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Introduction: In recent years, conflicts surrounding the use, distribution,
and governance of surface water and groundwater in Germany have gained
prominence in the media, on the political agenda, and in research. Increasing
effects of climate change, such as heatwaves and drought but also extreme rain
events and flooding, are considered to become more prominent and pressing
in the future by different societal actors. However, it remains highly uncertain if
and what type of conflicts related to water quantity Germany might actually face
in the future (and how they will be framed). This paper addresses one dimension
of this uncertainty—namely the future context uncertainty of possible resource
and water governance conflicts. Our research contributes to an improved
understanding of the uncertainty concerning future climatic, natural, land use
related, political, economic, and other societal contexts that could impact water
conflicts.

Method: We ask: What are possible coherent context scenarios for Germany in
the year 2050, and how are they expected to influence future water conflicts?
In an expert-based process, we apply a qualitative and systematic method of
systems analysis, cross-impact balances (CIB). With CIB, we build internally
consistent scenarios of possible futures and map the future scenario space.

Results and discussion: Diversity mapping with a new CIB web application of the
ScenarioWizard reveals that the scenario space is rather large and diverse. The
identified scenario space of n =355 internally consistent scenarios spans four
most diverse scenarios “Polycrisis,” “"Economy and agriculture in crisis,” “Growth
through adaptation to climate change,” and “Sustainable transformation.”
Depending on the development of future contexts, the risk for future water
resource and governance conflicts may unfold in various ways. We conclude
that our scenario analysis provides a useful base for research and practice to
address the context uncertainty of water conflicts in Germany. Our results
can be used for risk assessment, to define societal framework assumptions for
societal-hydrological modeling, and to develop robust and adaptive strategies
and policies.
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water, scenarios, uncertainty, cross-impact balances (CIB), conflict assessment,
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1 Introduction

While Germany has historically been a country with abundant
water resources, the last years have shown that water can become
increasingly scarce—at least regionally and seasonally. The main
reasons for this scarcity are attributed to climate change, which may
lead to warmer and drier summers, changed precipitation patterns
throughout the year (such as dry summers and heavy rainfalls in
winter) (e.g., DWD, 2023; DVGW, 2022, 2023a), as well as poor
infiltration of dry soils and high outflow rates, sometimes resulting in
floods. These climate change effects exert pressure on freshwater
reserves, groundwater renewal, and soil moisture (e.g., LAWA, 2017;
DVGW, 2022; Wunsch et al., 2022). Such developments are expected
to change the water balance in Germany (LAWA, 2022). At the same
time, warm and dry springs and summers lead to increased water
demand by private households, industry, agriculture, and water-
related ecosystems, affecting both water quantity and quality. In the
future, water extremes such as droughts and floods, associated with
climate change, as well as conflicts between different water users are
expected to increase (e.g., Stein et al., 2024; Troltzsch et al,, 20215
LAWA, 2022).

Conflict is defined as “a relationship between two or more parties
(individuals or groups) who have, or think they have, incompatible
goals” (Fisher et al, 2000, p. 4). Future water conflicts can
be understood as (anticipated) conflicts related to the future use,
distribution, and protection of surface and groundwater. They also
comprise conflicts over protection against water and conflicts over the
risk of water (e.g., assessment conflicts), conflicts over responsibilities
and competencies to act, and, finally, the framing of a conflict.
Framing conflicts or meta-conflicts (Feindt and Saretzki, 2010) may
arise from contradicting perceptions and expectations of whether a
conflict exists today, or is anticipated for the future, as well as the
conflict type. To illustrate: If a problem is framed as scarcity, it
necessitates more or alternative resources or a more economical use
of available resources. If, on the other hand, a problem is framed as a
distribution problem, new prioritizations and distribution keys must
be developed. Future water conflicts broadly encompass both resource
conflicts and governance conflicts (Dombrowsky, 2007). Governance is
understood as the horizontal and vertical coordination and
cooperation among various actors (Pahl-Wostl et al., 2020). Water
conflicts also encompass conflicts regarding the appropriate goals and
instruments (policies) related to resources and to governance.

Water scarcity and associated (future) conflicts in Germany are
increasingly addressed by the media, research, and the political
system. For instance, Joeres et al. (2022) regularly update reports from
the media research group CORRECTIV on the website: https://
correctiv.org/themen/kampf-um-wasser/. A scientific analysis
documenting the rise of water conflicts as a media issue over the last
years has been carried out by the WADKlim project (Stein et al., 2024)
Future water conflicts in Germany have hardly been the subject of
extensive research in social science or public policy (with the
exception of the UBA WADKIim project, recently published in Stein
etal., 2024).

