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Abstract

Floods and droughts cause large economic and environmental impacts and incalcula-
ble human suffering. Despite growing evidence of important synergies in their man-
agement, floods and droughts tend to be mostly managed in silos. The synergistic
management of flood and drought risk is limited by the inability of current governance
systems to change at the scope, depth and speed required to address the emerging
challenges of climate change induced hydroclimatic risks. Building on the concept

of continuous transformational change and combining key elements across sectoral
governance frameworks, this paper proposes a transformative governance concep-
tual framework that enables national governments to work across silos in a whole of
government approach to lead a whole of society effort to manage the whole hydrocli-
matic spectrum. Spain, a country with an advanced hydroclimatic risk management
system, is presented as an illustrative example to explore the possible idiosyncrasies
of implementing the proposed changes on the ground.

Introduction

In recent years, floods and droughts have affected over 3.4 billion people [1], caused
more than a trillion dollars in damages [2,3] claimed hundreds of thousands of lives
[4-6], and caused immense human suffering [7]. In 2023, the World Economic Forum
considered floods and droughts as an ongoing global risk causing negative impacts
for a significant proportion of the world’s population, ecosystems and gross domes-
tic product [8]. Floods and droughts have been widely recognized as inhibitors of
sustainable development, hindering or decimating development gains [3,9,10]. Fur-
thermore, flood and drought impacts increasingly cascade across geographies and
sectors, and can have inter-generational implications in equality, poverty, migration
and conflict [11-14].

The increasing risks of floods and droughts represent some of the most immediate
and harmful consequences of climate change [2,7]. A continuing warming climate
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is expected to cause long-lasting variations in all components of the hydroclimatic
spectrum, increasing the likelihood of severe, pervasive and irreversible impacts on
people, economies and ecosystems [15,16]. In the next century, floods and droughts
will become more frequent in every region in the world with increased intensity, dura-
tion and/or spatial extent, even under low-emission scenarios [17,18].

Governments around the world are carrying out efforts to better manage floods
and droughts [18]. Despite progress, increased impacts are outpacing risk mitiga-
tion and adaptation efforts [2,18]. There is a growing concern that current gover-
nance systems are ill equipped to face the increased risks posed by climate change
induced floods and droughts [16,19—-23]. Moreover, the way in which governments
tackle flood and drought risks can promote resilience, or can, in turn, become root
causes, drivers, and amplifiers of their social, environmental and economic impacts
[3,14,24]. A key shortcoming emerging from the literature suggests that government
agencies are managing floods and droughts solely within their mandates and rarely
collaborate, making it much harder to seize the opportunities of protecting against
both floods and droughts. For example, wetland conservation led by the environ-
mental agency can reduce flood and drought hazards, thereby reducing the risk
faced by communities that the disaster risk management agency is mandated to
protect [2,7,11,25].

While there is an emerging consensus on the need to transform governance
systems to face the challenges posed by increasing hydroclimatic risks, the litera-
ture offers limited clarity on how such transformations can be affectively achieved in
practice. This paper attempts to contribute to the ongoing conversation about what
governance approaches and interventions facilitate change towards the synergistic
management of floods and droughts [20,22,26]. The synergistic management of
floods and droughts refers to a collaborative effort between government and society
to achieve a common resilience objective.

This paper is explorative in nature and aims at tackling the question: “What are the
changes required in existing governance systems to enable the synergistic man-
agement of floods and droughts?” To tackle this question, the paper first develops a
narrative review of key scientific and grey literature related to the sectoral frameworks
underpinning flood and drought governance, starting with water resources manage-
ment, disaster risk management, climate change adaptation and zooming into flood
and drought risk management. The narrative review illustrates that none of these
disciplines provides sufficient grouping to manage floods and droughts in isolation.

It then identifies key features in each discipline that can inform the changes required
in existing governance systems to enable the synergistic management of floods and
droughts.

The paper then builds on the concept of continuous transformational change
[27-31] and combines the identified key features across sectoral frameworks to
propose a new conceptual framework for hydroclimatic risk management governance
based on three transformative pathways: institutional arrangements —referred to as
whole of government; patterns of interaction —referred to as whole of society; and
paradigms —referred to the whole hydroclimatic spectrum.
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Lastly, based on key scientific and grey literature and policy documents, this paper presents Spain as an illustrative
example to explore practical elements associated with implementing such transformative pathways in practice. Spain
suffers from both floods and droughts, has an advanced hydro-climatic risk management system and has taken concerted
efforts in the proposed three transformative pathways.

This paper builds on elements of the report ‘An EPIC Response: Innovative Governance for Flood and Drought Risk
Management,’ [7] providing a broader theoretical foundation on transformational change alongside a scholarly synthesis of
the literature concerning the governance of flood and drought risk management.

Flood and Drought risk governance: A narrative review of different disciplines

The governance of floods and droughts does not stem from a single school of thought but rather emerges from sub-
components within diverse sectoral frameworks such as water resources management (WRM), disaster risk manage-
ment (DRM), and climate adaptation governance, to name a few [20]. These sectoral frameworks address a broader
array of issues beyond floods and droughts, such as water quality and allocation in the case of WRM, pandemics or
terrorism for DRM, or ecosystem loss and intergenerational impacts for climate adaptation governance.

To inform the conceptual development of this paper, a narrative review synthesizes the governance dimensions of
floods and droughts, identifying and grouping relevant elements across selected sectoral frameworks (i.e., WRM, DRM,
adaptation governance, flood risk management and drought risk management) into a common analytical space. The
literature search strategy combined key terms such as “flood,” “drought,” and “governance,” with selected sectoral frame-
works including “water resources management,” “disaster risk management,” and “climate adaptation.” Searches were
carried out primarily using the SCOPUS database in combination with the Research Rabbit application linked to the
Zotero reference manager. This grouping allowed for the exploration of citation networks and the identification of relevant
literature clusters, supporting a chronological and thematic mapping of research at the intersection of flood, drought and
governance. This process guided the selection of literature that met the following criteria: (i) how floods and droughts are
conceptualized within each sectoral framework; and (ii) the extent to which governance aspects are addressed in sectoral
approaches to floods and droughts.

The narrative review was structured around two lines of inquiry: i) what are the shortcomings of individual sectoral gov-
ernance frameworks when applied in isolation, and how do these limitations hinder the synergistic management of floods
and droughts?; and ii) which key features from each sectoral framework are relevant to enable such synergistic manage-
ment, and how can these key features be grouped to inform the changes required in existing governance systems for the
synergistic management of floods and droughts?

In the subsections that follow, the findings of the narrative review are organized by sectoral framework, with key
insights summarized in Table 1. The findings of the narrative review serve as key inputs for the second part of this paper,
which presents and elaborates the proposed conceptual framework.

