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Table 2| Other contributions to climate change adaptation debates during this study

Title of , IF 2022  Date of o
o Authorship Journal - Personal contribution
Publication (5Y) publication

1 Does fundshased Garschagen, M. Global 13.0 10. January Data curation, Formal
adaptation finance and Doshi, D. Environmental 2022 analysis, Investigation,
reach the most Change Methodology, Validation,
vulnerable Visualization
countries?

2 The consideration of Garschagen, M. Climate Risk 6.1 13. October Data analysis, data
future risk trends in  Doshi, D., Management 2021 visualization, co
national adaptation  Moure, M., authored the manuscript
planning: James, H.,

Conceptual gaps Shekhar, H.
and empirical
lessons

3 A systematic global BerrangFord, Nature Climate 31.4 28. October Coding of literature on
stocktake of * ¥ Jposhi, D, Change 2021 urban adaptation
evidenceonhuman y =L 9Dt progress, commented on
adaptation to the final manuscript
climate change

4  Global patterns of Garschagen, M. Climatic 5.3 12. November  Data collection, data
disaster and climate Doshi, D, Change 2021 visualization,co-
riskan analysis of  Reith, J., authored the manuscript
the consistency of Hagenlocher,
leading indexbased M.
assessments and
their results

5 Understanding Doshi, D.and Sustainability 3.9 25. May 2020 Conceptualization, Data
Adaptation Finance  Garschagen, M. (Special Issue curation, data analysis,
Allocation: Which on Climate Interpretation,

Factors Enable or Finance) Visualization, Drafting of

Constrain Vulnerable
Countries to Access
Funding?

manuscript
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Having laid the groundwork for the broader motivations and rationale for the study, this chapter will
delve into the theoretical and conceptual underpinnings that guided this dissertation. This study sits
at the interface of different streams of scholarghsuch as human geography, disaster risk research,
climate studies, urban geography, and risk governance. The overarching concepts of risk,
vulnerability, and adaptation conceptually steer the topic of this dissertation. The first section (2.1)
provides aconcise overview of these concepts and key aspects essential for the scope of this study.
The second section (2.2) reviews key theoretical elements of social contracts and attempts to
provide a concise, but by no means exhaustive, review of relevant liteaon the application of
social contracts in adaptation and related fields. The third section (2.3) outlines the relevance of
using cities as a unit of analysis in this study and the importance of focusing on social contracts for
urban adaptation. Final, the chapter concludes by providing an own conceptual framing on social
contracts for adaptation that guides this study (2.4).

HPM / ZYCSLJﬂdZI- f Al Ayad NAajl | )/FVQ F RF LIG | a2y

HOMOM /2y OSLIGA 2F NRE] YR @dzZ ySNIoAtAGe

The concepts of risk and vulnerability developed over four decades of research are central to guiding
this dissertation in the context of urban adaptation to flood riskhis study adopts a vulnerability
lens because it marks a paradigmatic shift in the understanding of risks and disasters as determined
not by natural hazards only (a key tenet of the Dominant View), but also by social, economic, cultural,
and political stuctures, factors, and processes that generate socially and spatially stratified
vulnerabilities. This shift, starting in the mid970s, came as a response to the critique of the
Dominant View (succinctly captured in the seminal works€oE OAL L Op xXr 6 9F< - A) ==
Despite the critiques of the Dominant View and its hazaehtric focus, it is important to
acknowledge the influence it had on science, practice, polityking, and resource allocations to
JAKC J=<M; LAGF 9HHJIGY9;, @=K LAIL@>GFMKMXIDBF=FBRLGE
physical and structural engineeringpased response measuréd8& 9 F< E=JJ] [ R P&ofen & = OALL
<=K; JA: =< 9K L@= L=; @FG; J9LA; 9HHJG9;, @ GJ L=; @FC
paradigm leads to question its influence and implications on risk management measures in the
context of flood risk management in Mumbai thattryto L9 E=A L @= @9R9J< =N=FL
infrastructure and engineeringbased measures (cf. 4.2). This aspect is particularly explored in the
second paper of this dissertation on the evaluation of the adaptation solution spaces for flood risk
management inMumbai (cf. 5.2).

The essence of this paradigm shift from a hazarentric focus to vulnerability thinking has been to

explicate and understand the relationship between humans and the environmént 9 FF GEJ] p XX F
This was followed by many conceptual frameworks and advancements in understanding risk and
vulnerability, starting with the fundamental risk equation by D9 A CA = 3 Risk® Blagardxp X X F 0
Vulnerability, the Pressure and Release mod®l D9 ACA= Jl=L GO@Ds/A Kp ¥¥FMe D= KL
vulnerability O G @D = Jthe IT@repfiamework®2 MJ F=J = Lthe MOVE/franfeWarkr' 6

O AJCEQ9FF ,etdwhetal hgve biffepent definitions of vulnerability. Vulnerability remains

a contested concept, yet an important one in bringing different communitiésdevelopment

M M



?=G?J9H@Q/NT <AK9KL=J JAKC/N 9F< ; DAE9L= ,; @9F?= 9<09
framework O' . ! | J]Thé P@Q risk framework is chosen because it conceptualizes risk as a
function of the interaction of hazard, exposure, and vulnerability, in contrast to previous frameworks

that considered exposure as a sttbmponent of vulnerabiltyd AJCE9FF =L 9DgJ] 'Rp
.11 7] TRPRpH 2 MJIhE distinctioh all@p forla shafp& rartalysis of the impacts of
adaptation measures on risk reduction, especially in terms of reducing exposure and vulnerability.

Climate Socioeconomic

processes
Hazard Risk )
Exposure '

Emissions and Land-use Chance

$A?RMYI 2@= ' . !} OU JAKC >J9E=0GJCdhb KGMJ; =@

0OAKC AK MF<=JKLGG< 9K a2@= HGL=FLA9D >GJ 9<N=JK
J=: G?FAKAF? L@= <AN=JKALQ G> NODM=K'9F< NGETBfIOA
2921). For the context of this dissertation, risks from the impacts of climate change are defined as
J=KMDLAF? >JGE a<QF9EA; -relatd riagds with GE kKxposurela@d= = F ; [
vulnerability of the affected human or ecological systemlto@= @9 R9J <KA OA: A<goy &'
a2@= HGL=FLA9D G; ; MJ Jindaced-phyGical e9ent loratrend th& hay @ause @ME 9 F
loss of life, injury or other health impacts, as well as damage and loss to property, infrastructure,
livelihoods, seNA; = HJGNAKAGFJ] =; GKQKL=EK 9F< =FNAJGFE=FI
MF<=JKLGG< 9K a2@= HI=K=F; = G> H=GHD=H DAN=DAC
functions, services, and resources; infrastructure; or economic, social, or cultassets in places

9F< K=LLAF?K L@9L ; GMD< := 9<N=JK=DQ 9>>=; L=<gA
L@AK KLM<Q AK <=>AF=< 9K aL@= HJIJGH=FKALQ GJ HJ=c<
variety of concepts and elementsncluding sensitivity or susceptibility to harm and lack of capacity

LG ; GH= ®OF< ! 94pBBAT :

HOMOH /2y OSLiidzr t ATAY3 FRIFELIIFa2y

This conceptual understanding of risk and vulnerability forms the core rationale for focusing on
adaptation as the mechanism for reducing risk. The concept adaptation has significantly

advanced in the literature, starting from its origins in evolutionary biology to its current application

AF L@= ; GFL=PL G> ; DAE9L= ; @9F?= 2@AK KLM<Q 9
9 <9 HL 9 L A Gthe pioeessofhdfustmént t@actual or expected climate and its effects, in order

LG EG<=J9L= @9JE GJ =PHDGAIL /1 =IFRHRARAMA oD FCKMPIH) B M R
9F9LGEQ G> 9<9HLY9LAGF LG ; DAE9L= ; @9F?= 9F< N9JA
of adaptation. The first questiorBd 9 <9 HL9LAGF LG O@9L A AFNGDN=K : G

M H



which adaptation is needed, whether it is climatelated or even associated with noolimatic
factors and processes such as institutional or economic changéss study focuses on adaptation
to flood risk in Mumbai, driven not only by hazarelated physical aspects but also by social,
economic, political, and cultural factors and processes. (cf. 4.1 for conpécific drivers of flood
risk in Mumbai). Furtermore, adaptation can be undertaken in response to adverse impacts or in
anticipation of explotAF? GHHGJLMFALA=KK 2@= | M=KLAGF ao@G G.
sectors, ecological systems, structures, or processes. Understanding this question is important

=; 9MK= <A>>=J=F; =K AF NMDF=J9: ADALQ O9@XEA9<9HL
adaptation is planned or targeted, influence the design, implementation, and evaluation of
9<9HL9LAGF E=9KMJ=Kjy < héldbiltyNof systetns] BistitAtiond, hirans < = > A F -
and other organisms to adjust to potential damage, to take\ahtage of opportunities or to respond
LG ; GFK='M=IRB:JlF KKARTI2I@=/1 | MeTIOKMWEF 4 @GO <G=K 9<9HLO9L.
two characteristics of adaptatiors first, it can be both a process or outcome and second, it could
occur autonomously or spontaneously as well as be strategically planned It could also occur in a
mixed way, where both autonomous and planned adaptation both interatl1 @MCD9 =1L
J = N A Fakdgh together, these questions inspire the guiding questions developed for the
operationalization of social contracts for adaptation (cf.2.4).

9Dy N

Having defined the concepts of risk and adaptation, Table 3 outlines the relationship of key aspects
of risk to adaptation that are relevant for this study.

Table 3 | Relationship between key aspects of risk, vulnerability, and adaptation

Characteristics of risk and vulnerability
Multi-dimensional: Risk is driven by hazard, exposur
and vulnerability. Vulnerability is multdimensional,
and coproduced by social, political, cultural, ang
economic factors and processes.

Relation to adaptation

This nature of risk and vulnerability informs the
understanding of how adaptation measures aim to reduc
risk. It also suggests the need for a portfolio or range
diverse adaptation measures and together, the need fi
multi-dimensional evaluations of adptation options in
terms of their feasibility, effectiveness, outcomes etc.

Differential: Risk from climate change impacts is ng
distributed evenly. This generates social and spati
inequalities. Different societal groups perceive rig
differently.

This aspect further underlines the importance of differer
types of adaptation measures in varying extents and scalt
This also means that capacities to respond and adapt diff
widely across different societal actor groups, henc
resulting in different alaptation needs and priorities
between actor groups and across geographies. This furtr
emphasizes the need for an actor lens in adaptation.

Dynamic: Risk and its components are changing ov
time; they are not static.

This aspect of risk and vulnerability adds a tempor:
dimension to the nature of adaptation and resulting
assessmentd adaptation options and their feasibility,
desirability and effectiveness may change over time

1GMJ; =n
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HOM®o | YRENAEGIYRAYI (K3 GRRISIAEIE a2 252 da2y
In view of the above definitions and key aspects of adaptation and risk, adaptation options can be
MF<=JKLGG< 9K aL@= 9JJ9Q G> KLJ9L=?A=K GJ E=9KMJ
9 <9 HL DL A GF A AdaRatidn actions or measures essentially aim to limit or reduce climate
risk by primarily addressing exposure and vulnerability to the adverse impacts of climate change
O0%9J K; @9 ? = F. Adaptatich Dpjidhs darRbe gategorized in multiple ways, for example,
according to the key risks they address, such as food and water, critical infrastructure, health, etc.
O- A, = ADD, by dect@sQagritultird? tfahsport, water, etc.), by types (structural, institutional,
ecological, behavioural), by mode (protect, advance, retreat, accommodate) or by scale (regions,
administration, geographical). The categorization of adaptation optisradopted in the context of
this study is described within the scope of the conceptual framework (cf. section 2.4.3).

Adaptation measures might also interact with each oth&by producing synergies and ebenefits

but could also lead to negative impacts. The recent addition of the IPCC ARG6 climate risk framing

AF; DM<=K &JAKCK >JGE J =K H mBskitityof resgndehavintaderd] J => =
effects on other societal objectives, having tradsfs, leading to unexpected impacts or triggering

path dependenciesQ' . ! | J]. AfiofRdr bevalopment in adaptation literature introduced the

concepts of first and secondorder adaptation in response to the critical view of understanding

adaptation in a linear fashion. FirsdbJ <=J 9<9HL9LAGF E=9KMJ=K 9J= <
measaures that households, communities, or societies develop to adapt to actual or expected climate

c: @9F?= : GFK=1I M=F; =K 9F< P9ANCLEDF Y R hianmalt@HE KB |
secondGJ <=J 9<9HL9LAGF E=9KMJ=K J=>=J LG aHJG; =KK=l
likely need to be executed by households, communities, and societies to adjust to the direct and

indirect consequences of the measures and sttures implemented within the scope of firsbrder
E=9KMJ=KgA OA: A<gody 2@AK <QF9EA; AFL=J9; LAGF G>
adaptation options more challenging and complex, as such feedback loops can unfold over different
dimensions e.gspatial, temporal, and sectoral.

An increasingly used concept to understand and assess the portfolio of different adaptation options

AK L@= | KGDMLAGFO"KM 9= L= A9 D>kGF) TIRIIrHY. 98 9AGKFF GGL =L 9D
'PpFH 59FF=0ALR R @9 JKG@ILAFGF TKH9p 6= A AK <=>AF=<
GHHGJLMFALA=K 9F< ; GFKLJ9AFLK <=L=JEAF= 0@Q/N1 ¢
O&99KFGGL Hxlp 6%Dwm@=l RI. B/ 0 J=HGJIJL =EH@9KAR=K L
for other terms such as options, measures, responses, and actions, due to its implicit indication of
effectiveness and advancement towards achieving desired gdals J 9 =? ME.Howeveg Dy /] T PR
there are also some drawbacks of the term, including a sense of finality, suggesting that a problem

AK | KGDN=<A 9F< L@= HGL=FLA9D G> J=KGJLAF? LG 9
OGJ L=; @FA; 9D | > AmXiewnfentionddrearlier AHis @udy @epts'a Combire®
9HHJGY9; @ O@=J=AF L@= ,; GF; =HLM9D >J9E=0GJC AF L @/
up the solution space.

Given the socially constructed and contested nature of the solution space, what one actor might
perceive as a solution could be viewed as creating or compounding risks for another (ibid.). A major
requirement in understanding the adaptation solution spade not only identifying the range of
options that make up the solution space but also the governance actors and their interactions

0&9 9 KF GGL . Fhis characieribtic FeBuirePobthe solution space necessitates focusing on the
M N
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AF L@AK KLM<Q O;>g TI'gfFgr >GJ EGJ= <=L9ADK GF L @=

Understanding and mapping the adaptation solution space is a crucial requirement for assessing

the feasibility and effectiveness of adaptation optioid< = ! GFAF; C =L 9Dy /. I PpXH
A key characteristic of the adaptation solution space is that it is flexible and can change in response

to both exogenous changes, e.g. geophysical changes in natural systems or political changes in
societal systems as well as planned actions, e.g. acifie intervention such as a new funding
mechanism for adaptation. Such changes can target both biophysical as well as societal dimensions
including political, cultural, and socieeconomic dimensions (ibid.). Accelerating adaptation action,
investment andimplementation can be facilitated by an improved understanding of the enabling

and constraining conditions that potentially influence different adaptation optior®' . ! | J. T Pp X9
WAN=F L@= <AN=JKALQ G> 9HHJIGY9; @=K LG 9KK=KKAF?
concept of feasibility is seen as a frame to understand the range of potential responses and different
conditions that might influence them. The mukiimensional feasibility assessment applied in the

IPCC Special Report on the Impacts of A50f Global Warming (from here on referred to as IPCC SR

1.5) and the IPCC ARG is seen as a methodological advancement in the feasibility assessment of the
adaptation options that potentially make up the solutonspacd DD=F =L 9DgJ] I PpXH
FPpXY ' .11 FTRPRII: Y 1AF?@ =L 9Dg/l TRIPRS

2@= ; GF; =HL G> >=9KA: ADALQ AK <=>AF=< 9K aL@= <=
i GFKA<=J=< HGKKA: D APRF@ 361 It B8 Bnpdtang t& Madebthat this
understanding and resulting assessment integrates the notion of desirability and feasibility.
However, studies have shown the importance of separating desirability from feasibility as actors

might perceive the feasibilig of an option differently from its desirabilityd" 9 OKGF =L 9Dy J]
*=EA=MP b .1SuchLal multidimBrsipnal assessment of adaptation options is an
advancement in the evaluation of adaptation options and signals a shift away from two prevailing
practices: first, a binary assessment of options that looks at the feasibility of adaptatiorasuees

as a dichotomy (feasible or not feasible) and second, it goes beyond traditional-besfit criteria

to accommodate other factordd $ MD<9 M=J =L 9DgJ] TRITH (.9lendceFG =1L ¢
the study goes beyond previous assessments of feasibility by providing a raliritiensional,
comprehensive,andcros&K =; LGJ 9D 9KK=KKE=FL G> <A>>=J=FL 9<9H
(ibid.). In light of the challenges described earlierew studies have conducted feasibility
assessments of adaptation options (cf. 1.2).

The assessment framework considers six dimensions according to which the feasibility of different
adaptation measures is evaluated. The six dimensions include environmental, economic,
technological, institutional, social, and geophysical. The dimensiong a@ssessed using a barriers

framing, i.e. in how far the dimensions have a constraining role on the adaptation measures. A
:9JJA=J LG 9<9HL9LAGF AK MF<=JKLGG< 9K a9F AEH=c<
in their given contextthatarises J GE 9 ; GF<ALAGF OBAKS FIO=S IC G, 9®RIAIL
It is important to recognize the limits and barriers to adaptation (Eriksen et al. 2011). Building on

these dimensions, the conceptual framework and mutfimensional evaluation of perceived

adaptation solution spaces in the context of this study is dabed in section 2.4.3.

Mp



Despite the methodological advancements of this assessment framework, some challenges remain,
including assessing synergies and traadfs of different adaptation options, weighted feasibility to
identify which options might potentially be more feasible #n others, cebenefits or tradeoffs with
mitigation and other societal objectives, dynamic interactions of options and feasibility dimensions
and finally, spatiattemporal trade-offs and synergies. Tradeffs and potentially negative outcomes
over space ad time can occur and have to be recognized and evaluated against the background of
differing values and interests of affected population groups. The characteristic of first and second
order adaptation implies that in many cases proposed adaptation meassigan in combination
imply contradictions and conflicts (but possibly even synergies). Furthermore, some types of
measures may also create lodk effects and path dependencie$ which may lead to lockn
mechanisms of risk reproduction and yield difficutb change in the future. Such conflicts and
shortcomings remain insufficiently addressed in the literature and are of crucial importance.

HOmdn /2y OSLIidzr t ATAYy3 SiS0a@S FRFLIGFa2y (:
GFr NBSG | Od2Na
Il DGK=DQ J=D9L=< LG >=9KA: ADALQJ1 AK L@= ; GF; =HL M¢
O-0=FN TPRIRH 1MtRodg®this studydbas Aot dinPtd dssess the effectiveness, the
concept is closely related to adaptation objectivesa key element of assessing social contracts for
adaptation. Effectiveness is assessed in terms of the outcome, which refers to thgtatian
objective that is intended to be achieve®" GF 9 L L A . Hdncegti mekt parayfaghs provide
a brief review of the latest developments in the assessment of effective adaptation relevant to the
scope of this study.

Defining effective adaptation is challenging because there is no single metric to signal progress in
adaptation, unlike in mitigation which is often measured in terms of emissions reduced or avoided
intonnesO" ADDAF? =L 9Dy/l [ P.ThehatBeroka@mptatign id highlyFcehtext O= F /T T
specific, making it difficult to develop a universal definition of adaptation effectivenéss GJ ? 9 F =1L

9 Dk J]. Simiap tq deasibility, effective adaptation might vary across both temporal as well as

spatial dimensions. In other words, what might be considered effective today might not be effective

anymore in the future, potentially narrowing the solution spacerfadaptationO" ADDAF?. =L 9Dy
Similarly, effectiveness may change across different spatial scales, making it difficult to arrive at a
universal definition of effectiveness across space.

In dealing with these challenges, previous literature has put forward many recommendations for

how to define and assess effectiveness. There are contradicting viegavsthe one hand, a toglown

approach to define a generalizable set of metrics is argueamt being useful for assessing

effectiveness and support prioritization of fundin® 1 L 9 < = DE 9 F F. O the othé Bafid, if Pp p 6

fails to accommodate the contexKk H=; A> A; VHA AFGIAL GEGJK L@9L 91

evaluating the effectiveness of adaptatio®* = AL =J =An ad9abagrfient inRhisxefjard has

D= = L@= a>J9EAF?A (®HHIGE ; =@aséddig fFantE HRAIYEKIT he: siQdy

developed eleven frames to assess effective adaptation: (1) maximizing economic benefits; (2)

improved wellbeing; (3) vulnerability reduction or adaptive capacity enhancement; (4) enhanced

resilience; (5) sustainabledaptation; (6) avoiding maladaptation; (7) ecosystebased adaptation;

(8) communitybased adaptation; (9) adaptive governance; (10) ensuring equity and justice; (11)

transformation. An important characteristic of these frames is their categorization inmmrmative

>J9E=KJ/1 A=K 9<9OHLOLAGF 9K | ? GI9DAKRA? /GJ9 FoasedtHGA;F+ KI
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>J9E=KJ/l A=K 9<9HLOLAGF 9K 9 | E=9FKAK 2@AK ; 9l
adaptation, including both an outcome and a process (goal of adaptation to adapt well vs being well

adapted). For a detailed review of the framings and their ificptions pleasese® 1 AF? @ =.L 9 Dg /]
2@AK >J9EAF? AK MK=< 9K 9F =FLJQ HGAFL LG <=<WM;
G: B=; LAN=KA AF L@= ; GF; =HLM9D >J9E=0GJC >GJ L @AK

Another recent advancement in the literature has been the adaptatioraladaptation framework

O0=; CA=F .=The inpbrtgni step Mmade iy this contribution is that it goes beyond asking

O@9L AK ; GFKA<=J=< =>>=; LAN= 9<9HL9LAGF OAg=K 09c<
system. The framework conceptualizes effectiveness along a continuum to allowevaluating

adaptation responses for mixed outcomes, accommodating actor perspectives and corsprific

conditions and temporal changes (ibid.). The framework proposes one filter (number of people) and

six outcome criteria namely three systemievel criteria (ecosystems, GHG emissions, systemic

change) and three equityelated criteria (lowincome groups, women/girls, marginalized ethnic

groups). This aspect (adaptation for whom) is reflected in the own conceptual framework as well (cf.

section 2.4).

Despite the conceptual challenges and complexities in defining and assessing effectiveness, it is
important to understand how adaptation objectives are framed and conceptualized. This is because
AL @9K AEHGJL9FL AEHDA; 9L hAaGisdoneddr whatpOrposedbly We,F HJ AC
>GJ O@GE/] 9F< OAL ®F ©@9 E L G B DhegpEranigsrand uhtigrstandingsd
in the specific contexts where adaptation decisiemaking takes place seriously affect who benefits
from an adaptation intervention and who bears the burden.

HOMOPp w2fS3d YR NBaLRYyaAoAfAaSa T2N I RFLIG
It has been well established that adaptation actors need to assume clearly defined roles and
responsibilities to deliver effective adaptato®® <?=J =L 9DgJ] TRPpr: H A=K: ]
$UF>?2=D<J] TRpPRH %9JK:; @9?=FJ] TRPRpHhH ( M@GBRW®HBEB IPpxH
AEHGJL9FL LG ; D9JA>Q aHJ=; AK=DQ O0@9L 9<9HL9LAG
adaptation, an equally important questionremainsa O @9 L ; GFKLALML=K L@= >9AJ
9<9HLAN= DJ¢PRAE A G R Kthedvidrld] whilePaptarssmight agree on a common
goal, objective, or vision for adaptation, e.g. the protection of the most vulnerable individuals, the
guestion arises as to who is expected to play which role and is/should be entrusted with which
responsibilities in achieving this goal. For instance, should the protection of the most vulnerable be
an individual or collective responsibilitp + = = =Lp.1@6B)y /T ' Rpf J]

Roles and responsibilities have been used differently in previous studies in the adaptation coatext

e.g. interchangeably, without a clear definition, or conflated with one anott®( M@GD9 /1 T Pp xH
=L 9Dg/N TPplH 0s+=CAK F= b fo2 iBstanCEpibR @i istRimeRtal approach

LG J=KHGFKA: ADALQN1 K== 9K | 0@G <G=K O@9LA Q=L
9; LGJK ;9F >MD>ADA OHg rRp6r 'F L@ LQHGOGD®A =K
OT P,pole$ are seen as the identity of actors, e.g. public authorities, citizens, private and non
governmental organizations. In a recent global assessment of actors and their roles in climate

;s @9F?= 9<9HL9LAGF/] JGD=K @9 N =positionoFfunctien>withiha< 9K 9
D9J?=J KG; A9D KQKL=ZE 9F< AF 9 O.=1LIRGADK HILG:9DKKIA I'{
The study defines roles along both cycléghe adaptation cycleO3 , $! ! ! <OHLO9LAGF I (
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' P pax Well as the policy cycl® + = = = L R@eB fgr/adaptRigniinélude awareness raising,
assessing, planning, financing of measures, implementing, monitoring, and evaluating (ibid.).
Responsibilities refer to specific tasks and duties that are assigned to the roles (ibid.). Despite the
different interpretations of the terms, the studies note that there can be mismatches, ambiguities,
and overlaps on and between both levels in allocating roles and responsibilities. The definition of
roles and responsibilities used in this study is elaborated iacson 2.4 under the conceptual
framework.

Multi-actor constellations are often characterized by diverging perceptions of who is seen
responsible for what. In addition to the conflicting viewpoints, adaptation governance literature has

found that ambiguous and unclear distributions of roles and pnsibilities are often highlighted

as a barrier to adaptation governanc® A=K: JG=C =L 9DgJ] TPpPRH S$SUF>?:
therefore, becomes important to explicitly draw attention to the question of which actors are seen

as responsible for developing and implementing different adaptation measuféds AJ CE9FFJ] I Pnp
Related to the explicit distribution of responsibilitiest = = =L raiferand @AlBdAgs the

| M=KLAGF G> aoO@L CAF< G> K@9JAF? G> J=KHGFKA: AI
HIJANO9L= 9; LGJK >GJ 9 < 9=HLRADXG F3Adradoagitidh fetdiBldtettcJ = GN = .
9E: A2MALQ : =LO== L@= <= >9; LG GJ =EHAJA; 9D H=J]
MF<=JKL9F<AF? G> 40@G K@GMD< 9; L @GOA OHgplfPRPoK

All of the above considerations and questions become of central importance for understanding
transitions across different risk management regimés1 GD=; CA .Xay chaBateristicE ¢ p 5 6

=9; @ JAKC E9F9?=E=FL J=?AE= AF; DM<= a9 K==L G>
conceptualization of risk, the rights and responsibilities of the state and other actors, the mode of
risk governance, and the underlyingissu€s> =1 MALQ 9F< >9AJF=KKgA OA: A<

four archetypical risk management regimes ranging from collapse, resistance, resilience, and
transformation. The main relevance of the debate on the possible transition of risk management
regimesto the scope of the conceptual framework developed below is the societal negotiation on
competing visions and the distribution of roles and responsibilities that might need to take place in
order to facilitate transitions across such risk management regisa These questions might become

all the more urgent when current risk management regimes need to transform, adaptation options
might no longer be feasible or desirable and the de facto and de jure (legal) distribution of roles and
responsibilities might ot work.

