This study addresses these scientific gaps, using an existing
typology of adaptation processes to investigate plausible future adaptation pathways in three peri-urban villages
in India, near Pune, Hyderabad, and Kolkata cities. On-site field research followed by a Delphi-study were used to
develop normative adaptation pathways for livelihood and household water use with local actors. The pathways
represent development trajectories and adaptation strategies over the next 15 years in the livelihood and
household water sectors. Pathways data was thereafter analyzed and compared in terms of drivers of vulnera-
bility and opportunity, adaptation processes, and formal and informal institutions. Our ex-ante study identifies
general and context specific drivers of vulnerability and opportunity shaping different peri-urban trans-
formations. Results reveal similarities in future drivers, whose impact on peri-urban livelihoods and household
water is context dependent. This comparative analysis contributes a deeper understanding of future adaptation
needs by highlighting patterns in locally preferred adaptation processes for different drivers and water-use
sectors. This normative understanding reveals preferences of local communities who are otherwise marginal-
ized from decision-making arenas. A combination of adaptation processes will be needed to respond to the
various drivers, only some of which are achievable through informal institutions. Formal government inter-
vention will be essential for stimulating innovation, intensification, and revitalization forms of adaptation.
Institutional adjustments will be key to shaping local agency and future adaptive capacity away from a business-
as-usual trajectory.

1. Introduction 2003; Narain et al., 2013). Butsch and Heinkel (2020) define them as
spaces of flows and exchange at the intersection of rural and urban,

Peri-urban areas, situated close to growing cities, form the transition creating a mosaic of land use, diverse stakeholders and interests, and
zone where urban influences gradually become visible in changing land weak governance. While their urban proximity attracts migrants and
uses, influx of population, and changing economic activities (Allen, opens up opportunities for new kinds of livelihoods, they are
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simultaneously sites of opportunities and sites of poverty and margin-
alization (Thorn et al., 2015). Local communities who reside in these
areas use adaptation as way of dealing with these threats and opportu-
nities during this transformation. Here, adaptation refers to the re-
sponses of households and other social groups to changes (Smit et al.,
2000). Despite growing interest in peri-urban adaptation research (e.g.
Anum et al., 2022; Padgham et al., 2015; Ricci, 2012; Thorn et al.,
2015), our understanding of peri-urban adaptation processes in the
future remains limited.

In India, peri-urban transformations affect traditional water-
dependent livelihoods, e.g. agriculture, aquaculture etc. (Butsch and
Heinkel, 2020) and household water supply for drinking and domestic
purposes (Gomes, 2019; Narain et al., 2013; Roth et al., 2019; Sen et al.,
2019). In both sectors, competition over increasingly scarce water re-
sources is rising. The emergence of new economic activities such as
polluting factories with high water use for manufacturing and untreated
wastewater outputs threatens surrounding traditional livelihood activ-
ities (Butsch et al., 2021; Gomes, 2019). Water demand also increases
due to growing populations and increasing per capita consumption (Sen
et al., 2019). The pressure on peri-urban water is aggravated by nearby
“thirsty cities” (Garrick et al., 2019) that draws water from peri-urban
surroundings and degrades resources by using peri-urban areas as a
sink for wastes. These changing waterscapes creates water insecurity,
especially for economically disadvantaged peri-urban residents (Butsch
et al., 2021). Many families are forced to diversify livelihoods and find
alternate household water sources less affected by water insecurity
through informal means (e.g. water tankers or packaged water pro-
viders) or privately fund their own water infrastructure.

The flux that results from peri-urbanization demands adaptive ca-
pacity at the local level. During such transformations, adaptations have
been locally observed, however, strategies are oftentimes reactive or
short-sighted leading to maladaptation. Winter and Karvonen (2022) for
examine observed this in their study of flood responses in 26 peri-urban
contexts including India. Moreover, existing adaptation strategies may
prove ineffective against future threats. It is unclear how peri-urban
areas will develop in the future and the type of adaptive capacity that
will be needed. Therefore, our study seeks to better understand future
drivers of development and community-level adaptation.

Peri-urbanization in India is taking place in a very specific institu-
tional environment, defined here as formal and informal rules. The
country’s overall urbanization is relatively low — 35% in 2020 - ac-
cording to official statistics (UN DESA, 2018). Yet, others argue that by
applying more common definitions of “urban”, India’s urban population
share may, in reality, stand at 55% or even 63% (Aijaz, 2017: 8). Specific
for India’s urbanization is that it largely occurs in smaller settlements, a
process labelled “subaltern urbanization” (Denis and Zérah, 2017) or
“agrarian urbanism” (Ren, 2021). This is related to keeping smaller
towns under decentralized rural self-governance (locally referred to as
panchayati raj). These fast-growing towns are administered like villages
by a gram panchayat that lacks the administrative power to effectively
govern growth. Thus, many peri-urban activities lie between rural and
urban jurisdictions, resulting in a complex institutional interface (Nar-
ain and Nischal, 2007). Understanding these institutional settings will
shed light on local adaptive capacity.

Formulating adaptation research in this context requires explicit
consideration of some key characteristics. First, their dynamic nature is
reflected in peri-urban changes and a heterogenous social composition,
partially because of the increasing demand for land and water resources
and/or environmental degradation (Diaz-Caravantes, 2012; Gomes and
Hermans, 2018; McGregor et al., 2012). It is important to understand the
drivers of change occurring in the wider peri-urban context and how
these impact water-security in peri-urban communities. Second, existing
institutions — defined here as formal and informal rules - that exist to
regulate development and resource use are ineffective or are confronted
with drivers beyond local administrative boundaries. Moreover, there is
a disconnect between peri-urban areas and policymaking circles as their
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geography makes them removed from rural and urban decision-centers,
hindering inclusive forms of resource governance during trans-
formations. Third, their transitional nature usually leads to the
assumption that they are urban spaces to be, which hinders their
scholarly examination (Simon, 2008) and also limits the imaginations of
local actors of possible futures, thus hindering their development as
spaces in their own right (Bartels et al., 2018; Butsch et al., 2021). When
studying future peri-urban transformations, it is valuable to consider the
perspectives of local communities and how they see themselves adapting
to drivers of change under different development trajectories.

Examining community-level adaptation in the future is needed to
support more sustainable peri-urban development. It entails taking into
account what local communities envision when it comes to sustainable
development but also how they cope and manage uncertainty through
adaptation. Given the uncertainty of future peri-urban transformations,
understanding what adaptation processes are readily available and the
kind of adaptations requiring additional support will make communities
better prepared for this. Furthermore, examining the institutional set-
tings of future adaptations can reveal the institutional adjustments
needed to improve local adaptive capacity. This understanding helps
create more effective institutions to enable adaptation and allow peri-
urban communities to better navigate future threats and opportunities
in a more sustainable way.

However, peri-urbanization is extremely context dependent. Trans-
formations are likely to vary from one peri-urban region to another
given the differences in physical, socio-political or institutional settings.
Studying this in a variety of peri-urban regions gives us an opportunity
to identify more general patterns of adaptation in the future. Therefore a
comparative study of peri-urban areas across India is used to generate
theoretical conclusions about adaptation processes during future peri-
urban transformations.