Water resources management governance: key features and shortcomings for hydroclimatic risk
management

The evolution of Integrated WRM governance continues to benefit from academic debate and expanding practice [32,33].
Normative WRM governance literature — focused in generating principles and standards — and practitioner WRM gover-
nance literature — focused on experimentation — have coexisted and evolved, building on analytical studies and practice.
From the 1960s to the late 1980s, there was a common presumption that strong central governments were best placed to
command and control the management of resources and avoid their overuse and ultimate destruction [30,34]. Since then,
there has been a trend moving away from normative and centralized water governance systems to approaches that build
on diverse local practices [35-37].
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Table 1. Sectoral governance frameworks: key features, shortcomings and overarching thematic areas s for hydroclimatic risk management.

Governance WRM DRM Adaptation Flood Drought

Framework

Key features Polycentricity: collaboration between | Proactive multi-hazard risk Importance to change man- | Proactive flood risk | Proactive
governmental decision centers management agement practices to adapt | management drought risk
Polycentricity: collaboration between | Collaboration across sectors, | t0 climate change management
community-based decision centers | levels of government
Water related prevention and Government-community Collaboration across People- centered | Collabora-
mitigation collaborations and focus on | governments risk management | tion across

vulnerable groups. sectors

Shortcomings | Limited mandate in response and Limited mandate in land use | Limited mandate in opera- Limited to a single | Limited to
recovery and land use related pre- | and water related prevention | tional flood and drought risk | hazard a single
vention and mitigation and mitigation management. Adaptation hazard

Gap.
Overarching Collaboration across sectors and levels of government

thematic areas | gocietal Engagement and participation

Proactive, multi-hazard and adaptative risk management
https://doi.org/10.1371/journal.pwat.0000417.t001

Normative WRM governance literature has changed over time, moving from concepts such as the Dublin Principles for
integrated water resources management — highlighting the importance of basin planning, participation, and the notion of
water as a scarce economic good — to the incorporation of new concepts and/or the redefinition of others — such as water
security, social inclusion, climate resilience or the food-energy-environment nexus [32,38-40]. This change has been
informed by areas such as common pool resources management and socio-ecological systems, participatory decen-
tralization and co-management, among others [26,41,42]. Given that WRM governance is a highly contextual and ever
changing approach, influenced by physical factors, levels of economic and social development as well as political and
cultural norms, efforts to promote normative approaches such as Dublin Principles or those emerging from other global
water conventions are considered to have delivered limited practical impact [32,33,41].

Practitioner WRM literature argues that the diversity of challenges, institutional frameworks, changing dynamics and
contexts, prevents generalizations. The proliferation of practitioner literature demonstrates the capacity of local gov-
ernments and civil society organizations to manage and conserve natural resources, thereby challenging centralist and
normative approaches in favor of polycentric government systems [34].

Polycentric governance systems consist of a network of nested decision centers at multiple levels coupled with an over-
all framework that enables coordination among them [34,40]. Polycentricity steers away from centralized normative gov-
ernance systems to allow for a variety of coordinated approaches between different decision centers that deliver results to
local populations [39,43]. Positive characteristics of polycentric governance systems include enabling collaboration within
and across government levels to better meet local needs [35]. A plethora of literature on practical applications seems to
point out the robustness of such an approach in a variety of socio-ecological systems including water and the environment
[44], water and agriculture [35,45,46], water and drought [47,48], water and disaster risk management [20,49], and more
recently, floods and droughts [13,50].

Polycentricity is a key feature of WRM with potential application to the nested decision centers needed to manage
floods and droughts, such as sectoral government agencies or communities. However, further study is required to identify
and describe the overarching framework that enables collaboration between these decision centers, particularly in the
context of hydroclimatic risk management, as well as to better understand the challenges associated with implementation
[50].

While WRM plays a critical role in the proactive management of floods and droughts, it remains insufficient as a stand-
alone approach to fully manage them. A key shortcoming arises during the post-disaster response and recovery phases,
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where WRM tends to play a secondary role and other frameworks such as DRM assume greater prominence [7]. In the
particular case of proactive drought risk management, land use management becomes central, and sectors like agricul-
ture and natural resources management emerge as essential players in decision-making [51,52].

Disaster risk management governance: key features and shortcomings for hydroclimatic risk management

Modern DRM governance has evolved rapidly building from a focus on response and recovery to proactive prevention,
mitigation, and preparedness [5]. Best practices in DRM governance generally involve a decentralized effort focused
in building a synergistic multi-level and multi-sector network of stakeholders at all stages of the risk management
cycle [53].

Particularly for hydroclimatic risks, governments have historically focused on responding to and recovering
from floods and droughts, often neglecting the underlying causes that turn natural hazards into human disasters
[11,49,53,54]. This dynamic is described by Wilhite as the hydro-illogical circle, focusing on drought risk management.
The hydro-illogical circle captures a recurrent pattern in which a surge of urgent activity and policy attention follows
a drought, only to be replaced by a period of apathy once it rains and the immediate shock subsides. As the disaster
fades from public and political focus, other priorities dominate the agenda, resulting in limited sustained preparation
for the next drought disaster [55]. An interesting counterargument is emerging in the literature, highlighting the con-
nections between disaster-related crises and opportunities for transformative change. For example, severe floods
have, in some cases, triggered a paradigm shift in flood management [19,56]. Although more research is needed to
analyze in which conditions disasters can enable changes, current evidence emphasizes how crises can foster stra-
tegic collaborations at the local and national level to trigger and steer changes towards more resilient development
trajectories [36,57].

An increasingly recognized DRM paradigm moves from reactive response to proactive risk reduction [58]. This new
approach is perhaps best captured in the Sendai Framework on Disaster Risk Reduction 2015-2030 which focuses on
the adoption of measures that address all dimensions of disaster risk (i.e., hazard, exposure, and vulnerability) including
prevention, mitigation, preparedness, response, recovery, and rehabilitation [59]. The Sendai Framework, builds on the
previous Hyogo Framework for Action 2005-2015, which highlighted the need to strengthen disaster-risk governance as
a lesson learned and a future challenge [60]. As such, the Sendai Framework places the strengthening of governance as
one of its four priorities to manage disaster risk [59].

Modern DRM literature includes key concepts such as whole-systems approach — incorporating multiple elements,
causes and effects, feedback loops and cascading impacts — and a focus on those more vulnerable as core principles
[14,59]. Importantly, DRM highlights the importance of collaboration among key stakeholders such as government,
citizens, the scientific community, the private sector and those most vulnerable to prepare, respond and recover to disas-
community or economic sector is giving way to multi-hazard strategies and a better understanding of the interconnection
between multiple risks and their associated impacts [63].