Historically, Germany has experienced water conflicts before and
in response, water issues have been subject to political regulation for
decades (see, e.g., the Federal Water Act (WHG) since 1960, following
state water acts from the 19th century, and the European Water
Framework Directive since 2000). For instance, during the
industrialization that led to the formation of the German Kaiserreich
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(empire), conflicts arose among different user groups: industrialists
seeking to exploit water for production, municipalities in need of clean
drinking water, and agricultural sectors dependent on clean irrigation
sources. This situation prompted some of the earliest environmental
regulations aimed at reducing water pollution, such as the Prussian
Water Law of 1913, which regulated waste discharge into rivers (Cioc,
2002). In the aftermath of World War II, water pollution and resource
depletion worsened due to rapid economic recovery and industrial
growth. By the 1960s, the environmental degradation of German
rivers became a significant public concern. Grassroots movements,
scientific advocacy, and political pressures led to stronger regulatory
frameworks to harmonize water use with environmental protection,
setting standards for water quality and pollution control. Currently, in
Germany, we observe a shift from water resource conflicts linked to
industrial pollution to tensions related to climate change effects as
drought events. As for governance conflicts, the German federal
multi-level system can lead to tensions between federal and regional
legislation. Furthermore, tensions between local interests (e.g.,
agriculture) and European Union (EU) legislation (especially under
the European Water Framework Directive since 2000) do occur
(Newig and Moss, 2010).

Currently, (potential) conflicts around water in the context of
climate change in Germany are to a large extent an emerging problem.
This means they are a new - or rather renewed - topic of public and
political debate in Germany. Particularly at the federal and national
levels, water conflicts are in the process of becoming visible public
policy problems. Still, potential scarcity and water conflicts have
already made their way to political agendas and documents, as
indicated by a report by the German Working Group on water issues
of the Federal States and the Federal Government (LAWA, 2022).
Most prominently, the issue has been addressed by the national water
strategy (BMUYV, 2023), approved by the German Federal Parliament
in 2023, which aims to guide water-related policy and regulation until
the year 2050.

At the same time, uncertainty can be observed among various
stakeholders in the water sector, broadly defined as all actors and
structures involved in the use, distribution, protection, management
and governance of surface and groundwater. This uncertainty refers
to five different types (cf. Dewulf and Biesbroek, 2018; Walker et al.,
2003): (a) data uncertainty regarding the current' state of water usage
(how much water do different user groups actually use?); (b) future or
scenario uncertainty regarding the future development of the water
situation (how might groundwater renewal rates develop in the
future?); (c) framing uncertainty regarding the nature and severity of
the problem (do we already have or will we have conflicts and if yes,
what type of conflict?); (d) strategic uncertainty regarding (future)
actors decisions and their interplay (if and how will—other—actors
adapt to the new challenge and how will their actions impact mine?);
and, finally, (e) context uncertainty (what natural and societal drivers
influence future conflicts and how do they develop?). This paper
primarily addresses this last dimension of uncertainty related to future
water conflicts. These uncertainties are in addition linked to
complexity (Kirschke et al., 2019). Climate change effects are not the
only drivers influencing water futures and, more specifically, water
conflicts. Instead, various factors as, e.g., land use, social, cultural and

1 Notably, the actual water withdrawal in Germany, in particular by agriculture,

partly remains a black box.

frontiersin.org


https://doi.org/10.3389/frwa.2024.1492336
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org
https://correctiv.org/themen/kampf-um-wasser/
https://correctiv.org/themen/kampf-um-wasser/

Kosow et al.

economic trends, as well as governance structures interact in the
emergence of conflicts (Sneddon et al., 2002). These interactions are
complex and their dynamics are at times non-linear. Future water
conflicts in Germany are not only an emerging problem but can also
be classified as a “wicked problem” (e.g., Head, 2022).

Preparing for a potentially conflictive and still uncertain future
presents a current challenge for the water sector in Germany. The
federation of German water providers (DVGW) asserts that “..to
address the challenges of climate change, federal states, municipalities
and actors of the water economy need to develop local and regional
pictures of the future 2030-2050-2100” (URL: https://www.dvgw.de/
themen/wasser/wasser-impuls/zukunftsbilder-2030-2100; own
translation). Addressing future water conflicts pertains to the fields
of adaptive governance (e.g., Folke et al., 2005), and even more so to
anticipatory governance and its methods of futures-thinking
(Alexandra et al., 2023). We focus particularly on the tool of scenario
analysis (e.g., ElSawah et al., 2020) to address and manage future
uncertainty and complexity (Kosow et al., 2022a)%. A scenario is

3

understood as “..an internally consistent view of what the future
might turn out to be—not a forecast, but one possible future outcome”
(Porter, 1985, emphasis by the authors). Alternative scenarios (in
plurall) describe the “scenario space, i.e., the space of possible
futures. Scenarios are used to transform future uncertainty—or
openness—and complexity into a set of distinct, internally coherent
alternative outlines of what might be (cf. also Grunwald, 2002). In
contrast to forecast and prediction, which claim to provide
information on alternative future presents (“zukiinftige
Gegenwarten,” Grunwald, 2011), scenarios are tools to reflect the
knowledge, ideas, and expectations we have today with regard to the
future (“gegenwirtige Zukiinfte” ibid.). Scenarios on water futures
have been developed for decades, with an early and prominent
example being the World Water Visions (Gallopin and Rijsberman,
2000). There are water-centered scenario studies, primarily focusing
on the effects of climate change—though less considering other
drivers—on different scales: Regarding the water sector worldwide
(e.g., OECD, 2012; UNESCO WWAP, 2022), in Europe (e.g., Ertug
and Hoekstra, 2014; Mack et al., 2019) and also regarding Germany.
Still, most of these latter scenario studies are sector - and region-
specific (e.g., Shaochun et al., 2010; Wunsch et al., 2022) and/or were
not (yet) publicly available (DVGW, 2023b). To our knowledge, there
are currently no comprehensive water-related context scenarios for
Germany—particularly none that: (a) consider the interplay of
different context factors and (b) specifically address the potential
drivers and contexts of water conflicts. This paper aims to fill this gap.