This paper addresses the following research question: How will peri-
urban communities in India adapt to future threats and opportunities
and what institutional adjustments are needed to support this?

To study this, we apply a normative adaptation pathways approach
(Gomes et al., 2023) to collect data about peri-urban futures across three
regions in India. These pathways describe adaptation strategies in the
business as usual, ideal, and alternative scenarios within two key water
use sectors — livelihoods and household water. The provide the main
inputs for the comparative analysis of adaptation strategies using the
typology of adaptation processes (Thornton and Manasfi, 2010). Future
drivers are analyzed in terms of opportunities and vulnerabilities for
local livelihoods and household water uses. Institutions associated with
different pathway are categorized as formal or informal and is used to
further compare and analyze local adaptive capacity.

This paper is structured as follows. Section 2 explains the relevant
characteristics about peri-urban areas and ways to empirically study
adaptation along with our hypotheses about peri-urban adaptation.
Section 3 describes the methods used to develop future pathways in peri-
urban India and thereafter, systematically compare and analyze them.
Section 4 presents the comparative results of future drivers, adaptation
processes, and institutions. A discussion of these results and study lim-
itations is in section 5 followed by final conclusions in section 6.

2. Literature review for the examination of future peri-urban
adaptation

2.1. Key characteristics of peri-urban areas relevant for studying
adaptation

Peri-urban is a spatial category that is linked to the current urban
transformations of the Global South. This peri-urban interface (Rakodi,
1999; see also: Allen, 2003; Simon, 2008) is a zone in transition with
distinct characteristics, which cannot be found in the same way in the
Global North. Peri-urban areas are typically situated close to urban
centers (Iaquinta and Drescher, 2000) and characterized by their unique
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mix of rural and urban features and interaction patters across the
rural-urban divide (Brook et al., 2001). They include a mosaic-type of
mixed land-uses, a multiplicity of stakeholders and often also a multi-
plicity of institutions and governance arrangements (Butsch and Hein-
kel, 2020; Narain and Nischal, 2007).

The unique characteristics of peri-urban areas, introduced above, are
important to take into consideration when studying adaptation in this
context. Here adaptive capacity, refers to the human ability to adjust to
negative disturbances or exploit opportunities that arise as a result of
transformation processes in a system (Gallopin, 2006). An important
feature of peri-urban areas relates to their temporal and heterogenous
nature. Peri-urban areas are dynamic and rapidly evolving. Growing
urban footprints in cities of low and middle income countries place
pressure on surrounding peri-urban areas. These peri-urban trans-
formations start much before “urbanization” takes place, gradually
becoming visible in changing land use, population, and economic ac-
tivities. Over time, peri-urban features shift from those of a more rural
nature to an urban one. For example, in India, dynamic peri-urban
transformations are evident from the changing activities and resource
use. Traditional livelihoods (e.g. fishing, farming or animal husbandry)
are increasingly replaced by real-estate development, industries, service
jobs in the city, commercial water vending businesses et cetera (Butsch
et al., 2021). As a result, the composition of peri-urban communities is
extremely heterogenous. Therefore, peri-urban transformations are not
likely to be experienced in the same way and requires different kinds of
adaptation across actor groups who experience them.

Peri-urban communities are often marginalized as a result of being
neither close to their rural nor urban decision centers. As a result, local
needs and interests are not well integrated into government policies or
programs and thus remain poorly addressed. For example, Thorn et al.
(2015) observed this in peri-urban Nairobi where residents were not
found to benefit from planned measures to reduce risk despite their
existence at multiple governance levels. Moreover, this marginalization
requires peri-urban communities to explore informal avenues for
addressing local problems (Gomes, 2019; Randhawa and Marshall,
2014; Vij et al., 2019). Individual or household level adaptation stra-
tegies to peri-urban risks are dependent on access to different types of
capital (e.g. social, natural, financial, human and physical) as well as
social demographics (Thorn et al., 2015). For example, Anum et al.
(2022) discovered that low access to agricultural insurance for small-
holder farmers in peri-urban Ghana influenced adaptation to climate
change, together with age, education and social networks. A closer ex-
amination on the role of capital or assets in livelihood strategies in peri-
urban Accra is facilitated with the help of a modified sustainable live-
lihoods framework by Oduro et al. (2015). However, this framework
does not make any connections to the institutional context. The role of
institutions (both formal and informal) in enabling and constraining
local level adaptation needs to be better understand, particularly in the
future.

Peri-urban areas have unique institutional settings and challenges. In
parallel to the above mentioned changes, resource needs grow and new
institutional arrangements emerge. Typically, institutional arrange-
ments are arranged along rural and urban boundaries. As these areas are
neither distinctly rural or urban (Beilin et al., 2013), institutions become
less effective in coping with its unique challenges. This has conse-
quences for local governance concerning issues like climate change,
water supply, agricultural activities etc. (Eakin et al., 2010a; Gomes and
Hermans, 2018; Padgham et al., 2015). Rural and urban administrative
boundaries shift during peri-urban transformations, leading to institu-
tional dynamics (Marshall and Dolley, 2019). In such a heterogenous
context, formal and informal institutions are even more necessary to
manage diverging interest and needs. Studies like Thorn et al. (2015)
explain the significance of institutions in their study of peri-urban slums
in Nairobi. Padgham et al. (2015) studied urban and peri-urban agri-
culture in cities across Asia and Africa. They used the adapted urban
resilience framework of Tyler and Moench (2012) centered around the
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interplay between systems, agents, and institutions. In peri-urban areas
of Mexico, institutional voids are found to impact adaptive capacity to
flood risk (Eakin et al., 2010a). This underscores that in peri-urban areas
the role of institutional seems critical in mediating and shaping adap-
tation trajectories.

2.2. Adaptation pathways for dynamic peri-urban systems

Adaptation processes, whether incremental or transformative, are
often conceptualized as part of a dynamic pathway. These pathways are
typically used to explore long-term decision-making under uncertainty
(Haasnoot et al., 2013). They represent a series of actions sequenced
over time towards a variety of future scenarios. Each pathway is shaped
by specific drivers of change. Adaptation is captured in the ability to
shift between pathways as system conditions evolve. The literature
outlines the common elements found in all adaptation pathways ap-
proaches and includes: current situation or baseline, future scenarios
and the drivers that shape them, the pathways - each consisting of a
sequence actions from the baseline to the futures -, and concepts relating
to the shifts between pathways namely transfer stations and its associ-
ated signals, triggers, decision nodes and endpoints (Bhave et al., 2018;
Bosomworth et al., 2018; Bosomworth and Gaillard, 2019; Butler et al.,
2016a; Coulter, 2019; Haasnoot et al., 2013).

Adaptation pathways have been applied in several contexts as means
of participative adaptive governance (see for example Barnett et al.,
2014; Bosomworth et al., 2015; Haasnoot et al., 2013). Maru et al.
(2014) used adaptation pathways to explore future pathways in
vulnerable communities, disconnected from decision-making centers, a
feature shared by many peri-urban communities. More recently, these
approaches were developed and applied by the authors in peri-urban
contexts (Gomes et al., 2023; Luft et al., 2022). The Delphi-based
methodology described in (Gomes et al.,, 2023) offers the added
advantage of incorporating normative perspectives about these futures
and furthermore, incorporates the institutional and multi-actor elements
within these pathways.