DRM key features — such as proactive multi-hazard risk management, cross- sectoral and multilevel governance col-
laboration, strong partnerships between government and communities, and a focus on vulnerable populations — are highly
relevant for the synergistic management of floods and drought. Yet additional analysis is needed to deepen understanding
of the conceptual and operational implications associated with feedback mechanisms between floods and droughts, both
as multi-hazards and in the context of their proactive and holistic management [9,26].

DRM theory and practice are cornerstone in managing the response and recovery of floods and droughts and place an
important focus on the need to further develop prevention, mitigation, and preparedness. Yet DRM in isolation is insuffi-
cient to comprehensively address all risk management stages across the entire hydroclimatic spectrum. A key shortcom-
ing is particularly evident in the domains of prevention and mitigation, where core competences generally lie within other
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sectors such as WRM, agriculture, natural resources management, or finance. For example, the management of river

basins or coastal zones for flood or drought risk management often falls outside the formal mandate of DRM agencies.
Yet it is imperative for DRM agencies to actively collaborate with relevant sectors by bringing a necessary disaster risk
management lens to sectoral strategies and operations [7].

Climate change adaptive governance: key features and shortcomings for hydroclimatic risk management

In addition to DRM governance focused on avoiding, minimizing and managing hydroclimatic risks, climate change adap-
tive governance has emerged more recently to focus on managing the evolving risks resulting from climate change both
today and in the future [64]. Adaptive governance has its roots in resilience theory [36,41,65] and signifies the ability to
change management practices to better cope with existing and future risks based on continuous learning and contextual
information [26].

The detailed review of policies and strategies designed to adapt to climate change reveals that they often encounter an
implementation gap [26,66,67]. Adaptive governance is well recognized as a concept but it is very hard to implement and
sustain in practice [18,50,68,69]. The difficulties associated with adaptive governance are attributed to the inherent scien-
tific uncertainties and diverse perception of risks associated with climate change [26,27,70]. Indeed, climate-induced risks
exhibit characteristics of a wicked problem — a complex, unpredictable, open ended challenge that is resistant to solution
[22,34,71,72] and that tends to neither have agreement on the problem itself nor on the solution [72].

As floods and drought risk will continue to increase due to climate change, a key feature of adaptive governance is that
it brings the necessity to change in order to adapt to developing and uncertain circumstances to the forefront of its theo-
retical framework and focuses on the characteristics, drivers, and challenges of such change [29,73]. In addtion, adaptive
governance has spearheaded an important collaborative process across nations in the form of international agreements
highlighting and focusing on the process of mainstreaming climate change considerations across sectors at the national
and transboundary level [68,74,75].

However, an important shortcoming is that adaptive governance, implemented in isolation, remains insufficient to man-
age hydroclimatic risks operationally. This limitation is reflected in the persistent adaptation gap, as periodically measured
by the United Nations in its Adaptation Gap Report. The report highlights critical challenges such as a widening financial
gap, fragmented institutional approaches, and the continued exclusion of vulnerable populations [66]. Flood and drought
risk management, even if intimately impacted by climate change, are considered a more imminent and well perceived risk,
increasing the likelihood of action and reducing their relative implementation gap [26,76]. Increasing the implementation
of adaptive governance might require a fundamental change of institutions, perceptions and interactions — which often are
reticent to change [69,77].

Flood and drought risk management: key features and shortcomings for hydroclimatic risk management

Flood risk management is deeply rooted in both water resources management and disaster risk management. Integrated
WRM focuses in the management of land, water and risks at the basin level to maximize economic and social wellbeing
[9]. The literature on the governance of floods is dominated by the disaster-risk focused prevention, mitigation, prepared-
ness, response and recovery (PMPRR) framework [53].

Historically, governments have based flood prevention on infrastructure to reduce risks — perhaps as a legacy from
the normative, centric, command-and-control approach to WRM — coupled with emergency management — or a reactive
approach to DRM. As the DRM and WRM literature and practice have incrementally shifted their focus on the proactive
management of flood risks, a key feature has been the growing the emphasis on people-centered non-structural flood risk
management practices [9].

A key feature of flood risk PMPRR is the presence of water and disaster risk-related laws and institutions tasked with
the overall responsibility of coordinating with a variety of actors within the national government and society to reduce flood
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hazard, exposure, and vulnerability. For example, the DRM agency might collaborate with the WRM agency for issues
around infrastructure maintenance and operation, or with the hydrometeorology agency for flood observation and early
warnings. The DRM agency often is also tasked with collaborating and organizing with local governments, scientific insti-
tutions and communities specially those most vulnerable on matters around contingency planning, flood observation and
analysis and socially-inclusive flood risk management [7].

Droughts have also been addressed generally in a reactive manner, managing the crisis instead of proactively forecast-
ing and managing the risk [9,51,78]. The disaster-risk centered PMPRR approach is less prevalent for drought, and when
drought is presented within DRM it often focuses on response and recovery. This emphasis might be explained by the
difficulties in declaring a slow-onset hazard a disaster [53]. Moreover, while drought might significantly impact agricultural
production, floods are generally perceived as a more direct threat to public safety which may explain the DRM focus on
floods.

The WRM approach to drought management has historically focused on the management of blue water, that is, the
water stored in rivers, reservoirs, lakes, and groundwater aquifers [7]. However the modern conception of drought man-
agement includes the management of green water, or the water stored in unsaturated soil, absorbed by plants or evapo-
rated from the soil [52]. Green water plays an irreplaceable role in global ecosystems and food production, accounting for
around 80 percent of global food production and exclusively sustaining grassland and forest ecosystems [79,80].

A key feature of drought risk management is its reliance on cross-sectoral collaboration, requiring the active par-
ticipation of meteorological and hydrological agencies, WRM, DRM, agriculture, natural resources management and
finance sectors, to name a few [7,52,81]. As countries around the world attempt to move away from reactive to proactive
approaches, there is abundant recognition of the need to develop drought policies that incentivize collaboration among
different actors [51,82]. It is generally necessary to develop a specific drought risk management framework that goes
beyond the sector-specific domains and seeks to coordinate and synergize the efforts of several different entities [7,52].
The High-Level Meeting on National Drought Policy of 2013, and the more recent one in 2024, highlighted the role of
National Drought Policies as fundamental to enable collaboration among the different actors for proactive drought man-
agement and increased resilience [83,84].