In summary, context uncertainty is a relevant challenge for
water research and practice. Anticipating and addressing future
water conflicts today requires an explicit understanding of the
possible future situations in which resource conflicts and/or
governance conflicts might unfold. Additionally, governance
approaches (Pahl-Wostl et al., 2020) and policy instruments
(Capano, 2024) exhibit different degrees of coherence and
different

development is uncertain, robust and/or adaptive planning is

effectiveness under contexts—and when future

necessary. Mapping the scenario space provides orientation

2 Please note, the title of our paper refers to Peter Wack (1985): “Scenarios:

Uncharted waters ahead”. Harvard Business Review, Sep.
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knowledge that can be used by research, e.g., in the form of
framework assumptions in socio-hydrological modeling, as well as
in policy design. For administration and politics on different levels,
it is highly relevant to identify strategies and policies that are robust
under different possible futures: This concerns those designing and
voting on regulations, as well as for administrations at regional and
local levels that are in charge of issuing water usage rights. Context
uncertainty also challenges water providers (public or private
companies), who are facing very important investment decisions
regarding future water infrastructures with effects and path-
dependencies for several decades.
In this paper, we answer the following questions:

1 What societal (economic, political, etc.) and environmental
(climatic, natural, etc.) contexts could impact future water
conflicts in Germany?

2 What range of alternative developments of these contexts can
be assumed as possible and plausible until the year 20502

3 How can we condense this context uncertainty into coherent
pictures of possible futures?

4 What context scenarios represent the scenario space in a
comprehensive and diverse manner?

5 How might the risk of water conflicts in Germany in the year
2050 develop under different scenarios?

As Sivakumar (2011) suggests, we contribute an interdisciplinary
study and methodology to better understand the future uncertainty
of societal and environmental contexts for Germany through the
year 2050. We focus on contexts that could impact both the
hydrological situation and the water sector itself, as well as the
potential future risk, type and intensity of conflicts related to water
more specifically. Following Razavi et al. (2024), we apply an
exploratory approach focusing on systems complexity “to navigate
complexity and manage the uncertainty associated with
understanding, diagnosing, predicting, and governing human-
water systems” (Razavi et al., 2024, p. 2). We contribute a set of
plausible, internally consistent and diverse qualitative scenarios of
future contexts and assess their potential risk for water resource and
governance conflicts. Second, this paper provides the qualitative
systems model underlying the scenario space. In sum, this work
supports the German water sector in developing future scenarios
by providing a set of scenarios that encompass relevant
developments outside the water sector itself. The future of the water
sector, including central infrastructural options, could then
be explored in a subsequent step, possibly using the methodological
approach demonstrated in this paper.

In the following sections, we justify and explain the use of the
semi-qualitative systems analysis CIB (cross-impact balances,
Weimer-Jehle, 2006, 2023) to build and analyze exploratory context
scenarios in an expert-based process (section 2). As results, we present
the central drivers influencing future water-related conflicts, their
plausible alternative future developments, and the interactions
between these. We then provide a “map” of the future scenario space,
bounded by a set of the four most diverse future scenarios, indicating
their water conflict risk (section 3). We then discuss the limitations of
our scenario analysis, explore the implications of our results for robust
and anticipatory governance of potential future water conflicts in
Germany, and outline potential use cases of these scenarios for water
research and practice (section 4).
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2 Materials and methods

We justify and introduce the method CIB for exploratory context
scenario analysis (section 2.1) and detail our specific expert-based and
construction and

software-supported process of scenario

interpretation (section 2.2).

2.1 Cross-impact balances (CIB) to
construct and analyze context scenarios

Scenario analysis is employed for various goals (e.g., Alcamo,
2008)—for instance, decision support and learning (Kosow and
Gafdner, 2008). One of the most prominent goals is exploring
possibilities and future spaces through exploratory scenarios (“What
if” scenarios). Other goals include decision support and learning.
Traditionally, exploratory scenarios are constructed using three
different approaches: The first approach comprises qualitative,
intuitive, and creative methods such as Intuitive Logics (IL) (Huss and
Honton, 1987; Wilson, 1998). This is sometimes referred to as the
scenario-axes approach if it maps future uncertainty spaces along two
central axes, resulting in four scenario quadrants. The second
approach, particularly used in the economic and engineering sciences,
is numerical modeling to develop quantitative scenarios (e.g.,
Forrester, 1958, 1971). Finally, integrated modeling often relies on
hybrid scenarios, combining qualitative storylines with numerical
modeling, as in the Story And Simulation (SAS) approach (e.g.,
Alcamo, 2008).