HOPH [/ 2y OS LI dzt f Al Ay3a a20A1Lt O2ydiNX Ola F2NJ
The above section shows that it has been well established that adaptation to the impacts of climate
change will require collective efforts from different actors of society such as the state, individuals,
civil society organizations, and private sector. Agtation will not be a silver bullet approach but
requires societies to design a risk management portfolio by selecting from a diversity of available
options. Adaptation takes place in a socially contested space, wherein different actors might have
different and potentially conflicting priorities, that could stem from varying adaptation needs,
capacities, and boundaries of risk acceptability. This study aims to conceptually advance the
understanding of social contracts for adaptation in response to the inasng calls for research on
rethinking, redefining and renegotiating social contracts for climate change adaptaton <? =J =L 90D
PproHy D9; C: MJF b . = DD A F.5dgiallcdhipadtdfior &0apfa@on dax beb - A
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seen as embedded within the larger domain of governance thinking, in which risk and adaptation
?GN=JF9F; = AK <=>AF=< 9K a49DD EG<=K 9F< AFKLALML
organizations of the state sector and the private domain gaiate their interests, exercise their

influence and distribute as well as act upon their responsibilities to manage and reduce urban risk

9F< LG =F9: D= 9<9HL9LAGF 9; (G&¥hagen M5, K @D AK 9 F <
social contracts lens to risk and adaptation governance is seen to provide a sharper analytical lens

in understanding questions on how actors might negotiate potentially diverging goals and visions.
Furthermore, actors might have entirely different egptations of how to achieve these goals and

visions. In other words, a social contracts lens raises the question of who is responsible for what in

the challenging task of adapting to the impacts of climate change?

A social contracts lens makes a highly relevant and timely contribution to understanding and
addressing key challenges and concerns at the center of adaptation debates. The relevance of a
social contracts lens stems from its particular usefulness in terofs(a) drawing attention to the
underlying tensions and contestations in societies around the questions of adaptation priorities and
expectations on distributions of roles and responsibilities, that are often implicit and tacit in nature,
(b) offering a l@s to analyze and potentially inform the process of a societal (re)negotiation of
diverging viewpoints towards shaping a coherent social contract. Such a lens makes a timely
contribution because the pressures of climate change are increasingly raisingaasstions around
societal adaptation goals and visions and drawing attention to shifting roles and responsibilities
between actors such as the state, citizens, private sector, and civil society organizations when
transitioning to different risk managementegimes. For example, is a relocation to less exposed
areas to flooding an individual responsibility or a collective one? While the challenges of adaptation
to the impacts of climate change are putting pressure on the current social contracts for many
societies across the globe, studies also identify crises as opportunities for rethinking, redefining, and
renegotiating social contracts to form coherent social contracts for adaptation = DDAF? =L 9 D¥
.=DDAF? bL " ADD/J TPpPR&

To get at the framework that develops the conceptualization of social contracts for adaptation and
guides the empirical analysis of this study, this section firptpvides a concise overview of the
origins and classical theories of social contracts, focusing on the aspects relevant to its
conceptualization here in the context of adaptatiorSecond, it reviews the use and application of
social contracts in adaptation literature and relevant and related thinking on disaster risk
management, resilience, andustainability.

HOHOM hNRIAY FyR OfFa4A0Ftf 320AFt O2yGN} O

While the origins of the sociatontract theory can be traced back to the works of ancient Greek
philosophers such as Aristotle and Plato, they are most prominently known through the works of the
classical contractarian theorists such as Hobbes, Locke, and Rousseau in thé8T7century as part

of the Enlightenment project. This subection will focus on the key principles of classical social
contract theory that are relevant for the conceptualization of social contracts for adaptation in the
context of this study (cf. Table 4 Bection 2.4.2).

While differences exist in their writings, a unifying principle of classical contractarianism is the view
of the social contract as an outcome of the necessity to regulate human relationships through

M cp



legitimate, collective governance arrangements shaped by the agreement or consent of the people
05 = 9 D =./TThi§ mdtibR @f consent is, however, achieved through slightly different motivations
according to the different classical theorists.

Hobbes, in his work Leviatha® & G: : = Kdlggest®d thad the state of nature was
P @9J9; L=JAR=< :Q KLJA>=J DORFBCU;JAEHS Frmekos e G> ¢
for a central idea of his theor§that people would voluntarily give up their liberties in exchange for
their protection and security by a sovereign ruler.

; =FLJ9D >=9LMJ= G> *G; C=AK A<=9 G> ; GFK=FL

L@= <AKLAF; LAGF :=LO== aD=?ALAEY9; Q AK FGL ; GFL
government to which people would consert 2 9 Q D G J J1 Ldctke heliefled thag if tRedegitimacy
of the government is lost, people should have the right to overthrow the government through
resistanceO * = K K F G inJgontras #0 Plébbes, Locke viewed the state of nature as ordered and
that people would choose to live in society and have the natural right to select their government to
protect their liberties and property. Protection of property plays an importantdo= AF * G; C=AK L
G> L@= KG; A9D ; GFLJY9; LK &= OJAL=K aL@= J=9KGF O0OC¢
HIGH=JLQHYAL ; 9F F=N=J : = KMHHGK=< LG := L@= OAI
power to destroy that which evé Q G F <=KA?FK LG K=; MD=*G;, CON=RHxP
1=; LglIrre

Rousseau on the other hand, believed that property was responsible for corruption in
KG; A=LQy '"F @AK >9EGMK O0OGJC LALD=< 2@= 1G; A9D !
=N=JQO0@=J= @ JAKKAF [TR@H i Feletdnpefomhis view on the state of nature
where people are truly free, but it is when they enter society is when the need arises for a social
contract between the government and the people. A defining feature of his theory of the social
conLJ9; L AK L@= =EH@I9KAK GF L@= a4?=F=J9D OADDA G>
power in common under the supreme direction of the general will; and as one we receive each
E=E: =J 9K 9F AF<ANAKA: D= Aecording toRousska@+the @@ meny A OA:
should enact the general will and it is this general will or collective expression of interests that forms
the basis of society.

In applying the principles of classical social contract theories to adaptation, previous studies note
the following concerns:

First, they challenge the notion of a single social contract between the sovereign ruler and
the people who are ruled. Itis argued that such a conceptualization excludes the role of other actors
that play an increasingly important part in risk governanseich as the private sector, civil society
organizations, families, households, employers, and other communities D9 ; C: MJF L . =DDA
The authors argue for a need to rethink governance structures, emphasizing the importance of
collective arrangements. In this regard, they highlight the importance of understanding individual
expectations around levels of protection from state and naate actors against the background of
the increasing impacts of climate change.

Second, despite different versions of the classical theorists on the notion of consent, this

consensual characteristic of classical contractarianism is challenged bl 9 ; C: MJF L . =DDAF
<M= LG ALK KM??=KLAGF G> L@= KG; A9D ; GFLJ9; L 9K
. =LO== JMD=J 9F< L@= JMD=<A OAF J=>=J=F; = H9JLA

classical contractarian theory that primarily focusesn understanding the shape of the social
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contract, D9 ; C: MJF b cal=f@ RtfeRion tadthePnpedkjanisms through which it is
HIG<M; =< 'FKL=9<J] L@= 9ML@GJK 9J?M= >GJ ?2J=9L-=
citizen resistance when the legitimacy of the state is lost. This aspect is of great relevancein th
adaptation context due to the opportunity such moments of resistance might provide to capture the

gaps and contestations around the roles and responsibilities enacted (or not) by different actors. In

the disaster context, = DDAF ?  bnoté tAeDviindoty lofFopp@rtunity that opens up after a

disaster might reveal the gaps in prevailing social contracts thereby offering a space for the
renegotiation of the social contract but highlighting that it can drive change that can result in both

positive and negative outcomes& 9 Q09J < b - AargudeAhatrthe Gdndymi&ion and

redefining of social contracts in the face of climate change will not happen autonomously,
A&AF=NAL9: DQN1 ?2J9; =>MDDQ GJ KHGFL9F=GMKDQA OHgKTI P
GJ ; GF>DA; LAQOAJA<QEK &AFJARF&9J?M= L@9L L @= OG.
>G)J J=L@AFCAF? a&aDAL=JFDLARG=KI9DG, GRUZLSELLK 9K KGDN
p.210).

While the key principles of classical social contract theory are crucial in informing their
conceptualization of social contracts for adaptation, studies have noted challenges in some respects

when transferring to the context of adaptation. The next sectioeviews adaptation and related

debates that explicitly use the notion of social contracts.

HOHOH ! LILX AOF a2y 2F ad42O0Alt O2ydiN}YOGa Ay |
The notion of social contracts has been applied across various fields, ranging from political science
and philosophy where it had its origins, to sociology, for examgles F &t " MJ, Scler@e, fof' Rp F 6
example, DM= b " 9 NAbudn6sk, ardleédRomios, for examplé,= Q< =E9FF Ol RT F
international relations (especially conflict studies), for examplé, G= 0= +t 8. AnEdtD Ol RT |
science, for example, recovery from the Covi@ pandemicby = DDAF ?  =etc. Hovizwer, T PT T' 6
keeping with the context of this study, this sufection focuses on the application and advancement
of social contracts in the realms of climate change adaptation and related fields of disaster risk,
resilience, and sustainability.

"F L@= ; DAE9L= ; @9F Df PBgKlight thdpotbhfiatofiresilidhcethhikingin=L 9 Dg
shaping a new social contract in view of the challenges of climate change. They argue for the insights

offered by resilience debates for shaping social contracts. These include, for example, the need to
address the social context in environmental problems, uncertainty, and the importance of multilevel
governance, in forming a social contract. In the context of adaptation to climate change,? =J =L 9D
C)F'PpQr'J:?d\/Iz >GJ a=NGDNAF? KG; A9D ; GFLJY9; LK 9K 9 HJA
EGN=K >GJO09J< OHypoty 2@=Q 9J?M=< L@IL &4E9CAF? KI
=>>=; LAN= 9 F< D=?ALAE9L= 9 <9 HL 9 tarké& BfAperdeived A< K 6 K
J=KHGFKA: ADALA=K 9F< L@= HANGL9D JGD=0OGx?&%3PH=%; I
9 D K J]. Réflecting 6n social contracts for climate chang2,9 Q09 J < L - FaiselcdticaF Ol Rp F
guestions that inspire the conceptualization of social contracts for adaptation in this research:
30@9L K@GMD< : = K=; MJ=<J] >GJ O@GE 9F< @GOA OHy
FGJE9LAN= NAKAGFK aE9Q derxateth@tgenvirdbmdntal prébfemdaGoss AKHD 9
time and space, further obscuring the complex, inequitable and evolving relationships that underpin

i MJJ=FL =; GDG?A; 9D 9F< KG; A9D <AD=EE9KA OA: A<yl
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D9; C: MJF b)made Dnpoftdht?advénicampent in conceptualizing social contracts as an
analytical lens for understanding the politics of adaptatioé especially in its distinction of the
imagined, practiced, and legaihstitutional realms of social contractsThey emphasize that a major
i GFLJA: MLAGF G> 9 KG; A9D ; GFLJY9; L D=FK LG 9<9HL
G: DA?9LAGF/] 9F< =FLALD=E=FL L@9L MF<=JDA= ; GFL=K
? GN=J F9 F; =This wOrK h&sobgen particularly inspirational for conceptualizing and
operationalizing social contracts for adaptation in this study (cf. section 2.4).

In the context of social contracts for urban adaptatio# 9 CAF = hnal@®ngeifhourhBdd P 6

level protests as an expression of collective grievances and expectations toward the state. Raising

the question of what is needed for effective social contracks A D D A Kirawisa pdrafed to the

Covid19 pandemic and argues for an honest debate and better democracy to drive effective action

AF J=KHGFK= LG ; DAE9L= ; @9F?=¢ +GJ= J=; =FL ; GF; =
analytical lens argues for the neetd understand relations of trust and expectations from citizens

towards the state in flood risk governanc®- EE =J = L. Of fhe odntranR évidence from

social contract analysis in China shows how the politics of distrust drive alternative social
mechanisms for action such as mobilizing social capitaf G = L . Bxpligafihg theRifkpeétween

debates on human security and climate chang®,G ? J 9 > Gshow® thePgaps i the state's role

between its legally defined roles and what it delivers in practice. Beyond some of the literature
indicated above, most studies have engaged with topics on roles and responsibilities for adaptation

as well as adaptatio GO DK 9F< NAKAGFK OAL@GML =PHDA; ALDQ MK

In the disaster risk reduction context, studies have invoked the social contract to highlight the

impact of development projects on social vulnerability and social cohesidnr ALJ9 =and 9Dy /] T
as a mechanism for r@egotiation of the distribution of security or in postlisaster settinggd. = DDA F ?

L " A D DPRevidusliteRatiire has shown how disasters trigger and expose inequalities prevalent

AF KG; A9D ; GFLJ9; LK 1LM<A=K @9N= 9DKG MK=< <AKY9
might expose underlying inequalities prevalent in the social contt® 1 A< <Al A b &an FM<9 QJ]
@GO L@=Q D=9< LG L@= K@IHAF? G> aAFLAE9L= KG; A9D
formal risk governance in postlisaster contextfD 1 A< <Al A b . Sullieshavdidse ukedl PT' T 6
a social contracts lens to focus on questions on shifting roles and responsibilities between the state

and citizensO$ 9 MRA 1 T PT p H orhnthe fade ofuhcert@imigsfelatedtd éxtieme events

and climate change scenaric®! @J AKLGHDGK =L 9DgJ] TRppod

HPo wSfSHHYyOS 2F a20AFt O2ydNrOGE F2N I RIE
HPodPM | NBFtY FRFELIlFa2Yy
While the abovéantroduced conceptual framing of social contracts for adaptation is relevant and
has been applied in multiple contexts and scalésanging from global, regional, national, and local,
the need for explicit social contracts for adaptation most starkly illustrated in cities, proving a
valuable and apt unit of analysis. Notably, more than half of the global population now lives in cities.
By 2050, twe. @AJ <K G> L @= O0OGJ D<AK HGHMD9LAGF AK =PH=; I
growth expected to occur in cities in the Global South3 , " # 1. Adcordirig poy\rld Bank



estimates, 143 million climate migrants could be expected to move from rural to urban areas by 2050
in view of economic opportunitie) 5 GJ D < 9FCN T PpXo

Cities are characterized by some of the highest adaptation pressure that one can find and therefore
deserve urgent and increased critical attentidd" G< E 9 F = L Urbab FsK trefdB iave:often

been explained in terms of changes in natural hazard patterns such as extreme weather events
occurring in cities such as heat waves, floods, droughts €& GJ D< 0 AKC. HowewiGJ L /] T F
urbanization may also shape urban vulnerability and exposure (especially if not planned properly),
acting as a driver of risk. For example, land reclamation and increase of-opilareas often takes

place at the expense of losing natural ecosgmis and could lead to increase in exposure to hazards

(e.g. flood risk) but also higher vulnerability through a negative impact on livelihoods. The most
rapid growth in urban vulnerability and exposure is seen to occur in places that are not only at high

risk but also have limited adaptive capacitiégsmostly informal, unplanned settlements in low and
middle-income countries in Africa and Asfa" G< E9 F = L. WahOnglif consRérdd tothave

the largest population globally since 20233 , " # 1 anfi MUmBdi leilg amongst the top ten

cities both in terms of population size overall as well as at risk of sea level rise in both current and
future rankings, empirical findings of this dissertation from Mumbai are of strong relevance
0&9DD=?9LL= =L 9Dg/J] 'PpryY &9FKGF =L 9Dg/J] 'Pppo

This section argues for an urban focus in assessing social contracts for adaptation in terms of the
pivotal role of urbanization:

On the one hand, cities are hotspots of disaster risk and on the frontlines of climate change. Not only

are they bearers of the impacts of climate chane” G<E9F =L 9DgJl TRI'B: H %9J
*QFC9G/Jl I'PpfH . =DDAF Dl urbaRizatph (in padtibutar poakly prahneddob k /T T P
uncontrolled) may also act as a driver of ri€k%9 J K; @9 ? =oF 9 b C ® G.AVajdr Brjversiof

urban vulnerability and exposure often emerge from poor urban planning where disaster risk
considerations are not taken into account in land use planning, e.g. weak regulations and
enforcement of building codes, protection of ecosystemsfrastructure development in hazard

prone areas (often linked to corruption, profit gains, vote bank politics) e®®.3, " 00/7] T Rpr 6
Furthermore, against the background of an increasing trend in population densities in urban areas

and lack of adequate safe and affordable housing, about 1 billion urban inhabitants live in informal
settlements that are often located in areas highly eoged to environmental risks such as flooding,

pollution from contaminated drainage lines, heat stress, e®©.1 9 LL=JL @O9AL=J] 'RRpH
Ppx9H 5 AKF =They aré oftén BacicooRiBallydmarginalized communities that are
disadvantaged in terms of livelihood opportunities, and access to basic civic services such as
sanitation, solid waste management, and resources, thereby making them the most affected
populations at risk in urban areas. Furthermore, demographic and social characteristics such as age,
gender, class, race, ethnic backgrounds, religious orientations etc. could have a compounding effect

on urban vulnerability of populations. However, urbanizat as a process in itself is not inherently

a driver of risk and depends crucially upon how it develdps GJ D< 0OAKC O0=HGJL/Q T Pp

On the other hand, (and often undeemphasized in scientific and policy debates) are the
opportunities offered by cities and urbanization processes for risk reduction by being centres of

H O



growth, nodes of political and economic attention and melting pots of sodioltural diversity. Cities

also have high adaptive capacities in principle in terms of high densities of capital, resources,
livelihood opportunities, infrastructure, civic service etc. While the first argument poses the
challenges of the intersection of urbanization and climate change, the latter highlights the chances
L@9L ; ALA=K G>>=J >GJ 9<9HL9LAGF 9F< KMKL9AF9: D=
of urbanizationO® %9 J K; @9 ? =aF 9 b C 9 G.B\it i®perbuiltup area, migration to urban
areas, investment and construction of infrastructure that is yet to happen in the coming decades,
especially in emerging and transition economies in the Global South, urbanization holds potential
for better climate-risk informed planning. Cities like Mumbai, Jakarta, Manila, Ho Chi Minh City,
Bangkok, etc., which are hotspots of risk, are at the same time the engines of economic growth and
frontiers of progress and development in their countries. Also, the pdtelty positive reduction in
vulnerability in the growing middle classes in many urban areas of emerging and transition
economies has received less attenti@n%9 J K; @9 ? =& 9 5 C 9 G Hr-rlaBypcasés, both
tendencies are visible wherein cities are often confronted with stark inequalities where some
groups, sectors, and areas within the same city might be severely impacted due to their high
vulnerability and exposure, and others might eean increase in their adaptive capacities.

The crosscutting argument is that what happens in cities will play a critical role in determining the

success of adaptation and sustainable development. In view of this critical role that cities play in the
response to climate change, they have receivettrieased attention in both policy and scientific

debates. In policy spheres, this role of cities has been formally acknowledged and endorsed in

several international policy instruments and networks for example, the New Urban Agenda3 ,

&9 : AL 9 L Sustain@le Heévelopment Goal 11 (Make cities and human settlements inclusive,

safe, resilient, and sustainable), C40 Cities, 100 Resilient Cities, Making Cities Resilient 2030 (UN
DRR), etc. Cities and urbanization processes have also received increstsemtion in scientific
<=:9L=K GN=J L@= H9KL LOG <=;9<=KK 2@AK @9K EGKI
create a dedicated special report on climate change and cities, planned to start in 2024.

HPodPH 2K& A20AFf O2yiN}XYOG& F2NJ dz2NBFYy F RIL]
In view of the above dynamics of urbanization and its relation to climate change, it can be said that
cities represent spaces that bring together very heterogeneous social groéigharacterized by
socio-cultural diversity, competing economic and politicgbriorities, asymmetric power relations,
and differential risk perceptions, different levels of risk acceptance and adaptive capacilies= DDA F ? J]
' R p Fhérefore, it is here that different viewpoints on adaptation goals and priorities may often be
i GF>DA; LAF?y a2@=K= ?29HK 9F< ; GFL=KL9LAGFK E9Q ¢
political feasibility, power dynamics, and tradeffs involved, such as whose priorities get embedded
in adaptation pathways, who decides whose futures are protected and how costs are distributed,
which spatiotemporal tradeG>>K OADD F==60"GBE@A=LE%93R; @25 K] TF

Furthermore, the increasing impacts of climate change and growing pressures of urban

development will require societies to transition between different risk management regimes, in

many respects calling for fundamental changes in the way societies adaptulh e.g. governance

structures, value systems, beliefs, planning regulations, etc. These transitions might become

necessary for example, when the current risk management regime no longer works, adaptation
H N



options start to approach their limits or are no longer effectve.GD=; CA =emph&iPesthe OT Rp p 6
AEHGIJL9F; = G> L@=K= LJ9FKALAGFK 9K 9F9DQLA; 9D K&
LIJ9B=; LGJA=K/] =?2K >GJ ?J=9L=J AF<ANA<M9D GJ ;
negotiation of tradeoffs. Different adaptéion options need to be evaluated in terms of their
desirability, feasibility, and effectiveness and should be deliberated openly and inclusively.
Coherent social contracts would help to foster the transition to fair, effective, and efficient
adaptaton. NGLAF? L@= AEHGJLO9F; = G> AFN=KLA$GDAR? =4ABRYT
'RITPH (9K9FGZF4 D@E/NIFPpFWB ; 9DD >GJ A<AKJMHLAF?
adaptation in a specialissu® J GL G =, the gafiagldr foEuB dhfmiégined social contracts for

adaptation in this study is highly relevant to current urban adaptation debates. The special issue
especially calls for the disruption of adaptation imaginaries in the Global South, that are often
relQAF? GF : =KL HJ9; LA; =K >GJ 9<9HL9LAGF AF D9J?-=
9<9HLO9LAGF AE9?AF9JA=KA L @%#4J MJK=F>d1l= F9 DKkJ] @FFS; pd

Therefore, this section makes the argument for the relevance of focusing this study on the
assessment of social contracts for urban adaptation. Cities, in particular, in transition economies in
the Global South that are at the epicenter of dynamic shiftsterms of both urbanization and
impacts of climate change illustrate most starkly the need for coherent social contracts and hence,
deserve immediate attention. Finally, in their pivotal roles as hotspots of risk but also importantly,
as beacons of innow#on and engines of economic growth, they offer significant potential for risk
reduction.

Hdn hgy O2yOSLIidz-t FNIYSE2N] F2NI I 44SaaAy
Building on the conceptual debates in the literature reviewed above, this section presents the
conceptual framework developed to guide this study's assessment of social contracts for adaptation
and advance the current conceptual debate8s a first step, the study defines social contracts for
adaptation in response to the lack of a definition noted earlier. Secondly, this is followed by the
conceptual framework, including its key characteristics and elements that guide the empirical
reseach undertaken in his study (Figure 3). Finally, this section concludes with the conceptual
framework guiding the multidimensional evaluation of perceived adaptation solution spaces
(Figure 4)3 which provides essential insights on the way to understanding and assessirgato
contracts for adaptation.

HOondmM 5SUYyAy3 a20AFf O2yGNYXrOGa F2NJ I RF LI
First and foremost, it is important to define social contracts for adaptation, in response to this gap
in the conceptual literature mentioned above. A social contrafdr adaptation is defined as a
U; GDD=; LAN= 9JJ9F?=E=FL :=LO== <A>>=J=FL 9; LGJK
L@= EMLM9D <AKLJA: MLAGF G> JGD-=KO"GK@AJ HK HEDFIKKA : @X
' RT' ' 9. Jh otHes yoids, a social contract describes the collective arrangement of what a society
wants and how it gets there. Inspired by, for instan&9 Q09J < b - AdJBEFC:OMPR PB
. = DD AF Tcf. T2 phiKdefinition advances the conceptual framing of social contracts for
adaptation by explicitly integrating the consideration of adaptation goals and normative visions that
are often embedded in social contractin contrast to most social entract framings in adaptation
literature that only consider adaptation goals and visions implicitly and largely focus explicitly on

HP
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of roles and responsibilities emphasizes the importance of inclusion and equity, while being aware

that such an arrangement would require tradeffs that will have to be made between different

adaptation goals and visions, for example between reducing vulnerability, increasing equity, and
improving the resilience of the system as awhdle < ? =J = &s wellRgldhd tb Regotjadions

around questions of roles and responsibilities.

HOnodH [/ 2y OSLIidzrf FNFYYSH2NK]1 8y QRIONY OG OBWE
FYR StSySyida
This subsection introduces the key characteristics and elements of the conceptual framework on
social contracts for adaptation that guide this study (Figure 3). Table 4 summarizes selected
characteristics of classical contractarianism and their relevaniog defining and assessing social
contracts for adaptation in this study.



Table 4 | Selected characteristics of social contract theory and their relevance for adaptation

debates
Characteristic of
social contract theory

Relevance for adaptation and application in this study

Notion of consent

Invites critical reflection on the need for collective societal agreement in the formation
a social contract for adaptation that is often taking place in a socially contested space;
inspires a nuanced distinction between different levels of agreement thee formation of
a coherent social contract for adaptation (Type 1 and Type 2)

Mutual exchange of
rights and
responsibilities

Provides analytical guidance to better understand the distribution of roles and
responsibilities for adaptation between different actors of society

General will

Brings attention to the need for understanding the shared societal goals and visions;
encourages a broader vision of whose voices are included in the deliberation of social
contracts across spatial and temporal spaces; directs the aespecific lens adoped in
this study by drawing attention to the importance of perceived adaptation solution
spaces and their evaluation, perceived goals and visions as well as perceived
distributions of roles and responsibilities

State-society
relations

Directs attention for the need to broaden the scope of actors that can potentially be
involved in social contracts for adaptation to recognize the role of rstate actors such
as NGOs and civil society organizations, international agencies, local neighimd
collectives etc. as important governance players in adaptation.