Most research and practice on hydroclimatic risk management focuses either on flood risk or on drought risk. This
siloed approach is a key shortcoming as it overlooks critical interactions and can result in unintended consequences
and missed opportunities, limiting the synergistic management of the entire hydroclimatic spectrum [2,11,25]. Flood and
drought can happen consecutively, or even simultaneously, exacerbating each other’s impacts and causing both cascad-
ing and ripple effects across different sectors and systems [85,86]. The most used approaches to understand the relation-
research is needed to better understand why siloed flood and drought risk management persist, the associated negative
consequences as well as the potential benefits of their synergistic management.

Analysis of the different governance frameworks: key features and shortcomings

The previous sections highlight that the governance of floods and droughts does not stem from a single school of thought
but rather from key features across disciplines. At the same time, the narrative review points out shortcomings denoting
that none of these sectoral governance frameworks in isolation are enough to manage the increasing risks emerging from
floods and droughts.

The narrative review shows that significant variation exists among the sectoral governance frameworks underpinning
flood and drought management in terms of their scope, focus, defining attributes, sense of urgency, and historical evo-
lution. Some frameworks are spatially grounded and aligned with physical systems, such as a river basins, exemplified
by WRM. Others operate at a national level, emphasizing systemic processes and institutional collaboration, as seen in
DRM and climate change adaptation [34,53]. The degree of practical application also differs: while frameworks such as
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WRM and DRM are supported by extensive implementation experience, others such as Adaptative governance continue
to grapple with significant and well documented implementation gaps [33,66,67]. The governance frameworks also vary in
their focus on the disaster risk management cycle. DRM typically focuses on response and recovery, whereas WRM and
flood and drought governance contribute in greater depth to prevention and mitigation efforts.

Despite their disciplinary differences, these sectoral governance frameworks include several key features that are
highly relevant to the synergistic management of floods and droughts and that might otherwise be lost in siloed scholarly
and operational differentiation [20]. Within WRM, DRM, and adaptive governance key features include an emphasis on
cross-sectoral and multilevel collaboration, as well as the critical role of societal engagement. Both flood risk manage-
ment and drought risk management stress the importance of operational collaboration across sectors as well as proactive
approaches to risk management [25]. One of the DRM key features is its explicit emphasis on multi-hazard risks and their
disproportionate impact on vulnerable populations, offering a more holistic and inclusive perspective on the interconnected
nature of a variety of risks [85,88]. A key feature of adaptive governance is its emphasis on flexible and responsive man-
agement practices that change to meet evolving circumstances to better cope with existing and future risks [41,56,57].
This paper clusters the identified key features across sectoral frameworks into three overarching thematic areas: i)
collaboration across sectors and levels of government; ii) societal engagement and participation, including those most
vulnerable; and iii) proactive, long term and multi-hazard risk management encompassing both floods and droughts. Table
1 summarizes the key features and shortcomings identified through the narrative review and highlights and consolidates
main thematic areas across sectoral governance frameworks that hold potential for informing the synergistic management
of floods and droughts [20].

The synergistic management of floods and drought represent a complex challenge that necessitates an equally com-
plex governance approach [89]. Building on the overarching thematic areas identified above, this paper seeks to further
explore and conceptualize the change processes required to manage hydroclimatic risks synergistically. The analysis in
the next section examines the role of overarching thematic areas in facilitating such transformation and identifies transfor-
mational pathways through which the synergistic management of floods and droughts might be advanced.

Transforming the governance of flood and drought risk management

The synergistic management of flood and drought risk is limited by the inability of current governance systems to

change at the scope, depth and speed needed to address the complex challenges posed by hydroclimatic risks

sists of small, partial and slow modifications that maintain the functioning of an existing system [27,29,92]. However, there
is an ongoing discussion around the need for a higher order of change, that is transformative change, requiring in-depth,
large and faster variations that fundamentally modify existing hydroclimatic risk management systems so they are able to
deal with the impacts of climate change, especially those expected in high emission scenarios [18,28,54,91].

Discussing change in binary terms, incremental vs transformative, might not be fruitful conceptually and does not
necessarily lead to a better understanding of the governance interventions needed to enable change [91]. For example,
the IPCC considers a continuum between incremental and transformative change with no sharp division between them as
both are deeply related, bring us closer to a common resilience objective, and are likely to continue occurring simultane-
ously [15,18]. The IPCC Fifth Assessment Report (AR5) describes the term transformative change as: i) the aggregation
or scaling up of limited interventions that individually do not exceed thresholds but together have transformative poten-
tial, ii) interventions only available when the there is no more room for incremental change; and iii) actions designed to
address system failure [15].

Scholars like Termeer et al. (2017, 2024) have also challenged the rigid dichotomy between incremental and trans-
formational change, which is based on assumptions related to the depth, scope and speed of change, introducing the
concept of continuous transformational change. This concept refers to a process characterized by in-depth and sustained
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modifications to governance systems that enable new pathways for systemic and structural change [30,31,91,93]. Posi-
tioned between small-scale incremental change and large-scale radical change, continuous transformational change
emphasizes the quality of continued change, rather than framing it within a binary of slow versus fast when referring to the
speed of change [91,94]. Termeer and colleagues apply this concept to the governance interventions for climate change
adaptation arguing that governing transformational change will require transformations of the governance systems them-
selves [91].

Transforming governance systems requires innovative approaches and the development of new governance practices
that reshape power structures and institutional arrangements, reconfigure patterns of interaction to encourage collabora-
tion, and challenge existing assumptions and mind-sets [27,29,43,91]. However, despite discussion on the characteristics
of change, the existing scientific literature offers limited guidance on how to steer or facilitate the governance transforma-
tions required to leverage synergies in flood and drought risk management [92].

This section explores an innovative conceptual governance approach that builds on the overarching thematic areas
emerging from the narrative review and the concept of continuous transformational change. It seeks to inform the nec-
essary changes in institutional arrangements, interactions, and paradigms for the synergistic management of floods and
droughts. This proposed governance approach focuses on three main transformative pathways: i) a shift of institutional
arrangements from siloed sectoral management to interagency collaboration at the national level —referred to as a whole
of government approach; ii) a reconfiguration of the patterns of interaction between national governments and society to
foster efforts towards a shared resilience objective — referred to as a whole of society approach; and iii) a paradigm shift
from treating floods and droughts as separate risks to understanding them as interconnected phenomena along a single

hydroclimatic spectrum — referred to as the whole hydroclimatic spectrum. Table 2 outlines these proposed transforma-
tive pathways and illustrates how they align with the key dimensions of change (i.e., depth, scope and speed) offering a
nuanced narrative of how transformation can be realized.
To illustrate how the three proposed transformative pathways might occur in practice, this paper draws on descriptive
examples from flood and drought risk management in Spain. Each of the following sections introduces key concepts from
the related literature to each proposed transformative pathway (i.e., whole of government, whole of society, and whole
hydroclimatic spectrum) and applies these concepts in the illustrative example of Spain.