Among the first type of approaches, Weimer-Jehle (2006)
proposed CIB as a semi-qualitative scenario approach that allows for
a more formalized construction of qualitative scenarios. CIB has been
assessed as a promising alternative to IL (Girod et al., 2009; Kemp-
Benedict, 2012; Schweizer and Kriegler, 2012; Schweizer and O’Neill,
2014; Lloyd and Schweizer, 2014; Kosow, 2015; Guivarch et al., 2017;
Carlsen et al., 2016a; Carlsen et al., 2016b; Schweizer, 2020). CIB
enables a “more systematic, consistent, complete, transparent and
objective scenario construction process” (Prehofer et al., 2021). The
method has been applied in various fields, such as energy research
(e.g., Mier et al., 2023; Garcia-Teruel et al., 2022; Vogele et al., 2022),
climate change (e.g., Schweizer and Kriegler, 2012; Schweizer, 20205
Drakes et al., 2020; Lazurko et al., 2022; Schuch et al., 2024), and
sustainability studies (e.g., Renn et al., 2009; Kemp-Benedict et al.,
2014; Carlsen et al., 2024), and increasingly in water research (e.g.,
Schiitze et al.,, 2019; Kosow et al., 2022b; Lazurko et al., 2023).
However, it has not yet been applied in the context of German water
futures. Weimer-Jehle et al. (2016, 2020) have also demonstrated the
use of CIB in hybrid scenarios processes, where CIB provides
internally consistent qualitative scenarios on societal developments
(framework assumptions) for numerical (economic, technological, or
natural science) modeling. CIB-based qualitative scenarios informing
hybrid scenario construction are called “context scenarios” (Weimer-
Jehle et al,, 2016, emphasis by the authors). Examples of CIB
applications in hybrid scenario exercises are Ruth et al. (2015), Vogele
et al. (2017), Schiitze et al. (2019), and Pregger et al. (2020). A
comparison of different hybrid methodological designs with CIB and
their effects on interdisciplinary knowledge integration can be found
in Prehofer et al. (2021). Given these advantages and experiences with
the method, we chose CIB to qualitatively and systemically (instead of
intuitively) explore the socio-natural contexts of future water conflicts.
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CIB conceptualizes systems as qualitative impact networks
(Weimer-Jehle, 2006, 2023). The main drivers of future developments
(descriptors) are set as the nodes of the network. A small set of
qualitatively and/or quantitatively defined alternative futures of the
drivers (variants) are assigned to the nodes as discrete states. In terms
of descriptors, consider a factor that can have multiple states (variants),
each of which has the potential to influence the variants of another
factor. Qualitative information about the promoting and hindering
influences between the nodes is collected by literature review, expert
elicitation, and/or stakeholder participation (cf. Prehofer et al., 2021).
Table 1 provides an overview on the scale typically used to assess
impacts between variants in a CIB analysis. Considering all direct
mutual impacts pairwise results in a cross-impact matrix.

The core of the CIB method consists of a balance algorithm that
scans all theoretically possible combinations of variant states and
identifies the internally consistent configurations (consistent
scenarios) within the impact network. These correspond to Nash
equilibria (Nash, 1951), i.e., they are solutions where all descriptors
are in a mutually reinforcing state, taking into account the hindering
and fostering impacts they receive from other descriptors.?

A CIB process typically consists of four steps (Weimer-Jehle,
2006, 2023):

« Step 1: Identify, select, and define context factors (i.e., descriptors)

o Step 2: Identify, select, and define alternative future developments
of each context factor (i.e., variants)

o Step 3: Assess cross-impacts between variants (pairwise).

o Step 4: Prepare and analyze the CIB matrix using the CIB
algorithm to identify internally consistent constellations (i.e.,
scenarios).

However, we would like to add another step, that has sometimes
remained implicit in prior CIB studies but is important for sense-making:

o Step 5: Interpret the scenario space and, potentially, select a
(smaller) set of scenarios (i.e., sampling), elaborate these into
storylines (Tori et al., 2023).

In addition to the consistency of descriptor constellations, CIB also
provides information on the synergy of each constellation by
calculating the total impact score (TIS), i.e., the sum of all negative and
positive impacts active in this constellation. The TIS can be understood
as a measure of the overall synergy of a scenario, i.e., the sum of
mutually hindering and promoting impacts. The TIS provides relative
(not absolute) values, as it is sensitive to the number of descriptors,
variants, and impacts. The use of CIB is supported by the software
ScenarioWizard, available for free download at: www.cross-impact.org
(accessed on June 18, 2024). We also utilized the beta version of an
online version of the ScenarioWizard that does not require any
download and is now easily accessible on all operating systems.* Both
software versions offer further options for analysis, those that have
been applied in this study will be specified below (section 2.2).

3 A more detailed explanation of CIB including video tutorials can be found
at: https://www.cross-impact.org/english/CIB_e_Alg.htm.

4 https://scenariowizard.org
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TABLE 1 CIB impact scale (Weimer-Jehle, 2006).

Strongly hindering Hindering Weakly hindering

2.2 Expert-based and software-supported
process to construct and interpret the
scenario space

The scenario scope has been defined by the group of authors to
identify the scenario space of contexts impacting future water conflicts in
Germany, with a time horizon set for the year 2050. This aligns with the
time horizon of the German national water strategy. Additionally, the year
2050 is distant enough to consider various alternative futures but not so
far (as, for example, the year 2100 might be) that it introduces excessive
uncertainty, making scenario analysis less applicable. The concrete
methodology, following Hinkel (2008)—i.e., the constellation of people,
techniques, and data used to construct and interpret these context
scenarios—is detailed below.” A full list of participating experts is provided
in Supplementary A.

