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Drought risks pose serious threats to socio-ecological systems, built environments,
livelihoods and human wellbeing. Managing these risks requires long-term
collaboration between diverse groups with different values, interests and forms of
knowledge. Funders, researchers and practitioners have increasingly advocated for
collaborative models of knowledge production in which all participants recognise the
multiple ways of understanding drought risk and strive to co-create knowledge for decision
making. Such transdisciplinary research approaches aim to develop and sustain more
equitable and meaningful interactions between scientific and societal actors, and have
been shown to increase knowledge use and build resilience to climate variability. In
practice, however, collaborations around drought remain largely science-driven and, as a
result, can struggle to produce actionable knowledge necessary to better manage drought
risk. This article draws from drought studies and related transdisciplinary fields to highlight
common barriers inhibiting actionable knowledge production across a broad range of
drought risk management contexts. We also propose opportunities for improved
knowledge production that can guide researchers, practitioners and funders seeking to
engage in transdisciplinary work. Diverse understandings of drought risk have hindered
widespread advances in knowledge production and resilience building. We argue for multi-
disciplinary researchers to come together with stakeholders and focus on creating
inclusive and context-driven environments. While not appropriate or cost-effective in all
situations, co-production between researchers, practitioners and other stakeholder
groups offers opportunities for actionable management plans and policies that reflect
the complex and contested problem framings and socio-ecological contexts in which
droughts impact society.
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RECENT PROGRESS IN KNOWLEDGE
PRODUCTION FOR DROUGHT RISK
MANAGEMENT
Droughts are the result of complex interactions between physical,
biological and social systems (Wilhite and Pulwarty, 2017). In this
human-dominated era, prolonged droughts pose serious threats
to economies, societies and the environment (Wilhite, 2012; Van
Loon et al., 2016a). Their impacts are difficult to observe and
quantify as they affect sectors in myriad ways (Van Loon et al.,
2016b; Vicente-Serrano et al., 2020). Drought risks are a function
of both the probability and severity of events (exposure) and
underlying vulnerability of the exposed system, community or
society (Vogt et al., 2018). Prolonged dry conditions can increase
the risk of wildfires and water shortages which can have adverse
effects on ecology, water supplies, public services, infrastructure,
agriculture and industry. At an individual level, these impacts can
affect people’s recreational activities, livelihoods and ultimately
their well-being. Historically, droughts have traditionally been
managed using reactive, crisis-driven approaches (see Pulwarty
and Sivakumar, 2014). In recent decades, numerous studies have
argued for proactive approaches to managing drought risk based
on long-term monitoring and multi-actor engagement (see
Wilhite et al., 2014; Bachmair et al., 2016a; Finnessey et al., 2016).

Understanding where, when and how drought conditions
evolve can give those affected time to prepare and act to
minimise harm. In recent decades, there have been significant
advances in drought monitoring and early warning, seasonal
forecasting and data processing (Wilhite and Pulwarty, 2017;
Hannaford et al., 2018). Monitoring and early warning systems
(MEWS) have been developed to continuously track and, in some
cases, forecast hydrometeorological variables at different scales
(Wilhite, 2006; Hannaford et al., 2018). There have also been
considerable efforts in repackaging these data in the form of
drought indicators or indices (e.g., Hao and Singh, 2015). Several
studies have assessed the links between different drought
indicators (e.g., Vicente-Serrano and López-Moreno, 2005;
Vicente-Serrano et al., 2012), and drought impacts in different
sectors (Bachmair et al., 2016b).

However, while data-driven MEWS can characterise
environmental conditions, they have limitations when it comes
to connecting with how drought is locally experienced and
recorded by impacted sectors and communities (Bachmair
et al., 2016a; Ferguson et al., 2016). For example, drought is
often scientifically defined, based on standardised indices that
have little meaning for those impacted. Consequently, MEWS can
struggle to produce actionable knowledge necessary to reduce
vulnerability and enhance long-term resilience (Kirchhoff et al.,
2013). There remains a simplistic belief in some literature (see
e.g., Finnessey et al., 2016) that producing and simply
communicating scientific information can depoliticise complex
and highly contested societal problems such as climate change,
loss of biodiversity and drought. In reality, such top-down
approaches can reinforce existing unequal relationships
(Murphy et al., 2016) and the perception that science alone
can produce and deliver the knowledge needed to address
complex social problems (Pohl et al., 2010; Turnhout et al.,