Table 2. Proposed transformative pathways and their relation to key dimensions of change.

Transformative Depth Scope Speed

Pathways

Institutional Change in institutional develop- Change in institutional structure: breaking Alternating rapid institutional changes
arrangements ment: periodic reforms enabling the | silos across sectoral governance systems (e.g., new regulations, post-disaster

Whole of government

structural reconfiguration of sectoral
approaches towards synergistic man-
agement of floods and droughts

transitioning to unprecedented multi-agency
collaboration in the synergistic management
of floods and droughts

efforts) with long-term administrative
processes and policy reforms opera-
tionalizing transformative change

Interactions

Change in underlying structure of

Change in power dynamics: Governments

New connections and partnerships

Whole of society interactions: Governments and actively seek partnerships, working with and | continuously form and gather, trig-
society collaborate in exceptional responding to the needs of all of society, gering cascading changes that are
efforts towards a common resilience | including those most vulnerable, upscaling institutionalized over time transforming
objective and accumulating society-wide transforma- | the way actors interact

tive change

Paradigms Change in mental models: a para- Change towards multi-hazard management: | Steady research and practice inter-

Whole hydroclimatic digm shift from understanding floods | risk managers consider floods and droughts | spaced with radical innovations affect-

spectrum and droughts as separate hazards synergistically in both theoretical and prac- ing an entire paradigm shift resulting in

to recognizing them as ends of the
same hydro-climatic spectrum result-
ing in in-depth change

tical approaches resulting in transformative
results

transformative change over time

https://doi.org/10.1371/journal.pwat.0000417.t002
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Whole of government

National governments are at the core of countries’ capacity to deal with current and future climate extremes [31,54].
However, no single government agency can effectively manage the complex and interconnected challenges posed by
hydroclimatic risks in isolation. The term whole of government refers to the collaboration required among various govern-
ment agencies to manage complex challenges. The concept operationalizes polycentricity from the perspective of national
governments, understanding the different agencies as autonomous yet inter-linked decision centers and highlighting the
need to align mandates and incentives to enable effective collaboration [34,35,89].

Governments have direct capacity to transform agencies and practices to facilitate increased collaboration towards a
shared adaptation goal [31,95]. Whole of government approaches have been utilized by national governments as a way
to organize internal collaboration to tackle wicked problems throughout the 19" and 20" centuries [96]. More recently, the
USA and Australian governments have utilized whole of government approaches to increase collaboration between agen-
cies involved in responding to climate change [95,97].

Enhancing collaboration in practice requires a clear understanding of commonalities in governance structures, as well
as strategies that have proven effective in driving transformative change [31,64]. While further practice and analysis are
needed to identify the key enabling characteristics of whole of government approaches, particularly in the context of flood
and drought risk management, some emerging practices show promise. For example, there is growing evidence that the
periodic preparation of strategic national plans for water, disaster risk management and drought management can play
a critical role in facilitating interagency collaboration [7]. These national strategic planning processes, often mandated by
law, provide a structured opportunity for different agencies to convene to periodically and progressively enable changes in
policies, laws, programs, regulations, funding and, interagency collaboration arrangements [64].

In Spain, there are key developments in place enabling continued change towards a whole of government effort for
flood and drought risk management although the term itself has not been formally adopted. Most aspects related to
floods and droughts are governed by the Spanish WRM and the DRM legal frameworks. Within this context, the 2001
Water Law and the 2015 Civil Protection Law both mandate the periodic preparation of national strategic plans for water
resources and disaster risk management, requiring the involvement of agencies across multiple sectors [98—100]. How-
ever, the extent to which these periodic planning process effectively enable a whole of government approach remains to
be fully determined.

On the WRM side, the law requires the National Hydrological Plan to serve two key functions: to periodically revise the
national water sector strategy and approve and harmonize basin plans. Spain’s first National Hydrologic Plan, adopted
in 2001, set out a national infrastructure-based water transfer strategy which generated strong stakeholder opposition. In
2005, a new administration revised the Plan, shifting its focus in favor of desalinization efforts [52,98,100,101]. Since then,
no National Strategic Water Plan has been developed. Instead the focus has shifted to the targeted approval of updated
river basin plans, without a formal revision of the overarching national water strategy. As a result, opportunities to advance
transformative change toward increased inter-agency collaboration for flood and drought risk management remain largely
unrealized.

On the DRM side, the national committee for civil protection approved Spain’s first National Civil Protection Strategy in
2019 which highlights flooding, and to a lesser extent drought, as significant national risks [102]. A National Flood Man-
agement Strategic Plan was previously adopted by the cabinet in 2011 [103]. Spain currently lacks a National Drought
Management Strategic Plan, although a comprehensive drought observation program is coordinated at the national level.
Table 3 summarizes the main findings stemming from the application of transformative pathways, including whole of gov-
ernment to the illustrative example of Spain.

While Spain has developed national strategic plans for water, civil protection and flood management, these efforts
have not yet been periodically updated to fully enable and operationalize the transformations necessary for the dif-
ferent sectoral agencies to engage in a whole of government approach to flood and drought risk management [104].
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Table 3. Key Findings of Transformative Pathways in Spain.

Transformative Pathway

Description

Status

Evidence

Whole of government

Efforts implemented by the Spanish
government to enable collaboration
across national agencies to work as
a unit in the advancement of flood
and drought risk management

Key change processes in
place in early stages of
implementation

First iteration of National WRM, DRM and
Flood Strategic Plans Approved. No Drought
National Strategic Plan.

Local
governments

Whole of society

Public
engagement

Social
inclusion

Scientific
engagement

Efforts by Spanish government
to engage with society to achieve
enhanced resilience

Key change processes in
place but not fully operational

Despite legal mandate, limited urban flood
and drought risk management plans prepared

Key change processes in
place but not fully operational

Despite legal mandate, limited public engage-
ment in risk management planning

Key change processes in
place in early stages of
implementation

Recent regulatory developments with limited
cross-sectoral implementation

Key change process in place
but not fully operational

Limited and sectoral scientific committees
officially established with narrow influence

Whole hydroclimatic spectrum

Efforts implemented by the Spanish
government to enable floods and
droughts being considered as ends
of the same hydroclimatic spectrum
in government-led risk management
efforts

Key change processes in
place in early stages of
implementation

Despite legal mandate, flood and drought risk
management plans are prepared out of sync
with basin plans

https://doi.org/10.1371/journal.pwat.0000417.t003

The legal mandates to prepare national strategic plans with the participation of the different agencies represent an
important first step, as they establish a periodic multisectoral process with the potential to enable deep, system-wide
change. However, since periodic and synergized strategic national plans for WRM, DRM and drought are not yet a
reality in Spain, a longer-term operationalization process is still needed to fully implement this transformative gover-

nance change.