Reciprocal nature and
definition of state
legitimacy

Draws attention to the need for understanding the social contracts held not only
G: K=JN9: D= AF J=9DALQ GJ D9A< GML AF >
or normative expectations of actors

Loss of state
legitimacy

Guides the identification and assessment of gaps and contestations and provides
analytical guidance on capturing them in moments and spaces when such gaps might
manifest themselves, e.g. pogtisaster, resistance movements, protests etc. but also
acknowledge the existence of tacit, hidden, implicit expressions that might be harder tc
capture (i.e. the imagined social contracts)

Redefining the social
contract

Highlights the need for the (re)negotiation of social contracts for adaptation to be
undertaken actively and not expect / wait for it to happen autonomously; underlines the
importance of making explicit the embedded visions for adaptation and expected sole
and responsibilities to trigger a discussion and negotiation of a social contract

1GMJ; =n GOF

29 :fD=

<J9BIJ]

<J90OAF? GF DAL=J9LMJ= <AK; MKK=< @=1J-=

Two overarching important characteristics guiding the conceptual framework are presented below:

(1) This research acknowledges the proposition of classical contract theory of the social

contract as an outcome of conser®! J = KK J]

tweak in this thinking of consent when applying it to social contracts for adaptation since

adaptation often occurs in a socially contested spade this framework, social contracts are

conceptualized to be of two types (Figure 2). A Type 1 social contract describes an

9JJ9F?=E=FL
not align but where actors seek a socialGF L J 9 ; L

0" GK @A

Ad0@=J= 9; LGIJKA NAKAGFK 9F«<
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49; LGJKA NAKAGFK 9F< H=J; =HLAGFK GF EMLM9D JC
KG; A9D ; GFLJ9:; L LG =PHDA:; 9L= 9F< >GJE9DAR= L (

Type 1 social contract Type 2 social contract
when actors disagree when actors agree

Actors' visions and perceptions Actors' visions and perceptions
on mutual roles and responsibilities on mutual roles and responsibilities
do not align align
but they seek a contract and they seek a contract
to mediate these differences. to explicate them.

$A?M) 2QH=K G> KG; A9D ; GFLJ9; LK :9K=< GF L@ D=N=D G
E%IJK; @I?=F =ls0AD|@ ?¥QH@R; ®DAKMHHGIL >JGE F<.

(2) An important feature of social contracts is that they may be explicit but are often implicit or
tacit in nature0& 9 Q09 J < b - IAagtedmerd With DR Pa: MJF L AK=DDAF
conceptual distinction of social contracts into three realms (imagined, practiced, and legal
institutional), the framework developed here suggests that within a Type 1 and Type 2 social
contract, there can be three realm&imagined (ISC), practiced (P$&nd legadinstitutional
(LSC) (Table 5). This thrdeld distinction embedded into Type 1 and Type 2 social contracts
contributes valuable insights into the tensions and gaps as well as synergies and overlaps
between goals and visions as well as roledamesponsibilities held de jure or de facto. The
|l HJ9; LA; =<A J=9DBOKR>&A=R,GIDMK=IO FIk@G: IKFIND: D=
JGD=K 9F< J=KHGFKA: ADALASGKGK@A DB<%BIB|L.@GF=FAI
2 @= AFKLADL MLAGF9DA &4<=K;JA: =K L@= >GJE9DDQ
=F: Gg<=< O<= BMJ=®6 <AKLJA: MLAGF G> JGD=K 9Fc«<
OA: A<ydpy 2@= | AE9?AF=<A J=9DE & eits;od he =K 9; L
<AKLJA: MLAGF G> JGD=K 9F< J=KHGFKA: ADALA=KA (
attention to the normative visions and perceptions of what actors believe should or want to
be pursued. It is important to highlight that the highlymplicit and tacit nature of the
| AE9? AF=<A KG; A9D ; GFLJ9; LK E9C= L@=E <A>>A; |
the other two dimensions. The main characteristics, definitions, and their application in the
context of this research are detigid in Table 5.

HY



Table 5 | Main characteristics relevant for the analyticapplication of the three forms of
social contractsd Imagined, Practiced and Legainstitutional social contract

Imagined Social Contracts
(ISC)

Practiced Social Contracts
(PSC)

Legatinstitutional Social
Contracts (LSC)

Rationale for
why we need to

Provides the opportunity to
lay open the
heterogeneous/diverse/
diverging viewpoints which

Allows an understanding of the
existing distribution of roles
and responsibilities (de facto)

Helps to identify the legally
defined roles and
responsibilities held by
different actors (de jure)

talk about S :
these are often implicit, tacit, and
difficult to capture
Definition "=K; JA: =K 9; LC"=K; JA: =®A>@A Describes the formally

goals and viewpoints on the
distribution of roles and
responsibilities

and observable distribution of
roles and responsibilities
between actors

defined goals and visions
and legally encoded
distribution of roles and
responsibilities between
actors

Core question
in this analysis

Whichadaptation goals and
visions are imagined and
desired?

Which roles and
responsibilities are imagined
and expected?

Which adaptation goals and
visions are pursued in reality?

Which roles and
responsibilities are observed
and performed?

Which adaptation goals and
visions are legally and
institutionally defined?

Which roles and
responsibilities are formally
codified?

Forms of
expression

Oal
LG

.=J; =HLAGF
:=DA=N= AL
think the actor will do);
=PH=; L9LAGF O:
K@GMD< : =A3 O0¢
should do); hope/aspiration

0aL@AK AK @GO
c=A30@9L L@=0Q
the actor can be doing)

- K=JN9: DA>AR
performed in everyday settings

Defined through formally
codified in legalinstitutional
and constitutional
frameworks

Existing space

Implicit/ tacit/imagined space

Material space

Formal codified space

Source: owndraf®" GK @A b

29:D=

%9 J Koas@SstPorghy An Blatkburn@rid Pelling (2018)

The center stage for the empirical analysis of this study is on understanding the imagined social
contracts (Table 6) and their relations to the practiced and legal social contracts. The emphasis on
L@= | AE9?2AF=<A J=9DE GH=FK<=NKLPEB=<APRFIDQLSG] KR
normative visions, and desired objectives. The imagined social contracts might not only emerge as

a consequence of the practiced and legal dimensions but also influence them. The imagined realms
highlight the central impotance of expectations from and towards different actors in social

s GFLJY9,; LK 9F< @GO L@=Q AF>DM=F; = L@= aHJI9; LA; =
in reality as well as in shaping the legal and institutional dimension. Disasters and case®ften

when these expectations (and gaps between them) become most appatent< ? =J =1L
' R T. IRedice, this study argues that on the way toward shaping the leégstitutional and practiced
J=9DEK G> KG; A9D ; GFLJY9; LKJ] aL@= EGKL
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diverging ways in which different actors envision new roles and responsibilities for other actors and

L@=EK=DN=KJ] Ag=§

O@A; @"'GKI@ L@¥Q J@INB9 ?EFJ] ORK @9

Table 6 | Selected aspects of Imagined Social Contracts (ISCs) and their relevance for

adaptation

Relevance to
adaptation in
general

Helps to identify gaps and contestations in subjective viewpoints of adaptation goals and the
negotiations of the roadmap t@chieve themd especially those which do not get reflected in
AHJ9; LA; =A O.1!6 GJ &HGDA; QA O*1!' 9o

Opens the debate on socioultural limits to adaptation and boundaries of risk tolerance and
acceptability

Analytical space to make explicit the discussion and negotiation of traafés 8 that there will be
winners and losers in adaptation.

Relevance to
this study &

Relation to
social listening

Relation to
evaluation of
solution spaces
for adaptation

ISCs help to capture divergingewpoints in the debate and potential gaps and contestations
between different actors or within the same actor group

ISCs constitute the core analytical space to capture the envisioned goals and roles and
responsibilities for flood risk management

Qualitative analysis of sentiments allows to reveal that there might be gaps and contestations
the first place

ISCs are changing and social listening allows to capture those changes at a rapid speed becs
of the speed of data collection and possibility to do long term research.

1G; A9D DAKL=FAF? HJGNA<=K 9F MFKGDA; AL=< !
A" A? AL9D < ANhsevoicesYdt keard hbw does social media shape ISCs?

It is important to understand the solution space that constitutes the normative visions and goe
for adaptation. Furthermore, it is not just sufficient to understand which options make up the
solution space but also how different actors evaluate their peived solution spaces for criteria
of feasibility and desirability.

Relation to PSC

Gaps between ISCs and PSC shows whose priorities and values are embedded in the real w:
in other words highlighting power relations

Whereas closeness to PSC may indicate capacity for citieeraction to leverage priorities for
adaptation

Relation to LSC

Closeness between ISCs and LSC may also help to trace where the calls for legally codified r
and responsibilities came from.
Gaps between LSC and ISCs may indicate complacent citizenship (for eg. due to political ape

Relation to
PSC/LSC

It may or may not be reflected in PSC or LSC.
Provide space to analyse the negotiation of moral claims and obligations which may also play
important role in influencing LSC and PSC.

.1 AK K== 9K aL@= HJIG<M; L G>
9F< L@= *1!71 9F< E9Q KAL ; DGK=1J]

F=?GLA9LAG|
LG GF=J :

Source: owndraf®" GK @A b
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%9 J Kas@stPondhy An BlaBkburniid Pelling (2018)

The explicit focus on the three realms in the conceptual framework guiding this analysis allows for a
more detailed assessment of the potential gaps and contestations within and between the three
realms of social contracts (Figure 3), e.qg. rifts between tte facto, observable distribution of roles

on



and responsibilities (practiced) and the de jure stipulations on formally defined roles and
responsibilities (legal). Gaps could also exist within one realm, e.g., when different actors have
different imagined social contracts in mind regarding differentlaptation goals and the distribution

of roles and responsibilities to achieve them. However, for social contracts to be effective, all three
realms need to be aligneé with corresponding legalinstitutional and regulatory environments,
public debates to mderstand adaptation needs, demands and priorities and finally, observable
action on the agreed social contracts. While it is acknowledged that it might not be possible to
entirely overcome these gaps and resolve the divergences, the framework suggestsathi@ast
laying open these differences and becoming aware of them is a first necessary step. This would allow
actors to potentially engage in a debate or negotiation to form a Type 1 social contract, where such
differences could be discussed to find a w& manage these contestations (even if they continue
to exist). Finding a way to manage these gaps, could potentially guide the negotiations towards
resolving them and forming a Type 2 social contract.

Which adaptation goals :: Which adaptation goals
and visions and roles and ] Gapa RGQP and visions a!nf:i_ r_oles
responsibilities are Imagined Legal and responsibilities are
imagined and expected? formally codified?
g
— 4§ Gap Gap
L
Gap Gap
.m. N
Laying open gaps Negotiating to align gaps
between realms of between realms of social
social contracts might contracts would ideally
allow the formation of a allow the formation of a
Type 1 social contract Gap Gap Type 2 social contract
Practiced
v A J
—_— Which adaptation goals
— and visions and roles and
respansibilities are
observed and performed?
Type 1 social contract Type 2 social contract
(2aps might remain) (2aps aligned)

$A?RJ 2 GF; =HLM9D >J9E=0GJC K@GOAF? L@= LQH=Kdbd J=9DEKC¢
: MAD<AF?6 AFJ KH,9@L? GF =1k OADj@b?3I CHI@A; SBPAKMHHGIL >JGE

Furthermore, given the nature of the deep injustices embedded in many social contracts and the
complexity of climate change, the conceptual framework suggests that redefining the social

i GFLJ9; L AK FGL 9 HJG; =KK L@9I1O&ORDPIE&; M} AABANK
"FKL=9<J] L@AK OADD J=I MAJ= 9 &aJ9<A; 9D | M=KLAGFAI
. GF>0890Q0489J< b - A J Aciffdim thal prdtdss, tHes coricapthad framework

developed here suggests that a major step is to lay open and make explicit the often tacit and

implicit viewpoints different actors have on adaptation goals and visions (for themselves as well as

others) & well as expectations on the distribution of roles and responsibilities (for themselves and

oM
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realm. Second, it is important to understand why these gaps and contestations might exist in the

first place. Third, examine if and how actors deal with potéily diverging viewpoints and negotiate

these differences. Fourth, assess whether and how they arrive at a collective arrangement that
allows to mediate the gaps in their viewpoints. Finally, analyze if and how actors ideally manage to
agree on shared gda and visions for adaptation as well as how the roles and responsibilities to
achieve them should be distributed.

Having outlined the key characteristics that guide the development of the own conceptual
framework, the next paragraphs turn to the key elements or building blocks of the social contracts
that guide the operationalization and empirical analysis in this syt These include the following
four elements: desired adaptation objectives, target/beneficiary actors/systems, roles and
responsibilities for adaptation, and actors ascribed with roles and responsibilities.

Adaptation objectives: A key contribution of the conceptual framework is the explicit focus
GF 9<9HL9LAGF G: B=; LAN=KJ] GJ AF GL@=J OGJ<K a9«<g
considered implicitly in conceptual debates on social contract¥he value of separating and
KH=; A>A; 9DDQ 9KK=KKAF? 9; LGJKA <=KAJ=< 9<9HLO9LA
L@MK >9J >G; MK=< GF L@= <AKLJA: MLAGF G> JGD=K 9
a@GO0 <G O= 2 ort agleedr fing @ artaAgemeBdt toldeal with potentially conflicting
objectives). In the absence of a concrete definition of adaptation objectives in the literature, this
study definesadaptation objectives to reflect the normative understanding of what actors want to
achieve through adaptation or in the process of adapting (acknowledging the different goals of
adaptationda L G :-¥< DHIDH<A NK G@LGOPRAPRHIL D¢ DDODMBHM: DAK @= <
2K; @9C=JL b " AFhe Jodus [@fe isToR guBlithtivélyschpturing and assessing the
general goal or direction towards which adaptation is headed.

cLGJKA <=KAJ=< 9<9HL9LAGF G:B=: LAN=K 9J= K==F
noted by GGF=K=C=J 9 b asshl%RBguoddior pEr&ibnkliging elements to assess
(especially in a quantitative sense). However, since the study does not aim to quantitatively assess
adaptation objectives, this is not necessarily an issue for the study presented here. Adaptatio
objectives could further enrich the conceptual debate and assessments of effectiveness because
depending on which objective is pursued, influences how the effectiveness of adaptation options is
evaluated and interpreted®1 AF ? @ = LTheQelewen framds [off asessing effectivenessthy
1AF? @ =L defubtigely informltHe @mpirical assessment. In combination with inductive
insights from the data, the study arrives at seven key objectives (cf. 5.3). Stemming from the framing
of effectiveness (cf. 2.1.4) objectives can be both proebased, e.g. fairass through an emphasis
on procedural justice, or outpubased, e.g. efficiency in terms of minimizing costs.

293J7?7=L 9;, LGIJK GJ KQKL=EKn ! DGK=DQ J=D9L=< LG ¢

L@= | M=KLAGF | >GJ O@GEA L@= G:B=; LAN=K 9J=J1 AF
9<9HLI9LAGFK 2@AK | M=KLAGF | >GJtlyp@Eked adgtton : ==F 9
maladaptation framework, referred to earlieD 0 = ; CA = F . HdweverDthe BontFibRtion obthis

>J9E=0GJC DA=K AF L@= AFL=JK=; LAGF G> L@= | M=KL/

<A>>=J=FL 9, LGJKK 2@AK =D=E=FL AK GH=J9LAGF9DAR
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intended to benefit from the identified adaptation response. This element has been developed in

the conceptual framework to accommodate beneficiaries that can be both actors as well as systems

(e.g. natural ecosystems). This element could refer to diffarantors such as state, citizens, private

K=; LGJJ1 GJ 9; 9<=EA9 9F< KQKL=ZEK KM; @ 9K L@= F9LI
to actor groups for whom the objectives are intended to benefit rather than counting individual
beneficiaries. Topre FL L9PGFGEA; 9D ; GF>MKAGF OAL@ L@= | M=K
LG 9<9HL9LAGF G: B=; LAN=K AF L@AK KLM<QJ] a9<9HLOI9L
well as systems that are envisioned as beneficiaries of adaptation optidrtse integration of this

element helps to sharpen the analytical lens on understanding which actors or systems are intended

to benefit through different adaptation measures. It has been well established that climate change

impacts different actors and systas differently (due to differing exposure and vulnerability) and

that diverse actors and systems have different capacities to adapt to the impacts of climate change

(Araos et al., 2021)

Roles and responsibilities: A key pillérand mostly emphasized element in the conceptual
debates on social contracts are roles and responsibilities. In view of the fuzziness and
AFL=J; @9F?=9: D= MK= G> L @= L =1JE ke dtudyGadopts ke 9 F< |
definition of roles and responsibilities as put forwardl§y. = L RGD < K= L0 GDD=kK/] 9rIRT r<é= > A
9F 9; LGJAK ?=F=J9D HGKALAGF GJ >MF; LAGF OAL@AF ¢
: DAE9L = . @9 F ?(Retzoid<e9 &l L 2023 ApGLES4 JResponsibilities are defined as the
AKH=; A>A; L9KCK 9F< <MLA=K L@9L ; GE= OAL@ JGD=KA
coding and analysis, while at the same time being inductively informed by the empirical data.

Ascribed actors: The framework links the types of roles and responsibilities for adaptation
(above) to the ascribed actor, i.e. the actor or actor constellations that are assigned to perform the
respective roles and responsibilities. Following the actonkused in this study, the analysis focuses
on perceived roles and responsibilities. Different actor groups may have diverging perceptions of
who is responsible for what in adaptation. Actors may ascribe roles and responsibilities to various
actors, rangirg from the state, private sector, civil society, citizens and academia, constellations
thereof, or even to themselves (selésponsibility). The specific actor or actor groups may vary
across different adaptation options, spatial scales, over time, etmdée influenced by contextual
factors such as institutional arrangements of the place, risk perception of the ascribing actor, own
capacities, etc. Given the political and financial implications of adaptation, actors may often remain
ambiguous on the mutal allocation of roles and responsibilities for adaptation to different actors.
Unclear distributions of roles and responsibilities have been identified as a major barrier in
adaptation governance yet remain insufficiently addressed in the literature. Téfere, this study
9J7? M=K >GJ L @= F==x< LG E9C= =PHDA; AL 9 F< MF <
responsibilities for adaptation from different actors or themselves.

Hence, the above sulection introduced the conceptual framework that was developed to guide
this study for understanding and assessing social contracts, including its key characteristics and
elements.

HOndo /2y OSLIMidzrf FNFXYYSHE2N]l 2y WLISNOSAGSR
The study argues that a major step on the way toward informing the process of shaping coherent
social contracts for adaptation is to understand how different actors perceive and evaluate solution

(O JN0)



spaces for adaptation2 @A KK XKML AGF LMJFK LG L@= ; GF; =HLM9D >

=NODMIO9LAGF G> | H=J; =AN=<A O9<9OHL 9L AGH= ;KCGDAML ABFF K
MAD<K GF L@= =PAKLAF? ; GF;G&d9 IGPG KLG FRulldexaBiFy /K HOR [=

9; LGIJKA 9<9HL9LAGF ?2G9DK 9F< NAKAGFK 9F< =PH=; |

responsibilities for adaptation, it is important to first understand which adaptation options they

desire (or not) and how they evaluate the feasibjliof these options. The following subection

introduces the key elements of the conceptual framework guiding the assessment of the multi

dimensional evaluation of perceived adaptation solution spaces in this study (Figure 4).

Adaptation solution space .
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ActorGJ A=FL=< H=J; =AN=< KGDMLAGF KH9; =10 %AN=F
9<9HL9LAGF KGDMLAGF KH9; = O@A; @ AK G>L=F a&a; GFL=
AFL=J=KLKAJ]] L@AK KLM<Q >G; MK=K OGP 9XKIFELL=AN=9 DY ¢
adaptation is contextspecific, the perspectives of different actor groups regarding their perceived
needs and capacities as well as their actgpecific views on the pros and cons of different measures
are important to consider. Actors, in the contegf this study refer to actor types, including state and
non-state actors such as individuals, civil society, and academia. Negotiating these views and
designing portfolios of adaption measures includes difficult choices in setting priorities and
navigating trade-offs 3 all of which might change over time. Hence, an actor lens allows to capture
how different actors view and evaluate their adaptation solution space. It is important to note that
while the study primarily aims to capture inteactor group diferences, it does not comprehensively
assess intraactor group differences in viewpoints yet acknowledges the diversity of values and
priorities that might exist within actor groups.In the scope of this framework, the perceived
adaptation solution spacA K <=>AF=< 9K aL@= KH9; = ; GEHJAKAF? ¢
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management in Mumbai.

Adaptation options: The categorization of the adaptation options in the framework is
AFKHAJ=< :Q L@= '.!!AK ?2JGMHAF? OH@QEKAF 9DU FDY/MJ
However, informed by the interview data, the categories that are adjusted and developed for the
adaptation options within the framework are as follows: grey/physical infrastructure, green/ natural
infrastructure, institutional changes, and hybrid. In thabsence of definitions of these categories,
own definitions are put forward. Grey/physical infrastructure options refer to the physical or built
structures, often associated with hard, engineering solutions, designed to address clirnekzted
risks (e.gdykes, sea walls, dams, etc.). Green/natural infrastructure options refer to measures using
natural and naturebased solutions that aim to benefit ecosystems and natural processes (e.g.
mangrove forestation, protection of wetlands, urban tree cover, etdistitutional changes refer to
strategies or measures that involve changes in policies, practices and organizational structures to
address the risks of climate change (e.g. governance reforms, laws and regulations, etc.). Hybrid
options refer to strateges or measures that combine two of the previous types of options, resulting
AF ; GE: AF9 L AGFXJ =KQW AaF 0MKA+5WMIAGRFRAAGML AGBSBA O=y47?
coastal zone management, climatemart agriculture, etc.).

Multi-dimensional evaluation in terms of desirability and feasibility: The boundaries of the
perceived adaptation solution space are therefore outlined by the adaptation options identified by
the actors and their evaluation in terms of desirability and &hility. In doing so, it seems important
to go beyond current feasibility assessment approaches not only in terms of aspecific
perspectives but also in terms of separating the assessment of the perceived desirability of options
from the perceived feaibility. While these two aspects are often integrated together in current
approaches (notably through the integration of notions of social acceptance into the assessment of
feasibility) O1 AF? @ = Lit i®Heeprjing linBré€aBirigly clear that actors often perceive and
evaluate options differently with regard to desirability and feasibility and that an explicit focus on
both is necessary for scientific assessments of adaptation. Hence, the conceptualeinark here
advances current approaches by explicitly allowing to assess how actors might assess both the
>=9KA: ADALQ G> 9<9HL9LAGF GHLAGFK/J] A=K aoO@9L /
O9FL=<Ag

2@AK KLM<Q 9<GHLK L@= KAP <AE=FKAGFK G> L@= "' ./
s MJJ=FL >=9KA: ADALQ 9KK=KKE=FL =EHDGQK 9 | :9JJA-=
with regard to their potentially constraining role for the idgified adaptation measures. However,

following the defining characteristic of adaptation which says that adaptation can also be
undertaken to exploit opportunities, it should be important to assess also the enabling role of the

different feasibility dimersions. Hence, the framework goes beyond current approaches in feasibility
assessments by dividing each dimension into positive and negative aspects to assess how actors
emphasize the role of the dimension. In other words, it asks not only how a dimensirdcact as

a constraint but also how it may enable the specific adaptation option. Under a positive framing, it

is assessed if an actor emphasizes the dimension as an enabling factor. A negative framing indicates

that the actor emphasizes the dimension tplay a constraining role in the feasibility of the
adaptationopton® <?=J =L 9DgJ/] TRPpH A=K:JG=C =L 9Dy T

op
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$A?2 H=K=9J: @ <=KA?F

NAGMK K; A=FLA>A; DAL=J9LMI= @9K AFR=QI=EDEH-=L@=

JIR MBEID@K=9); @ | M=KLAGFK >GJ L@= 9F9MDQKAKI
AFL=JHJ=L9LAGF G> L@= >AF<AF?KpK &GO=N=JJ] >GC
FGL K=JN= LG ?=F=J9L= 9 @QHGLXEREAK LBEL=D9K

J=K=9J; @ HD9; =< 9 EO9B®H/N-BREVMKAR=-BEFLIQ=9FGLABGEKA

>J GE

L @= <O9DPGOALKGID>L @=GGJ Q <=N=0DOGHESWKK >k GEGL:@xF

5@AD= 1LJOMKK 9F< ! GJ: AFAK 9HHJGY9; @ LG ?JGMF<=<

nn



9F< L@= <9L9 : GDD=; LAGF 9F< | ®@P 9 BHFRNOG /BB L =AIFH.I=JLNA
9HHJGY9:; @ H9JLA; MD9JDQ MK=>MD AF L@= E=L@G< <=N-=
20ALL=6J) <pD@9 OGFL=PL G> L@AK KLM<QJ ' OADD J=>=1
9L L@= LAE= G> <9L9 $GDODGOAEAGFE GBRKKkJ \N;FLOADNIKKALK 6 A <
9HHIJ GDD®O=< EGJ= >D=PA: ADALQ 9F< =ZEH@9KAK GF L @
AF 20==LKg &=F:;=J] L@= J=K=9J); @ >GDDGOD=90@8; @?AK|
J=>D=< AF L@= KL9?=K G> <9L9 ; GDD=:LAGF 9F< 9F9
HJG; = RKE XKXHE=SKBAQFSMIL@=JEGJ=J] J=KMDLAF? >JGE L @=
KLM<QJlT L@= <Az=J=FL KL9?=K G> L@= J=K=9J; @ O<9L9
>GDDGO 9 DAF=9J HJIG; =KKSCFMIOFAPRPKL 99@= JPOF9MBA; H
&; GFLAFM9D AFL=JHJ=L9LAGF 9F< J=KAFI=3FBJI=UDyHRRA A
AF>GJE=< L@= J=K=9J:;: @ <=KA?FK 2@AK F9LMJ= G> AFI
AFL=JHJ=L9LAGF G> L@= <9L9g