2020). For example, creating narrow definitions of drought
that suit empirical scientists from meteorology, hydrology,
engineering, economics or agricultural science automatically
marginalises less technical sectors and types of knowledge. In
response, a growing body of literature has emerged (see Cash and
Borck, 2006; Kirchhoff et al., 2013; Lemos et al., 2018a),
advocating instead for transdisciplinary research that seeks to
create meaningful knowledge for decision makers, communities
and organisations through inclusive and interactive approaches
(see Norström et al., 2020).

Transdisciplinarity can be defined as a commitment by
academics and non-academics to integrate multiple forms of
knowledge and perspectives within a collaborative research
process (Suldovsky et al., 2018). There is growing evidence,
particularly in the context of addressing complex socio-
ecological challenges, that transdisciplinary approaches (e.g.,
knowledge co-production, post-normal science, action
research) increase the likelihood of producing actionable
knowledge (i.e., knowledge that is perceived as sufficiently
credible, salient and legitimate to be used in decision making)
(Cash et al., 2003; Lemos et al., 2018b). As a result, funders,
researchers and practitioners are turning to more collaborative
models of knowledge production and management to build
resilience to intractable climate-related hazards such as drought.

While drought literature on transdisciplinary knowledge
production is limited, recent drought studies draw from social
sciences to argue for improved understanding of transdisciplinary
knowledge-making practices and for stakeholders to play a more
prominent role in the development of open and transparent
MEWS (Van Loon et al., 2016b; Hannaford et al., 2018). For
example, while exploring drought impacts and MEWS
development in Europe, North America, and Australia, the
“DrIVER” project incorporated learnings from stakeholder
workshops to develop collective insights into different
perspectives of drought impacts and MEWS needs (Collins
et al., 2016; Hannaford et al., 2018). In a Mediterranean
context, Turco et al. (2019) developed a fire forecasting system
that merged user relevant information with seasonal climate
forecasts to provide tailored outlooks for fire managers in
Catalunya. Ferguson et al. (2016) collaborated with a Native
American community in the United States Southwest on a
drought information system that combined local observations
and knowledge with scientific monitoring data. Experiences in
sub-Saharan Africa have also shown that ignoring the cultural
and power dynamics of different ways of knowing (traditional
and scientific knowledge) can reinforce tensions within
communities and enhance vulnerability to drought (Murphy
et al., 2016). Such endeavours are pioneering integration of
scientific tools and data with local understandings of drought
impacts, towards shared or “co-produced” definitions of drought.
With drought research taking this turn and attempting to operate
in a transdisciplinary space, it is important to reflect on some
inherent challenges of knowledge production for drought risk
management and how they can potentially be addressed.

In this focused review, we draw on drought specific and related
literature from more mature transdisciplinary fields that share
similar epistemic foundations and risk-based decision-making
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contexts (e.g., water governance, climate services, climate risk
management and sustainability science). We also draw upon our
own insights and practical experiences collaborating with societal
actors on climate risk, drought and water resources decision
making. Our objectives are to 1) identify common barriers to the
production of actionable knowledge and 2) propose opportunities
for improved knowledge production that can guide researchers,
practitioners and funders seeking to engage in transdisciplinary
drought work across diverse drought contexts and scales
(Table 1). We conclude by elaborating some of the benefits
and potential pitfalls of co-production, discussing the
important role of social science in drought research, and
recommending some future research directions.

BARRIERS TO ACTIONABLE KNOWLEDGE
PRODUCTION FOR DROUGHT RISK
MANAGEMENT
Drought affects different parts of the hydrological cycle,
environment and society in ways that are highly subjective,
pervasive and difficult to quantify (Bachmair et al., 2016a).
The complexity of drought as a hazard, and contestation over
how drought impacts society prevents more nuanced
understandings of drought and knowledge exchange (Wilhite
and Glantz, 1985; Redmond, 2002; Kallis, 2008; Ferguson et al.,
2016). This section identifies some of the fundamental barriers
inhibiting actionable knowledge production for drought risk
management.