Whole of society

While necessary, whole of government approaches are not enough, as national governments are unable to manage the
increasing challenges posed by floods and droughts in isolation. Building resilience requires the active participation of cit-
izens, civil society, vulnerable groups, local governments, and the scientific community, in addition to collaborative action
at the national level [59,105]. Emerging empirical evidence suggests that more complex and diverse interaction patterns,
including multilevel collaboration between national and local governments and non-state actors, are associated with a
higher level of adaptive capacity [24,43].
Engaging the whole of society, requires national agencies to move beyond a purely technocratic culture and
incorporate social expertise [7]. By granting technical and social expertise equal standing, agencies are better placed to
dynamically and flexibly respond to society’s evolving needs in the face of changing hydroclimatic risks [106,107]. Further
analysis is required to understand and enhance the multiple and complex interactions required to engage the whole of
society in the synergistic management of floods and droughts.
Building on the premise that flood and drought management are a shared responsibility involving the whole of society,
this section focuses on the role of national government as leaders in reconfiguring interaction patterns and enabling active
collaboration with key partners, including local governments, citizens, vulnerable groups, and the scientific community.
A clear distinction is made between national and local governments recognizing that their mandates, capacity and agen-
das may differ. We argue that national governments should engage local governments as indispensable partners, rather
than as subordinates, to align efforts in hydroclimatic risk management [50,108]. The following subsections delve into
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the conceptual foundations of whole of society efforts and draw examples from how the Spanish national government
engages with each relevant partner (i.e., local governments, citizens, vulnerable groups, and the scientific community) in
the management of floods and droughts. Table 3 summarizes the main findings from the application of the whole of soci-
ety transformative pathway to the illustrative example of Spain disaggregated by relevant partner.

Local governments. Local Governments play a key role in the management of floods and droughts, however their
ability to execute their mandates is heavily influenced by institutional arrangements and the quality of collaboration
between different entities [68,108]. As formally independent decision centers with their own set of administrative
competences, local governments operate within a complex polycentric system in which they are functionally dependent on
other decision centers. Decisions made at the national government may hinder or enable the range of flood and drought
risk management actions available to local governments, for example by determining mandates and clear collaboration
arrangements between local governments, basin authorities and other institutions such as disaster risk management,
agricultural or environmental authorities [109]. This aligns with the findings of King-Okumu et al., (2018) and Pahl-Wostl
and Knieper (2023) who emphasize that while increased local agency can contribute to manage floods and droughts, its
effectiveness depends on the synergistic collaboration with national agencies [13,50].

The Spanish legal framework explicitly mandates local governments’ involvement in flood and drought risk manage-
ment through two key mechanisms: basin planning processes led by the water sector, and contingency planning pro-
cesses led by the disaster risk management sector [110—-112]. Local government participation in flood and drought risk
mitigation and contingency planning has expanded and evolved over time but is not yet fully operational. For example,
under the Water Law, urban areas with populations exceeding 20,000 inhabitants are required to prepare urban drought
risk management plans in coordination with basin-wide flood and drought risk management plans, aiming to align urban
and basin level efforts. However, recent studies indicate that the development of urban drought risk management plans
is still in early stages, with only 8.7% approved for interregional basins [113]. Despite a clear legal mandate and a mature
basin planning practice enabling deep and system-wide change, the uncoordinated and untimely preparation of flood and
drought risk mitigation plans at the basin and urban level has yet to generate the expected synergies in the combined
management of hydroclimatic risks [104,113,114].

Public participation and stakeholder engagement. Community involvement in floods and droughts management
is essential to enabling transformations for a variety of reasons [59,62]. Stakeholders contribute important information
to program design and evolution, their understanding and participation is crucial for implementation, and they play an
important role in monitoring progress and providing feedback for continuous program improvement [89].

The timing of public participation and stakeholder engagement is particularly critical in the context of flood and drought
risk management. For instance, competition over scarce resources often arises during a drought, at a time when manage-
ment options are limited. Addressing such conflicts preemptively, during non-crisis periods, allows for more constructive
dialogue, enabling stakeholders to better understand differing interests and values, and to identify mutually-agreeable
improvements to existing systems [72]. The design and practice of public participation and stakeholder engagement are
also fundamental, as poorly structured implementation can become a vehicle for elite capture, amplifying the voices of the
privileged while underrepresenting marginalized groups [7].

Stakeholder engagement in Spain gained momentum with the adoption of the European Water Framework Directive
(WFD), which highlights the need for active stakeholder participation in the development, review, and revision of river
basin plans [115]. Spain legally internalized the WFD in 2003, incorporating provisions to support implementation spe-
cially around public participation, consultation and access to information in basin planning. These provisions were further
reinforced in 2010 through the establishment of Flood Risk Management Planning public information and consultation
processes [116,117].

Despite these important developments, public participation remains an evolving practice in Spain [107,118,119]. A
recent analysis of 14 Flood Risk Management Plans in Spain reveals that stakeholder engagement often suffers from
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procedural rigidity and superficiality, limiting the inclusion of a broad spectrum of actors in meaningful public deliberation
[119]. Research highlights the important of inter-institutional collaboration, clear stakeholder engagement guidelines, and
an emphasis on engaging a wider pool of stakeholders as key to advancing public participation [118]. While legal man-
dates to engage stakeholders and enable access to information are important steps enabling in-depth change in public
participation, realizing transformative change in flood and drought risk management will require broadening the scope

of stakeholder engagement and further institutionalizing participatory practices to support more inclusive and effective
interactions.

Social Inclusion. Floods and droughts impact different segments of society in distinct and unequal ways [3,120].
Marginalized populations are frequently more exposed and more vulnerable to hazards due to substandard living
conditions, limited access to healthcare, education, economic opportunities as well as a higher dependency on natural
systems for their livelihoods [62]. Social exclusion can amplify the adverse impacts of floods and droughts on these
groups, leading not only to disproportionate immediate losses but also to long-term socioeconomic consequences
[24,121]. These impacts are often exacerbated by flood and drought risk mitigation and contingency programs focused
on protecting high-value assets or saving lives, without adequately addressing the livelihood needs of socially-excluded
communities [3]

In every country in the world, certain groups are excluded from fully participating in social, political or economic activities
[62]. The nature of this exclusion varies by context and can be based on factors such as gender, sexual orientation, religion,
socioeconomic status, disability, or immigration status. Addressing the impacts of floods and droughts on vulnerable pop-
ulations requires transformative approaches that challenge prevailing risk perceptions, question entrenched assumptions,
and critically examine fixed values, identities and stereotypes [92,122]. Sectoral agencies have a responsibility to develop
nuanced programs that identify and characterize exclusion dynamics and design tailored services that address the specific
needs of vulnerable communities. The establishment of dedicated social units within sectoral agencies tasked with opera-
tionalizing equity in flood and drought risk management programs is emerging as a good practice [7].