'"F C==HAF? OAL@ L@= H9J9<A?E9LA; O9KKMEHL @GE K/l L
J=K=9J; @ 9HHJIGY9; @ O+++004 EAP=< E=L@G<K J=K=91
| MOFLAL9LAN= J=K=9J); @ E=L @G<K L G>HIGINAECEBI-GRKDEE] =
A: =J b ( G@QFKFGFUIQA'KR pLloM< QJ] 9 EAP G> | MODAL9LAN= ¢
MK=>MD AF L@= <=N=DGHE=FL G> | KG; A9D DAKL=FAF?A
r{ydgp2@AK J=1 MAJ=< FO9NA?9LAF? MF>9EADA9J L=JJALG
s GEEMFA; 9LAGF KLM<A=KIJ A? "9L9 9F9DQLA; KJl KG; A€
>G)J L@= <=N=DGHE=FL G> 9 EAP =9 JH=LGC®GC <LK@AxPHIH=IGOGC K
E=L @G<K @FK=DJI; MAB=&;, HIHIEGNA<AF? >D=PA: ADALQ AF 9
9F< <J90AF? GFE<AWEXKFOFkQHOAK GGCG?2QABLR=EBUAF? GEH
MF<=JKL9F<AF? G> Q&K KW=KXoU K Q@CHABEX@GPAETIPAGIHID= >
E=L@G< J=K=9J; @ <=KA?F O9K LG ?=F=J9L= 9 EGJ= JG
L@= J=K=9J; @ HJIJG: D=EALGBEB L @=EZIL@C< 9 FX¥dGRIZEBHD=J/K K = K
i GF; =J FAF? EMDLAHDA; ALQ G> NA=OHGAFLKAOSEHWHE®@ G>
>J9E=KIP FKkHs GKL G> <PLOGAGE@=J,IGEGPKr EFFfIL=< =9; @ G
9 :=LL=J MF<=JKL9F<AF? G> L@= :JG9<=J J=K=9J; @ H

2@= MK= oGBh< OBEMBAGK K J=K=9J; @ 9HHJIGY9; @1 :JG9<DQJ
i GF<M; L 9 E=L @C< FIRARYROPRHDMAED J Q J=9KGFK >GJ E-=L
9INGA< L@= HAL>9DDK G> 9 KAF?D= E=L@G< GJ K; A=FL.
@QIPFGHKF L@= GL@=JJ]] LG 9:;I MAJ= 9 EGJ= JGIMKIG MF<:
i GF<M; L=< <9L9 LJA9F?MD9LAGF/ ; GDPMIL@B®EZ2EGGE@® kKM
L@= =D=E=FL G> E=L@G< <=N=DGHE=FL AFNGDN=< AF L
F=; =KK9JQ LG ; GF<M; L 9 @Q: JLAKA >FG2INED G >A GiFEs= L2@@A<K 9A
G> AFL=JNA=0OK OAL@ =PH=JLK 9;JGKK <Az=J=FL <AK;
i GEHML=J K; A=F; =J] <9L9 K; A=F; =/lgKas;; K9 D @= €A1 @CI<M
obPodmM ! R2dAalGYSyhGa G2 2NBABSEINDRSKSEDAIY RdzS
2@= J=K=9J; @ <=KA?F @YPB=F 0= R L; 9@AF?70=AKK MO\ HIERG L @=
HOF<=EA: §672 @GITXK@SHK >GJ LW@=0@AN; @ 10=+#J = HBGBE=S 4
+9J)J: @ I'PI'P AF (9@9V4 9H@KI<HGRMEBRIAGRA: N=kM= LG L @=

<=N=DGHAF? HO9F<=EA; KALM9LAGF AF : GL@ ; GMFLJA=KH
nm



%=J EQR@BK !+ % 'HIF<
KMK=; LAGF GMLDAF

EA; @9< 9 E9BGJ AEH9; L GF L@= 1J
K L@= C=Q 9<BMKLE=FLK L@9L O=1J-=

1GE= C=Q <=; AKAGFK L@9L AF>DM=F; =< L@= J=K=9J; @
$AJKL/J] <M= LG LJ9N=D J=KLJA; LAGFKJI AL O9K <=;
PH=J KO ANDA9J =#l M=KLAF? 9F AFL=JNA=0 GN=J 8GGEK &G

J=; =AN=< N=JQ DGO J=KHWNOEKHRO:t GEA FORALOK QGHK J&G W<
HD9Q=< 9 C=Q JGD= AF =KL9: HAKG@GFFB®AFEBIGB,=L LOAIF@ O
.@" J=K=9J,;, @ FXK LIBEKMOEBFE=E: =J Ky 2@=K= ,; GFL9; LK C

>GJ A<=FLA>QAF? 9F< =KL9: DAK@AF? : GFK2JM; OML @<
AFL=JNA=OFLAREBB@®); BAIL=FLA9D J=9KGF >GJ L@= DGO
LAEAN2FLMI9DDQ ; GAF; A<=< OAL@ L@= MF>GJ=K== <=N
HOF<=EA; AF 'F<A9 L[@YPP@I9<=-9+I@MDODE< RBKENEADDAGF
'ROp 9DKI9J A K=Y O-D@BGP <[=RIINKp 6@9 < <Az=J=FL HJAGJALA=K
K=F< @MEDDGO M= KU KAFILF=<J NIAG ONGBMFL==J J=@=AJ ; @A HJ GB¢
<MJAF? L@AK <AZzA; MDL H=JAG<}

1=:; GF<J] 9F AEHGJL9FL E=L @®<F <HENAF F =J<= KFK JH @ I< =
. GMD< FGL := ;GF<M; L=< <M= LG L@= LJO9®zB;0=KLJA
@GMK=@GD<K AF +ME: 9A &GO=N=JJ] LQ@AXK GOWE A4LDILA GFG D
9F< EGJ= AFFGNY9LAN= 9HHJIGY9; @=K OK== :=DGO6K $MJ
i GF<M; L @GMK=@GD< KMJN=QK OAL@AF L@= 20 ,1!#," H
>JGE L@AK J=K=9J; G=QAI@LIYO@AKO@OMKHDA@GEF< <KMEPL KL=}

2@AN<JO@¥FP: ADALQ LG LJO9N=D LG L@= >A=D< 9Fc<
AFL=JNA=OKJ] 9F< @M?= MF; =JL9AFLQ 9: GML Ip@=< > ML MJ
F=ZO N%%JARBFOK<JI=KK L@AK =R JHOFXK =HEGK = <G> F AL@= =!AF4?
>A=D<OGIMIFREKDL@S MK= G>9 K2 AR L=B= XPAPR? | EQIFG=LHDY9;
L@=N=DGHE=FL G> KG; A9D DAKL=FAFR@AK= 9L @AK @G=; AIG
LI9C=F GWKAMKGEQF*XE< L@= MF; =JL9AFLQ G> 0O@=F AL OGM]
DAKL=FAF? LMJF=< GML LG := 9 FGN=D 9F< AFKA?@L>WN

$GMIL @1 AFFL=E@A HIF=K=9J; @ <=KA?FJ] ' AFL=F<=<
:=LO==F +ME: 9A 9F< (9C9JL9 OL@= LOG ;9K= KLM<A=K
HOF<ZEA=; A<t@=LGEKIA9AL 9D OGJC O: GL@ AF L@= ; 9K=
DAKLORRAB2O ; ONKE:/BGRWN=F EQ >9EADA9JALQ OAL@ L@= ; GFlL
G> :=AF? 9:D= LG LJ9N=D L@=J= 9K KGGF 9K AL OGMI
FGL : =AF? <J3IHKEQ9IFI@ GRKI9J] 9K OGMD< @XKN=AL: =9-DF) =19@
:=: 9E= HGKKA: D= LG LJ9N=D LG +ME: 9A AF 1=HL=E:
J=KLJA; LAGFKJ] Q=L 9L EQ GOF JAKCo6/] ' <=;A<=< LG
LJO9N=D LG (9C9JL9 AFLI®EKEAI<D@O=-=GE=-L@GEBDG? ADODP
LG (9C9JL9 AF >MLMJ= J=K=9J; @

$A BI@@AADL= 09K HGKKA: D= 9F< ; GFKA<=J=< K9>= 09B
L@= >A=D< AF 1=HL=E: =JGJARTAH9 DIACCALE PG #8®F LHIKG BE=B
: GFLAFM=< LG 9<NAK= 9?29AFKL ; GF<MGLAGPD@G¥MK< @SD<
DG?AKLA; 9D : @9DD=F?=K G> GJ?9FARAF? >A=D<O0OGJC £
HGKLHGF=< AF ; G?FAR9F; = G> L@= :MJ<=F L@9L NMDF
LG L@= ; @IDD=F?&XKF G>J/] L&@= HO@F <FEMA = G> L@= HJIGB

nH



GFDQ GF ; GF<M; LAF? =PH=JL AFL=JNA=0OK ®OMA?IFG<L @=
K9>=LQ HIGEGL@PBEKKIG LIJIN=D 9L EQ GOF JAKC 9Fc<
GEQ ALAR=FK@AHH

$ AF9OGDQN; LAFDPOAGIHO F<=EA; MK H=9C @9IDIAM E@LORAL K
F=; =KK9JQ LG ; GFKL9FLDQ EGFALGJ L@= <=N=DGHE=FL
@Q7? AHEIFGL G GBDKN=DBE? %=JEYPBR<LGDGK=BO® LJ9;C LJI9N=D
$MIL@IWUEAGI)=: =; 9E= <AZGA; MDD9FAE LACAFB/ODEESEDL Q; 9J
J=?MD9LAGFK OKGNABRIIDABRPINKLE@AL @ FR? JIE 9O&<® DAL> @A IBMERJ K 6
J=9DALA=K Gx =MAD< DAK @AFVMKL GFA 9; L OAL®@ 9F $$. T E
L@AK =PH=JA=F28 AHIH GBG? AXF GX=@AAL=RT T &

odn aSiK2Ra FR2LISR Ay GKAA &adbGdzRe
29AFKL L@AK :9: C?JGMF< G> L@= J=K=ax @ K<F=<KADA: JP
L@= KLM<Q 9<GHL=< L @KG QDRDDGC OAKL I MPEMIEXK"ERHK J L A
9F< H9JLA; AH9FL G: K=JN9LASENNLABAK@ 9J= <=K; JA: =<

odbnom {20AFf fA&aGSYyAy3
2@= =J9 G> <A?AL9DAR9LAGFN :A? <9L9/ E9; @AF= D=9

y 9H9; ALQ LG ;, GDD=; L 9F< 9F9DQR= D9J7?= 9EGMFLK G>
cA? <9L9 =PAKL 9F< @GHK=HLGL@ALABDDMGAFD®RIMEGKHAGE

J=; GJ<K =L;p &GO=N=JJ]] AF L@= ; GFL=PL G> L@AK KLI
- OAF? LG ALK NGDME=J] KH==<J] 9F< K;9D=J]1] KG; A9D
9<I9HLSFKAGR ; @ 9&9 CAFPREAKKEM<MFKIF ; DAE9L= ; @Q9F?=

J=D9L=< >A=D<K G> <A@IK* =NKIAKECAZFX=KIMKILQAFR: BH,
KM; @ 9K 20ALL=J/1 $9%F< QAR GIEIGILI DI FE/ 9DPBA,;, CFPh xH
PpXH ) AJAD®RFCG =L 9Dy/Jl] I'Rp+ b

20ALL=J @9K F GF= G> L@= EGKL HGHMD9J <9L9 KC
<M= LG ALK =9K= 9F< K;GH= G> 9;:=KK L@IGM?@ 9 N
20ALL=J AK ; @9J9:L=JAR=< :Q 9 MFAI M= F=LOGJC LGH
J=?2AKL=J=< MK=Jg 2@= K@JLKEG=RLD DREIAQ G =t AT FIAS
K=9J; @QAF? @9K@L9?K OT6 LG >GDDGO 9F< KL9JL LGH
E=FLAGFAF? CoOpD@HE@=JK@BB3IAR? 9F<lI=MIA2K E@FN= ?DEH D
JOF?= G> | MOFLALO9LAN= O=g?K <=K; JAHLAN= KLO9LAKL
*QF?M97?= .JG:; =KKAF? L=; @FAI M=KJ] 9F< *9J?2= *9F?M9
9F9DQKAK/J] KG; AXD K=EEOQOGL®B; 9PFDQIKAKN<AFK @BNEI M-
?2=GLIPOAKOAT : GE: AF9LAGF OAL@ NNTMSOGALS® AMED= LKL S FF-
KGKAH®LAOD AFL=J9; LAGFK AF OU@= DLEF) B¥k BRGI|AZ BRI A
9; LANALQ <MJAF? <AKMKARE? KX M@AFAY RO +E-8FI@RGRIN 9=0 = KO D J
9F< >DAGKEK KLM<A=K @IN= 9DKG MK=< 4GDMFL==J=< %:

I Changes in regulations of Twitter (now X) from 18@23 which was after the data collection and analysis for
this study had been completed, might affect the popularity and use of X for research.
no



DG; 9L= DG; 9D K@=DL =JK G)GNMK MEG GIERFPK G AKKBKE EFA> Q =K
@GLKHGLK OVR AHWE.: @Q% =L 9DgJ] TRIFo

FGL@=J HGHMD9J E=L@G< AF; DM<=K ; GF<M, 2RFL2 | K:
L=; @FAIl M=K KM; @ 9K , 9L MJ 9D LG9 PAM@REA B K I6K KAF ? 710
: DAE9L=0!GRF ?=UH9DKAHLR@GF 6G> | KE9JL ;A LIAGMKA=HIGB
PITAWK KEMKDA: K=FLAE=FL GFO1LMIE=GQG DIG; D ALI<B=/K( MaoH
9DKG MK=< | MOIDAL9LAN= E=L @G<®O0 G:G= JOLKKK ==KNK9 BKEEGFI =AFE R
=EGLAGF9D J=KHGFK=KE_LBMMIDQ® F; @R>=AF= <KH9G =KAP GN-=.
O# KDABGI NI MBDARBILAN=DQ 9F9DQK=K F9JJ9LAN=K G> =F
| MODAL9LAN= E=L@G<K >GJ 9F9DQRAF? 2O0ALL=J <9L9
<AK; GMJ K=K G3F9 ; @MI=JKA ;L8 F)=FKGPJl T RphHo

"F NA=O G> LG@= NOXKL<HEFFARIDM<AF? KG; A9D E=<A9

@9 K =F MF<=JMLADAR=< AF J} DAE9DM< ARID.F@FK: DBELOALIR L
' P p XY O9DG?MF =L 9DgJl TPIPYLSGIA< KIOEFDHMAEFHP B HR=1
F=0 <9L9 9F< LGGDK LG ; 9HLMJ= ; GEHD=P MJ: 9F <Q
MF<=JKL9F<AF? &3> GD,EGGRAHGAED BTAAID AGL=J0@5 LAIGEK AIF
PAD HRI PH KMHHGIIO CAF2AKAGCEN I<K EGJ= KNMKDAAKRY9: D=
+; . @=9JK@BFGI I PAHARGHPRIM=: ABIKI9L9/]] O@=F MK=< OALC
4J=NGDMLAGFAR=A OHgpPplxd JARCAEBBHHAGIEMERL QL ®AHACE
> ADOHKEAREIF'6=/] 9?29AFKL L@= :9; C?2JGMF< G> L@= O0=9
<9L9/] AF;, DM<AFA=ARL=RABEK=9])@®@F?+ @AK KLM<Q : MAD
20ALL=J >GJ 9KK=KKAF? KG; A9D ; GFAY9; LK >GJ 9<9HL

2@AK KLM<Q : MAGHE@=GFI9BRIGY9; @ GOAOAKGCQ@ AG@DKDAKLE FAK ? 9
a9; LAN= HJG;, =KK G> 9LL=F<AF? LGN G: K=JNAF?/ AFL
L@IGM? @ E=<A9L=<J] =D=; IOIGED9A L9 KB K GEHD AF@% P =
?IJGMF<=< L @=GJICE: AHFHIJ GI@=-@/AF<M; LAN= =PHDGJ9LAGF G
<=:9L= GF 20ALL=J OAL@ 9 <=<KM@EGN=LAHHDAPSERBE @G
i GF; =HLM9D 9F< L@=GJ=LA; 9D >G; MK G> L@AK KLM<Q C
=PHDGJ=< LG 9KK=KK L@= <Az=J=FL GHAFAGHRAW=FF4 @xFL
=PHDGJY9LGJQ F9LMJ= G> E=L@G< <=N=DGHE=FL AF L @=
J=NA=0 DPDFXIKAFD> G> E=L@G<K AF KG; A9D E=<A9 9F9
i GF<M; LKEI MKEB®MA =< =PH=JL AFL=JNA=0OK OAL@ =PH=JL
<9L9 K; A=F; =1 E=<A9 9F< ; GEEMEAJIUAGEKR J9 KX EIKKG=A{
#PH=JLK O=J= A<=FLA>A=< L@IGM?@ C=Q HM: DA; 9LAGFK

20ALL=J >GJEK 9F AF; J=9KAF?DQ AERGAOFRE GA? LHAF /

<Az=J=FL KL9C=@GD<=JKK $MIL@=JEGJ=7] L@=Q 9J= MFK
GOF AF>DM=F; = GF L@= <9L9 ?=F=J9LAGFK '"F L@AK J-=
LG ; 9HL MJ = L @= L9; AL F9 FG> NI=AR9 ?MEHIM; ALG; ARD= F;K(

E=L@G<GDG?A; 9DDQ @9J< LG ; 9HLMJ =4 FGL@=J KA?FA
<9L9J]] AF GEHBEBSFLAK? ;L Q&KL JKWWL MMQ =QAIF@HKIEA AFL =.
HGKKA: ADALQ G> ; 9HLMJAF? L@= =FLAJ <=:9L= GF >I
C=Q0GIXIKKGN=J/1 20ALL=J O9K 9DKG ;9J=>MDDQ ; @GK=F

nn



L@= >GDDGOAF? ; GFKA<=J9LAGFKK 'F ,®DBDEBI9FKKGFMEG=G

9; LAN= MK=JK GF 20ALL=J >GDOGDEEkAKHQ9 A 2@BF BFADFl<= K
20ALL=J 9J= ?2=F=J9DDQ N=JQ GH=FJ/] AF DAF= OAL@ L@
:Q 2@= ' F<A9F ! GFKLALMLAGF O@A; @ ?M9J9FL== 9DC
KH==; @ 9F< =PHJ=KKMNGBM bLAF%9 JJK;A@I?== /KA RIKr 9 %GN=
2G ?9AF 9::=KK LG 2O0ALL=J <9L9/7 ' KM;; =KK>MDDQ
$=DDGOK@AH =F9: D=< a9; 9<=EA; 9::=KKA LG L@= =FL
O@GO=N=J/] AF L@AK KLM<Q ' O9KAH3IAE9LADGNABL J@=K
K=9KGF G> T'Rlpody 2@= ' 9 FKRIPDDGDE<=EK GB 4M
0y ' LJA9F?MD9L=< L@= E=L@G< G> 20ALL=J <9L9 ; GI
KGB0O9J=6 20ALBRPAJKL. O=AE G® L@= 5E6GBEKGGF=KE®RKGBKO
J=; =AN=< L@= K9E= K=L G> 20=-:-tAK=-KE@IGM?@FLGE®=008%
L@= =FLAJ= H=JAG< G> 3¢®l9 1=GIDBE; =EAGFI POR®mK L GMFS
KQF; @I GFAR9LAGF 9F< | MODAL9LAN= ; GSAF? AF >MLMJ

L@IGM? @ KH=; A>A;J <@9;KGEL: 99 LOAFGF K= @0@= AFALA9D DAK
20ALL=J J=K=9J; @ AF L@= DGRAERPL >BSG<AKAKIC= AFJ AHRIC
. 9J=>MDDQ EGFALGJ=< 9F< J=>AF=< GN=J L@= >AJKL

9F< HGHMD9J @9K@L9?K 9F< C=QOGJ<K J=D=NO9FL LG LG
G L@GK= 1@ITANA<IFGL@ALK O=J= <=D=L=<Kg $MIL@=JE
- GDD9LL3I=?MD91l ABE=KNBNEBKLAE= Oyl .+ 1 #23 farPR .+
LGL9DJ] ' ;GDD=;L=< 9DD >DGG< JAKCKH=DOLA< @DEE@L
C=Q0GJ< ; GE: AF9LAGFK Oy gPNPRPP 20==LKJ] AF; DM<AF?
FME: =J G> >GDPGOsJKGIDOF2@926==LJ] L@=J=:Q J=KMDL
G> E=L9@ADSO6KMIFLAL9LAN= E=L@G<K 9J= GB=F MK=< |

AEHGJLO9FL LG := :9MLAGMK /B>L @t@e= AQNRAF >GDM=LF@=K =G F<
HGO=Jg &=F:=J] AF L@AK KLM<QJ/l | MOFLAGYE MEN= 9F9 DQ
<=K:JA: = L@ HJIG>AD= 9F< : GEHGKALAGF G> H9JLA: A}

>G; MK 9F< CFGOD=<?= ?29AF AK >JGE L@= | MODALO9LANS=
9HHJGY9; @ E=FLAGF=< 9: GN=W; LAKK XPNBRQ@JIIGEGRFGEGx 2C
<=<M; LAN= 9HHDA,; 9KIAGFGCIG>L A,; KI>; AOMDKK GFLJ9; L



Data collection of Tweets
01. June - 30. September 2021

List of keywords
List of hashtags

13 - Mumbai AND
#MumbaiRains; #MumbaiRain; I Rain Rains Raining Rainfall
#MumbaiMonsoon; [N €&——— Monsoon Weather Flood
#monsoon2021;#MumbaiWeather Floods Flooding Flooded

#MumbaiFloods ) Waterlogging Water logging
#MumbaiRainUpdate After extraction
n=69000 Tweets, n= 1.380.000 auto-coded segments

Included Tweets Filtering Tweets for dominance  Excluded Tweets

E Retweets =5 II E Retweets < 4
Q) Likes = 20 Q) Likes < 19

Thresholds selected After filtering Duplicates
using natural breaks  n=3673 Tweets, n= 77,133 auto-coded segments

First round of human coding Tweets

Deductive codes Inductive codes
eg. waterlogging update: E.g Mumbai spirit,
wamings, romanticizing d — risk regime,

rain accountability

After first round of coding
n=8760 coded segments

~N

Second round of human coding Tweets

Excluded codes Included codes

n=1575Tweets in social contract analysis
Weather updates

- n=2008 Tweets
Waterlogging updates
Weather warnings
Unclear
Not relevant
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Assessing social contracts for urban adaptation through social

listening on Twitter

Deepal Doshi (3= and Matthias Garschagen (3

Adapting to climate change impacts requires a coherent social contract in which different actors agree on a clear distribution of
roles and responsibiliies. An urgent requirement is to understand the imagined social confracts on expected roles and
responsibilities, which is particularly relevant in cities whene very diverse social groups come together. However, there is limited
empirical evidence on these expectations as they are often tacit and hard to capture across large populations and heterogeneous
groups. Here we assess the social contract on flood risk management in Mumbai, using the concept of social listening in
combination with Twitter data. We find wide gaps between and within imagined social contracts. Sentiments such as frustration
and apathy expressed in tweets explain these gaps and highlight the need to build trust for achieving accepted and effective social
contracts for adaptation. Theoretical, empirical, and methodological lessons can be transfered to other cities and beyond.
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INTRODUCTION

The impacts expected from climate change will be so pervasive,
that they will require stepping up adaptation efforts significanthy,
in many respects requiring fundamental transformations in the
way societies manage their risks'7. Citles, in particular, are faced
with high adaptation challenges given that they ame often at the
frontline of climate hazard exposure® whilst being characterized
by high path-dependency, making transformative adaptation
difficult and socally contested®, Meeting the stark adaptation
challenges therefore will require collective efforts from different
actors of society (state, citizens, civil society, private sector etc),
ideally with a shared understanding on common adaptation goals
and clear distribution of tasks and responsibilities® %, In reality,
howewver, multi-actor constelations are often characterized by
conflicting viewpoints on what actors expect from other actors or
roles and responsibilities that actor groups ascribe to other actor
groups. Related rfts and ambiguities have been identified as
significant barler in adaptation govemance'. It s therefore
important, first, to lay open and make explicit the often tacit or
implicit viewpoints different actors have on their own as well as
others' mles and mesponsibiliies regarding climate change
adaptation, second, to assess how actors in cities and other social
contexts negotiate potentially diverging viewpoints and, third, to
examine whether and how they settle at an amangement which
helps to moderate unresolvable gaps in expectations and ideally
arive at a shared vision on how responsibilities for adaptation
should be distibuted™ ', However, this understanding is largely
lacking to date, especially in urban settings whene diverse social
groups and their worldviews clash.

Previous literature has made important contributions to assess
how adaptation goals as well as roles and responsibilities for
adaptation are being negotiated—which forms the core of
adaptation governance®. The notion of ‘social contracts’ has in
this context been suggested in the literature, arguing that such a
lens can guide future research to explicate the complex politics of
adaptation®, Yet, only a limited number of studies on adaptation
and related fields of sustainability, resilience or disaster rsk
management have used the term social contract™ 317212425 ang

if 5o mostly ina loose and rather inexplicit or litde conceptualized
way. Most literature engages with topics around roles and
responsibility for adaptation without explicitly refering o the
notion of social contracts’® ' 1513 Alon the latest IPCC assess ment
report, which is based on the available literature, does not
explicitly assess social contracts for adaptation™. This shows that
the concept has so far gained litte traction, despite the presumed
gains that it would hold for knowledge generation and decision
support. Our stiedy responds to the call for using social contracts
as a stronger analytical lens™ and develop an approach to
empircally assess social contracts for adaptation.

Building on literature on adaptation goals, risk governance and
responsibility for adaptation® '3, we define a social contract for
climate change adaptation as a collective armangement between
different actors of a society on the overall vision and goals as well
as the mutual distribution of moles and responsibilities to achiewe
those goals. In other words, a social contract describes the
collective arrmngement of what a society wants and how it gets
there. We conceptualize soclal contracts to be of two types (Fig. 1)
Type 1 describes a soclal contract which exists where actors’
visions and perceptions on mutual oles and responsibilities do
not align but where actors seek a social confract to precisely
mediate these differences. Type 2 describes a soclal contract in a
situation in which actors’ vislons and perceptions on mutwal roles
and responsibilities align and actors seek a social contract to
explicate and formalize this agreement.

Within each of these types (1 and 2), soclal contracts for
adaptation can have three dimensions—imagined (15C), practiced
(PSC) and legakinstitutional (LSC) (see Supplementary Table 1 for a
detalled description)™. The I5C describes actors' emisloned goals
and viewpoints on the distribution of roles and responsibilities,
The PSC describes the ‘real-life’ goals and observable (de facto)
distribution of roles and responsibilities for adaptation between
actors. The L5C descibes the formally defined goals and wvisions
and legally encoded (de jure) distibution of roles and mesponsi-
bilides for adaptaton between actors.