Droughts Have Different Meanings
At their most abstract, droughts are periods characterised by
adverse effects from insufficient water. Drought impacts are often
framed from an agricultural, economic or ecological perspective.
Farmers may associate reduced yield or loss of harvest or livestock
with dry conditions; economists may only consider conditions to
be drought-like when demand for water exceeds supply;
ecologists may focus on the impact of dry conditions on
ecological health and water quality (Wilhite and Glantz, 1985;
Mishra and Singh, 2010). Drought can also be defined in
operational terms based on agreed criteria that help planners
decide when to declare an event and activate response plans
(Estrela and Vargas, 2012; Bachmair et al., 2016a; Maia and
Vicente-Serrano, 2017). However, there can be no universal
definition that relates to how droughts impact social systems
(Lloyd-Hughes, 2014; Kohl and Knox, 2016). Drought and its
impacts mean different things to different people depending on
their specific interests, experiences and context. Moreover,

thresholds and descriptions of event severity (moderate vs.
severe) often differ depending on how drought impacts are
framed by dominant voices, emphasising the importance of
facilitating integrative assessments and perspectives that draw
on diverse experiences. How we define drought can draw out pre-
conditioned biases and a priori alienate or empower different
stakeholders, indicating which impacts, sectors and types of
knowledge have greater legitimacy in a policy or decision-
making process.

Droughts Can Be Perceptually Challenging
Droughts are typically associated with drier than normal weather
(meteorological drought). Reductions in precipitation can drive
soil moisture deficits (agricultural drought) and in time lower
surface and sub-surface water levels in a catchment (hydrological
drought). However, drought evolution depends on the
magnitude, timing and duration of the precipitation anomaly,
the type of soil and land cover, dominant runoff pathways,
geology and increasingly engineering and management
interventions.

Drought impacts can propagate slowly without being
immediately seen or experienced (Wilhite, 2012). As a result,
impacts on public services, businesses and communities may also
not immediately be attributed to drought conditions. Purely
conceptual or scientific characterisations of drought have
limited relevance for many stakeholders, particularly when the
spatial and temporal resolution of the information provided does
not match with their context (Ferguson et al., 2016). Drought
planning is a particular challenge where recent societal and
institutional experiences of drought may not be reflective of
actual risk due to long-term climate variability (Murphy et al.,
2017). Rivers or reservoirs in a region may appear to be at normal
levels due to careful management, but low soil moisture may be
impacting rain-fed agricultural production. In fact, hydrological
droughts can persist even after heavy rainfall or flooding.

Droughts Are Context Specific
A particular socio-ecological and historical context will influence
drought risk perception (Gil et al., 2000). Seven days without
rainfall might be considered a meteorological drought in
traditional agricultural societies that rely on precipitation on
almost a daily basis during the rainy season. However, in
desert societies where rainfall is scarce, such occurrences
would be unremarkable.

How people perceive and respond to drought is strongly
related to past experiences and memories (Taylor et al., 1988).
Throughout history, drought-prone societies have developed
culturally embedded rules of thumb or heuristics derived from

TABLE 1 | Barriers to and opportunities for actionable knowledge production in drought risk management.

Barriers Opportunities

Droughts have different meanings Deliberately co-produce
Droughts can be perceptually challenging Understand stakeholder context and needs
Droughts are context specific Explicitly recognise diverse drought meanings
Droughts are difficult to predict Create enabling environments and be transparent about uncertainties
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experiential knowledge and mental models of their local
environment (Courkamp et al., 2019). In some places,
increases in extreme climate events are likely to have an effect
on risk perception and on how people and societies understand
seasons and climate variability in the future. Recent attention has
been drawn to “flash drought” events in humid regions,
characterised by their sudden onset, rapid intensification and
severe impacts (Pendergrass et al., 2020).