2.3. Comparing drivers, types of adaptation processes, and institutions
across peri-urban areas

Future pathways in peri-urban villages are to a large extent exter-
nally driven, by drivers and changes at higher governance levels,
regional economic trends, and urban development patterns. Peri-urban
areas often face a multiplicity of drivers as a result of the growing
urban footprint as well as emerging climate risks (Padgham et al., 2015).
These drivers result in vulnerabilities like for example resource over-
exploitation, poverty traps due to livelihood insecurity or rising costs of
living, environmental degradation etc. However, not all drivers of
change are sources of vulnerability (Gallopin, 2006), some can also
bring opportunities for societal actors. Hence, adaptation does not solely
pertain to reducing adverse effects but also includes taking advantage of
emerging opportunities (Gallopin, 2006; Maru et al., 2014; Thorn et al.,
2015). For example, peri-urban transformations can also create oppor-
tunities in terms of new job markets, improved water supply, public
services etc.

These external drivers shape local responses and processes, which
can be understood as local communities’ adaptation strategies. Com-
munities who reside in these areas face constant pressure to cope or
adapt with their changing circumstances over time. A peri-urban study
by Thorn et al. (2015) is helpful for understanding autonomous adap-
tation by peri-urban actors to change in the absence of external support.
They applied a typology of eight adaptation processes developed by
Thornton and Manasfi (2010) (Table 1) in peri-urban contexts — and this
same typology has been applied in other relevant studies on adaptation
at the community level and in combination with pathways approaches
(Roy et al., 2018; Thornton et al., 2019). This typology potentially al-
lows for a deeper analysis of future adaptation strategies by peri-urban
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Table 1
Typology of adaptation processes (Thornton and Manasfi, 2010).

Adaptation Description

process

Mobility Seasonal movement or permanent migration to avoid risk or in
search of better circumstances

Exchange Flow of material and symbolic goods and services between
people

Rationing Controlling the circulation or consumption of limited or critical
resources among members of a group

Pooling Sharing or linking of assets (wealth, labor, knowledge) across
social groups

Diversification Increasing the variety of household and livelihood strategies,
specialization, etc. to meet or enhance daily water needs and
income

Intensification Increasing the availability of resources by boosting theory yield
within a certain space or time

Innovation New, unplanned method of technique that arises to address a
certain need

Revitalization Organized reconfiguration of ideology and practices to reduce

stress and create a more satisfying culture

communities under different drivers and development scenarios.

Local agency, and hence adaptation processes, are co-defined by
access to resources, which are determined by the overarching institu-
tional arrangements. While formal institutions may not adequately
curtail to local needs, peri-urban actors may use informal means to
adapt. A better understanding of local impediments and potential ways
of overcoming them is recommended in order to build resilience in such
contexts (Padgham et al., 2015). Formal and informal institutional set-
tings are likely to enable and constrain local agency to pursue particular
kinds of adaptation to future drivers of change.

In summary, the literature on peri-urban adaptations, suggests that,
although peri-urban areas across India would face similar drivers, the
impacts they will have for peri-urban communities in terms of vulner-
abilities and opportunities will vary between contexts, as will the
adaptation mechanisms used to deal with them. Conceptualizing adap-
tation processes with a pathways approach, helps to identify and study
certain favored and less favored adaptation processes by peri-urban
communities in the future. When it comes to studying adaptation pro-
cesses, institutional arrangements are an important co-determinant of
agency and different formal and informal institutional arrangements
across peri-urban contexts will translate into certain forms of adapta-
tion. We may hypothesize, based on the eight types of adaptation pro-
cesses identified by (Thornton and Manasfi, 2010) that in the absence of
locally supportive formal institutions, communities will invest in those
adaptation processes that are perhaps accessible through informal
means. Furthermore, certain adaptation processes will only become
accessible with institutional interventions and improvements to local
agency. We expect that government support and formal institutional
change are needed to activate diversification, intensification, innovation
or revitalization forms of adaptation.

3. Methods

This comparative approach to study local-level adaptations to future
peri-urban transformations was applied in 3 peri-urban regions across
India as part of the ‘HyO-Tansformations to Sustainability’ research
project. Selection of the three study regions was undertaken in early
2019 using the following selection criteria: they (i) had to be governed
by gram panchayats or nagar panchayats (an institutional construct used
to govern zones in transition, observed only in the Hyderabad context),
or very recently brought under urban governance (i.e municipal); (ii)
together they reflect a variation of physical-geographical factors; (iii)
show transformations in income sources, population changes and land
use/economic activities; (iv) constraints to locally considered solution
strategies; (v) recent institutional change; (vi) existence of local plat-
forms for learning and knowledge sharing; (vii) stakeholder willingness
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to change the status quo; (viii) evidence of changes in household water
sources or water use; (ix) threats to the primary household water sour-
ces; and (x) water outflows for uses beyond the village’s household
water needs.

The three peri-urban regions selected for this comparative study are
Paud village (near Pune), and Anajpur village (near Hyderabad)and
Hadia village (near Kolkata) (Fig. 1). They represent the variety of peri-
urban areas in India in terms of hydrology, climatic conditions, in-
stitutions, and stage of peri-urbanization. As each village is also situated
in a different Indian state, they are governed by different sets of in-
stitutions and are culturally different in terms of language, religion,
caste etc. Paud village with 4000 inhabitants is situated 30 km west of
Pune city (9 million people) in the rain shadow region of the Western
ghats in Maharashtra state (Office of the Registrar General and Census
Commissioner, India, 2011). Administratively, the core village area falls
under the jurisdiction of the gram panchayat, the rest within the Pune
Metropolitan Region Development Authority. Recent changes in the
village includes the construction of a new residential township. Next,
Anajpur village, is located at the periphery of Hyderabad city (7 million
people) in the Indian peninsular region of Telangana state with a hard
rock granitic aquifer. Its close proximity to two major transport routes
(Outer Ring Road and National Highway 95), allows for easy commuting
to the city. Administratively, it is part of Hayatnagar mandal (a sub-
district unit or block) in the Rangareddy district. The Sanghi industrial
complex and nearby Ramoji film studios strongly impacts the village’s
development. Finally, Hadia is located in the East Kolkata wetlands in
the Ganges delta area of India. It lies outside the eastern border of
Kolkata city (14 million people) and administratively falls under
Bamanghata gram panchayat. Hadia is a group of hamlets with a mixed
population of nearly 8000 that includes two tribal communities
(Directorate of Census Operations West Bengal, 2011). Development
activities here are controlled given the wetland’s RAMSAR status since
2002. Its close proximity to Kolkata and a large leather complex nearby
led to improved road connectivity and in-migration.