Our center stage for the empirical analysis of this paper is on
understanding the imagined social contracts (see Supplementary
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Type 1 Social Contract: Actors visions and perceptions on mutual roles and
responsibilities do not align but they seek a contract to mediate these differences
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Type 2 Social Contract: Actors’ visions and perceptions on mutual roles and
responsibilities align and they seek a social contract to explicate them

Fig 1 Conceptual framework showing the types, dimensions, and gaps in social contracts.

Table 2 for detailed overview) and their relations to the practiced
and legal social contracts. The imagined social contracts do not
only result from the practiced and legal dimensions but also
influence them. Hence, on the way towards encoding and
practicing new social contracts, the most immediate need is a
better understanding of the potentially diverging ways in which
different actors envision new roles and responsibilites for other
actors and themsehves, e which I5Cs they have and wish for.

There may be gaps and contestations between the three
dimensions of social contracts—for eg. rifts between the de facto,
observable distibution of roles and responsibilities (practiced)
and the de jure stipulations on formally defined roles and
responsibilities (legall. Gaps could also exist within one dimen-
sion, g, when different actors have different imagined social
contracts in mind regarding the distibution of roles and
responsibilities. While it might not be possible to fully resolve
these gaps and contestations, we suggest that engaging with
these diferences to at least identify them and become aware of
them would allow actors w© form a type 1 social contract to
mediate the differences and deal with the gaps (which might still
remain). Laying open these gaps and finding a way to deal with
them would then ideally inform the process of actors aligning the
gaps and potentally closing them with the objective of shaping a
type 2 soclal contract.

Against this background, this paper aims to contribute to
empirical knowledge on actors’ perceived roles and responsibil
ities, the potential gaps and contestations between them and the
ways in which they are currently being negotiated. By doing so,
the paper aims o inform the discussion and formation of at least
type 1 and ideally type 2 social contracts on climate change
adaptation in cities and beyond.

The need for explicit social contracts for adaptation is most
starkly illustrated in cities, proving a valuable and apt unit of
analysis. Different viewpoints on adaptation goals and priorities
often clash in cities, as it is there that very heterogeneous social
groups - characterized by sodo-cultural diversity, competing
economic and political priorities, asymmetric power relations,
different levels of risk tolerance and adaptive capacities—are
coming together™. These gaps and contestations may arise in
view of addressing pertinent guestions on political feasibility,
power dynamics and trade-offs invobved, such as whose prorities
get embedded in adaptation pathways, who decides whose
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futures are protected and how costs are distributed, which spatio-
ternporal trade-offs will need to be made etcs,

We use the case study of flood risk management in the coastal
megacity of Mumbai to assess the negotiation of sodial contracts
for adaptation. Mumbai is the seventh largest metropolitan city
globally and ranks among the top 10 coastal cities at risk to
coastal flooding and climate change impacts”™™ and hence is
characterized by some of the highest adaptation pressure one can
find™ "3, While the city witnessed its most catastrophic flood
eventin 2005, when one-third of its annual rainfall fell in 24 hours
resulting in the death of 1493 people and estimated losses of USD
1.7 billion™, heavy rainfall and flooding are almost an annual
phenomenon during the monsoon Season.

The current social contract for flood risk management in
Mumbai is contested and rven between the practiced and legal
social contract. Mumbai is confronted with stark ineguality— being
home to a powerful urban elite while 42% of the city's population
lives in informal settlements. The latter are at high-risk to flooding.
Informal settlers are often being forced to ive in environmentally
risk prone areas, are socialy excluded from civic services and
poorer*®, yet are often seen as illegal encroachments ™. According
to conre national legislation®”, disaster management responsibil-
ities are entrusted to the state. Previous studies point out two
major shortcomings in the legislation: one, the silence of the Act
on state responsibility towards those impacted by disasters®’ and
two, the de facto implication of the Act on ‘active and willing
support and cooperation of the local community’ In disaster
management*. While the local municipal authority is entrusted
with emergency response function, the national guidelines on
urban flood management (UFM) foresee the role of citizens as first
responders, even before state machinery steps in®,

The UFM guidelines recognize that the role of civil society has
shifted from being “mere relief organizations to focusing on
rehabilitation, reconstruction and mitigation” (p.1017). Civil society
is further explicitly expected to play a ol in reducing socio-
economic vulnerability of the poor®®. Previous studies have
emphasized the de facto role of civil society organizations in
coping with flooding in Mumbai***®, However, against the context
of India’s economic liberalization which led to increased social and
economic  marginalization in major Indian  cities, including
Mumbal, it is important to note the dominant discourse on ‘civil
society’ by wrban elites which supports exclusionary restructuring
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policies against the poor™, A recent example of elite capture is
seen in the contestations around the highly controversial Coastal
Road infrastructure project which is perceived to serve the elite
and has prevailed despite protests against it due to its adverse
impacts on the sensitive coastline, livelihoods of fishing commu-
nities and being labeled maladaptive®™,

Hence, there i an urgent need to capture the imagined,
diverging viewpoints of different actors against this contested
background. Furthemore, despite the freedom of speech being a
constitutional right in India®, declining press freedom has been a
concern  mised in national and intemational media citing
corporatisation in ownership, political control, safety of journalists
and absence of civil society demands as the main reasons*349,
Therefore, in this analysis we explone social listening on Twitter, as
it forms an increasingly important marketplace to capture
different opinlons and volces. However, in the context of debates
on flood rsk in Mumbai, elite actors potentially play a significant
role due to favorable factors such as digital access and literacy.

In the age of digitalization and big data, social media, in terms
of its volume, scale and speed offers many opportunities for urban
sustainability research as well as urban planning and decision-
making ™. A wide range of guantitative (descrptive statistics such
as comelation, regression, cluster analysis etc) and gqualitative
(content analysis, soclal network analysis, thematic analysis etc.)
research methods can be applied to different types of big data
including Twitter™ **. Examples of studies using geotagged
Twitter data, or sentiment analyses in urban, sustainability and
adaptation research is manifolds =558,

Social media offer an important arena to inductively capture
and assess the exchange of opinions and negotiations of roles and
responsibilities of different actors such as public sector, cltizens,
civil society and prvate sector, including nuanced sentiments
such as frustrations, hopes etc. Adopting a grounded theory
approach™, we combine the inductive exploration of data to
capture the dominant debate on Twitter with a deductive
application of a social contract theoretical lens, For this article,
we developed and utilized the approach of social listening (also
called social media analytics)™, defined as an “active process of
attending to, observing, interpreting, and responding to a varety
of stimuli through mediated, electronic, and social channels™',
Hence, the analysis strikes a balance in combining the potential of
big data with context-specific insights to capture “contesxtual
complexity” in adaptation research—as called for by Ford et al%,
Fig. 2 summarizes our workflow, a detailed methodology
descrption is provided in the Methods section.

RESULTS

Voices demanding better flood risk management and
adapt ation
In terms of the owerall Twitter user profile, our data shows that the
vast majorty of contributions to the flood-related debate in
Mumbai comes from accounts held by private users / individuals
(599%), most of which are likely to be residents of the city or
otherwise closely connected to It, followed by accounts held by
media onganizations (25%), civil society groups, public sector
organiztions and politicians (eq., civic authonty, political parties,
politicians such as ministers or mayors) and private sector (mainky
private weather forecasting, insurance and aviation companies)
(Fig. 3). The smaller number of tweets by actors such as civil
society or public sector does not necessarily translate into a minor
contribution to and influence over the debate, as many of these
actors effectively serve as multipliers, eg., in the case of political
parties or civil society interest groups.

The paricipants of the dominant Twitter debate are largely
composed of educated and affluent urban middle classes and
elites, when measumed along the Tweet's language and type of
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device (Fig. 3). In India, the ability to communicate in English is
strongly comrelated with having a higher education level and
economic status®, 82% of the tweets were posted in English,
which compares to only 109 of the Indian population who speaks
English. Even though the percentage of English-speakers is
probably significantly higher in Mumbai—detailed numbers ane
lacking-this divide clearly indicates a dorminance of the elite in the
debate.

The picture that better-off actors panticipate overproportionally
in the flood-related Twitter debate also holds when looking at the
type of devices used for tweeting (Fig. 3). 27% of the tweets in our
dataset were posted from Apple devices, which compares to an
India-wide market share of just abowe 3 percent for these
devices™ even though the market share s probably higher in
the city of Mumbal, Also, 38% of tweets wene posted from usually
more affordable Androld devices, which compares to a national
market share of almost 96% for these devices (ibid). Even though
these figures suggest that better-off and affluent citizens
contribute to the Twitter debate over-proportonally, it Is
important to highlight that many Twitter users raised their voice
for others. Our data hence shows that especially marginalized and
highly vulnerable groups who ame not directly participating in the
debate on Twitter are still strongly represented eq, by civil society
organizations.

In terms of themes covered, our data shows that the Twitter
debate covered a surprisingly wide range of topics, of which two-
thirds of the tweets are in one or the other way relevant for the
social contract analysis. Actors expressed their expectations of
roles and responsibilities for flood risk management acrmss a wide
range of themes including trans port-related concems, complaints,
impacts, demands etc. (Fig. 4b). One-third of the tweets mainly
provided weather and waterlogging updates which provide
relevant insights for flood hotspots mapping, eardy warning and
emergency preparedness.

Roles and responsibilities ascribed to the public sector
Expectations towards the public sector and politicians, in
particular the ruling party and state bureaucracy, were mainly
ratlsed by individuals and the public sector itself Le. opposition
parties. Mot surprisingly, our findings show those volces would
aspirationally expect the public sector, especially the drainage
department of the city's civic authority, to be responsible for flood
risk management However, at the same time, our data clearly
shows that in terms of realistic expectations—ie. what the public
sector will do rather than what it should do-actors did not
anticipate the public sector and politiclans to play that ole in
flood risk management. The analysis of sentiments proved to be
an important lens for unpacking and understanding these gaps in
actors’ expectations in more detall,

First, we find an important gap between the imagined and
legal-institutional social contracts which help us understand why
individuals and oppaosition parties ideally expect that flood risk
management should be a public sector responsibility. We
identified two major sentiments—rfrustration and humiliation—
that explained this gap. Out of frustration, individuals and
opposiion parties claim accountability for the allocation of
taxpayers’ money (Table 1, #1). Some volces even suggested to
not pay taxes to the civic authorty until the *waterlogging
problem is solved” Table 1, #2). This claim is also made in view of
the allegations of corruption in drainage cleaning (legally a cone
task of the public sector™*®), as reported by mainstream media in
the past years™ % |n addition, individuals expressed their
humiliation when calling for public sector actors to take their
responsibility for flood risk management mone serously. Tweets
expressed feelings of shame, arguing that the city is facing
flooding every year despite being the financial and commercial
capital of the country and having the largest civic budget (Table 1,
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Data collection of Tweets
01. June - 30. September 2021
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Fig 2 Flowchart of steps undertaken in Twitter data collection and analysis.

#3). However, surprisingly, none of the tweets called for specific
adaptation or flood risk management measures. Instead, tweets
tended to be more generc and called on the public sector and
politicians to find solutions to “fix” the flooding problem (Table 1,
#4).

Second, we clearly find a gap between the imagined and
practiced social contracts which help us understand why
individuals and opposition parties did not expect the public
sector and politicians to play a role in flood risk management in
reality, We identified two major sentiments—the lack of hope but
akbo sympathy—that explained this gap. Individuals expressed
their lack of hope in two ways: First, individuals and opposition
parties showed their disappointment and frustration when the
public sector and poliicians do not deliver on their promises
made before the monsoon. Individuals and oppaosition parties
argue that apathy and ignorance on the pant of the public sector

npj Urban Sustainability [2023) 30

and politicians in power explain this pattem. Second, many actors
have given up hope because of expedencing flooding year after
year. Individuals in particular felt being taken advantage of for
their ‘everything goes’ attitude and the infamous ‘Mumbai spirdt’
{which is used to praise the resilience of Mumbaikars}®® as an
excuse by the public sector for their incompetence and poor
governance (Table 1, #5, #6). Surprisingly, we identified a mix of
humor and sarcasm to be a crucial sentiment in expressing and
dealing with these gaps. Diverging from this view were a limited
number of tweets, however, which also expressed sympathy for
the public sector due to the intensity of rainfall

Third, and probably most importanty, tweets revealed major
contestations and gaps in the way different actors or even
members of the same actor group (e.q, individuals) perceive and
envision the imagined roles and responsibilities (I5Cs) of public
sector actors. These contestations most clearly surfaced in relation
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Participants in the Twitter debate

a. Distribution of participants by Actors
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Fig 3 Profile of participants in the Twitter debate. a Distribution of Twitter users by actors; b Distribution of tweets by source device and

language.

to the - often very laden - viewpoints on how to deal with the
most vulnerble who often live in informal housing in high-risk
ameas. This debate peaked after thunderstorms and heavy minfall
led to landslides and collapsed walls, causing deaths of more than
30 people in mid-July 202179, six weeks into the data collection
(Fig. 4). In favor of the vulnerable, individuals, civil society, other
political parties and politicians expressed sormow and sympathy.
Public sector actors responded to the incident by expressing
condolences and announcing relief and compensation. Individuals
and civil society expressed their anger and demanded (including a
petition to the High Court) to relocate the most vulnerable to safer
ameas because they did not accept the status quo (Table 1, #7).
Many individuals asked who was responsible for “this mess”,
“these deaths”, “fallen houses, buried people, sunken cars” and
“why was nothing done to evacuate people from low-lying areas”,
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In contrast, other individuals blamed the flood wictims and
demanded to remove them, arguing that they ane illegal dwellers
and taxpayers’ money should not be used for their rehabilitation.
Supporting arguments to this narative believed that such
settlements were being protected by politicians due to their
important role as vote banks, in line with other studies®®. The High
Court dismissed the petition for basic survival suppont for the
homeless coping with lockdown, saying “homeless must work, not
expect everything for free” as ako reported in the media™"?
(Table 1, #8).

Roles and responsibilities ascribed to individuals
Expectations towards individuals were primarily from individuals
themselves and to a small extent from the public sector. Two
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Deminant themes in the Twitter debate

a. Tempeoral distribution of deminant themes over manseon 2021 (01, June - 30. September)
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Fig 4 Dominant themes and trends in the Twitter debate on flood risk management in Mumbai a Temporal distribution of dominant
themes in the Twitter debate owver monsoon 2021 (b} Mapping of dominant themes in the Twitter debate.

diverging views could be identified. On the one hand, individuals
questioned the responsibility of individuals and called out
especially to the middle classes and the 'dominant castes and
classes’ to participate in politics and exercise their voting rights if
they are not satisfied with the current leadership’s perfo mance of
flood management (Table 1, #9). Some individuals blamed other
citizens of Mumbal for their ignorance and apathy under the
disguise of ‘Mumbai spirit and humiliated fellow individuals for
“watching this process for 25 years” for which they should be
ashamed of Similarly, some individuals questioned thelr impa-
tience and lack of outrage given the high flood impacts and even
casualties (Table 1, #10, #11). They perceived this as giving in to
the alleged corruption by the public sector, arguing that
corruption is one of the main culprits of ineffective drainage
cleaning. Overall, many individuals blamed their fellow individuals
to lack agency in the fight against the flood problem. Yet, others
maintaimed that in times of “bad conseguences” such as the
“Murmbai rain®, it is the “people around you” that “come t© help,
not the politicians for whom you fight on social media everyday”,

npj Urban Sustainability (2023) 30

indicating many individuals already were active in selfhelp and
others should become more active in that respect.

On the other hand, other individuals also asked fellow
Mumbaikars to stop complaining about the floods in Mumbai,
For example, media coverage of floods in the US and Europe at
the same time as floods in Mumbal™ ™ triggered some
individuals to argue that Mumbaikars should not complain if
even the developed world can be impacted by floods in such a
drastic manner. Sympathizing with the public sector, some
individuals believed that people should not be too critical of the
public sector due to the intensity of rainfall. One view even asked
all people who have a problem with “# MumbaiRains” to “guit the
city” (Table 1, #12).

We identified only one major expectation from a politician to
individuals, calling for the *rich and elite” to step forward and
contribute o relief and support measures following the floods in
Mumbai and parts of Maharashtra™. Other political parties
expected individuals to be alert to “who really cares for them,
who can solve their problems”.
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Table 1.

Example of Tweets supporting main findings

Roles and responsibilities

Roles and responsibilities #1
ascribed to public sector and
politicians

#2

#3

#5

#7

Roles and regponsibilities ascribed to #9
Residents

#10

-

#1

#12

Roles and responsibilities ascribed #13
to Media

Tweet Retweets Likes
Translated: In this city, one will find pits and holes, 1256 10899
But even if you look, would not find the oulprit

#MurnbaiRains # Monsoon2021 #Mumbai https/toa’ziunfCemB

| personally feel, people of Mumbai shouldn't pay taxes till every year’s rain water logging 4% 222
is sorted...

Every year, same sight and no action to handle the situation for next year.

#Murmbai #MurmbaiRainlpdate #MumbaiMonsoon

This won't change. 32 152
Mow the incompetent politidans are blaming heavy Rainfall what a shame.

Is this the first tym this is happening?

What happened to al the taxes collected by rich BMC? No solution all these years

Mo solution for encoachments?

#MurmbaiRainUpdate

#Chembur httpeyitoos/zIS3WE YsIW

For decades, @mybmc has been unable to fix the flooding at King's Circle, Matunga. 5ee 61 290
the situation today.

And we are the richest civic body in the entire country.

Vote these haftawallahs out in 2022,

#MurnbaiRains httpsy/f.oo/65 UsBzelRa

Ewerything is covered in the name of Mumbai spirt during Mumbai Monsoons. it's the 28 250
survival and being left on your own. #MumbaiRainUpdate

“Lets hide every failure of BMC under the name of Mumbai Spirit httpsy/t.co/NOxb Brmibe 35 18
#MumbaiRainUpdate?

Saddening that over 25 people died due to wall collapses in Chembur EVikhroli i 411
What is not acceptable isif @0fficeofUT saw this comingwhy was nothing done to

evacuate people from low lying areas?

#BMC, has been ruled by #5hivSena for 35+ yrsfyet this apathy?

#MumbaiRainUpdate hittpsftoo/AEWKO4xhmS

Petition for basic survival support for homeless people coping with lockdown such as 29 kr
nutrition food & clean water. Dismissed by Mumbai High Court, saying homeless must

work, not expect everything free. Extreme insensitivity: the homeless work very hard,

else they wouldn't survive httpsy/foo/BLye2 00k

“Mumbai’s middle class summed up: "As long as there are no potholes, no water and 36 128
electricty cuts, Ola, Uberand Swiggys, and the trains run on time, why should we middle

class people get involved in politics? Just work for some years and try and get US, UK or

Aussie Citizenship®

“Mum baikars will post about #MumbaiRains & related issues 30times a year but won't go 433 1929
outonce in 5years to vote out the comupt nexus that has ruled Mumbai for 30 years. The

Mumbai

Spint”

| think the so called Mumbai Spirit has made us insensitive. Immaterial what happens we 45 152
have to keep working as if nothing happened More than 20 ppl lost there lives in

Mumbai due to rmins & most are poor citizens. 50 obviously no outrage.”

To everyone who have problems with #MumbaiRains and pleading to stop every time it 10 61
pours, fuck off and quit the city.

| know cleanliness and flooding is a problem but the city is dependent on rains even for

drinking water. 5o let it pour please.

Mumbai floods don’t make intemational news, but they still wredk lives. 108 223

Like all climate disasters they will continue to get mpidly worse unless we stop adding
greenhouse gases to the air. hitpsy ooy kKSGok

Role and responsibilities ascribed to the media

Individuals mainly expressed disappointment with the media
and called for a stop to “doom and gloom” stories about
Mumbal especially in view of the floods affecting the US and
Europe as wel. They also perceived intermational media as
biased towards coverng flood impacts of the US and Europe in
comparson to “Mumbai floods”™ which “don’t make international
news but stll wreck lives” (Table 1, #13). This led individuals to
believe that “some lives are more valuable” and question “why
so many people in the US and Europe don't care about the rest
of the world™.

Publiched in partnership with RMIT University

Gaps hindering a new social contract for flood risk reduction
Overall, our results shiow that there are gaps in the social contract
on flood risk management in Murmbal on two levels: first, between
different soclal contracts such as the practiced and imagined or
the legaldnstitutional and imagined and, second, between
different imagined social contracts, On the first, we found a large
gap between the aspirational (what actors should do or want
them to do) and realistic (what they believed actors would actually
do) levels of expectations towards the public sector. On the
second, we found surprisingly stark contestations regarding the
roles and responsibilities towards the poor and most vulnerable
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populations living in informal and highly flood-prone settlements.
We also found similar gaps in expectations within the same actor
group in other respects, most notably the levels of agency that
individuals expect of fellow individuals.

Hence, our results show that there are not only wide gaps
between the curent de facto flood risk practices, the legal de jure
stipulations and the erwisioned flood risk management, but also
between the social contracts imagined for the future, even within
allegedly joint actor groups. These gaps are troubling in view of
the already grave and intensifying flood problem, the heavy
financial and human-resounce costs of adaptation and the urgency
resulting from long lead times of adaptation policies and actions,
The results suggest that laying open these gaps is a necessary first
step towards closing thern and building a future social contract
which helps mediate these differences and maybefideally form a
coherent joint perspective.

DISCUSSION

We started our analysis by arguing that adapting cities to the
inevitable impacts of climate change will require a stromg and
ideally coherent social contract in which different actors share an
overall vision and agree on a clear distribution of roles and
responsibilities for achieving that wvision, despite potential
differences in their respective individual perspectives. Our findings
highlight the importance of improving our hitherto very patchy
theoretical and empirical understanding of imagined social
contracts in particular—and their relation to practiced and legal
social contracts,

We found that there can be surprisingly large contestations and
wide gaps regarding the roles and responsibilities which different
actors envisioned for and ascribed to other actors. Our contribu-
tion is to lay open these gaps and disagreements in order to
inform the discussion for actors to find an arrangement despite
differences in viewpoints and arive at a type 1 social contract
Ideally, we hope o even inform the process for actors to align the
gaps and contestations—foming a type 2 social contract. Hence,
through social listening, our findings show that becoming aware
of these gaps between different expectations and decoding their
drivers is the first step towards building new and coherent social
contracts, so urgently needed for effective and equitable climate
change adaptation across the globe™.

A social listening approach allowed us to capture unsolicited
and therefore open views in a large-N sample and almost in realk
time, Twitter is an increasingly important digital marketplace to
negotiate and express opinions between different actors and
hence, an important empirical database for analydng evolving
social contracts. The explicit analysis of sentiments expressed on
Twitter turned out to be a useful tool which helped us to
understand and explain the reasons driving disagreement on
perceived roles and responsibilities between different actors
Combining big data approaches with manual qualitative coding
allowed us w identify more nuanced sentiments such as apathy or
frustration as compared to an algorithm trained classification of
sentiments as positive, negative and neutral. This proved
particularly helpful where expectations are tacit, |.e. where actors
do not articulate them clearly and directly. Overall, the identified
sentiments indicate a lack of trust between different actors and
we suggest they might provide a helpful entry point into studying
the formation of social contracts in other contexts or countries,

Despite the burgeoning potential of using sodal media data, a
major limitation for this analysis s the representation of
populations. Participation on social media is inherendy linked to
internet access and varies across geographies and demographics—
alko known as the “digital divide™, Soclal media platforms
including Twitter essentially allow to capture debates across
trans-local networks, hence, the demographic composition of the
actors in the Twitter debate in comparison to the demographic

npj Urban Sustainability (2023} 30

composition of the geographical population of Mumbai is not
inherenty problematic in our analysis. Howewver, in the context of
Twitter debates on flooding in Mumbai it may be important to bear
in mind that urban elite are mone likely to participate (in view of
the dynamics discussed above] in comparison to informal,
vulnerable populations. Nevertheless, civil society onganizations,
media, academics et still represent the concerns of the vulnera ble
populations,

Irs this study we do not aim to provide a complete assessment
of social contracts in Mumbai through social listening, but captune
an important segment of that debate taking place in the
upcoming virtual space of Twitter. It is ceainly not the only
channel of information to understand the negotiation of social
contracts and needs to be tdangulated with other lines of
information such as formnal paricipation processes, infommal
discussions in local neighborhood groups etc. However, the
importance of social media platforms is growing, especially with a
growing middle class and India having the third largest Twitter
community globally with its 236 milion active users, preceded
only by the USA and Japan®‘—making it a crucial case in Twitter
research,

Social listening offers an important arena to capture dynamics
of social contracts at unprecedented speed and scales, ranging
from locally urban to global scales. Given the trans-local nature of
social media debates, the approach used in this study could also
be applied in other countries, albeit in view of the limitations and
country context For future research, we suggest, that using
Twitter or other platforms of active exchange can be of great
relevance in laying open gaps in high-risk contexts, including
urban areas, in which different actors are faced with a high
adaptation pressure and diverse competing, or even conflicting,
perspectives but curently lack a clear and agreed strategy or even
vision to jointly move adaptation forward®2527%,

METHODS
Data collection

In order to understand the imagined social contracts by different
actors in Mumbal, we captured all flood sk related tweets over
the monsoon season of 2021 (~70,000 tweets with 20 variables of
metadata such as the author's Twitter handle, number of re-tweets
and likes, URL of the author etc. for each Tweet resulting in 1.3
million values of metadata). In a nutshell, we collected data
through specific hashtag and keyword combinations and then
filtered the results for dominance, with ~3600 dominant tweets
defined through a high level of engagement in terms of re-tweets
and likes. We then manually coded the tweets in order to show
which actors participated and the major themes that emerged in
the dominant debate on flood rsk management Subsequently,
we filtered roughly two-thirds of the codes most relevant for the
social contract analysis and coded and analyzed these tweets even
more comprehensively [eg. for underlying sentiments). In
contrast to most studies which conduct guantitative sentiment
analyses uwsing Matural Language Processing (NLP) or other
machine learning methods, we manually code sentiments to
capture important nuances in the tweets (often mult-language
tweets, context-specific words, memes and sentiments such as
humor and sarcasm) to go beyond the positive, negative and
neutral classifications generated by algorthms. We defined
sentiments as feelings or emotions associated with viewpoints
or opinions shared in a Tweet

In a first step, we screened tweets on flooding in Mumbai in
order to develop a list of the most popular hashtags and key-word
combinations to capture the Twitter debate on flood risk in
Mumbai. This list was revised in the first four weeks of data
collection wherein hashtags which did not receive any hits wene
deleted and some new ones which gained popularity were added.