The Spanish Government is making a concerted effort to integrate considerations of social vulnerability in their recent
disaster risk and climate adaptation programs. The original disaster risk management laws, enacted in 1985 and 1992,
did not explicitly address the importance of social inclusion [112,123]. However, recent legal and regulatory develop-
ments, such as the 2021 Climate Change and Energy Transition Law and the Urban Drought Risk Management Planning
Guidelines, mandate national agencies to mainstream social inclusion across government sectors and levels [124—-128].
Moreover, the Ministry of Social Inclusion, Social Security, and Migration recently approved targeted measures to protect
and support vulnerable communities affected by the 2024 catastrophic floods in Valencia [129]. These efforts represent
a promising first step toward inclusive flood and drought risk management. However, for this to trigger transformative
change, a substantive operationalization process that includes broader, cross-sectoral mandates, incentives, analyti-
cal tools, and support programs is required. As of today, social inclusion has yet to be fully embedded and operation-
alized across all sectors with the depth, scope and pace needed to enable inclusive interactions in hydroclimatic risk
management.

Scientific collaboration. Managing the entire hydroclimatic spectrum presents significant scientific complexity
and encompasses several disciplines across the natural and social sciences. Flood and drought risk management
knowledge must evolve from a traditional supply-driven emphasis on products to a more collaborative, interdisciplinary
and continuous process [130]. In this collaborative process, national agencies play a central role while actively engaging
with research institutes, international organizations, the private sector and citizens in co-producing knowledge. This
collaboration approach fosters both science-informed policy and policy-informed science, creating a dynamic and iterative
interface between research and decision-making [7].

Flood and drought risk management science is also shifting from an emphasis on engineering and meteorological
observation toward a more integrated approach that includes societal impacts. Social sciences have contributed critical
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insights into key dimensions of flood and drought risk management, including vulnerability and social inclusion, the role of
public opinion and risk perception, and the links between hydroclimatic extremes, migration and conflict [10,21,38].

In Spain, several officially established scientific committees inform decision making in flood and drought risk man-
agement, as well as climate adaptation. For example, the Spanish Flood Group, established in 2017, brings together
universities, scientific institutes, national and local government agencies, and the private sector to identify research
and development priorities related to flood risks. Most recently, the group provided the scientific advice to prioritize
the development of flood risk mapping programs that integrate the evolving characteristics of Spanish society with
the latest understanding of climate change scenarios [125]. The newly approved 2023 National Scientific Innovation
Strategic Plan emphasizes and supports scientific development in the area of hydroclimatic risk management [131].
While the existence of scientific committees advising the Spanish Government in floods and scientific innovation
suggest that important partnerships are in place, their contribution to enabling the synergistic management of flood
and drought remains unclear. Expanding the scope and depth of such partnerships to incorporate the full range of
hydroclimatic risks could, over time, foster more transformative science-policy interactions for flood and drought risk
management.

Whole hydroclimatic spectrum

Globally, floods and drought continue to be largely managed in isolation despite representing interdependent ends of the
same hydroclimatic spectrum [11]. Prevailing mental models in hydroclimatic risks management tend to focus on either
floods or droughts [25,53]. Flood and drought risks are more complex than the binary framing of too much or too little
water [9]. Hydroclimatic risks can have far-reaching impacts on ecosystems, water supply, energy generation, tourism,
transport and infrastructure, to name a few [19,24]. According to the IPCC, many regions worldwide are expected to expe-
rience alternating periods of intense drought conditions and extreme flood events in the near future, further underscoring
the need for their synergistic management [18].

Hydroclimatic hazards emerge from complex interactions among the climate, land and hydrologic systems [132].
Hydroclimatic risks arise from the dynamic interactions between hydroclimatic-related hazards, exposure, and the vulner-
ability of the affected human and ecological systems. Despite the increasing historical and current socio-economic and
environmental impacts of floods and droughts, the dynamics resulting from their cascading, compounding, systematic,
non-linear and long-lasting impacts are poorly understood, limiting their effective and synergistic management [85,133]. To
better manage the entire hydroclimatic spectrum, it is essential to shift paradigms and further explore the dynamic interac-
tions between floods and droughts as phenomena, as drivers of risk and impacts on society, and as the focus of complex
governance systems.

The way floods and droughts are managed can either reduce or exacerbate risks, and may contribute to (mal)adapta-
tion to climate change in the long run [134]. Some of the main challenges involved in better understanding the complex
connections in the management of floods and droughts lie in the fact that negative impacts often emerge as unintended
consequences identified ex-post, with the potential to lock in detrimental impacts ultimately leading to maladaptation
[135,136].

On the positive side, a growing body of literature highlights the multiple synergies stemming from the combined man-
agement of floods and droughts, ranging from observation and modelling systems, to impact assessment to a better
understanding of common drivers, such as infrastructure management [1,25]. A cornerstone to effectively managing
hydroclimatic risks is the coordinated management of land and water, which requires the collaboration of not only water
resources, disaster risk management and hydro-meteorological agencies but also agriculture and natural resources man-
agement [7,137,138]. Managing the entire hydroclimatic spectrum requires a fundamental transformation of hydroclimatic
observation, land, water resources and disaster risk management systems, rather than mere adjustments or optimization
[19,24]
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Spain has a long tradition and profound knowledge in managing droughts and floods [139]. As outlined in previous
sections, Spain has developed advanced flood and drought risk management systems, although their synergistic manage-
ment remains conceptually and operationally limited. The water resources and disaster risk management national frame-
works include clear yet mostly separate provisions for the management of floods and drought, with limited established
guidance on how to leverage potential synergies. There are some elements in place that can facilitate key interactions, for
example the legal mandate to generate flood and drought risk management plans at the basin level. However, implemen-
tation has yet to generate the expected synergies in the management of the entire hydroclimatic spectrum [104,140,141].
A more proactive effort to break silos comes from climate change adaptation legal and regulatory frameworks which often
consider floods and droughts jointly and enable combined planning, investment, and observation programs [142,143].
Notably, the national government has developed key programs such as the Climate Change Adaptation and Environmen-
tal Impulse Plan, launched in 2015. The Impulse Plan promoted transformations towards the management of the entire
hydroclimatic spectrum by fostering collaboration across national agencies, local governments, academia, citizens and
the scientific community [144]. However, further efforts are required to radically change entrenched flood and drought risk
management practices to progressively broaden and deepen the roles of government and society to enable transforma-
tive change in paradigms for the synergistic management of floods and droughts. Table 3 summarizes the main findings
from the application of the whole hydroclimatic spectrum transformative pathway to the illustrative example of Spain.