Data collection for this study was as follows. Field visits to Paud,
Aanjpur, and Hadia villages were held in March 2019, November 2019
and January - February 2020 by three of the authors with translations
from local field assistants. During these visits, key informant interviews,
transect walks, focus group discussions, and observational studies were
conducted. In total 46, 47, and 35 interviews were conducted with
residents and government representatives in Paud, Anajpur and Hadia
respectively. Local interviewees included residents engaged in different
livelihood sectors (typically male household members) and household
water collection (typically female household members). Government
interviewees represented key departments, agencies or ministries from
the local to the state level concerned with water management, village
administration, key livelihoods, environmental management, urban
planning etc. Interviewees were identified from earlier field visits or
through snowball sampling techniques. Further, a total of 7 transect
walks were conducted with a community members and 8 focus groups
discussions were held with community or local government represen-
tatives across the three villages. The researchers also made participatory
observations during visits with local fishermen and farmers in each
villages. This data was then used to prepare the baseline situation for
each village from which adaptation pathways were subsequently
developed.

Thereafter, between 14 and 20 local actors (representing the village
and local government) from each peri-urban context were invited to
form a panel to participate in focused discussions about the future
through an iterative Delphi-led pathways building methodology
described in (Gomes et al., 2023) between December 2020 and October
2021. This was implemented in parallel across the three peri-urban
contexts. Panel members individually shared their opinions about
future development trajectories in their respective village and provided
the inputs needed to construct adaptation pathways for that context. The
pathways building focused on three kinds of development trajectories
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Fig. 1. Map of the three urban agglomerations studied — overview and location of the villages within the agglomerations. Map layout: authors, Cartography: Martin
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related to a business as usual, a preferred, and an alternate future sce-
nario. These discussions were conducted remotely due to the Covid-19
pandemic and were structured using a Delphi study conducted via
telephone based questionnaires in the local language by local enumer-
ators. After each round, individual responses were synthesized by the
researchers and presented back to the panel members in the subsequent
round together with a follow-up set of questions. Over three Delphi
rounds, adaptation pathways for managing livelihoods and household
water (both drinking and domestic purposes) for the next 15 years were
co-designed for each peri-urban context. A final workshop was also
conducted with 19 of the 20 panel members from Hadia in October 2021
in a hybrid format to reflect on the pathways developed for Hadia. These
pathways represent the data that is used for the comparative analysis
presented in this study. For a detailed description of this methodology
please refer to (Gomes et al., 2023).

The narratives accompanying these pathways diagrams were quali-
tatively coded and analyzed in Excel. The following information was
extracted from these texts: (i) the main drivers shaping peri-urban
transformations between 2020 and 2035 in the business as usual,
preferred, and alternative future scenarios. The drivers were further
analyzed as sources of opportunities or vulnerability. (ii) The adaptation
strategies from the different pathways that will be used in each peri-
urban context. These adaptation strategies consisted of different ac-
tions that were categorized using the adaptation processes typology of
Thornton and Manasfi (2010). (iii) The institutional arrangements
mentioned for each pathway were categorized as formal or informal.

Informal institutions reflect local agency whereas formal institutions
refer to higher-level government assistance or policy change in facili-
tating adaptation. The analysis was performed separately for each
context by one of the researchers and later cross-checked by the others.
Using these results, comparisons were made across the pathways, the 2
water use sectors (livelihood and household water), and 3 peri-urban
contexts. Simple calculations were used to identify the dominant drivers
of vulnerability vs opportunity, adaptation processes in different path-
ways or sectors, and institutions associated with different types of
adaptation processes.

4. Comparative results of future adaptation pathways across
peri-urban India

In this section, we present the drivers (Table 2), adaptation strate-
gies, and institutional arrangements in the business as usual, preferred
and alternate development pathways for our three villages. Comparative
results across the three peri-urban contexts are presented separately for
each water use sector: household water and livelihoods in Tables 3 and 4
respectively. Detailed descriptions and schematic representations of the
adaptation pathways developed for Paud, Anajpur, and Hadia villages
can be found in the supplementary materials. In this section, we only
include those details from these pathways that are relevant for our
comparative analysis.
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Table 2
Overview of future drivers and impacts across peri-urban villages.
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Future drivers Effect on peri-urban areas

Affected Livelihoods (L) & Household water (H) pathways

Business as usual Preferred Alternate

Paud

Village development Opportunity _ L&H L&H
e Infrastructure improvement
e Transparent government actions

Changing water management Vulnerability L&H L&H
e Restricted water access for traditional livelihoods
e Pollution of household water sources
Opportunity _ L&H L
e Improved water management

Urbanization Vulnerability _ L&H _
e Uncontrolled urban expansion
e Increasing household water demand
Opportunity _ - L
e Improved infrastructure

Land use changes Vulnerability L _ _
e Forced selling of land
Opportunity _ L&H _
e Protective land use development

Anajpur

Supportive state govt. policies Opportunity _ L&H L& H
o Village remains under rural administration

Urbanization Vulnerability L&H L&H B
e Pollution of livelihood and household water sources
e Increasing land prices
e Loss of agricultural productivity
o Inter-generational livelihood uncertainty
o Increasing household water demand Distant urban water governance
e Poor piped infrastructure maintenance

Local power networks Opportunity _ L&H H
e Greater political influence

Climate change Vulnerability L& H L _
e Rainfall variability

Hadia

Village development Opportunity _ L&H L
e Access to government aid
o Funding for livelihoods
e Access to piped water infrastructure projects

Wetland management Vulnerability L L&H _
e Unplanned wetland development
Opportunity _ H L&H
e Protected wetland environment
e Unregulated industrial growth from unplanned dev.
e Rise in packaged water plants from unplanned dev.

Urbanization Vulnerability L L&H B
o Inter-generational livelihood uncertainty
e Wastewater pollution

Climate change Vulnerability L L

o Rainfall variability

4.1. Drivers of future peri-urban development

A variety of external drivers are expected to shape peri-urban
development in Paud, Anajpur, and Hadia over the next 15 years. The
directions they take determines their impacts on future livelihoods and
household water needs. Table 2 summarizes the drivers across peri-
urban contexts, the effect in each peri-urban context in terms of op-
portunities or vulnerabilities, and their local level impact on water-use
sectors.

Comparing the drivers shows similarities in the stimulus behind peri-
urbanization across peri-urban India: Urbanization is predominantly
perceived as a future threat in both water use sectors across the three
peri-urban contexts. The 3 sites further show a high variation regarding
other kinds of expected drivers. This variation emerges from the specific
contexts. Climate change is a driver mainly in Anajpur and Hadia. We
can speculate that the geography of Paud in the rain shadow region of
the Western ghats makes it less vulnerable or that the water pollution

and competition threats from nearby factories and the Ramoji film
studio is considered a larger threat. Moreover, both urbanization and
climate change are essentially considered drivers of vulnerability across
peri-urban villages.

Another type of driver relates to natural resource management. The
nature of this driver and the direction it take determines whether they
reflect vulnerabilities or opportunities for peri-urban livelihoods and
household water. In Paud and Anajpur, this driver refers to the man-
agement of land and water management; and in Hadia ecosystem
management given the unique situatedness of this village in the East
Kolkata wetlands. In Hadia especially, planned wetland development is
very important given its protected Ramsar status and the question of
how far existing wetland management rules are enforced is key.
Controlled development and wetland protection will promote sustain-
able transformations, while unplanned wetland development will have
negative consequences. Whereas, in Paud, management of land and
water resources will be decisive. Especially the access to water bodies



S.L. Gomes et al.