2.2.1 Steps 1 and 2: identification, selection, and
definition of context factors (descriptors and
variants)

To identify relevant context factors for future water conflicts in
Germany and their possible future developments until 2050,
we organized an expert workshop with a total of n = 14 experts from
hydrology, political science, economics, sociology, climatology, and
practice actors from the water sector. In addition, we scanned existing
studies on water futures for possible additional factors. As literature
regarding German water futures is still scarce (for exceptions, see
Shaochun et al., 2010; Wunsch et al., 2022), we also included studies
related to water futures on a global (e.g., Gallopin and Rijsberman,
20005 Alcamo et al., 2003; OECD, 2012; UNESCO WWAP, 2022) and
European scale (e.g., Leipprand et al., 2008; Ertug and Hoekstra,
2014; Mack et al., 2019; EEA, 2021). To select the most important
factors, we conducted an internal workshop among the authors,
assessing the uncertainty and impact of the different factors (cf. Amer
et al,, 2013). We included those factors that exhibited the highest
degrees of both future uncertainty and impact on future water
conflicts as these were considered relevant and most interesting to
explore the uncertainty space.

To refine descriptors and variants, the team of authors drafted
selections and definitions of descriptors and variants in the form of
comprehensive descriptor essays, supported by additional literature
research (see Supplementary B). A draft of each essay was then reviewed
and validated by one to two external experts, mainly but not exclusively
from academia (see Supplementary A). The validation review focused on
the plausibility of the different future developments (i.e., the variants):
Variants were defined in a way that their occurrence was considered
possible—but not necessarily very probable until the year 2050. We thus
agreed on a middle ground between choosing highly probable

5 The scenario building process started in September 2022 and interpretation

was finalized in December 2023.
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Weakly promoting Promoting Strongly promoting

developments that mostly lead to “surprise-free” scenarios vs. choosing
controversially assessed contingencies which can lead to striking but
speculative scenarios (Weimer-Jehle, 2023). Further input and validation
were collected through a workshop with n=14 practice experts,
comprising stakeholders from agriculture, water providers, nature and
environmental protection, and city administration. This workshop led to
the inclusion of the context factor “state of ecosystems” into the final short
list (see section 3.1).

2.2.2 Step 3: assessing interactions

To assess if and how the alternative developments (variants) of the
context factors (descriptors) influence each other, we conducted a
two-phase process of impact assessment. First, the team of authors split
into pairs, and these pairs jointly discussed and then assessed those
descriptor-interactions they had the most expertise (splitting the matrix
by rows). These initial assessments were then integrated into a first joint
CIB matrix. This internal matrix served as a preparation and background
knowledge for the second phase. In the second phase, we conducted
online tandem interviews with two external issue experts simultaneously.
We asked experts about the impacts they saw on “their” descriptor from
the other descriptor variants (splitting the matrix by columns). In total,
we interviewed a group of n=15 experts from various disciplinary
backgrounds, some of whom were willing to assess more than one
descriptor. The tandem interview combined the advantage of expert
interviews to collect individual experts’ knowledge with the necessity to
discuss and justify assessment with a peer, thereby reaching a consensual
understanding to reduce subjective and mono-disciplinary expert bias (cf.
Kosow et al., 2022c). We noted verbal justifications of the impact
assessments and recorded the interviews.

2.2.3 Step 4: preparing and evaluating the matrix

‘We combined the results from the tandem interviews and constructed
one joint CIB matrix containing the final definitions of descriptors and
variants, all impact assessments, and their verbal justifications. We then
analyzed the matrix using the CIB balance algorithm supported by the
CIB software ScenarioWizard and searched for internally consistent
scenarios, i.e., scenarios without contradictions. This means we searched
for combinations of variants that are stable in themselves.

2.2.4 Step 5: sampling, storyline writing,
interpretation, and conflict risk assessment

We utilized the CIB software and web-application to interpret the
scenario spaces represented by our CIB matrix. First, an analysis of active
and passive sums (Vester, 2002) helped in understanding the direct effects
of highly impactful and more dependent context factors. Next, we applied:
(a) diversity sampling to identify four maximally diverse scenarios, and (b)
the scenario axis (from the online version) to map the entire scenario
space according to diversity in a scenario-axes style. This diversity
mapping—which is more systematic than the one proposed by IL, and
inductive rather than deductive—follows the min-max approach by Tietje
(2005). The x-axis is formed by the two scenarios with the maximum
difference in variants, while the next two most distinct scenarios define
the y-axis. All other scenarios are sorted in relation to their similarity with
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these four most diverse (and most extreme) scenarios, i.e., their distance
from both axes. We then interpreted the themes of the axes and quadrants
content-wise.

The most diverse scenarios were elaborated into storylines (short
versions in 4.3, long versions in Supplementary D). Finally, to
demonstrate a possible use case application, we assessed the impacts of
all scenarios on water conflict risk among the authors. We added the
two passive descriptors “risk of water resource conflict” and “risk of
water governance conflict” into the matrix and used these as indicators.
We defined water resource conflicts as conflicts regarding the use,
distribution and protection of water resources, and water governance
conflicts as conflicts regarding the management, competencies,
coordination, cooperation, and framing of water (problems) in the
water sector comprising public and private actors. Risk was understood
as a combination of hazard, vulnerability, and exposure (cf. [PCC,
2018). We assessed the impacts of all context variants on both conflict
risks using the —3 to +3 CIB scale calculating and interpreting
individual risk values for both dimensions, as well as an (equally
weighted sum) water conflict risk index for all scenarios.