Publizhed in partnership with RMIT Uiniversity



[ Doshi and M. Garschagen

npj

Use in the analysis

Table 2.  Auto-coded metadata variables extracted for each Tweet using the Twitter APl on MaxQDA
Auto-coded metadata by Example
Twitter APl in MaxQDA

1 Date and Time 26072021 150336

2 Tweset Maharashtra floods: Mumbai has some of richest people in world, they
should help, says Sanjay Raut | Mumbai News—Times of India httpsy//t.on/
REkMj b0 GE

3 Hashtags -

4  Type Tweset

5 Answer to -

&  Author rautsanjaybi

7 Real name of author Sanjay Raut

8 Author place Mumbai, India

9 Author time zone -

10 Author URL httpsyftoo/RHtudeeGiu

11 Author desoiption Executive Editor, Ceinik Saamana. Member of Parliament, Rajya Sabha. Shiv
Sena Leader.

12 Followers 835095

13 Following 261

14 Tweets 1891

15 Profile verified True

16 Profile oeated 1312.2013 15:2805

17 Retweets 290

18 Likes 2397

19 Language English

0 Source Twitter for Android

21 Tweet coordinates -

Timeline analysis of tweets

Qualitative analysis for theme and
sentiment

Analysis fooused on tweets, not re-
tweets and replies

Used to determine ‘Ador’ type in
the dominant debate

Threshald of 5 and maore for
filtering dominant debate
Threshold of 20 and more for
dominant debate

Proxy indicator for socio-economic
status of user

The final list included: #MumbaiRains, #MumbaiRain, #Mumbai
Monsoon, #monsoon2021 AND Mumbal, #MumbaWeather,
#MumbaiFloods, #MumbaiRainUpdate, one of the words (Rain
Rains Raining Rainfal Monsoon Weather Flood Floods Flooding
Flooded Waterlogging Watedogging) AND Mumbai, Tweets were
extracted using the Twitter APl of MAXQDA. The mesults of the
tweets extracted from MAXODA's Twitter APl were comparned to
tweets exracted using Twitter's Academic access APl through R
Given no difference in the tweets, MAXQDA's Twitter APl was
continued as it would allow easier synchronization for qualitative
coding in future steps of the analysis.

Tweets were collected for a period of 4 months from 07 June to
30 September 2021 —comesponding to the monsoon season in
Mumbai. The monsoon season of 2021 was preceded by Cyclone
Taukte in May and India's worst Covid-19 wave of the Dela
variant from March to May. During the monsoon months of 2021
there wene two major flood events in Mumbai and in other parts
of Maharashtra. The floods in Mumbal ako colncided with floods
in Europe and in USA. The debates on Twitter are generally very
open, in line with the long tradition of the country's free speech
and backed by The Indian Constitution which guarantees all
citizens the fundamental rdght of “Freedom of speech and
expression” in Article 195,

A total of ca. 59,000 Tweets with around 1.3 milllon auto-coded
segments wene collected over these 4 months. Each Tweet text
extracted using the MaxQDA APl comes with 20 variables of
metadata for example “Date and Time” when the Tweet was
posted, “Author” name of the user on Twitter, “Author description”
which is the self-description of the user on Twitter etc. Table 2

Published in partnership with RMIT University

below shows the auto-codes during data extraction and how they
were used in the analysis.

Data filtering and coding

Tweets were filtered for capturng the dominant debate.
Dominance was operationalized in terms of level of engagement
[retweets and likes). Based on natural breaks in the data, the
threshold for dominance was set at 20 likes AND 5 re-tweets to
gualify as a “highly dominant Tweet”. Hence, the dominant debate
comprsed of tweets that fulfiled both criteria since re-tweets and
likes also showed a strong positive correlation. After filterdng for
dominance and removal of duplicates, the first database for
manual coding comprised of 3673 tweets with 77,133 auto-coded
Segments.

The first round of coding generated 8760 coded segments with
29 primary-level codes and 33 secondary level codes. We found
that two-thirds of the dominant debate (2098 tweets) comprised
of pimary-evel codes such as transport complaints, impacts,
accountability etc. which are relevant for the social contract focus
of the analysis in this paper. One-third of the debate (1575 tweets)
were on weather related updates such as watedogging, warnings
etc. providing valuable information on flood hotspots and early
warning communication. In a second round of coding tweets wene
further clustered according to roles and responsibilities ascribed
to different actors: the public sector and politicians, individuals
and media. A gualitatve codebook s provided in Supplementary
Table 3.
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Eeywords: Adaptation to increasing impaces of climate change will require societies to design portfolios of
""i‘F‘“m optiona risk management solutions by zelecting from an amray of available adaptation options. A major
SDl'jL“m Fpace step on the way towards a strong social contract for adaptation is understanding how different
Social contract

sented actors view different adaptation options. Here we adopt an actor-priented mult-dimenzional
f:mib.i]it_-.r et framewark to understand how different actors evalnate their perceived adaptation solution space.
Mumbai The aim is to understand who identifies which adaptation options and how they are asseszed. We
build on the feasibility assessment used in [PCC's zixth asseszment report and explore the
framewaork by applying it to the solution zpace for flood risk in Mumbai We draw on empirical
dara collected through key informant interviews with state, civil zociety and academic actors. Our
findingz show that, overall, actors zee most need for adaptation measures in relation to instm-
tional changes, e.g. in relation to planning procedures and a shift in rsk management paradigms.
While actors show consensus on the importance of green infrastructnure, we fnd stark differences
in their perception of grey infrastructure measures. In terms of the factors perceived to enable or
consmain adaptation, actors agree on the pivotal role of institotional aspectz as even more
important than fnancial or technical factors. Thiz study make: an empirical and analytical
contribution to advanece feasibility assessments by including actor perceptions and their evalua-
tion of options in real world settings.

1. Intreduction

The impacts of climate change are increasing across the globe (IPCC, 2022). The steep rise expected in climate risks will require
socicties to fundamentally change their risk management strategies (Garschagen and Eraas, 2010; Garschagen and Romero-Lankao,
2015; McPhearson et al, 2021; O'Brien, 2011; Pelling et al, 2015; Solecla et al., 2017). Adaptation to the increasing impacts of
climate change eannot follow a “one size fite all” approach but will require societies to design context-specific portfolios of nsk
management solubions by selecting from an array of available adaptation options (Haasnoot ot al., 2020, New et al, 2022). A major
step on the way towards a strong social contract for adaptation (see Dochi and Garschagen, 2023 for details) iz understanding how
different actors view different adaptabon options.

Progress has been made in understanding the strengths and wealmesses of different adaptation options, eg. through a multi-
dimensional feazibility assessment, az applied in the Intergovermmental Panel on Climate Change’s (IPCC) Special Report 1.5
{IPCC, 2018) and Sixth Assessment Report WG 1l (IPCC, 2022). Such feasibility assessments make an important step in going beyond
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traditional cost-benefit analysiz to also consider environmental, social, cultural, political and other factors. Yet, such mult-criteria
evaluations so far have been focusing predominantly on individual adaptation measures and have aggregated the available infor-
mation on their feazibility. They have not focused on two questions: firet, how different actors perceive different adaptation measures
and second, how different actors might view overall portfolios of measures differently rather than single options in isolation. At the
same time, though, it iz becoming inereasingly clear that there iz a fiundamental difference between understanding individual options
in izolation and evaluating entire portfolios of adaptation measures. Az adaptation in mest contexts will necessarily be composed of
different measures in combination, the perspectives of different actor groups regarding their perceived needs and capacities as well as
their actor-specific views on the pros and cons of different measures matter a great deal. Negotiating these views and designing
portfolios of adaption measures includes difficult choices in setting priorities and navigating trade-offs — all of which might change
over time. It is therefore important to understand how actors evaluate their perceived overall adaptation “solution space” (Haasnoot
et al | 2020; Stafford-Smath et al |, 2022) sinee 1t 12 “socially constructed” and often “contested by actors with different norme, values,
and interests” (Haasnoot et al. 2020, p.2). In doing so, it seems important to go bevend current feazibility assessment approaches not
only in terms of actor-specific perspectives and adaptation portfolios but also in terms of separating the assessment of perceived
desirability of options from the perceived feasibility. While these two aspects are often lumped together in current approaches (notably
through integration of notions of social acceptance into the assessment of feasibility], it is becoming increasingly clear that actors often
perecive and evaluate options differently with regard to desirability and feasibility and that an explicit focus on both is necessary in
ecientific asseszments of adaptation.

Citiez, in particular, exemphfy the need for understanding how actors evaluate their pereeived adaptation solution space az a whole
and the desirability as well as feasibility of ite individual measures. [t iz there that different viewpoints on adaptation options often
clash most drastically, given that very heterogencous groups come together, characterized by socio-cultural diversity, competing
economic priorities, vested political interests, differing coping and adaptive capacities as well as rick perceptions. These charactenistics
influence the governance of urban adaptation including the negotiation of adaptation options and the roles and responsibilities for
their implementation.

‘We take the coastal megacity of Mumbai, the seventh largest metropolitan eity worldwide (UNDESA, 2018) and also the financial
capital of India as a case study in this analyeis. IPCC's Special Report on Oeeans and the Cryosphere (SROCC) identifies Mumbail among
the list of coastal cities including New York City, Tolyo, Jakarta, Shanghai and Lagos, that are at serious rizk to climate change. Under
RCF 8.5, without adaptation, a study cetimates expeeted damages in Mumba due to sca level nize to go up to $30 billion by 2050,
making it the second most-at-risk city globally (Abadie et al | 2020). Mumbai is at high rzk to flosding — driven not only by climate
change and heavy rainfall but also by socio-economie and political factors affecting it exposure and vulnerability unequally. Despite
the heavy pressure to adapt, studies show that responses have been mmadequate (Singh =t al., 2021), henee, more adapbion needs to
happen in the future if more severe ricks are to be averted. At the same time, flood rizk governance in Mumbai iz complex and in many
respects contested, with stark socio-cconomic inequalities, asymmetric power relations and conflicting political and economic pri-
orities which influence how actors perceive and advoecate different, often competing, risk management strategies.

In thiz analyeiz, we henee adopt an actor-oriented multi-dimensional framework to understand how different actors evaluate their
perceived adaptation selution space. The aim is to understand which actors identify which adaptation options and how they assess
their combimations into overall solution spaces. We use a multidimensional enteria framework to structure the actors’ perceptions. We
build on the feasibility assessment used in IPCC’s sixth assessment report and explore the framework by applying it to the solution
space for Hood risk in Mumbai. Our analysiz draws on empirical data collected through key informant interviews with state, civil
socicty and academic actors.

Concretely, the paper has the following five objectives:

—_

. It lays out the adaptation solution space in terme of the perceived options.
. The paper analyses which actors emphasize which types of options, differentiating between grey/phyzical infrastructure, green/
natural infrastructure, institutional changes and hybrd options.

3. It analyzes how actors frame the overall desirability of the options. In other words, if they emphasize the option overall as
dezirable (positively), or not (nezatively).

4. It examines in a multi-eriteria fashion which feasibility dimensions are identified for which types of options and what role they
are conzidered to play, 1.e. as enablers and strengths or az barriers and weaknesses.

5. The paper assesses in-depth the role of institutional aspects hindering and fostering adaptation sinee theze factors are conzidered

most relevant by the actors.

=]

The paper iz structured in seven sections. The next part provides a conceptual background and elements of the analytical framework
of the paper. Section three provides a brief context of flood risks and its current management in Mumbai. The fourth section outlines
the method adopted for the data collection and analyziz in thiz paper. Section five presents the main findings. Section six discusses
these findinge and highlights gaps and challenges for future evaluations of the adaptation selution space. The last section provides a
conclusion and sutloole
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2, Conceptual and analytical framework
2 1. Perceived aedaptation solution space

The concept of the “solution space”™ can, in general terms, be understood as the menu of adaptation options that are potentially
available (Du #t al | 2022; Haasnoot et al |, 2020; Sainz de Murieta et al | 2014). More precisely, the adaptation solution epace iz defined
as “the space within which opportunities and constraints determine why, how, when, and who adapte to climate fsks” (Haasnoot et al |
2020, p.2). In this analyeis, we define the “perecived adaptation solution space™ as the space comprising adaptation ophions as
identified and pereeived by actors in a given setting, in our casze for flood rizk in Mumbai. The boundaries of the pereeived adaptation
solution space are cutlined by actors’ percephions on the overall desirability and feambility of the adaptation options they 1dentify,
covering environmental, sconomic, technologieal, institutional, social and geophyrical dimensions. A zolution cpace iz dynamie and
changes over time because it is path-dependent due to earlier decisions or biophyesical and socio-economic changes which influence the
future availability and effechivencss of adaptabon ophons (Haasnoot et al., 2020). Hence, the boundanes of the solubion space are
flexible and may change in composition (types of options, actor-baced) and size (availability, desirability and feasibility) over time
(Haasnoot et al., 2020).

2.2. Adaptation options

Adaptation options are actions or measures that are aimed at addressing identified adaptation needs (IPCC, 2014). There are
several ways in which adaptation options may be categonzed (Burton, 1996), according to the key richs they address (Mew et al,
2022), by sectors (health, agriculture and food, settlementz), by types (structural, social, institutional), by mode (protect, advance,
retreat, accomumodate), by regions, seales (national, sub-national, loeal) ete. In the IPCC, adaptation options have recently been
grouped into physical, natural and social infrastructures (Dodman et al, 2022). Inspired by these categonzations but also informed by
our interview data, we cluster the identified adaptation options into grev/physical infrastructure (e.z. coastal defenses, flood barriers
such as dykes), green/ natural infrastructure (ecosystem-based for e g. mangrove protechion), mettubional changes (for e.g. mclusive
planning, insuranee) and hybrid (overlapping and/or combining the other three measures e g. early warning technology and pre-
paredness traiming). Options dentified 1n thiz analyeis include both existing measures as well az potential or envizioned solutions by
the actors. Adaptation actions or measures essentially aim to limit or reduee elimate rigk, defined az a funchon of climate hazards,
exposure and vulnerability (Garschagen =t al., 2019). The effectiveness of adaptation measures can hence be assessed in terms of a
measure's effect on hazard, exposure and/or vulnerability. Adaptation options may target to reduce both current and future sk, as
well az one or more of ite components to different extents (Garschagen et al | 2021). While we cannot conduct a comprehenszive
assessment of effectivencss of adaptation options due to data constramnts, we present a heunstic application of the rizsk reduction
associated with the pereeived adaptation zolution space.

2.3, Actors

In thiz article, we analyze the perceived adaptation solution space from an actor-onented perspective. Given the socially con-
structed and contested nature of solution spaces (Haasnoot et al |, 2020), understanding perceived zolution spaces by different actors 1s
eritical towards building a echerent secial contract for adaptation, 1.e. an agreement in society on how to appreach adaptabion and
share responsibilitics (see Dochi and Garschagen, 2023 for details). An actor-onented evaluation of the solution space helps to 1dentify
who perceives which eptions and how. Thiz approach allows to show where actors may agree or dizagree on different options and
1dentify which options are haghly contested. In thiz analvsiz, we aim to understand how key informants from three actor groupe of most
relevanee for framing and shaping adaptation evaluate different adaptation options making up their pereeived solution space: state
actors, civil society and academia. Civil society organizations in the context of our study are taken in their role as spokespersons for the
interests of vulnerable, often marginalized, residents of the city. Henee, an actor-oriented evaluation of the solution spaee helps to shed
light on what iz a quite mesoy field of different voicez and viewpoints.

24 Mult-dimensional evaluation of adaptation options

In a next step, the analyeizs aims to show how different actors evaluate the list of identified adaptation options m terms of a
multidimensional framework. According to (Haasnoot et al., 2020), the adaptation solution space iz flexible and changing in response
to facters from four dimensions — biophysical, cultural, socio-cconomic and political-institutional. In order to achicve more granu-
larity, we use the multi-dimensional feasibility assesement of adaptation options by (Singh =t al | 2020), aleo uzed in the Sixth
Agsessment Report of the IPCC (IPCC, 2022), as a heuristic to conduct an exploratory evaluation of adaptation options based on
interview data. The frasibility assessment provides a seaffolding of =ix dimensions: environmental, economie, technological, institu-
tional, social and geophyzical We extend the range of the social dimension to capture cultural and behavioural aspects and the
nstitutional dimension to capture political aspects. This mulhdimenmsonal azsessment 12 an effort to move away from two practices
which are currently predominant: first, a binary (feasible or not feacible) ascesoment of adaptation and zecond, a traditional eost-
benefit analysiz in selection of adaptation eptions (Fuldausr =t al., 2022; Jafino ot al., 202]; Singh et al., 2020).

MNext to the perceived feasibility of adaptation options (i.e. “what iz possible™), we explicitly analyze how actors perceive the
desirability of adaptation options (1.e. “what iz wanted™). In contrast to other feasibility assessments, we carve out the notion of
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desirability from feazibility and aseess it separately to show how actors pereeive the overall desirability of identified options vis-a-vis
their feazibility. We use the same six dimensions laid out above to structure the assesement of factors influencing the perceived
feami bibity and desirability of adaptation options. We henee divide each dimension into positive and negative aspects to assess how the
actors emphasize the role of the dimension. Under a positive framing, we assess if an actor emphasizes the dimension as a strength or
opportunity and sees the dimension as an enabling factor (Lehmann et al | 2015). A negative framing indieates that the actor em-
phasizes the dimension as a weakness, constraint or a barrier to the adaptation option (Adger et al, 2007; Biesbroek et al., 2015; Ford
etal, 2017; Moser and Elstrom, 2010). The evaluabion may change over ime and vary over spatial (global to local) and administrative
(national to sub-local) seales (Sinzh et al | 2020). Aspects of different dimensions may aleo be seen to interact and reinforee each other
— positively or negatively (ibid). For example, an advanced early warming system for floods could be positively influenced by tech-
nological az well az economiec factors (technical capacity and budget or finaneial availability) while being negatively affected by
metitutional factors (e.g. lack of coordination between different admimstrative departments). Azsessments of such relations could be
useful in guiding policy makers in decizion-making in terme of how the multidimensional, dynamic and interaching factors shape the
adaptation solution space. Fiz. 1 integrates the analytical elements and illustrates our assessment framework overall.
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Fig. 1. Assezsment framework for multi-dimensional assessment of perceived adaptation options from an actor perspective.
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3. Flood risk and itz management in Mumbai

Mumbai’s flood rsk is doven by climate change but also deeply rooted in itz political economy, which defines the stark dispanities
1 the residents’ exposure and vulnerability as well as the contested landscape of current adaptabon models and the steep socio-
cconomic gradients in adaptive capacity (Dhiman et al, 2019; Ellis-Petersen, 2021, 202]; Gupta, 2007; Hallegatte et al, 2010).
Mumbai experienced its worst flood in 20035, where 944 mm of rainfall fell in 24 hours, 1493 people died and loss estimates amounted
to 1.7 billion USD. Although this disaster exposed the city’s underlying vulnerability, it did not result in stopping maldevelopment (Cox
and Cox, 2016). Flood intensity has been heavily driven by far-reaching soil sealing resulting in loss of natural ecosvetemes and
floodplains (Fattaroni et al_, 2022) az well as by inadequate solid waste management and poor maintenance of drainage infrastructure,
cauzing the waterlogging and drain-clogging. Moreover, the financial capital of India is confronted with stark inequality. While wealth
and power iz highly concentrated amongst a comparatively small urban elite, over 40 percent of the city’s population is living in
informal settlements with high socio-economic vulnerability (Census of India, 2011). The high rates of land reclamation, soil-sealing
and infrastructure development are primanly benefiting the whban elite and emerging middle-classes, but low-income and margin-
alized populations are often foreed to live in flood-prone areas without formal land titles and exeluded from basie civie infrastrueture
such as waste collection. They are henee not only over-proportionally affected by flooding but typically also blamed for eausing
waterlogging, and, on these grounds, often even evicted or further cut in their support (Chatteqes, 201 0; Parthasarathy, 2003).

In addition to these iInequities 1n the produchion of nsk, the responses to eurrent and future flood rick are also contested m Mumban
The formally encoded distribution of roles and responsibilities for flood risk management remains ambiguous in a number of respects
and leaves room for interpretation according to political priorities rather than a dghts-based approach. According to core national
lezislation and the corresponding plan, responsibility for disaster rick management is decentralized to a District Dizaster Management
Authority (Disaster Management Act 2005, 2005). This led to the ereation of the Greater Mumbai Dizsaster Management Authority
({GMDMA). However, since Mumbai comprises two administrative districts (Mumbai City and Mumbai Suburbs), in 2017 the Bombay
High Court dismussed the GMDMA and instead ordered the creation of two District Dizaster Management Authorities — one for the city
and one for the suburbe. However, their de facto roles and responsibilities were questioned (Bhide and Eamble, 2020). The Disaster
Management department of the municipal authority (MCGM) 15 a key stalcholder in flood nsk management. According to Flood
Preparedness Guidelines released every vear by the department, it i1z entrusted with varnous activities for emergency response, pre-
paredness and prevenbion. For example, directing the early warning system comprising of rain gauges and flow level sensors in nvers to
izsue early warmings to citizens through a dizaster management app, website or social media. While the local munieipal authority iz
entrusted with emergency response functions, national guideline: on urban flood management (UFM) foresee the role of citizens as
first responders, even before the state steps in. Other departments of the MCGM such as environment, storm water drainage, sewage
and waste dispozal, transport ete. are also involved in direct or indirect activities towards flood risk management. The city's central
flood nsk management response 12 the Bnhanmumba stormwater drainage systems project (abbreviated as BRIMETOWAD hereafter)
which falls under the storm water department of MCGM (Gupta, 2007). However, the State Action Plan for Climate Change has
identified the inadequacy and neffectiveness of the drainage system as a driver of flooding ( Arunachalam, 2005; Sansare and Mhaske,
2020). The city recently adopted the Mumbai Climate Action Plan, commissioned by the MCGM to World Resources Institute (MCGM,
2022). Although the plan marks an important milestone in the recognition of climate change by state authorities at the city level, it has
been questioned for being a top-down plan developed by an external consultancy (Wagh and Indorewala, 2022). The (somewhat
uneven) public consultation sought in the process of developing the plan was criticized - “Formulating a chimate emergency plan
requires a collective effort, through a deliberative consensus building process, rather than networking and partmering with a willing
audience.” (Wagh and Indorewala, 2022).

Formal flood mitigation strategies often do not benefit the people living in slums. On the contrary, slum dwellers are often dizplaced
for making space for infrastructure projects that benefit the better-off parts of society (Chatterjee 2010). Regettlement and housing
izsues of informal settlements are intertwined with state-led physieal infrastructure approaches to flood risk management which often
result in evichions of marsnalized settlements (Mehta et al | 2019). Given the lack of mumecipal achon, vulnerable populations are
adapting to floods autonomously (Patankar, 2019, 2015; Schaer and Pantakar, 201 8). They resort to informal mechamsmes of nsk
management and employ strategies such azs raizsing floor heights, constructing elevated levels to store equipment, building temporary
flood barriers ete. which are, however, rather reactive, ineffective and inadequate responses to the rising flood risk (Singh et al 2021].
Previous studies have emphasized the important role of civil society organizations in coping with flooding in Mumbai (Chatterjes,
2010; Singh et al,, 2021). In addifion, vulnerable populations would rely on multiple sources of support ranging from state, private
sector, NGOs and social support networks — access to which, howewer, is often hampered by barners in terms of socio-cconomic status
and lacking social capital [Chatterjes 20100

The urban elite alzo plays a dominant role. Parthasarathy (2003) argues that urban elites support exelusionary civie policies against
the interests of the poor. A recent example of elite capture was seen in the contestations around the highly controversial publicly
funded Coastal Road infrastructure project perceived to serve the elite. The project succeeded despite protests against it due to its
adverse impacts on the sensibive coastline and livelihoeds of fishing communities (Mumba Mirror, 2019). Despite being highly
exposed to the impacts of sea level rize and having a Coastal Zone Regulation law to protect the coastline, eribiques have pointed out
how the law has been steadily weakened and concerns raised by achviste and academies have been 1gnored (Chovhan et al | 2016;
EFW, 201 5). This example suggests that there are wide gaps in the ways different actors think about the desirability and feambibty of
adaptation measures and that laying these rifte open iz much needed to move effective and equitable adaptation forward. However, the
different perspectives have so far not been studied in an explicit and structured manner.
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4. Methods
4.1. Data collection

This artor-oriented multidimensional evaluation of adaptation options draws primarily on qualitative data collected in the form of
semi-structured interviews with key informants and stakeholders across state actors, civil society organizations and academia worldng
on flocd sk management in Mumbai. Actors were wdentified based on a review of ecientifie and grey Literature c.g. government re-
portz, planming documents and media arheles az well az snowballing. The mterviews took place against the backdrop of the devel-
opment of the Mumbai Climate Action Plan (MCGM, 2022) which suppeorted the snowballing process and elicited the interest of several
actors, especially from the state to participate in an interview.

This analysiz draws on interviews with 37 key informants - 11 from state institutions, 12 from eivil society organizations and 14
from acadenue mshtubons. State actors ranged from officiale at the Maharashtra state government to the metropolitan planmng
authorty (MMBDA) and the municipal city authority (MCGM) including itz key departments c.g. disaster management, environment
and storm water drainage. From eivil society, we interviewed actors working on a range of issues including environmental justice,
social vulnerabiity in informal settlements and ecosyetem protechon. Journahsts from major mainstream newspapers were also
interviewed. Civil society actors were seen to speak on behalf of vulnerable groups, although it must be noted that thiz might not give a
complete representation of all vulnerable groups given the specific focl of different organizations. We aim to tangulate this rescarch
with other methods such as household surveys in the future. Academie actors included professors at the eity’s leading institutes but also
independent researchers in think tanks and intemational organizations. We used a semi-structured interview guide in order to create
comparability whilst allowing topics to emerge from the interview.

The data collection process started with invitations for remote interviews in December 2020 due to pandemie-related travel re-
strictions. Howewver, due to the ongoing pandemic and a particularly devastating second Covid wave in India between February and
April 2021, only six remote interviews could be conducted between May and August 2021. The interviews with a majority of the
experts were conducted in person in Mumbai between September and November 2021 and April and May 2022, Duration of the in-
terviews were approximately 35 to 40 munutes, ranging from 25 minutes to almost 2 hours.

4.2, Coding and analysiz

For in-depth qualitative content analysiz of the interviews (Mayring, 2000), all transeriptions and hand-written notes (where
recording was not allowed ) were analvzed using MAXOQDA, a qualitative data analyeis software. Interviews were coded following a
grounded-theory approach with mductive as well az deduchve codes (Glaser and Strauss, 1967). A coding scheme was mmtally
developed according to the questonnaire and revised in the subsequent rounds of coding.