Discussion

Floods and drought represent some of the most substantial and damaging impacts of climate change, with wide-ranging
consequences for ecosystems, economies and human well-being [2,4,6,7]. The way national governments respond to
hydroclimatic risks can promote resilience or, conversely, can become amplifiers of existing vulnerabilities and negative
impacts [3,14,24]. Existing governance approaches, often rooted in sector-specific mandates and institutional silos, are
insufficient to tackle the complex interconnections within and between floods and droughts [19-22]. While there is an
emerging consensus on the need to transform governance systems to face the challenges posed by increasing hydrocli-
matic risks, the literature offers limited clarity on how such transformations can be affectively achieved in practice.

This paper has examined existing governance frameworks relevant to floods and droughts such as WRM, DRM and
adaptive governance, and argues that the siloed, sectoral management of floods and drought misses important shared
themes that can enable the synergistic management of floods and droughts. Building on the continuous transformational
change concept [27-30,91] and combining key features across sectoral disciplines, this paper presents a new conceptual
framework for hydroclimatic risk governance based on three main transformative pathways enabling a whole of govern-
ment approach to lead a whole of society effort to manage the whole hydroclimatic spectrum.

The example of Spain is used to illustrate how efforts towards change in hydroclimatic risk management unfold in
practice. Spain has developed important legal and institutional instruments to enable the synergistic management of
floods and droughts. These include mandates for interagency collaboration in the development of WRM and DRM national
strategic plans, the mandate to develop flood and drought risk management plans at the basin level, and recent climate
change regulations and programs incentivizing the inclusive management of hydroclimatic risks [104,140,145]. Despite
notable improvements in enabling in depth and system-wide change, the synergistic management of floods and drought
is not fully operational in Spain. This highlights the epic level of continuous effort required to break silos across sectors
and transform governance to manage hydroclimatic risks. This finding is consistent with Termeer et al., (2024) who argue
that the three elements of transformational change (i.e., depth, scope and speed) cannot be achieved simultaneously due
to trade-offs [31]. The example of Spain supports the argument that in-depth and system-wide change, such as fostering
interagency collaboration or restructure public service delivery, requires long-term commitment and iterative efforts. The
results of the application of transformative pathways in the illustrative case of Spain and how they relate to the dimensions
of change is summarized in Table 4 below.
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Table 4. Proposed transformative pathways and their application to the illustrative example of Spain.

Transformative Depth Scope Speed

Pathways In Spain

Institutional Laws mandate the periodic development | Laws mandate the national strategic Although a first iteration of national strategic

arrangements of national strategic plans (i.e., WRM, plans to be developed through a plans are approved, a longer-term recurring

Whole of government | DRM and Flood) with the potential to multi-agency collaborative process process is needed to operationalize trans-
enable structural reconfiguration of to advance flood and drought risk formative change towards the synergistic
sectoral approaches towards synergistic management management of floods and droughts
management of floods and droughts

Interactions Norms mandate the government to Government engages in a limited New connections and partnerships are

Whole of society engage the public, enable collaborations | manner with key actors, including local | emerging, but they have not yet been fully
with local governments and scientific governments, the scientific community, | operationalized to foster transformative
groups, and target vulnerable groups the public and those most vulnerable | change on actors interactions
towards a common resilience objective to manage flood and drought risks

Paradigms Climate change, DRM and WRM sectors | Elements in place to facilitate synergis- | Ongoing research and practice not yet

Whole hydroclimatic | include the combined management of tic management of floods and drought | affecting an entire paradigm change

spectrum floods and droughts but their synergistic but limited guidance to leverage producing transformative change towards
management remains conceptually limited | potential synergies (e.g., basin plans, | the synergistic management of floods and

climate change adaptation) droughts

https://doi.org/10.1371/journal.pwat.0000417.t004

Applying the proposed transformative governance conceptual framework to the illustrative case of Spain, suggests that
this approach could be instrumental in evaluating change towards the synergistic management of floods and drought. By
disaggregating each pathway into the dimensions of depth, scope and speed, it becomes possible to identify areas where
progress is being made and where additional emphasis may be needed to catalyze transformative change. These dimen-
sions can be assessed through a literature review, as demonstrated in this paper, or through a participatory co-creation
processes involving flood and drought managers across government and society [32,62]. In such cases, the transforma-
tional pathways can be used to support a collaborative self-assessment and structured policy dialogue on context-specific
strategies for advancing transformations.

While the transformational pathways are valuable for capturing the overall direction and maturity of change, they
provide limited guidance on key aspects such as particular actions to enable change, enablers and barriers to change or
indicators to measure success [19,50,57]. Further research is needed to advance the operationalization of these transfor-
mational pathways into a comprehensive and practical methodology that can support the implementation of transforma-
tional change toward the synergistic management of floods and droughts.

Conclusion

In order to synergistically manage floods and droughts, governance systems need to transform. Transformational path-
ways focused on interagency collaboration, enabling government and society to work together towards the same resil-
ience objective, and adopting paradigms that conceptualize floods and droughts as interconnected ends of the same
hydroclimatic spectrum, can be instrumental in furthering the changes needed to operationalize synergies in flood and
drought management. The application of transformational pathways to the illustrative example of Spain suggests that this
approach can serve as a useful conceptual framework for examining how transformational change unfolds in practice.

Moving forward, further research is needed to operationalize this conceptual framework by placing attention on the
conditions required to enable and maintain changes in governance systems, the indicators and benchmarks to measure
improvements, and the preconditions and barriers to implementation. Importantly, transformation should be viewed not as
a fixed end point but as a continuous process. Emphasis should be placed on the interventions required to further gover-
nance systems, enable interagency collaboration, and lead society in the continuous effort of managing flood and drought
risks synergistically.
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We hope that this paper contributes to the ongoing conversation on transformational change, particularly as it applies
to the synergistic management of floods and droughts. While there is pressing need for practical methodologies and
real-word operationalization of this approach, the conceptual framework presented here aims to provide a structured lens
through which to identify, in a disaggregated manner, areas where change is ongoing and areas where further efforts are
needed to advance transformations. The synergistic management of floods and droughts is a complex endeavor with the
potential of delivering much needed resilience to increasing climate change-induced risks. The conceptual framework
presented here is intended to support practitioners advancing governance frameworks towards a more livable and pros-
perous future.
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