3 Results

3.1 Relevant context developments and
their uncertainty until the year 2050

Identifying, selecting, and defining context factors resulted in a list of
11 factors (i.e., descriptors) with three to five alternative developments
each (i.e., variants) until the year 2050. These developments cover the
domains of climate, land use, politics, economy, society and water culture,
and nature. Technological development has not been included in the
context factors, as infrastructure and technology are rather part of the
water system/sector itself—and thus not depicted by the context scenarios.
Table 2 provides an overview of the contexts (descriptors) and their
respective alternative developments (variants) that have been considered
possible (but not necessarily highly probable) in Germany in the year
2050 by the participating experts. Detailed definitions can be found in
Supplementary B, with referenced literature in Supplementary E.

3.2 Interrelations between factors: the CIB
matrix

Step 3 of the CIB process, assessing the interrelations between the
alternative developments, results in a conceptual model of factor
interrelations stored in the form of a CIB matrix (Weimer-Jehle, 2006).
Two special features of this particular CIB model should be noted. First,
the factors H “Structural development of the water-intensive industry
(energy transition)” and A “Change in temperature” are defined as
autonomous factors, as they are primarily dependent on influences

6 The structural development of the water-intensive industry is used in our
model as a proxy for the impact of the energy transition because currently
fossil energy generation is responsible for a significant share of industrial water
use. Therefore, the phase-out of fossil power plants will reduce the industrial

demand especially for cooling water.
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outside the scope of the considered system (i.e., exogenous factors from
the “rest of the world,” such as global greenhouse gas emissions, global
peace and war developments, and access to raw materials). The assumed
influences of the other factors on H and A are documented in the text
accompanying the matrix but do not play a numerical role, as these
impacts are considered too weak (value 0 in the matrix). Conversely, the
impacts of the energy transition (H) and temperature change (A) on other
factors are considered. Second, initially, demographic development was
considered a relevant context factor for water conflicts in Germany by the
participating experts. However, the impact assessment process revealed
that: (a) on a national average, the changes (the plausible variance) in
demographic development until the year 2050 might be too small to
be interesting to consider. This may differ significantly for regional or local
developments though. It also revealed that: (b) the impacts of the selected
factors of this analysis on the demographic development of Germany were
considered as low and demography was recognized to be an inert
development. The primary potential forces influencing demographics in
Germany until 2050 are international migration fluxes, which are beyond
the scope of this analysis. Consequently, demographic development (J)
has been excluded from the remainder of the analysis, focusing solely on
the impact network of 10 contextual factors.

The distribution of cross-impacts between variants assumed by the
experts is rather typical (¢f. Weimer-Jehle, 2023). Supplementary C provides
the CIB matrix that indicates impact sectors of important interrelations
through color coding, as well as a summary table on the distribution of
impact assessments across all impact cells. The factors that exert the highest
direct impact on the others (active factors) are, in decreasing order of their
total impact, I “Water awareness and prioritization,” B “Changes in
precipitation,” F “Political-regulatory framework” and A “Change in
temperature” The factors that receive the most direct impacts from other
factors (passive factors) are K, “State of ecosystems” and to a lower degree
also C the “Development of agriculture” in Germany, and interestingly, also
E “Water governance;” which is seen as at least slightly influenced by most
of the other developments. Still, this analysis does not consider the indirect
impacts of the mutual influences between factors yet. These are considered
in the following, i.e., in the analysis of the entire impact network with the
CIB balance algorithm (section 3.3).

3.3 Mapping the scenario space

Analyzing the CIB matrix with the CIB algorithm results in
311,040 theoretically possible variant combinations. Not all of these
combinations are sensible, as most of them contain internal
contradictions. N=74 scenarios are fully consistent (IC0) in the sense
of CIB, and these scenarios include 26 out of the 36 variants. Allowing
for small inconsistencies regarding individual descriptor states (IC1)
results in a set of n=355 scenarios, encompassing 34 out of 36
variants, i.e., almost the entire scenario space identified.” The two

7 Allowing even more inconsistencies (IC2) results in n=1,099 consistent
scenarios, including the same 34 out of 36 variants (94.4%) and thus does not
yield a better representation of the uncertainty space. As the significance
threshold for inconsistencies in case of 10 descriptors is 1.5 (ICs=Y2 y/ (n-1))
(Weimer-Jehle, 2023, p. 50), we proceed with the resulting scenarios when

allowing slight inconsistencies only (i.e., IC1).
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TABLE 2 Uncertain context factors until the year 2050, influencing future water conflicts and their governance in Germany (water related instruments
and strategies excluded; geographical reference: Germany, unless otherwise specified; detailed definitions see Supplementary B).