After coding the interview data, we analyzed all coded segments and subsequently mapped them onto the multidimensional
framework In a first step, identified adaptation eptions were divided according to the actors who emphasized them - e state, eivil
society or academia. In a next step, we clustered the options according to their type 1.e. grey./phy=ical infrastructure, green/natural
infrastructure, institutional changes or hybnd optons. We grouped the options into one of these types depending on the way in which
actors described them. For example, if an actor emphasized social housing in terms of the policy changes needed to facilitate its
mmplementation, we categorized 1t az an institutional change. On the contrary, if an actor highhghted the physieal infrastructure
needed az well, we grouped it under a hybrid option. The options were analyzed in three stepe. First, cach option was assigned an
‘overall desirability’ depending on whether the actors emphasized the option as desirable (positive) or not (negative). Second, we
mapped the feasibility of the options in terms of whichever of the six dimensions that actors had emphasized. We further indieated if
the actor wlentified the dimension as playing a pesitive, enabling role or a negative, constraining role. In erder to provide an overview
of the actor-oriented multi-dimensional evaluation, we llustrate the framework in Fiz. 1.

5. Results

5.1. Option: making up the perceived adaptation solution space

Ovwerall, the actors identified 219 adaptation options, with almest two-thirds (650%) being institubional measures (Table 1). A large
majority of the options are governance-related, thus indicating the perceived importance of such aspects for overall adaptation to flood
rizk in Mumbai. Actors parficularly called for inereasing institubional capacity, publie participation, holishe planning and for a shift in
the narrative and understanding of the flood risk problem. Some of the lesser emphazized inshitutional changes included regulabions,
changes in media reporting of fooding, iInvestment for measures, inercasing individual capacity and awarcness. Grey/phvsical
infrastructure options made up a quarter of the portfolio of adaptation measures. Thiz iz largely because technical engineering ap-
proaches form the predominant response of the city to control flood sk Since the storm water drainage system (BRIMSTOWAD)
project is the major state-led flood risk management strategy, many actors highlighted a number of individual sub-measures imple-
mented within this project .7, pumping stations, retention walls ete. Infrastructure projects were mostly discussed on a rather generic
level. They received both positive statements, e.g. emphasizing the need for retrofitting infrastructure, and negative valuations, e.g.
calling for the suzpension of capital intensive projects such az the Coastal Road. Surprizingly, only 10% of the identified options are
green infrastructure measures despite the loss of ecosvstems being a major driver of flood risk in Mumbai. Among these options, actors
priornbzed the protechon of exishing ecosystems such sz mangroves, wetlands and ereeks. Other ophions focuzed on the need to revive
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Table 1
Omeerview of types of adaptation options making up the solution space.
Total
Category of options Examples of options share

BRIMSTOWAD and drainage Storm water pumping stations; Holding tanks; Retaining walls; Drainage
system sysTem i1
Flood barriers; dykes; dams Seawalls 8
Forecasting and early wamning Doppler radar; IFLOWS
Infrastructure prajects Elevation of infrastructure prajects 2
Engineering solutions Refers broadly to technical fixes, civil engineering selutions, technology in

flood risk management 1
Ecosystern based measures Landscaping strategy )
Increased percolatian MNeed to allow open spaces for percolation 1
Protection of ecasystems Protection of ecosystermns such as mangroves, wetlands, river ecology etc. 1
Awareness Awareness and sensitization to climate change at governance levels o

Institutional Governance Housing and resetilement policies, overhaul of the urban development
changes ministry, secial impact assessment for projects ete. 23

Individual capacity Household based adaptation measures, training people in following earky

warmings, local knowledge etc. 1
Institutional capacity Creation of an online platform or network for sharing selutions between

researchers, practitioners and policy makers, multi-disciplinary teams in

state departments etc, 3
Investment Increased investment in disaster preparedness, public transport and

mangrove protection 2
Media Prigritizing envirenment and climate change in mainstream newspapers,

developing skilled reporters in these topics, changes in media coverage of

flood events in Mumbai 0
Planning City plans to account for floed contraol, inter-linkage of MCAF and DP,

planning for retreat and resettlement of coastal populations etc. 13
Public participation Creation of citizen collectives, participatory planning in MCAP, public

consultations through Area Sabha ete. 4
Regulations Coastal Zone Regulations (CRZ), changing building laws, strengthening

environmental legislation in the DP etc. 3
Shiftin Re-define the prablem, call for paradigm shift, shift in narrative and
narrativefunderstanding understanding, etc. 10
Green/Grey Sponge city, coastal barrier (similar to New York) 1
Institutienal/Green Re-leok at the rele of ecosystems o
Institutional/Grey Housing policies, re-looking at the BRIMSTOWAD proposal, Engineering

training ete. 5

water bodies, increase percolation and adopt softer landscaping strategics. Actors also emphasized the need to recogmize the role of
ecosystem services in ophions on metitutional changes €. g 1in land-use planning and ehimate resilient plans. Hybrd options make up the
emallest chare in the overall portfolio, with less than 10%. These include options which combine one or the other types of measures
together, e.g. ‘sponge city’ approach which equally deserve grey and green infrastructure retrofitting az well as deeper institutional
changes.

In terme of the intended effect on rick and the mechanizms for risk reduction, the portfolio of identifisd measures reveals a mixed
picture. We find that largely grey and green infrastructure options are intended to address hazards and exposure (Fiz. 2). However,
some civil socicty and academic actors also noted the negative role of selectve engineering options c.g. retention walls which induce a
falzse sense of secunty and end up Increasing exposure. Similarly, respondents mentioned drainage systems with restricted capacity due
to solid waste and limited efectivensss to mutigate flood hazards. Interestingly, we did not find many opHons targeting seocial
vulnerability except within a few options under inshtutional changes, £ g. the call for partieipatory and melusive planming by a handful
of civil society and academie actors.

yy
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Flg. 2. Conceptual relation of adaptation options on reducing rizk amd itz elements (adapted from Garschagen et al | 20180

5.2. Perceived adaptation solution spaces by different actors

Owerall, state actors largely emphasized engineering options (50%), followed by institutional changes (25%) (Fiz. 3). The emphazsis
on physical infrastructure could be explained by the dominance of technieal measures in the state’s rezponse to flood risk management
in Mumbai. Examples include various measures in relation to the BRIMSTOWAD project e g construction of holding tanks, pumping
ctations, retention wallz aleng drainage channels and machinery required for the annual drainage cleaning before the monsoon. More
than half of the state actors highlighted institntional ehanges including ealls for more inwestment in disaster preparedness, eity plans to
account for flood control, an online platform for exchanging best practices ete. Hybrid options such as the need for low-cost housing
and rehabilitation which require both peliey and bulding infrastrueture were identified. Two state actors stressed green optiens,
especially protechon of ecosystemes that play a crucial role in mutizating flood hazard e.z. mangroves, wetlands and crecks.

Civil society actors identified 42% of the overall number of meazurez, highlighting their active role in the debate. All civil coeclety
actors emphasize nshtutional changes - making up 64% of thewr portfolio. They called for more public parbcipation n terms of
participatory planning in the Development Plan and Mumbai Climate Action Plan, a stronger dialogue between civil society and
planners to recognize people’s interests and open up a discussion of transformation, allowing for pubbic consultations through local
governing bodies, a collective visioning process ete. Along with academia, a majority of civil society actors also emphasized several
govermnanee-related measures, e g protection of buffer zones along the Mithi River, inelusive policies for housing, or the incorporation
of elimate change coneerns in infrastructure projects (similar to an Environmental Impaect Assessment). Almost half of the eivil society
actors called for a stronger emphasiz on ecogystem protection. Hybrid options included measures on housing and slum re-development
and a green-grey measure inspired by the Coastal Barner in New Yorlo

Academic actors contributed significantly to the width of the overall solution space (47% of the mentioned measures overall), with
institutional changes making for the biggest bleck. A majority of academic respondents ealled for governance reforms, changes in land
use planning and governance reforms to reconfigure the power relations, roles and responsibilities of different departments and actors
in the administration of the city. Complementing civil society actors’ call for inereazed public participation through loeal governing
bodies, a few academic actors also discussed the potential of urban local management through so-called ‘urban local bodies’.
Furthermore, almost half the academie actors pushed for eomprehensive land use planning by re-evaluating planning norms and
urgently re-visiting planning goals, e.g. to recogmze the role of ecosystem services. At the conceptual level, more than half of the
ascademic actors indicated the need for a paradigm chift - in narrative, mindzet, attitude, pereeption and approach towards flood sk
management. For example, they ealled for a re-definition of the problem, shift from focusing on extreme events to everyday flood
events and a fundamental shift from the current “resistant meodel” of flood risk management.

y ®
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Perceived adaptation solution space in terms of actors

State (15%) Academia [47%)

Adaptation types . Grey infrastructure . Green infrastructure/ . Institwtional changes . Hybirid
Nature=based solutions

Numbers outside brackets indicate share of options within the actor's perceived solution space
Mumbers in brackets indicate share of options to total selution space (Total numkber of options n=219)

5.3 Consensus and contestations between actors regarding the desirability of options

Out of all adaptation options, the clearest agreement between state, civil society and academic actors iz seen on the positive
desirability of green options - especially the need for protection of ecosyetems such as mangroves, ereeks and wetlands as well az the
reinstallation of open surface areas for water infiltration (Fiz. 4). However, one civil society actor cautioned the need to also maintamn
ecosvstem-based options in erder to prevent them from becoming maladaptive, eiting an example of siltation in holding ponds.

The majority of actors perceive institutional changes az desirable, albeit a few exceptions. State actors highlight the need for
planning and policies for low-cost housing, sensitization of citizens and state actors in a leadership role and more mmvestment in
preparedness. However, one state actor emphasized the challenges associated with inereasing migration and rehabilitation. Largely,
civil society and academic actors emphasize governance-related measures posibively. A eivil society actor raised concerns about
resettlement as an adaptation strategy for sulnerable populations. The argument was twofold: firstly, resettlement was viewsed
negatively due to the repeated need for temporary resettlement after each flood. Secondly, even if the option of permanent rehabil-
itation was available, the social acceptanes for such a move was questioned. Although planning in general iz viewed positively, half of
the civil society actors expressed their eritique of the parficipatory planning process of the MCAP and itz potential impact. They
suggested that the plan needed to be integrated in the Development Plan 2034 of Mumbai to achieve its desired outcomes. Almost half
of all actors stressed the siznificance of changing the narrative and understanding of flood risk manasement. Yet, one academic actor
volced concern about the use of adaptation terminology and its potential to restrict empineal insights. Broadly, academic actors called
for a regional, holistic understanding of the problem, fundamental shift in narrative, perception and approach to flood sk
management.

On the role of physical infrastructure measures, we find a strong divide between state actors on the one hand and eivil society and
academia on the other. Almost half of the state actors frame physical options as desirable, particularly BRIMSTOWAD, while only one
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Flg. 4. Heuristic mapping of actor-oriented mult-dimensional evaluation of adaptation options bazed on intervieaws.

actor from the State Mangrove Cell acknowledged the adverse impact of sea walls in flood protection. Civil society and academic actors
argued that state actors desire engineening measures for the following reasons: first, the possibility of profit motives associated with the
large investments needed for technical projects; second, the dominance of civil engineers in state authorities (which may lead to
absence of ecosystem considerations in srey infrastructure projects); and third, conflicting priorities and lock-in effects created due to
path dependencies of such infrastructure measures. In contrast to state actors, more than half of civil society and a few academic actors
view BRIMSTOWAD-related measures negatively and also highlight the need for stopping capital intensive infrastructure projects that
lead to severs destruction of important ecologies e.g. the Coastal Road. Contrary to a state actor who indicated that it might become
necessary to consider a dyke structure, many civil society and academic actores strongly criticized sea walls and similar struetural
measures with one actor suggesting flood barriers “to be like trying to piss on a forest fire™.

A few academic actors perceived engineering solutions as technocratic fixes, piecemeal in nature and in some cases even mal-
adaptive. They argued that such measures have worsened the problem of flooding instead of reducing fleod rick. Six civil society and
two academic actors also acknowledge the positive role of particular physical options e.g. rainwater harvesting, thrash brooms,
mmplementation of the sewage system propozal and the need to elevate all infrastructure. One state actor emphasized the need for
ultimately retrofithng infrastructure considering that the oty 1z completely developed in terms of built-up area. Ulhmately, some
actors acknowledged the need for hybnd selutions- espemally combining phyeical and natural approaches, recogmizing that engineered
eolutions alone would not be enough because they are designed for certmn thresholds which ezsentally get challenged.

5.4. Muld-dimensional evaluatnon of adapration optons

In terms of the actors’ evaluation of adaptation options, we observe considerable differences in the strength with which they
consider and emphasize different evaluation dimensions (Fiz. 4). Owverall, institutional dimensions clearly outweigh the other di-
mensions by making up 44% of all evaluations, positively (21%) and negatively (23%). The next section unpacks the institutional
dimensions in detail. Similarly, environmental dimensions received an equal weightage in termes of both, their positive and negative
role (6% respectively), although much less emphasized than institutional factors. On the positive role, actors emphasized the benefits
of ecosyetem services on reducing flood risk, whereas thev also noted the challenses to ecosystem protection by increasing
concretization.

A common trend emerges for technological, economie, social and geophysical dimensions, where their constraining role is
emphasized more than their enabling role. For technological dimensions, on the one hand, actors highlighted technical limitations in
infrastructure projects in view of climate change and local drivers of urbanization. On the other hand, they also noted the need to
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mexdify technical aspects in building dezign, land use planning and flood protection measures. Economic dimensions in terme of budget
constraints for capital intensive projects, rising costs, competing econcmic prionties in urban development ete. were emphasized by
actors. Yet, actors also note a minor positive role of economic dimensions in enabling adaptation measures, such as profit maling
maotive of the private sector, cost effectiveness of different adaptation measures or being the financial capital of the country. Actors
highlighted the constraining role of social dimensions in terms of stark social inequalities, lack of awareness, publie participation,
power relations ete. However, the snabling role of soecial aspects such as consideration of vulnerable groups and impacts on their
livelihoods, collective knowledge and responsibility of different social groups ete. were also acknowledged by some actors. Finally,
actors viewed geophysical dimensions such as sea level nse and changing rainfall patterns to play a constraining role in the imple-
mentation of adaptabon options.

In terms of evaluating different types of adaptation options, we find different dimensions being emphasized and to varying extents. On
the evaluation of physieal options, there iz a striking emphasiz on the negative perspectives, spanming across all evaluation dimensions but
to a different degree. Technological evaluation dimensions in particular are seen to contribute to a negative picture, e.g. with regards to
hard limits of mfrastructure which are seen as a risk Social dimensions in relation to physical infrastrueture, e.g. the impacts of hard
infrastructure on social vulnerability, were not much dizeussed — but indirectly come to the fore in termes of institutional dimensions such as
participation in planning, discussed below. For green infrastructure options, a mixed picture emerges. While environmental dimensions are
seen to play a largely enabling role, many metitutional and economic factors such as weak governance mechanizme and competing
economic priorties of land use are indicated as constraints for ecosystem-based options. Not surprisingly, the evaluation for institutional
change related measures shows a clear emphasis on institubional dimensions, indicating govemanes aspects playing a strong enabling and
constraining role. Actors identified the lack of consideration of social vulnerability factors as a wealmess in the evaluation of insttutional
changes. Technical aspects of hand infrastructure measures were seen to constrain many institutional changes, notably due to infrastructure
lock-in and path dependencies created by engimeenng measures. In the case of hybrd options, actors emphasized insttutional dimensions
az challenges, e.g. policy changes and techmical constramntz. However, actors also 1dentified capacity and techmeal resources for hybnd
options, mcuding learning from measures Implemented in other countries.

Comparing the roles different dimensions play across different actors’ evaluations, a quite complicated but very informative picture
emerges, highlichting what matters most for different actors when they judge different adaptation options. State actors strongly
highlight the constraining role of environmental dimensions for infrastruetures measures, e.g. solid waste pollubon as a problem for
drainage and pumping infrastructure. Both state and civil society emphasize economic dimensions as challenges, vet differently. While
state actors emphasize the challenge of costz of adaptation measures, civil socicty point out economic vulnerability, vested financial
interests and polibical economy of wban land use planning aspects. All three actors chow agreement in the constraining role of
technological dimensions for adaptation options. In terms of institutional dimensione, state actors identify current policies e.g. relating
to land ownership, rehabilitation and redevelopment, and legal protection of ecosystems as a constraining factor. Civil society and
academic actors highlizht institutional dimensions mn both their enabling role, ezpecially for potential adaptation options as well as
their constraining role in past and current approaches. Civil society and academic actors highlighted that social dimensions are of great
importance to them but are, in their view, currently not sufficiently considered in formal adaptation planning, for example, with
respect to considering the impacts of adaptaton measures on social vulnerabihity.

5.5. Unpacking the pivotal role of instihmtional dimensions

Given the strong emphasis actors put on iInstitutional dimensions in their overall evaluation of the solubion space, this section aims
to unpack specific enabling and constramning roles of institutional factors. On the positive role of Insbtubonal dimensions, most state
actors highlighted political and legal aspects in enabling adaptation, e.g. in the provision of low cost housing and protection of
mangroves. A vast majority of eivil society and academic actors emphasize the snabling role of institutional dimensions acroes all four
tyvpes of options but most strongly for institutional changes. They also call for an increase in public participation and an intensification
of regulations for protection in order to enable a paradigm shift from the current high-rizk development trajectory of the city. Examples
of institutional adaptation include re-defining the value of land in formal state-led eity planning by assigming higher importance to
natural ecosystems, making preparedness a political priority in agendaz of political parties and a new public discourse and narrative in
thinking about urban informal settlements. Many actors suggested governance mechanizme to decentralize planning and include
vulnerable populations in planming at local levels. Some academie actors highhzghted the need for governance reforms that target the
way the city is administered and the bureaucracy in managing flood nsk. Additionally, a few civil society actors pushed for protecting
the violation of important regulations such as the Coastal Regulation Zone law or changing planning regulations to prevent malad-
aptation, e.g. by introducing a “climate stress test” at the planning level for technical infrastructure projects.

Despite the enabling role of inshtuticnal dimensions, actors alse discuss how institubional aspects may constrain different adap-
tation measures. Almost half of all state actors strongly emphasize the negative role of institubional dimensions for iInsttubonal change
options. One state actor indicated the need for stopping or minimizing migration, yet noted the influence of political azpects in
contrelling migration because migrants were viewed to constitute more than 30% of the vote banks. Some state actors identified a lack
of awareness at the “helmet level” and a lack of collaboration and network as wealnesses in governance, e.g. in the exchange of best
practices in ecosystem protection. Civil society actors highlighted the gap in poliey making for low cost housing and peointed out the
need to become inclusive. While they cited a lack of political will in providing eivie serviees for the urban poor to help them adapt, they
also acknowledged that political will and funding would only be channeled if there was enough public demand. One actor went on to
identify that a fundamental challenge Lies in the institutional perception of vulnerable populations not as citizens but as “encroachers™.
Many academic actors stressed the weaknesses in institutional mechanisms related to social housing, resettlement and retreat of
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vulnerable populations. A few actors pointed out institutional bottlenecks in the overall adaptation selution space, highlighting the
dominance of engineering tramming and a lack of acknowledgement of local knowledgze. They identified a huge gap in mstitutional
capacity of planning and execution authorities beyond engineenng which often results in technical defense responses in mitizating
flood rizsk. They stressed the need for multidiseiplinary collaboration between different stakeholders to allow for social and ecological
concerns and indigencus solutions to be incorporated in decision-maling and planning.

6. Discussion

In total, our analysiz ammed to understand which different adaptation options actors identified and how they evaluated them using a
multi-dimensional framework. Five key findings emerged:

Firet, among all options, actors moest strongly emphasize the desirability of institutional changes. While thiz option features more
dominantly in the portfolios of civil society and academia, they make up roughly a quarter of the state actors’ portfolio of adaptation
options. Examples of measures range across governance reforme, planning, regulations, public participation, instifutional arrange-
ments for investment ete. A majority of institutional changes push for a more fundamental shift not just in the approach to flood risk
management but in the larger development paradigm for Mumbai, e.g. re-evaluation of land use planning and regulations, overhaul of
entire departments within the administration, fundamental shift in risk perceptions and re-visiting the role of ecosyetems.

Second, all actors show a strong agreement regarding the overall desirability of nature-based ophions, despite the fact that these
options make up for a very emall share of the portfolio and are seen to be challenged by major institutional and economie constraints.
The small portfolic fraction is partly due to the fact that some ecosystem-related measures have been categorized as institutional
changes in the analyzis because actors emphasized the role and importance of ecosyetems in planning and call for fundamental changes
mn risk percephon, narratives ete.

Third, en grey/physical options, we find a split between different actors” perceptions. While a large majonty of state actors
emphasized them positively, civil society and acadenma mostly point out the challenges of ensineering measures. Many cvil society
and academic actors stress the ineffectiveness and in some cases even maladaptive effects of engineering measures and large infra-
structure projects in mitigating flood risk, in line with current literature (2 g. Senapati and Gupta, 201 7).

Fourth, on the multi-dimensional feasibility of options, our analysiz shows that institutional dimensions are seen to play a pivotal
role to enable as well as constrain adaptation options. Thiz finding confirms arguments in the literature on the importance of insh-
tutional change in fundamental, transformative shifte in adaptation to climate change (Einley, 2017; Njuguna et al., 2022).

Finally, we find a less clear picture in terms of how actors consider and agree on other dimensions in their evaluation of adaptation.
We did not find a strong consideration of social, cultural and behavioural dimensions in the evaluation of adaptation options. Even
social justice and equity considerations were largely absent, despite the fact that they are in the Literature discussed as being highly
relevant (Adger et al | 2007, 2006; Aracs et al_ | 2021). However, social considerations are indireetly considered in a handful of options,
e.g. the call for increased public participation and recognition of citizen voices. Interestingly, although one would assume economie
dimensions such as financial resources to act as a streng enabler or barrier in the selection of adaptation options in Mumbai, our
analvziz finds a weak consideration of economic dimensions by actors. An explanation for this gap could be inferred from the fact that
even though some state actors highlighted budget constraints, many eivil society and academie actors did not view financial resources
as a constraint but instead the vested economic interests in real estate which influences land use planning. In other words, political will
and institutional dimensions were seen to play a stronger role. Furthermore, it is also interesting to note the lack of recognition of
geophyeical limite to adaptation options.

‘While this analyeis provides relevant insights using the actor-oriented evaluation of the adaptation solution space within the multi-
dimensional framework it iz not without limitations. First, although the analysiz does not capture effectiveness of adaptabion options,
this dimension could be added to the framework in future research. Second, thas analyess provides a snapehot of the actor-percerved
solution space and does not capture temporal changes (Haasnoot ot al, 2020; Mechler and Schinko, 20016). However, the approach
could be applied in different time stepe to capture changes over time and analyze changes in actors’ perspectives on the desirability and
feasibility of adaptation measures.

7. Conclusion and outlook

In this paper, we aimed to explore how different actors evaluate their perceived adaptation solubion space by using the multidi-
mensional assessment as a rough heuristic guide in the analyzis (Singh ot al. 2020). There is a need to understand how actors perceive
different adaptation opbions and evaluate them for criteria beyond binary assessments and traditional cost-benefit analyses. This
includes the consideration of aspects such as social acceptability, political and institutional envirenments, physical and technical
measures, g veical imite, environmental conditions and wider economic factors. In this regard, we explored an empirieal appli-
cation of the framework to analyze perceived urban adaptation options for flocd risk management in Mumbai, collected through key
informant interviews with state, civil society and academic actors. The study iz embedded in the context of a growing need to un-
derstand how societies will achieve a coherent social contract for adaptation by agrecing on a clear distnibution of roles and re-
sponsibilities for different adaptation ophions (see Doshi and Garschagen, 2023 for details). The next step in this research 1s to identify
roles and responsibilities aseribed by actors for the identified adaptation options.

Owerall, the study finds a strong emphasiz on institutional elements — both in terms of institutional adaptation measures considered
necessary and the pivotal role of institutional dimensions in evaluating the desirability and feasibility of grey and green infrastructure
measures. In terms of other adaptation measures, there iz a strong consensus on the positive role of nature-based options, even though
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they so far have been playing a miner role in the city's overall adaptation portfolio. Contrary to the agreement on green / nature-based
options, we found strong actor divides on the grev/phyeical options. Thizs iz an important finding considering that grey/phvaical
options form the deminant appreach of formal state-led flood risk management in Mumbai to date. Among the other dimensions, there
iz a weak conzideration of social vulnerability reduetion in adaptation eptions and equity as well az sorial justice azpects in most actors”
cvaluation of different adaptation options. This is surpnsing given the active participation of civil socicty actors and academua. Yet,
there 1s a strong call for public parbicipation in planning mechanizms which could potentially be the basizs for increasing the
concideration of social vulnerability az well as cultural and behavioural azpects in evaluating adaptation options. The actor-oriented
evaluation of pereeived solution spaces iz henee a eritieal step forward but needs to be advanced through future research.

This study makes a conceptual and empinical contnbution to advance the evaluation of adaptation options by including actor
perceptions and their evaluation of options in real world settings. The analysis uses the [PCC mult-dimensional feasibility assessment
as a heuristic guide and extends it in four key ways: First, we applied an actor-oriented approach to capture how different actors
consider and evaluate the available adaptation opbions in their perceived adaptation solubion spaces. Second, the work shows that
mapping and comparing actors" evaluations of different adaptation options and rifte in the pereeived “right-mix” of options iz a eritical
part of understanding and chaping overall solution spaces in a structured manner. Third, we separated the assessment of desirability
from frazibility in order to examine whether and how actors’ views on “what 1z desirable” differs from “what would be possible™.
Finally, this study makes a step beyond the current literature which tends to focus on “barriers to adaptation™ (Biesbroek et al., 2015)
by forusing also on the factors perceived to enable adaptation, structured into environmental, economie, technologieal, institutional,
social and geophysical dimensions. We argue that such actor-speetfic and subjective perspectives on perecived feazsibility and desir-
ability need to be included into the scientific evaluation of adaptation eptions more strongly in order to increase the usefulness of
“feazibility assesements” and inform adaptation governance.
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Appendix

Guiding questions for the semi-structured interview:

‘What iz your opinion on the current state of adaptation to flood risk in Mumbai?

In vour expert opimon what needs to be changed most urgently in flood nsk management in Mumbai and why?

‘What would be vour vision for Mumbai in terms of suceessful flood nsk management?

‘What iz preventing Mumbai from transitioning into that vision?

‘What are waye to overcome these challenges?