At a societal level, droughts may be downgraded or “forgotten”
entirely if they occur around the same time as a heat wave or prior
to a significant flood event (Ciais et al., 2005; Marsh et al., 2013;
Shepherd et al., 2018). It can be difficult to communicate drought
risk in cultures with a perennially wet climate, associated with
green landscapes (Weitkamp et al., 2019). In northern European
countries, droughts are usually associated with hot weather
which, in turn, evokes positive memories of being outdoors
and enjoying the sunshine (Bruine de Bruin et al., 2016). As a
result, droughts are not always seen as major hazards that require
long-term planning. Perceptions of drought risk can also change
as a function of socio-economic conditions and dynamic policy
landscapes (Gil et al., 2000). For example, in the mid 20th
century, Spanish society moved from a focus on
meteorological droughts to hydrological droughts as their
economy became less reliant on rainfed agriculture.

Droughts are Difficult to Predict
It is difficult to develop confident meteorological forecasts of
drought more than two weeks in advance. With the exception of
some tropical and subtropical regions in which climate variability
is strongly determined by sea surface temperature variability
(Vicente-Serrano et al., 2011), in the majority of the world
regions the skill of seasonal forecasting is still very low to be
effective in developing accurate seasonal drought forecasts
(Bechtold et al., 2008; Dutra et al., 2013). Such capacity would
be very useful to anticipate possible impacts and to allow
preparedness of economic sectors to associated losses,
hydrological managers to improve dam operation and
optimization of available water resources and environmental
managers to prepare for possible hazards (e.g., fire risk) and to
reduce soil erosion and land degradation (e.g., with management
of livestock grazing). While recent studies have suggested some
improvement in skill (e.g., Davini and D’Andrea, 2020; Smith
et al., 2020), current drought forecasting systems (e.g., https://
www.drought.gov/drought/data-maps-tools/outlooks-forecasts)
are still subject to large uncertainties.

OPPORTUNITIES FOR ACTIONABLE
KNOWLEDGE PRODUCTION FOR
DROUGHT RISK MANAGEMENT
There are a number of opportunities for researchers, practitioners
and funders seeking to overcome these barriers. These are neither
comprehensive nor prescriptive but offer insights from drought
and related literature that can inform a pragmatic approach to
producing actionable knowledge in a range of drought-sensitive
decision-making contexts.

Focus on Co-Producing Rather Than
Translating Knowledge
Public-facing drought information systems tend to focus on
translating scientific knowledge for a wide range of
stakeholders (Hannaford et al., 2018). Integration of scientific
and non-scientific knowledge remains rare (Giordano et al., 2013;
Solano-Hernandez et al., 2020), with some exceptions (e.g.,
Estrela and Vargas, 2012). This centralised, technocratic model
of knowledge production is ineffective because it creates a
disconnect between monitoring networks, scientists and
sector-specific drought planning (Hannaford et al., 2018).

Collaborative knowledge production (commonly referred to as
“co-production”) can be defined in normative terms, as a learning
process that deliberately brings together diverse perspectives to
co-create actionable knowledge and new practices (Bremer and
Meisch 2017; Lemos et al., 2018b). Co-production should be
interactive, iterative, context-driven, problem-focused and
involve deep engagement with non-scientific knowledge
systems (Norström et al., 2020). Co-produced knowledge is
more likely to be perceived as credible, salient and legitimate
(Cash et al., 2003). While systematic assessments are rare (Mach
et al., 2019; Arnott et al., 2020; Jagannathan et al., 2020), co-
production has been shown to increase the likelihood of
knowledge use in decision-making (Lemos et al., 2018b).

However, assembling a sufficiently broad group of actors,
while keeping the process practically and strategically
manageable requires considerable time, resources and expertise
(Page and Dilling, 2019; Norström et al., 2020). Potential
participants may not have sufficient capacity or motivation to
engage in co-productive processes (Page and Dilling, 2019). Many
academics are still primarily incentivised to conduct disciplinary
science that cannot directly address societal challenges (Dilling
and Lemos 2011). Conversely, practitioners and other
stakeholders may work within professional contexts that do
not reward iterative learning, innovation and critical reflection
(Norström et al., 2020).

Successful co-production is predicated on including a plurality
of perspectives, which often requires the disruption of established
roles and routines (Vincent et al., 2018; Turnhout et al., 2020).
Deep rooted power imbalances can prevent engagement,
reproduce knowledge hierarchies and, consequently,
undermine the co-production process (Mobjörk, 2010; Reed
et al., 2014; Brandt et al., 2018). To avoid such pitfalls, it is
important that all actors involved in the co-productive processes
are committed to achieving a common goal and able to regularly
and systematically reflect on and discuss the extent to which their
understandings and values are being represented (Reed et al.,
2014; Norström et al., 2020).