Descriptor

Alternative developments until the year 2050

H Structural
development of the

water-intensive industry

H1 Energy transition
BAU as in 2020s

H2 Energy transition

succeeds

H3 Energy transition

fails

Variant 1 Variant 2 Variant 3 Variant 4 Variant 5
A Change in Al Increase in A2 Asin Al plus A3 Asin Al plus A4 Future stagnation
temperature average temperatures | temperature alternating hot and of temperature
extremes within cold years increase
Climate years
B Changes in B1 Decline in average = B2 Winter shift B3 Alternating dry B4 As in B3 plus
precipitation annual precipitation and wet years high temporal and
regional variability
C Development of C1 Hardly any C2 Fruit and C3 High-Tech C4 Organic farming | C5 Loss of
agriculture changes: production vegetable garden of importance
and productivity asin | Europe
Land use 2020s
D Settlement areas: D1 Like 2020s D2 Slight expansion D3 Strong expansion
quantity, density, and
sealing
E Water governance E1 High E2 Limited E3 No effective
(cooperation and cooperation, (cross-
coordination) border) water
conflicts
Politics F Political-regulatory F1 EU regulations F2 Wide-ranging F3 ‘All you can take’ F4 Deliberate
framework (water) implemented systemic nexus (strong influence of bypassing of rules
approach WEFE the economy)
(Water-Energy-
Food-Ecosystems)
G General economic G1 Moderate G2 Eco-investing G3 Green liberation G4 Recession
situation growth—Business as
usual
Economy

Society and culture

I Water awareness and

11 High-In times of

12 Medium—In

I3 Low—Priority in

prioritization scarcity, water related | times of scarcity, times of scarcity is
ecosystems are public and private not explicitly
prioritized (after sector are prioritized | clarified. De facto,
public sector) before ecosystems, ecosystems are least
agriculture last prioritized
priority
J Demographic J1 Population tends J2 Population J3 Population tends
development to decline remains stable to increase

Nature

K State of ecosystems

K1 Like 2020s

K2 Recovery

K3 Deterioration

variants absent from this latter set are C1 and E3. C1, i.e., “Hardly any
changes in agriculture: Production and productivity as in 2020s,” has
been considered less probable (but still plausible) than the other
variants by experts in the agricultural sector, as agriculture is
currently undergoing strong transformation pressure. Variant E3,
“No effective cooperation, (cross-border) water conflicts,” has also
been deemed rather less probable, at least if the general political
conditions (democratic system and peace in the European Union—
factors not explicitly considered in this analysis) remain intact until
2050. Thus, the lack of these two variants can be considered
meaningful in our set of plausible scenarios.

Frontiers in Water

3.3.1 Four maximally diverse scenarios

To facilitate a better understanding and easier navigation of our
scenario space by potential users of this study, we selected a small
number of maximally diverse scenarios. For this purpose, we applied
diversity sampling and diversity mapping with a scenario axis approach
(see section 2.2). Figure 1 shows the overall results. Diversity sampling
yields two maximally diverse scenarios out of n=355 (IC1) that serve
as extremes of the x-axis: “Polycrisis: Climate, politics, and environment
in crisis” (scenario 1) vs. “Sustainable transformation” (scenario 4).
These two scenarios differ regarding all descriptor variants. The next
two scenarios, which differ maximally from each other and to the
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FIGURE 1

ZuWaKo context scenarios (n = 355) mapped by diversity [n = 355
scenarios at consistency level 1 (IC1), i.e., very slight inconsistencies
allowed; red dots and titles mark the selected set of four maximally
different scenarios].

extremes of the x-axis, form the y-axis.® We called these scenarios
“Growth through adaptation to climate change” (scenario 2) and
“Agriculture and economy in crisis” (scenario 3). The four maximally
diverse scenarios diverge with regard to at least six out of 10 descriptor
variants. They are marked by red dots in Figure 1. Table 3 presents the
structure of the scenarios, while Table 4 provides short storyline
descriptions. Longer versions, including descriptions of key
interactions, can be found in Supplementary D. These four scenarios
represent the extremes of the scenario space that has been deemed
plausible in our analysis. They cover a maximum of future diversity by
considering a small and cognitively discernible number of scenarios.
The four extreme scenarios are neither equally consistent nor
equally synergistic (see Table 3). Scenario 2 is particularly consistent
and demonstrates a highly positive balance of mutual impacts
between developments, as indicated by the highest total impact score
(TIS). In contrast, scenario 4 shows slight inconsistencies in five out
of 10 descriptors and has the lowest TIS among these four scenarios.
Thus, the sustainable transformation scenario (scenario 4), while
considered plausible in this analysis, can be considered as rather
unstable. This implies that it is either easily disturbed by contingencies
impacting the slightly inconsistent descriptor states (B2, E1, G3, K2)
or requires particular attention in the form of additional policies and
strategies to stabilize these developments. Interestingly, strong EU
regulations (F2 “EU regulations implemented and complemented by
a systems perspective”) can be found in three of the four scenarios (2,
3, and 4). Such a political framework seems consistent with different
agricultural futures (C3 “High-Tech,” C5 “Loss of importance” and
C4 “Organic farming”), which depend on constellation of the other
context developments. K2 “Recovery” of ecosystems is plausible in

8 These axes are interpreted content-wise in the next sub-section 3.3.2
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two worlds: through a pathway to sustainable transformation in
scenario 4, or through strongly reduced agricultural and economic
activities —combined with strong regulations—in scenario 3.
Scenario 1 “Polycrisis” has “twins,” meaning scenarios that are
identical, equally consistent, and differ only in terms of precipitation
(all variants of precipitation change are consistent). Scenario 2
“Growth through adaptation”

variants. Thus, this scenario is rather stable and considered plausible

has twins regarding all temperature

under all different temperature developments.’ The other two selected
diverse scenarios are not fully consistent in the case of differing
climatic situations.