*Pleaze note that questions were kept broad to allow for follow-up questions and the interviewee to bring up topies which
were relevant in their opinion.

See Tables Al and A2,
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Guiding questions for the “heuristic mapping of actor-oriented mult-dimensional evaluation of adaptation
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Table A2
Dezcription of codes.
Coden Description
Adaptarion option Refarn to the adaptarion mearure or action identified by the actor.
Caregory Type of adapration option
Sub-codex
_ Grey,Physical
infragtructure
- Gresn,/Narural
infragtructure
— Instiutional changes
— Hybad
Orverall desirabiliny Inddicaten if the actor sxpremes desirability for an adspeation meamre (pozitive) or iz not in favoor of it (negasive)
[poditive/negative]
Peazibility dim Envir 1 i ion describes the impact of environment| factors in positively enabling or negatively constraining the
Sab-codex identifiad adapetion option. Por =g the adverse impact of zalt water on mangroves would be caregorized an a conotraining
- BEnvironmental environmental dimension.
— Bronomic
— Technological Economic dimenzion refers to the role of financial resources, coats, economic vulnerability, economic interests and factors relating to
— Inotirurional economic development on the adapotion meamre
— Social
— Oeophyzical Technalogical dimension deccribes the role of technical azpects swch a0 technological knowledge, cxpacity, infrastrschre ste. on the
adaptation option.
Institutional dimenzion describes the role of institutional changs, governance reforms, meamures relating to awarsness, capacity
building, policy changes etc_ in the feasibility of adapttion meanmes.
Social dimension refers to the role of agpecm such 2z social vulnearabilicy, coheasion, cultural and behavioural characteristics, beliefn,
values ete. in influencing the feasibility of the adaptation option.
Oeophyrical dimenzions refer to the phyzical hazard relsted aczpects in defining the potentisl of the adapration option.
Rale of dimenzion Each identified dimengion waz further coded to chosr if the actor perceives the role of the dimension az an enabling/'pogitive factor or
Sab-codex rather ag a conotraining/negative factor in the feazibiliny of the identified adaptarion option.
— Conagtraining/negative
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Abstract

Adaptation efforts need to be advanced significantly, involving multiple actors and a diverse portfolio of options. Despite
this being well established, there is little understanding of different actors’ perceptions of adaptation goals and their asso-
ciated expectations regarding roles and responsibilities to achieve them. In this analysis, we seek to address this gap by
elucidating the diverging viewpoints held by various actor groups concerning adaptation objectives, target beneficiaries, and
the distribution of roles and responsibilities for adaptation. Here, we use the case study of flood risk in Mumbai, drawing
upon qualitative interview data collected through key informant interviews with diverse stakeholders including state, civil
society, and academic actors. Interviews revealed stark disparities between state and non-state actors, in particular on the
ohjective of efficiency, largely emphasized by state actors for physical infrastructure measures. Other contested objectives
included ecosystem protection and fairness for vulnerable populations. The findings showed consensus on the importance of
planning. Non-state actors heavily debated the lack of planning and implementation of institutional changes and ecosysiem-
based measures. They called for a stronger role of the state in caretaking and fairness for vulnerable populations, mainly
through deeper institutional changes. Overall, the findings point to the urgent need for understanding how actors navigate
competing priorities, make trade-offs, and negotiate conflicting view points on the distribution of roles and responsibilities.
This paper makes an empirical and conceptual contribution to the debates on “social contracts™ for adaptation, offering an
operationalization of the concept and application to a real-world example through an actor lens.

Keywords Adaptation objectives - Actor-oriented - Roles and responsibilities - Social contract - Flood risk - Mumbai

Introduction

The urgency and nead for advancing adaptation efforts signifi-
cantly in the face of climate change has been well established—
in many respects calling for fundamental transformations in the
way societies adapt to climate risks (IPCC 2022; Pelling et al.
2015; Revi et al. 2020; Solecki et al. 2017). Cities, in particu-
lar, face huge adaptation challenges. not only due to their bigh
exposure to hazards but also because they are characterzed
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by high path dependency, socio-cultural diversity, competing
economic and political inkerests, and multi-actor constellations
with very heterogeneous groups (Adelekanet al. 2022; Dodman
et al. 2022). Adaptation to the increasing impacts of climate
change requires a mosaic of different adaptation measures and
collective efforts involving various societal actors, including
the state, private sector, civil society, academia, and citzens
(Petzold et al. 2023; Wannewitz and Garschagen 2023). In an
ideal setting. actors have a shared understanding of common
adaptation goals and visions as well s a clear distribution of
roles and responsibilities. However, in rality, multi-actor set-
ups often reveal conflicting perspectives on the objectives as
well as roles and responsibilities for adaptation. Hanee, it is
important to understand how actors negodiale diverging view-
points and contestations around adaptation priorities and the
associated roles and responsibilities to achieve them.
Previous research has identified conflicts in adap-
tation priorities and unclear divisions of roles and
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responsibilities as major barriers to adaptation govern-
ance (Garschagen 2016; Juhola 2019; Mees et al. 2019;
Malau et al. 2015; Reckien and Petkova 2019). Related
literature in this area has identified the concept of “social
contracts” as a useful lens for understanding how socie-
ties navigate conflicting visions and clashes in roles and
responsibilities for adaptation {Adger et al. 2013; Black-
burn and Pelling 2018; Doshi and Garschagen 2023a). In
assessing social contracts for adaptation, an urgent but
often lacking understanding is of the gaps between actors
on their perceived adaptation objectives and expectations
of roles and responsibilities for adaptation. While it might
not be possible to fully align these gaps between actors’
perceived objectives and the mutual allocation of roles and
responsibilities, we suggest that making explicit the often
tacit and implicit differences to at least identify them and
become aware of them would allow actors to mediate the
differences and deal with the gaps. Hence, laying open
these gaps and engaging with the differences would help
inform the process as actors navigate competing priorities,
make difficult trade-offs, and ideally align their viewpoints
and close these gaps.

Given the need for coherant social contracts for adap-
tation especially in cities, this paper takes the case study
of the coastal megacity Mumbai. not only because it is at
high risk of flooding due to its exposure to heavy rainfall
but also because of sociozconomic and political drivers that
contribute to stark disparities in exposure and vulnerability
of different ctors. Although Mumbai ranks among the top
10 coastal megacities at risk of flooding and is characterized
by high pressure to adapt, research shows that adaptation
efforts have been inadequate (IPCC 2019; Singh et al. 2021).
Studies have emphasized the need for more fundamental,
transformative efforts in adaptation to flood risk in Mumbai
and a shift away from the status quo (Adam et al. 2021;
Mehta et al. 2021a, b). Whether risk reduction and adapta-
tion is deemed transformative or not strongly depends upon
whether it brings about “fundamental change in the system
configuration”™ of risk management and is “putting the core
of formerly established system configurations into question,”
particularly regarding the drivers of risk and vulnerability
in existing political economies (Solecki et al. 2017). The
tzmporal and spatial extent of the change can be wide-rang-
ing, depending on the context and system in question (see
Solecki et al. (2017) for examples). Complex governance
constellations, contested socio-economic and political pri-
orities, striking socio-economic inequalities, and unequal
power relations make the process of adaptation challenging
{Parthasarathy 2016; Weinstein 2019; Zimmermann et al.
2023).

The empirical analysis in this paper expands on our pre-
vious analysis (please see Doshi and Garschagen (2023h))
that sought to understand how different actors evaluate

'@ Springer

different adaptation options making up their perceived
adaptation solution space, in terms of desirability and fea-
sibility. The analysis was guided by a multi-dimensional
assessment framework and applied to the context of flood
risk management in Mumbai and provided important
insights on the way to assessing and shaping coherent
social contracts for adaptation. The study presented here
builds on this analysis and assesses actors’ desired adap-
tation objectives and expected roles and responsibilities
for the different adaptation options identified in the previ-
ous analysis (ibid.).This analysis aims to operationalize
and assess the core pillars of social contracts for adapta-
tion—adaptation objectives and roles and responsibilities.
Please see Doshi and Garschagen (2023a) for the overarch-
ing conceptual framing of social contracts for adaptation
guiding this analysis.

Against this background, this paper aims to elucidate
this issue by addressing two related guestions: (1) how do
different actor groups evaluate the perceived adaptation
solution space in terms of desired/intended objectives and
for which target actors, and (2} which roles and respon-
sibilities do they ascribe to which actor(s)? In answering
thesa questions, the paper operationalizes the concept of
social contracts into four components: adaptation objec-
tives, target beneficiaries (actors and systems), roles
and responsibilities, and ascribed actors. Therefore, this
paper aims to contribute to and advance current scientific
debates in the following ways: First, to understand social
contracts for adaptation by operationalizing the concept
and assessing the elements by applying it to a real-world
example in the context of flood risk management in
Mumbai. Szcond, to advance the debates on the evalua-
tion of “perceived adaptation solution spaces™ by going
beyond desirability and feasibility. Third. to contribute
to adaptation governance literature, where ambiguity in
adaptation priorities and related roles and responsibilities
has been identifizd as a barrier. Finally, it contributes to
science-policy debates on the Global Goal on Adapta-
tion. especially informing approaches to understanding
actor-oriented perceptions of local adaptation objectives
and target actors.

The overall structure of the paper takes the form of six sec-
tions. The next section provides the conceptual background
and introduces the elements of the conceptual framework
puiding this study. The third section gives a brief overview
of the case study of Mumbai within the coniext of its flood
risk management drivers and response measures. The fourth
section describes the methods employed in this analysis.
The fifth section presents and analyses the findings of the
research, following the four key elements of this analysis.
The final section summarizes the main findings and draws
together the empirical and conceptual contributions of the
paper with its implications.
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Conceptual background

The paper aims to conceptually advance the understanding
of social contracts for climate change adaptation. which
are crucial for a coherent and transformative approzch to
adaptation. The study uses a social contracts lens, which
is anchored within governance thinking and in which
urban risk and adaptation governance are defined as “all
modes and institutions by which a city’s individuals, social
groups and organizations of the state sector and the private
domain negotiate their interests, exercise their influence
and distribute as well as act upon their responsibilities
to manage and reduce urban risk and to enable adapta-
tion across all scales and actors in a city” (Garschagen
2015, p. 608—609). Social contracts have been argued
for in the literature as an analytical lens for understand-
ing key issues of adaptation governance (Blackburn and
Pelling 2018; Hayward and O'Brien 2010). We define a
social contract for climate change adaptation as “a col-
lective arrangement between different actors of a soci-
ety on the overall vision and goals as well as the mutual
distribution of rokes and responsibilities to achieve those
goals™ {Doshi and Garschagen 2023a). In other words, a
social contract describes the collective arrangement of
what a society wants and the distribution of tasks through
which they will be achieved. The definition is inspired,
for instance, by Hayward and O"Brien (2010) who asked
“what should be secured, for whom and how™ (p.211) as
well as by Blackburn and Pelling (20 18) who highlighted
that social contracts are about the contested guestion of
“who™ is responsible for “what” in risk governance (p.2).
We build on these questions and argue that the “collective”
nature of social contracts and the “mutual” distribution
of roles and responsibilities emphasize the importance of
justice and fair governance while acknowledging that such
arrangements require trade-offs that will have to be made
between different adaptation goals and visions and trigger
negotiations around the distribution of roles and responsi-
bilities. Hence, coherent social contracts for adaptation are
understood to be embedded within the boundary concept
of risk and adaptation governance.

While the conceptual framing adopted in this paper
acknowledges the classical contractarian theory’s proposi-
tion of the social contract as an outcome of consent (Cress
2006), it suggests a differentiation of two types when
applied to the context of adaptation since adaptation often
takes place in a socially contested space. A Type 1 social
contract describes an arrangement where “actors’ visions
and perceptions of mutual roles and responsibilities do
not align but where actors seek a social contract to pre-
cisely mediate these differences” (Doshi and Garschagen
2023a, p.1). This describes the situation in which actors

negotiate their potentially diverging goals and visions
as well as roles and responsibilities to form a coherent
social contract for adaptation. A Type 2 social contract
describes an arrangement in which “actors” visions and
perceptions on mutual roles and responsibilities align and
actors seek a social contract to explicate and formalize
this agreement™ (ibid.). Each type of social contract may
have three dimensions, i.e., the imagined social contract,
the practiced social contract, and the legal-institutional
social contract (Blackburn and Pelling 2018). The “imag-
ined” dimension describes actors” envisioned goals and
expectations of roles and responsibilities. The “practiced”
dimension describes the “real-life” goals pursued and the
observable distribution of roles and responsibilities (de
facto). The “legal-institutional” dimension describes the
formally defined goals and visions and legally encoded
distribution of roles and responsibilities (de jure) (ibid.)
In this paper, we focus on the “imagined” dimension in
particular, i.e., the perceived and expected objectives and
allocations of roles and responsibilities.

Gaps may exist between the three dimensions, ie.. the
practiced, legal-institutional, and the imagined as well as
within one dimension, for example, between different envi-
sioned goals and distributions of roles and responsibilities.
We zcknowledge that while it might not be possible to fully
resolve the gaps and contestations, we suggest that making
actors” perceptions explicit would at least lay open the gaps
and allow actors to engage with these differences and find
an arrangement to deal with the gaps (ie., form a Type |
social contract) or ideally even inform the process of closing
these gaps and aligning the diverging views (ie.. a Type 2
social contract). Hence, by conceptually operationalzing the
understanding of social contracts for adaptation into these
four elements in this analysis, the paper aims to inform the
debate and “formation of at least Type | and ideally Type 2
social contracts on climate change adaptation in cities and
beyond” (Doshi and Garschagen 2023a). For more details
on the conceptualization of social contracts for adaptation,
please see Doshi and Garschagen (2023a).

The above definition is operationalized in terms of four
key elements that guide the empirical analysis in this study:
desimed adaptation objectives, target beneficiaries—actors/
systems, roles and responsibilities for adaptation, and actors
ascribed with roles and responsibilities. These four elements
are assessed here in the context of the adaptation oplions
identified and evaluated by actors described in the previous
analysis (Doshi and Garschagen 2023h). The conceptual
framework below (Fig. 1) provides an overview of how the
fourelements together with the previous analysis on the multi-
dimensional evaluation of adaptation options (Doshi and Gar-
schagen 2023h) contribute to the overarching aim of the study
in understanding and assessing social contracts for adaptation.
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Fig. 1 Conceptual framework guiding the actor-specific assessment of social contracts for adaptation

The adaptation options could be broadly categorized into
physical infrastructure, natural infrastructure, institutional
changes, and hybrid measumes (referring to a combination of
one of more of the previous categories). Given the context-
specific and “socially construcied” nature of adaptation solu-
tion spaces, we adopt an actor lens in this study (Haasnoot
et al. 2020). Hence, the above-mentioned four elements are
assessed from the perspectives of different actors in the empir-
ical context of flood risk management in Mumbai.

Overall goals and visions for adaptation are operation-
alized through understanding actors’ desired adaptation
objectives, or in other words the question “adaptation for
what.” These objectives are seen to reflect the normative
understanding of what actors want to achieve through adap-
tation or the process of adaptation, acknowledging that the
goals of adaptation can be both to “be well-adapted™ or to
“adapt well” (Downing, T. cited in Tschakert and Dietrich
2010, p.2). Actors” desired adaptation objectives reflect their
adaptation needs and priorities, which may stzm from politi-
cal, economic, social, and cultural factors. We differentiate
here between two types of objectives: one, actors’ underlying
objectives that might influence the identification of adapta-
tion options that make up the perceived solution space of an
actor in the first place. Second. specific objectives that actors
might have for the identified adaptation option. We focus on
the specific objectives in this analysis, i.e., the objectives
that actors might have for individual different adaptation
options. Actors” objectives for adaptation might be influ-
enced by their values, beliefs, and priorities that relate to
other development challenges as well. For example, civil
society actors working in the environment sector might have
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different objectives than those working in the humanitarian
sactor. Similarly, for state actors, competing priorities for
urban development, political feasibility, and financial con-
straints could influence adaptation objectives. Furthermore,
objectives can be both process-based, e.g.. fairmess through
an emphasis on procedural justice, or output-based, e.g..
efficiency in terms of minimizing costs. Adaptation objec-
tives are closely linked to effectivensess and depending on
which objective is pursued. influence how the effectiveness
of adaptation options is evaluated and interpreted (Singh
et al. 2022). The eleven frames of effectiveness deductively
inform our assessment. Please see the “Methods™ section
and “Results™ section for deductively and inductively identi-
fied adaptation objectives from the empirical findings.

It has bezn well established that climate change impacts
different actors and systems differently (due to differing
exposure and vulnerability) and that different actors and
systems have different capacities to adapt to the impacts
of climate change (Araos et al. 2021). Closely related to
the element of actors’ desired adaptation objectives is the
question of “adaptation for whom™ (equity-related) (Reckien
et al. 2023). These guestions are operationalized through
“target beneficiaries—actors/systems.” Here, by “whom™
we refer to actors for whom the objectives are intended to
benefit rather than counting individual beneficiaries. In order
to avoid taxonomical confusion with “for what™ (used above
for actors’ desired adaptation objectives), “for whom™ refers
to both actors as well as systems that ame intended to benefit
from the adaptation measures. This could refer to different
actors such as the state, citizens, private sector, and aca-
demia or systems such as the natural ecosystem.
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Previous literature suggests that clearly defined roles
and responsibilities for actofs are an important prerequisite
to delivering effective adaptation (Funfgeld 2010; Juhola
2019: Garschagen 2016; Mees et al. 2012). While it is
important to clarify which adaptation objectives are sought
and for whom, it remains equally important to address
“what constitutes the fair governance of those adaptive
transitions” (Pelling et al. 2015). In other words, the ques-
tion then becomes, who is ascribed with which roles and
responsibilities to achieve those objectives. Roles and
responsibilities have been used differently in various stud-
ies in the adaptation context and remain fuzzy, e.g., often
used interchangeably or without a clear definition (Juhola
2019; Mees et al. 2012; Reckien and Petkova 2019). In
the context of this study, roles refer to “an actor's general
position or function within a larger social system and in a
certain process. here, climate change adaptation.” (Petzold
et al. 2023) Responsibilities are defined as the “specific
tasks and duties that come with roles™ (ibid.). In order to
structure the assessment of roles and responsibilities, we
draw on the categories by Petzold et al. (2023) which iden-
tifies seven calegories—assessing, AWAreness raising, plan-
ning, financing of measures, implementing, coordinating
interzction, and menitoring and evaluation. At the same
time, being open to new impulses emerging inductively
from the empirical data, we include categories of roles and
responsibilities such as capacity building, maintenance .
regulation and enforcement, engagement and communica-
tion, and “not mentioned” for ambiguous descriptions of
rokes and responsibilities (see Table 2).

The element “ascribed actor(s)” here refers to the actor
or actor constellations that the ascribing actor assigns the
identified adaptation role to. Actors may ascribe roles and
responsibilities to different actors, ranging from state,
private, civil society, citizens and academia, constella-
tions thereof, or even to themselves (self-responsibility b
The specific actor or actor groups may vary across dif-
ferent adaptation options, spatial scales, over time, etc.,
and be influenced by contextual factors such as institu-
tional arrangements of the place, risk perception of the
ascribing actor, and own capacities. Given the political
and financial implications of adaptation (2.g.. who bears
the burden of the impacts of climate change in terms of
economic losses or health damages, costs of adaptation
interventions). actors may often remain ambiguous on the
mutuzl allocation of roles and responsibilities for adapta-
tion to different actors. Unclear distributions of roles and
responsibilities have been identified as a major barrier in
adaptation governance. Therafore, it is of urgent impor-
tance to make explicit and understand actors” expectations
of roles and responsibilities for adaptation from different
actors or themselves.

Case study

We use the case study of Mumbai, a high-risk coastal meg-
acity in India that ranks among the top 10 coastal megaci-
ties with the highest exposure of population and assets to
flood risk globally—both in today’s as well as in future
rankings (Hanson et al. 2011). The city experienced its
worst flood in 2005 when 944 mm of rainfall fell within
24 hours (Hallegatte et al. 2010). However, flooding is a
regular phenomenon during the city’s annual monsoon seg-
son (The Guardian 2014). Not only is Mumbai at high risk
driven by changes in hazards and ex posure but also because
it is confronted with high vulnerability (Chatterjes 2010;
de Sherbin and Bardy 2016; Weinstein 20019). The city is
characterized by stark ineguality. with a highly powerful
and wealthy small urban elite on the one hand. while on
the other hand, over 40% of the city's socio-economically
vulnerable population lives in informal settlements, often in
flood-prone areas (Census of India 2011). This inequality is
reflectzd in the differences between individuals” exposure
and vulnerability as well as adaptive capacities to flooding
(Patankar 2015). Besides being characterized by high adap-
tation pressure, Mumbai being the commercial capital of
India receives a lot of attention in political and financial
terms—suggesting high adaptive capacity in principle (The
Financial Express 2022). However, while Mumbai's flood
risk is driven by climate change, it is also strongly influ-
enced by the political economy of urban development in
the city, for example, market-driven interests (Adam et al.
2021; Movik et al. 2023; Parthasarathy 2003 ). Examples of
anthropogenic drivers of flood risk in Mumbai include sur-
face soil sealing that resultzd in a loss of natural ecosystems
and foodplains, inadequate solid waste management, and
drainage infrastructure that leads to waterlogging (Gupta
2007; Hallegatte et al. 2010; Pattaroni et al. 2022).

Our previous analysis showed that the current landscape
of flood risk management in Mumbai is highly contested—
embedded in deep divides between different actors and
their perceptions of adaptation solution spaces {Doshi and
Garschagen 2023h). State-led formal flood risk manage-
ment approaches are heavily based on physical infrastruc-
ture measures such as the maintenance and upgradation
of the stormwater drainage system (BRIMSTOWAD) that
acts as the city's central response mechanism to flooding.
While this is important in the city’s Aood risk manage-
ment, civil society and academic actors strongly empha-
size the need for institutional changes in urban governance
such as reforms in land use planning that prioritize ecosys-
tem services and policies for affordable and safe housing
for vulnerable populations who are often displaced in the
implementation of large infrastructure projects. Vulnerable
populations are often adapting autonomously, employing
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informal measures such as raising floor heights, elevating
viluable goods, and building temporary flood barriers at
the door entrance. While there is convergence between dif-
ferent actors on the desirability of ecosystem-based meas-
ures in principle, such as prolection of mangroves, wet-
lands, and salt pan lands, civil society and academic actors
also highlight the major constraining role of political and
ECONOMIc interests in implementing such measures.

Against this background, understanding actors” adapta-
tion objectives and priorities and how they envision achiev-
ing them, i.e.. the distribution of roles and responsibilities,
is of high importance. Most recently, conflicting priorities
became visible in the case of the Coastal Road, a highly
contested infrastructure project, that was advocated by the
state in reducing congestion and acting as a seawall (Movik
et al. 2023). However, civil socikety and citizens perceived
it as a project benefitting the urban elite and maesting real
estate interests at the cost of harming shoreline ecology
and disrupting fishing communities (Mumbai Mirror 2019).
Questions of whose voices hold influence are shaped by
processes such as political-economic relations and of high
relevance in a city like Mumbai where almost half of the
population lives in informal settlements and is character-
ized by heterogenzity and related societal fragmentations
along the lines of religion, language, gender, caste. income,
migrant status, etc. {Shaban and Aboli 2021).

Contestations in formally defined plans and policy
documents, i.e., gaps between the “legal™ and “practiced”
/ “imagined” dimensions of social contracts, can also be
seen. Gaps between formally defined objectives in differ-
ent policy instruments are a challenge—such as the aim
to reduce the effects of flooding in Mumbai's Vision 2030
but the absence of demarcating flood-prone areas in the
Development Plan 2034 or dilution of the CRZ regulations
that intend to protect coastal areas. Gaps and ambiguities in
formally defined roles and responsibilities for disaster man-
agement have also been questioned, most recently visible
during the pandemic (Bhide 2021). Similarly, the division
of roles and responsibilities of state and non-state actors, for
example, between the core national legislation on disaster
management and national urban Aood management guide-
lines, also suggests some mismatches (Chhotray 2014: Gol
2010; Pandey 2016).

Methods

The empirical findings presented in this paper draw on quali-
tative data collected through 37 semi-structured interviews
with key informants and stakeholders across actors from
the state (11), civil society (12), and academia (14), work-
ing on flood risk management in Mumbai. Key informants
were initially identified based on a literature review and then
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through purposive and snowball sampling. State actors were
specifically selected as informants because they form the
key decision-makers that drive the dominant paradigm of
flood risk management in the city and to understand first-
hand their concerns, priorities, challenges, and perceived
roles and responsibilities in flood risk management. These
included officials, for example, from the city's civic authori-
ties (Municipal Corporation of Greater Mumbai), planning
organization (Mumbai Metropolitan Region Development
Authority), and departments of the state government of
Maharashtra that could provide expertise in relation to plan-
ning, kegal regulations, infrastructure development, etc. Civil
society actors were selected as informants as they can speak
to the concerns of some marginalized groups. While they
are taken as proxies in this case, it is essential to acknowl-
edge that they might have their own political agendas and
biases that are hard to identify. Hence, the voices of the civil
society actors, mostly including NGOs working at the local
level, cannot be read as representative of “public opinion.”
For this, it is important to triangulate the findings from this
analysis using different methods to capture other groups, for
instance, using social listening for large Twitter data (Doshi
and Garschagen 2023a), household surveys, participatory
observation, etc. Civil society actors interviewed were indi-
viduals working across a range of issues, such as environ-
mental justice, social vulnerability in informal settlements,
and ecosystem protection, mostly from NGOs working at
the local level. Academic actors were selected as informants
in particular because they could probably be the closest to
innovative and new approaches for adaptation to flood risk
and provide an overview of changes from past to current,
and directions for the future. Academic actors interviewed
were oftzn professors and senior researchers at universities
and think tank organizations. While the study could not
include perspectives of al-risk communities at this stage due
to COVID-19 pandemic-related travel restrictions for field-
work, in the next step of this research, we aim to triangulate
the findings with data collected through a household survey
with communities and surveys with small- and medium-
sized enterprises that are at risk of flooding. The sampling
process could not identify specific private seclor actors as
key informants (especially looking for larger companies that
might play a role through “corporate social responsibility™
initiatives); yet, this is acknowledged as a step for future
resegarch.

The transcribed interviews were analyzed using in-
depth gualitative content analysis (Mayring 2000) and
coded following a grounded theory approach with indue-
tive as well as deductive codes in Maxqda (Glaser and
Strauss 1967). The findings from individual adaptation-
related measures identified by actors are aggregated
to broader categories of context-specific adaptation
options such as BRIMSTOWAD drainage infrastructure,






































































































































































