Table 3

Overview of future adaptation processes & institutions in the household water sector across peri-urban villages.
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Pathway Drivers: Vulnerability (V), Household water adaptation strategy Adaptation process Institutions: Formal (F), Informal (I)
Opportunity (O)
Paud
Business as Diversified water sources: piped water via Diversification
usual taps, treated river water & groundwater via
borewells
(V) Power outages in piped Reduce tap water reliance & replace with Exchange &
supply more use of existing sources: groundwater,  Diversification
treated river water
Preferred (0) Village development, Replace diversified water sources with Exchange & (F) Govt. funds & constructs bigger storage tanks
Improved land & water more reliable piped water supply Intensification
management Conserve piped water use and reduce water ~ Rationing & (F) Govt. installs water meters & runs water
taxes Revitalization conservation campaigns
(I) Households monitor their water use through water
meters
(V) Urbanization & Poor Reduce piped water reliance & more use of ~ Exchange &
water management existing sources: groundwater, treated river  diversification
water
Alternate (O)Vvillage development Secure 24/7 piped water access by paying Intensification (F) Financial support for electricity costs & storage
higher electricity charges tanks
Complement piped water with improved Diversification, Pooling, (I) Construct storage tanks to store water & purchase
alternatives: tanker water, stored river Innovation water from tankers
water
Anajpur
Business as Diversified water sources: tap water (local Diversification
usual cheruvu & state water supply project),
packaged water
(V) Urbanization, climate Reduce piped water reliance & replace with ~ Diversification, (D) Purchase from local packaged water plants
change more packaged water Exchange
Preferred (O) Supportive government Replace diversified sources with improved Exchange & (F) Demand-driven water supply schemes, efforts to
policies, local networks state drinking water scheme Intensification improve govt. accountability, mobilize development
funds & MB infrastructure improvement projects
(I) Increase accountability through local monitoring of
infrastructure implementation
Efficient water use through conservation &  Rationing & (F) Panchayat builds awareness on water conservation
demand management Revitalization (I) Households collectively reduce water wastage
(V) Urbanization Reduce reliance on piped water supply Rationing
Alternate (O) Supportive government Replace piped supply with diversified, Exchange, (F) Govt. schemes for installing groundwater recharge
policies, local networks improved alternatives: privately funded Diversification, Pooling pits, better regulation of polluting industries &
borewells, improved packaged water packaged water plants (processes & water quality)
Hadia
Business as Diversified water sources in the interim: Diversification (D) Village appeals to local government for piped project
usual packaged water, groundwater completion
Preferred (0) Vvillage development, Replace diversified water sources with Exchange, (F) Government continues funding & installing piped
protected wetland piped water supply via taps Intensification supply project, Creates rules for piped water project
environment (installation, quality, supply & storage)
Conserve piped water use Rationing & (F) Govt. rules that encourage water saving
Revitalization (I) Households collectively reduce water wastage
(V) Climate change, Replace piped supply with existing Exchange,
Unplanned wetland diversified water sources: packaged water, Diversification
development, Urbanization groundwater
Alternate (V) Climate change, Replace piped water with improved, Exchange, (F) Govt. applies rules for regulating borewell

Unplanned wetland
development, Urbanization

diversified alternatives: privately funded
borewells, improved packaged water

Replace piped water use with new
alternatives: rainwater harvesting

Diversification, Pooling,
Innovation

Exchange, Innovation

installations

(I) More packaged water plants set up, existing plants
well maintained, Local rules for regulating groundwater
sharing via handpumps

(F) Govt. pilots rainwater harvesting technology

and the real estate market will decide the viability of traditional
livelihoods.

Governance related drivers (village development, supportive gov-
ernment policies, and local power networks) are expected to positively
influence peri-urban development in the future. In Paud, village devel-
opment refers to better local infrastructure (e.g. water and drainage
networks) which is currently lacking whereas in Hadjia, this driver refers
to availability of government funds to develop traditional livelihoods (e.
g. aquaculture, farming), alternate livelihoods (e.g. dairy farming) or
piped water supply projects. In Anajpur, it means ensuring village
centric policies to retain the village under rural administration.

Governance reforms are also expected to have a strong impact on sus-
tainable village development in some villages. For Paud, more govern-
ment transparency is considered a positive driver. Meanwhile, Anajpur
requires improved political influence (e.g. state level) through strategic
power relations to secure higher-level support for local water supply
schemes and traditional livelihoods. This is due to the impact of
powerful external actors, encroaching on the village and climate vari-
ability given that it is located in one of India’s driest regions.
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Table 4

Overview of future adaptation processes & institutions in the livelihood sector across peri-urban villages.
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Pathway Drivers: Vulnerability (V), Livelihood adaptation strategy Adaptation process Institutions: Formal (F), Informal (I)
Opportunity (O)

Paud

Business as Continue farming & fishing with reduced Rationing

usual resources
(V) Land use changes, Reduce farming & fishing activities & Rationing,
Changing water complement with other livelihoods (e.g. car Diversification
management wash)

Preferred (0O) Vvillage development, Increase yields from fishing & farming with Intensification, (F) Govt. allocates water resources & reduces soil and
Land use change, Changing improved access to water, soil, livelihood inputs Innovation water pollution; govt. provides financing for inputs, &
water management & markets develops local markets/ economy

Upscale agriculture with dairy farming Diversification,
Revitalization
(V) Urbanization, changing Reduce farming and fishing activities Rationing
water management

Alternate (O) Urbanization, changing Replace fishing or farming by setting up small Exchange & (F) Access to affordable, better housing and education.
water management, village local business Revitalization Govt. provides financial support for water
development transportation /storage.

Anajpur

Business as Continue in agriculture with growing uncertainty =~ Rationing

usual (V) Urbanization, climate Reduce farming and fishing activities due to Rationing (F) Govt. brings village under municipal
change resource uncertainty administration
Migrate to city for work & supplement income Mobility, Exchange (I) Households actively seek peri-urban renters
with home rental
Replace traditional livelihood with work in local ~ Exchange, (D) Local industries create job opportunities for village
industries Revitalization residents

Preferred (O) Supportive government  Intensify traditional livelihoods with improves Intensification, (F) Policy support for low-interest loans for livelihood

policies, Local networks access to livelihood inputs, new technology or Innovation inputs& keeping village under rural administration.
techniques & market access Further Govt. strengthens cooperatives in village to
improve market access
(I) Households join cooperatives for market access &
adopt new/ upgraded technologies
(V) Urbanization, climate Reduce farming and fishing activities due to Rationing
change resource uncertainty
Alternate (O) Supportive government Secure funds to start small local business to Exchange, (F) Govt. provides loans/subsidies for small local
policies replace traditional livelihoods Revitalization businesses
(I) Households self-mobilize finances or applies for
subsidies.
Adapt business practices to new market Innovation (F) Govt. builds market awareness and business skills of
conditions the community
() Households improve business strategy through
market research
Hadia
Businessas (V) Urbanization, Continue traditional fishing (aquaculture) in less ~ Rationing
usual unplanned wetland productive way
development, climate Fishing cooperatives develop tourism to Pooling, (F) Govt. subsidies for tourism dev. For cooperatives
change supplement fishing incomes Diversification, (D) Collective action by cooperative members to
Revitalization develop tourism activities