Iteratively Analyse Stakeholder Needs and
Context
Given the complex and multi-sectoral nature of drought it is vital
that a thorough analysis of potential stakeholders and their decision-
making contexts is conducted prior to and throughout
collaborations. Top-down, “loading dock” approaches that focus
solely on information provision often fail to consider the complexity
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and dynamism of local cultural sensitivities around the legitimacy of
different types of knowledge systems (Cash and Borck, 2006). This
can create friction between local stakeholders and ultimately result in
mal-adaptative decision making (Murphy et al., 2016). Uncritical
mapping and selection of potential stakeholders (e.g., just targeting
water managers) can reinforce existing narrow perceptions and
power structures. It is important to know whether stakeholders
are already used to dealing with hydrological variability or other
climate-related hazards such as flooding. Businessesmay also have to
prioritise other stressors/threats above drought preparedness (e.g.,
the COVID-19 pandemic) when making decisions.

Contextual analysis and participatory design approaches can
inform the development of tailored communications and
interactions (Hannaford et al., 2018; Grainger et al., 2020).
Some stakeholders may require technical information (SPI,
severities, probabilities), others might just want high-level
information about the general hydrological trend. An appraisal
of the 2009 United Kingdom Climate Projections (UKCP09)
highlighted that scientists often assume that users will be
highly numerate and able to handle technical information
(Porter and Dessai, 2017). This often leads to parachuting
default or familiar approaches when interacting with
stakeholders. Our experiences would suggest that, despite the
inclusion of stakeholder analysis and engagement within some
drought projects, researchers from the social and behavioral
sciences are rarely involved in framing, planning and
designing these interactions. Funders and natural scientists
should acknowledge how valuable their contribution could be
to knowledge production and reach out to these disciplines as
early as possible in the project creation process.

Explicitly Recognise Diverse
Understandings of Drought
It is crucial to recognise that plurality of perspectives make
drought an inherently complex and context-differentiated
hazard (Collins and Ison, 2009; Lange et al., 2017; Hannaford
et al., 2018). As a result, no single perspective can presume
superiority over another, and claim to have a definitive
understanding of drought and potential solutions. The
inclusion of multiple forms of knowledge has the potential to
enhance knowledge use and build trust between researchers and
drought-sensitive sectors.

Any characterisation of drought that strives for societal
relevance must consider what makes drought socially relevant
in that particular context (Ferguson et al., 2016). We would
therefore encourage researchers to support drought sensitive
decision makers to develop their own drought definition
tailored to their own context. This can be achieved through
collaborative ground-truthing of drought indicators with
stakeholder knowledge (Bachmair et al., 2016a) and with an
understanding of their specific needs (Estrela and Vargas, 2012).

Create Enabling Institutional Environments
Effective knowledge production requires collaboration between
different sectors and knowledge systems operating at various
spatial and temporal scales. Currently, links between community,

national and global-scale drought management are weak
(Pulwarty and Sivakumar, 2014). This fragmented
management context is exacerbated by science and
institutional systems that are grounded in top-down modes of
knowledge production and mobilization. Drought researchers
and planners might benefit from working through
organisations operating at the interface between science and
policy [known as boundary organisations (Guston, 2001)] to
help connect different sectoral drought plans and knowledge
systems (e.g., water supply and agricultural sector) (Hannaford
et al., 2018). Page and Dilling (2019) suggest taking advantage of
existing intra-sectoral communities of practices or local
“champions” that may be influential within broader
stakeholder groups (e.g., water managers/farmers).

The use of climate information and related services within
drought risk management has been promoted by several key
international initiatives including the United Nations’ Global
Framework for Climate Services and Integrated Drought
Management Programme (Finnessey et al., 2016). However,
Turnhout et al. (2020) show that these types of science-led
initiatives are often dominated by depoliticisation dynamics
that reinforce rather than mitigate existing uneven post-
colonial politics. It is, therefore, vital that the drought research
community reflect upon important institutional questions
around who should instigate and drive collaborations
(Hannaford et al., 2018).

Openly Discuss and Characterise
Uncertainty
Drought management is beset by scientific and socio-economic
uncertainties that require joint knowledge and problem solving
by researchers, practitioners and other societal actors. Decision
makers should have awareness of the uncertainty associated with
different forms of knowledge and knowledge production processes
(Fischhoff and Davis, 2014). However, this can be problematic,
particularly when dealing with inherently uncertain processes in risk
averse cultural contexts driven by institutional expectations for
precision and accuracy (Taylor et al., 2021). Overlooking
uncertainty in response to these expectations may result in a false
sense of certainty, potentially leading to mal-adaptive decision
making and loss of trust in scientific partners (Macintosh, 2013;
LeClerc and Joslyn, 2015). It is therefore important to manage
expectations carefully, and characterise uncertainties in a manner
that is transparent, relevant and understandable to all stakeholders.
When engaging with broader and non-scientific audiences,
storylines or narrative approaches can help connect with people’s
innate understanding of future uncertainty and reveal important
points of commonality (Shepherd et al., 2018; Jack et al., 2020).

CONCLUSION

Despite decades observing and quantifying changes in
hydrological extremes, drought remains intractable in clear
scientific terms and as a risk for societies to manage. Recent
drought research has taken the first steps towards connecting
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with, and making actionable knowledge for, those communities
and sectors impacted by drought impacts. In this focused review,
we have reflected on this progress by highlighting some key
barriers to knowledge production and proposing potential
opportunities for strengthening drought knowledge.

Drought perceptions are strongly differentiated among
scientific disciplines, stakeholders and economic sectors, and
are subject to change as a function of hazard severity,
socioeconomic and environmental conditions. Context is
crucial, with drought having very different meanings and
experiences in time and space—from humid and semi-arid
regions to local differences within the same catchment. These
scientific, perceptual and contextual challenges have made it
difficult to engage with different sectors on anything other
than a reactive basis (Wilhite, 2012).

To overcome these barriers, we urge those involved in drought
risk management to embrace co-production as a model of
engagement and knowledge production. This will require that
researchers become partners in knowledge creation rather than
solely producers of knowledge and to recognise multiple ways of
understanding drought risk. In the right collaborative
environment, explicit interaction with different knowledge
systems can help to build trust, develop shared understandings
and enrich knowledge outcomes (Tobias et al., 2019). Creating an
enabling environment that accommodates a diverse
understanding of drought is far from straightforward,
requiring skills not typically required in natural science.

As we have stated earlier, drought literature on co-production
is limited. Further exploration of the challenges raised in this
article require future research into current knowledge production
practices and use in specific drought risk management contexts to
better understand the implications of “silo-ed” knowledge on
decision making. The social sciences and humanities need to play
a more prominent role in co-produced drought research not only
as facilitators but also as action researchers so that we can better
understand the cultural, political and institutional dimensions
that influence drought understandings and risk management
processes.

We should expect individual, disciplinary and organisational
resistance to new ways of working as power dynamics and
knowledge hierarchies are slowly revealed and dismantled.
There are inevitable trade-offs between the time and resources
required to co-produce research and the expectation on
researchers to publish and advance in their careers.

Transdisciplinary research will not be appropriate in all
drought contexts and all parties will need to carefully consider
whether the costs outweigh the expected benefits. Success criteria
for co-production will differ greatly and evaluations will need to
reflect the complexity of stakeholder expectations, motivation
and capacities (Wall et al., 2017; Bremer et al., 2021). Funders,
researchers and practitioners have unique ways of assessing
whether to use a co-production approach and collaborators
need to explicitly acknowledge differences in motivations early
in the process. However, a common goal running through
transdisciplinary research should be the emergence of a shared
purpose and learning in groups (or social learning), both
collectively and individually. Proactive approaches to
monitoring and evaluation, adaptive project programming and
participant flexibility are also critical within co-production
processes (Vincent et al., 2018). While collaborative efforts
may not immediately provide solutions, mutual exchange of
experiences, ideas and values can, in the long-term, facilitate
collective action and develop the vital capacities, networks and
social capital needed to manage drought risk.
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