Preferred (0) Village development, Intensify and secure traditional livelihoods Innovation, (F) Planned aquaculture development by govt.:
protected wetland through financial or technological support, Intensification, financial subsidies, new technologies, guaranteed
environment improved wastewater management (access, Revitalization minimum price, improved wastewater management &

treatment) & wetland management treatment plant, enforces wetland mgmt. rules
(I) Collective action to reduce litter in the local wetland
area
(V) Urbanization, Reduce traditional fishing (aquaculture) Rationing
unplanned wetland
development, climate
change

Alternate (O) Unplanned wetland Replace traditional fishing (aquaculture) with Exchange, (D) Local industries emerge in village & create job
development more accessible factory jobs) Revitalization opportunities for village residents
(O) Protected wetland Replace traditional fishing (aquaculture) with Exchange, (F) Govt. support (e.g. financial aid) to start new
environment small local businesses or farming livelihoods Revitalization business ventures or Govt. develops local agriculture

sector

4.2. Future adaptation strategies in Paud, Anajpur, and Hadia

Comparing adaptation pathways across the three contexts (Tables 3
and 4) reveals a strong desire and willingness to sustain traditional
livelihoods, (typically fishing and farming) either by upgrading existing
practices or by switching to different ones. Achieving household water
security in the future is the main objective for these three peri-urban

villages. This is not surprising as some form of water insecurity

already exists or is becoming an increasing concern for the villages.

However, the adaptation processes used to achieve these livelihood and
household water objectives vary from one context to another. Compar-
ative results indicates a dominant or preferred type of adaptation pro-
cesses for each village: diversification (n = 6) and rationing (n = 4) will
be predominantly used in Paud; exchange (n = 6) and rationing (n = 5)
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in Anajpur and exchange (n = 6) and revitalization (n = 5) in Hadia.
Below, we present specific results for different pathways and drivers.

4.2.1. Adaptation strategies and processes in different types of pathways

Comparing adaptation processes across different pathways, indicates
that for the business as usual scenario, diversification and exchange will
likely serve as the dominant forms of adapting future livelihood. The one
exception being revitalization through fishing cooperatives in Hadia
given that such a cooperative structure already exists. For livelihoods,
all three villages develop a relatively conservative vision with a pref-
erence for incremental changes in existing livelihoods, mainly resulting
in better income opportunities for the same type of work either through
expanding to new markets — intensification — with support from tech-
nical innovations and other sector improvements. This is also reflected
in the adaptation processes for this pathway. Intensification followed by
rationing in the longer term is the dominant strategy across the three
contexts. This is further accompanied by innovation and/or revitaliza-
tion processes. Further differences regarding the preferred development
can be observed through the concrete adaptation strategies in this
pathway across the three villages, which are context specific. For e.g.,
financial support and wastewater management will be essential in Hadia
whereas for Paud and Anajpur improved access to (urban) markets is
also necessary. If traditional livelihoods cannot be sustained in the
future, people will be forced to enter new job markets (e.g. factory,
labourer jobs) or explore entrepreneurial opportunities (e.g. small
businesses) or live from money they receive from selling land or renting
houses. This is confirmed by the use of exchange and revitalization
processes across alternate pathways to help shift to new livelihood op-
portunities. Some actors plan a gradual shift from a traditional liveli-
hood to non-agricultural livelihoods, others will continue agriculture or
fishing as a side-business. This strategy reflects the fact that traditional
livelihoods are by many seen more as a way of living than as means of
income generation.

Meanwhile, rationing and diversification are the dominant house-
hold water strategies across the different pathways. Diversification
forms the dominant adaptation process for managing household water
needs in the business as usual and alternate pathways. The preferred
pathways for household water reveals adaptation through exchange as
most dominant (n = 5) as improved piped water supply replaces the
current diversified water sources. For achieving the preferred household
water supply, intensification and rationing forms of adaptation are most
commonly seen. The difference lies in the timing of each adaptation — in
the short term, the focus is on closing the supply gap through intensi-
fication through piped water supply while rationing will be the result of
long-term water conservation measures. Regarding alternate household
water strategies, peri-urban communities are more passive and reactive
to changing circumstances. It varies across the villages depending on the
type of alternative water sources available. Adaptation processes is also
varied, largely relying upon diversification strategies once again and in
some cases improvements through pooling of finances, innovation in
rainwater harvesting or storage facilities etc.

4.2.2. Adaptation responses for different drivers

Comparing adaptation responses to different types of drivers reveals
additional patterns. In the livelihood sector, rationing is the most com-
mon response to drivers of vulnerability (n = 6) though other kinds of
adaptation processes are also used depending on the context. In the
household water sector, exchange and diversification forms of adapta-
tion are most commonly associated (n = 5) with drivers that cause peri-
urban vulnerabilities. This is irrespective of the type of driver or the
pathway in which these drivers impact. If households do not want to rely
on a private provider, their own agency is limited to access groundwater
at the place of residence. The opportunities to adapt are broader for
individuals with a higher socioeconomic status, because the clandestine
commodification of water in peri-urban India means higher cost for all
households. However, one common way of reacting to the increasing
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uncertainty is the diversification of water sources. Instead of relying on
one technical system and provider, households will rely on water from
different sources — which is time and cost intensive. The latter is, how-
ever, only suitable for households with capital to invest or owning land.

4.3. Institutional arrangements for future adaptation pathways

In the future, we see that different kinds of institutional arrange-
ments (both formal and informal) are needed to facilitate different
adaptation processes by local communities across peri-urban India
(Tables 3 and 4).

Comparing the institutions arrangements in different pathways,
shows that they are especially important in the preferred and alternate
development scenarios. In business as usual pathway, few institutions
are identified for Anajpur and Hadia. In Anajpur, these are mostly
informal in nature and refer to the use of village networks to find renters
for peri-urban houses or find factory work in local industries. Whereas in
Hadia, formal and informal institutional arrangements are needed to
supplement aquaculture incomes from tourism activities. However,
these already exist and are being used by the fishing cooperative.
Similarly, in the household water sector, minimal institutional support is
required in the business as usual pathway. Again, this is because the
sources of drinking or domestic water are already available (e.g. pack-
aged water plants in Anajpur) or are on the horizon (e.g. pipeline
installation is underway in Hadia). Thus, peri-urban communities have
some capacity to arrange household water services through existing
local sources (e.g. groundwater, river water) or informal service pro-
viders (e.g. tankers and reverse-osmosis plants) in times of need.

The preferred and alternate development pathways for both liveli-
hoods and household water rely significantly upon government in-
terventions in all three peri-urban contexts. Without government action,
peri-urban villages are unlikely to sustain their traditional livelihoods or
meet household water needs. In the livelihood sector, local cooperatives
offer some additional support in terms of market access (Anajpur) or
access to government subsidies (Hadia). Further, collective action is
needed in Hadia to reduce wetland pollution. All three villages, how-
ever, lack the necessary resources to independently sustain or improve
traditional livelihood sectors. Instead government intervention is
needed to provide critical inputs such as finance, technologies, market
access or soil/water resources. Yet, creating new, alternate livelihoods
also strongly depends on government interventions that exist at the
time. This largely relates to financial aid (Hadia, Anajpur), develop
entrepreneurial skills (Anajpur) or more general infrastructure and ed-
ucation support (Paud). In Anajpur, informal efforts will also be used to
create or sustain alternate livelihoods through self-financing and market
research.

Similarly, across the 3 preferred household water pathways, formal
institutional interventions (e.g. water supply schemes, infrastructure
installation & management) will be essential in all 3 peri-urban contexts.
We also see a role for both governments and local communities for
sustainable water management in the longer term through various kinds
of water conservation efforts. This reflects that peri-urban areas will be
extremely dependent on formal government interventions to achieve
their preferred means of water security in the future. As the villages
themselves are embedded in larger water supply networks, they depend
on decisions taken at higher levels of governance. Context specific
threats are related to slow moving infrastructure projects (Hadia) or
experiences with weak infrastructure (Anajpur) or indirect rules and
regulations affecting the access to water (Paud). Thus, although the
preference in all three peri-urban villages is to have reliable, good
quality piped water supply, different institutional interventions are
needed to help realize this. In the alternate pathways for this sector,
households will be able to secure water access using existing fall-back
options. Similarly, households can pool resources to privately fund
infrastructure to improve access to existing water sources (e.g storage
tanks or private borewells). However, formal interventions are
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necessary to augment new water sources (e.g. rainwater harvesting in
Hadia) or improve existing options (e.g. groundwater and packaged
water plant regulation, storage tanks or recharge pits).

Comparing institutional arrangements for different types of adapta-
tion processes shows that formal institutional adjustments are typically
associated with intensification, innovation, and revitalization. Across
household water pathways in different peri-urban contexts, these three
adaptation processes were associated in 9 out of 10 instances where
formal institutions are required. Similarly, in the livelihood related
pathways across the three contexts, 8 out of 9 times, formal institutions
are associated with one of the above mentioned adaptation processes.
However, there are also some exceptions (e.g. livelihood revitalization
in Paud and Hadia).

It is also important to point out that certain kinds of adaptation in the
business as usual pathway are not accessible to everyone. For example,
those who own their home can earn income from rentals whereas
combined income from aquaculture and tourism can only be done by
fishing cooperative members as subsidies are not available to private
fishermen respectively. This has to do with the differences in both social
and financial capital available between households. Here, informal ar-
rangements play a key role in providing the capital needed to mobilize
different adaptation processes. Similarly, in the household water sector,
alternatives aside from improved piped water supply is not regarded as
the preferred means of obtaining water security. Interviews reveal that
packaged and tanker water is much more costly and is therefore only a
feasible option for households who can afford it. Those without the
necessary financial capital, will need to use other options for drinking
purposes (e.g. groundwater) which are in many cases believed to be of
lower quality. Similarly, in the alternate pathway, pooling strategies to
informally invest in water infrastructure upgrades (e.g. storage tanks in
Paud or borewells in Hadia) will not be accessible for socially-
disadvantaged household without financial assistance from the
government.

5. Discussion

Our study reveals that peri-urban villages across India, specifically,
Paud, Anajpur, and Hadia will be shaped by four kinds of drivers: ur-
banization, climate change, natural resource management, and peri-
urban governance. These drivers produce different kinds of vulnerabil-
ities are opportunities that are unique to each peri-urban context. With
regards to future adaptation strategies, changing water sources to ach-
ieve household water security is common across all three villages.
Likewise, in the livelihoods sector, they share a similar adaptation
strategy of safeguarding traditional livelihoods (fishing and farming). A
closer examination of the adaptation processes within these strategies,
however, reveals more interesting results. We see a wide variety of
adaptation processes will be used across peri-urban areas. Similar
findings can be found in other peri-urban regions (Ricci, 2012).
Comparing adaptation processes to future vulnerabilities across peri-
urban contexts highlights exchange and diversification as the most
essential in the household water sector, whereas in the livelihood sector
it relates to rationing forms of adaptation (Table 3 and 4). Therefore,
ensuring that peri-urban communities can successfully adapt to future
threats requires focusing attention towards these specific adaptation
mechanisms.

Furthermore, comparing adaptation processes in different pathways
reveals preferences for certain adaptation processes. In the business as
usual trajectory, livelihood diversification is and will remain the
dominant adaptation process in the 3 villages. Whereas in the household
water sector, it is quite varied for this pathway, aside from rationing
which is the only commonly occurring adaptation process. In the
preferred development trajectory, we find more reliance on exchange,
intensification, rationing and revitalization across the three household
water sectors. Similarly, innovation and intensification forms of adap-
tation in the livelihood sectors. Finally, in the alternate development
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trajectory, exchange and revitalization is the preferred adaptation pro-
cess for livelihoods in the future, while in the household water sector,
diversification and pooling are the only commonly occurring adaptation
processes. These results highlight the specific adaptation needs of
different peri-urban sectors under different kinds of future scenarios.

Analyzing adaptation using this typology of adaptation processes
tells us that that adaptation strategies (used in each pathway) comprises
of a combinations of adaptation processes. The adaptation categories
appear to feed into one another. For example, exchange is often followed
by some other type of adaptation process (e.g. diversification, intensi-
fication, etc.). In this way, adaptation can be viewed as a sequence of
adaptation processes implemented over time rather than a single,
standalone action. Also, some categories of adaptation processes are
linked. For example rationing (referred to here as “wise use”) of piped
water supply reflects revitalization of household water practices. Simi-
larly, pooling forms of adaptation can also lead to revitalization as
observed with the diversification to tourism by cooperative fisheries in
Hadia. This points to the complexity of adaptation as a process.

Our study was particularly interested in the role of institutions in
enabling future adaptation processes across peri-urban contexts. The
literature indicated that given the formal institutional challenges that
are notorious in this context, local agency is relevant when under-
standing adaptation. Thus, local institutional arrangements are impor-
tant to consider. In this study we hypothesized that the type of
adaptation processes we will see in the future will depend on the kinds of
institutional arrangements that exist. Our results support this. Across the
three villages, intensification, innovation, and revitalization are only
possible with formal institutional support in both the livelihood and
household water sectors. This is especially important if peri-urban areas
are to transition away from the business as usual trajectory given that
these were referenced primarily here. The comparison across three vil-
lages shows different challenges for adapting in quickly transforming
environments. Local adaptation depends on social capital and the
agency to effectively operationalize this capital. Active involvement in
decision-making and power or influence in resource management can be
used as two potential indicators of agency (Barnes et al., 2020).
Although peri-urban communities are often excluded from formal
decision-making networks, our results show that existing informal net-
works offer some form of social capital and agency to help households
adapt in the future. Results highlight the potential of collective action
and local cooperatives in future adaptation pathways. It is clear that
peri-urban communities will consider a variety of adaptation strategies
that they can either initiate individually or as part of their dialogue with
decision-makers.

Yet, there are limits to local agency in steering development towards
an idealized vision especially with regards to the larger systemic
framework that is set by actors and processes beyond the local actors’
control. In the livelihood sector, informal arrangements e.g. co-
operatives or collective action help sustain traditional livelihoods but
only to an extent. Beyond this, support from higher levels of government
becomes essential. Similarly, in the household water sector, informal
efforts to upgrade water infrastructure or privately augment alternatives
(e.g. water tanker or packaged water) is an adaptation accessible to only
those household who can afford it. However, securing good quality,
reliable, affordable water supply is only achievable through government
intervention. Our empirical work shows that local actors are demanding
support from state actors. This can be local panchayats or sectoral
agencies of the district or state governments, providing specific aid for
the development of livelihood opportunities. With this support, peri-
urban households see themselves in a position to actively shape adap-
tation. This highlights the need for a more active involvement of gov-
ernment agencies at different levels in consultation with local
communities during peri-urban transformations. This would require
supportive formal institutional re-arrangements, because in India this
type of dialogue is not currently supported.

We also acknowledge the following limitations of this study that
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open up avenues for future work. (i) Given the highly heterogenous
nature of peri-urban communities pathways responses reflect the views
of representative members from each context. Due to covid-19 re-
strictions as well as methodological limitations we were unable to
incorporate a large number of perspectives or further discuss the
designed pathways with the entire village. Therefore, our results are
indicative of what could be expected in terms of future adaptation based
on the expert options of representative members. Future work can be
directed towards expanding this study to other peri-urban contexts in
India or using a larger dataset. (ii) The concept of maladaptation needs
consideration, where responses in one (sub)system adversely impacts
the vulnerability of another (sub)system, sector or social group (Barnett
and O’Neill, 2010 in Butler et al., 2016). Understanding the impacts of
adaptation strategies from one sector on another sector or in the wider
region will offer additional insights about future transformations. (iii)
This comparative analysis uses the typology developed by Thornton and
Manasfi, (2010) for categorizing human adaptation processes. Results
reveal that future transformations to sustainability will likely comprise
multiple adaptation processes, some of which will occur simultaneously
by different actors. This supports Thornton and Manasfi’s (2010: 148)
statement that “successful adaptation strategies may entail inter-
connected aspects of all of the eight major adaptation processes we have
identified—and potentially more.” While we were able to categorize
future adaptation strategies using this typology, a further elaboration of
the original 8 adaptation processes in terms of their definition for water
use in peri-urban contexts (see for example, Thorn et al., 2015) or new
adaptation categories is needed. Future work may check for other kinds
of adaptation processes in rural-urban interfaces, beyond the categories
by Thornton and Manasfi (2010) or expand this analysis with other ways
of describing or classifying adaptation. For example, expansion,
shrinking, intensification and de-intensification Butsch & Heinkel
(2020) or explore the relationship between institutional arrangements
and adaptive capacity (Eakin et al., 2010b). Similarly, we may also
extend our study using historical adaptation data to explore the role of
path-dependency during adaptation processes.

6. Conclusions

The purpose of this paper was to explore and compare peri-urban
adaptations to future vulnerabilities and opportunities and understand
the institutional adjustments needed to support local communities in
this process. We explored this empirically across three peri-urban con-
texts in India through the perspectives of local actors who are typically
excluded from formal policy and planning areas. To do this, we analyzed
and compared adaptation pathways developed with local actors from
Paud, Anajpur, and Hadia villages in peri-urban Pune, Hyderabad, and
Kolkata cities respectively. Our study employed an analytical design that
enabled a comparative examination of future adaptation pathways in
peri-urban areas to develop specific theories about their development
and future adaptation needs, despite their heterogenous, dynamic and
contextual nature.

Overall, results indicate that peri-urban actors have relatively con-
servative (or incremental) visions for their future livelihoods and
household water needs. There is a strong emphasis on (and preference
for) continuing traditional livelihoods. Whereas in the household water
sector, all three villages are focused on securing piped tap water supply
which either exists already or is being considered. Thus, most adaptation
processes in the business as usual and preferred development pathways
is aimed at achieving this goal.

This study reveals similarities and differences in the drivers. The
reasons for these differences lie in the villages’ different socio-ecological
conditions, their connectedness to their respective urban agglomera-
tions’ or the current state of transformation. Future adaptation strategies
are furthermore dependent on existing development and institutional
constellations. Yet, more broadly peri-urban vulnerabilities and oppor-
tunities will be shaped by four main drivers: urbanization, climate
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change, natural resource management, and peri-urban governance. The
directions that some of these take can lead to either opportunities or
vulnerabilities in local livelihoods and household water needs. While
urbanization and climate change drivers lead to mostly negative out-
comes, peri-urban governance has the most potential to shape positive
development trajectories.

Local framings of different pathways offer meaningful insights about
the similarities and challenges across peri-urban contexts in India with
regards to adapting to future vulnerabilities and opportunities. They
reveal important insights about adaptation processes and their associ-
ated institutional challenges. Understanding the preferred adaptation
processes under different development trajectories and drivers allows us
to better direct policy efforts to support peri-urban areas. For example,
rationing is found to be dominant for adapting to vulnerabilities in the
livelihood sector whereas exchange, diversification is most commonly
used for adapting to vulnerabilities the household water sector. Simi-
larly, certain adaptations processes must be prioritized to help peri-
urban communities shift away from the business as usual development
trajectory e.g. revitalization, intensification, and innovation. Further-
more, informal institutions can only go so far in supporting adaptation
towards an ideal or alternative livelihood or household water source.
Local agency is limited to cooperatives, collective action, private in-
vestments, or pooling of resources. Support from higher levels of gov-
ernment is essential for local communities to utilize a wider set of
adaptation processes in the future especially revitalization, innovation,
and intensification adaptation processes.

Therefore, local communities will continue to expect and rely upon
higher level government institutions to support them in the future. We
highlight the limits of what peri-urban communities are able to achieve
on their own. This gives government agencies a basis (in terms of
legitimacy) and the duty to positively intervene in peri-urban contexts.
Our analysis can inform policymaking on the kinds of government ac-
tions that will be required in future to guide development along a sus-
tainable and locally desirable pathways or in preparing for alternative
pathways. Taken together, our study underscores the importance of a
more inclusive planning process for the longer-term strategic planning
of peri-urban futures. This cannot be done solely by higher level gov-
ernment agencies and experts, but requires the support of community
stakeholders, their knowledge and creativity in conceiving required and
possible pathways.

There exists a disconnect between the visions of the peri-urban
spaces from outsiders — who often view it as future cities — and locally
favored development trajectories. This study enables peri-urban spaces
to be understood through lenses such as identity, agency, and local
practices. It supports the arguments by Ling and Dale (2014) about the
role that agency shapes in community response and collective action to
sustainable development challenges. Our comparative results show that
exploring the future in a systematic way with local peri-urban actors,
can help community empowerment. We find that some strategies can be
influenced by communities themselves. Moreover, identifying local
adaptation needs can help increase their agency as this articulation of
needs and opportunities is a first step to mobilize or leverage adaptive
capacity. Peri-urban researchers argue that this insight can support
adaptation planning practice at the local level (Ricci, 2012). Peri-urban
communities need to become partners in a constructive dialogue with
decision-makers for long-term planning. Targeted support towards this
from higher levels of policymaking can shape the view of peri-urban
communities being agents of change towards sustainable development.
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