3.3.2 Better understanding the scenario space

Numerous further consistent alternatives between these extremes
can be found. Considering the entire space of n=355 scenarios
mapped in relation to the four most diverse scenarios, allows for a
better understanding of the thematic axes and the typical
characteristics of the four quadrants. Figures 2a-h indicate how
different variants are distributed across the scenario space. Figure 3
provides an overview on the characteristics of the scenarios found in
the four quadrants (A-D).

Figure 3 illustrates that the x-axis divides the scenario space into
scenarios characterized as sustainable vs. unsustainable (regarding
environmental and socio-economic conditions); the y-axis
distinguishes between scenarios oriented towards growth (and a
development closer to the status quo) vs. those characterized by either
economic decline or a degrowth logic (and overall greater changes
compared to today). The overwhelming majority of consistent and
synergetic scenarios are located in quadrant A, between the scenario
of “Polycrisis” (scenario 1) and “Growth through adaptation to climate
change” (scenario 2). The scenario with the highest synergy score (TIS
58)—presumably the most stable scenario—lies within this quadrant.
This scenario depicts a growth scenario with a failing energy transition
and the deterioration of ecosystems. Figure 3 also highlights that
scenario 3 (“Agriculture and economy in crisis”) is a singular outlier.
Additionally, at the intersection of both axes, there is an additional
cluster (E) of scenarios that show their own characteristics'®. Scenarios
in cluster E combine distinct features from both quadrants B and D
(C3 or C4, D1, E2, F2, G3, H1, 11, K2) under multiple challenging
climate constellations.

Regarding individual variants, scenarios with a failing energy
transition (H3) (Figure 2a) are located away from “Growth through
adaptation” (scenario 2) toward “Polycrisis” (scenario 1). If economic
recession (G4) is added to the picture (Figure 2b), scenarios are found
in quadrant C. On the other side, organic farming (Figure 2c)
characterizes most scenarios on the sustainability side of the scenario
space. “Future stagnation of temperature increase” (A4) (Figure 2d),
while present across the entire scenario space, is a typical feature for
all scenarios in quadrant B. As to governance and regulation, “Rules
bypassed” regulations (F4) (Figure 2e¢) are typical for scenarios in

9 Another "twin" of this scenario, namely its version including ecosystem
degradation, is the scenario with the highest attractor weight within the scenario
space (for the concept of attractors in CIB cf. Weimer-Jehle, 2006).

10 The scenarios of cluster E group around the 5th most diverse scenario,

which differs most from the extreme scenarios 1-4.
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TABLE 3 Overview of four selected, most diverse scenarios: Germany 2050—possible contexts for water conflicts (to be read column-wise).

Scenario number 1 2 3 4
Title “Polycrisis: climate, “Growth “Agriculture and “Sustainable
politics, and through economy in crisis”  transformation”
environment in adaptation to
crisis” climate change”
Degree of inconsistency (IC) 0 0 1 (3 descriptors) 1 (5 descriptors)
Synergy (TIS) 38 48 33 25
A3 Increase in average
A4 Future stagnation of
A Change in temperature temperatures plus alternating Al Increase in average temperatures
temperature increase
Climate hot and cold years
B3 Alternating dry and wet B4 Alternating dry and wet years plus high temporal
B Changes in precipitation B2 Winter shift
years and regional variability
Land use C Development of agriculture | C3 High-Tech C5 Loss of importance C4 Organic farming
D Settlement areas: quantity,
D1 Like 2020s D2 Slight expansion D1 Like 2020s D2 Slight expansion
density, and sealing
E Water governance
(cooperation and E2 Limited E1 High
Politics coordination)
F Political-regulatory F3 “All you can take” (strong
F2 Wide-ranging systemic nexus approach WEFE (Water-Energy-Food-Ecosystems)
framework (water) influence of the economy)
G General economic situation | G2 Eco-investing G4 Recession G3 Green liberation
Economy H Structural development of H2 Energy transition H1 Energy transition BAU or:
H3 Energy transition fails H3 Energy transition fails
the water-intensive industry succeeds H2 succeeds
Societyand | I Water awareness and
11 High 13 Low
culture prioritization
Nature K State of ecosystems K3 Deterioration K1 Like 2020s K2 Recovery

quadrant C, whereas “All you can take” (F3) (Figure 2f) regulations
are present on the entire unsustainable side of the scenario space.
Interestingly, “Strong cooperation and coordination” (E1) (Figure 2g)
is—in individual cases—present at the most sustainable end of the
scenario space but more often in challenging economic situations at
the crossroad between more or less sustainable worlds. In contrast,
highly ambitious EU regulations comprising a WEFE Nexus approach
(F2) (Figure 2h) are present across the entire scenario space, albeit
less to the unsustainable end of the spectrum and considerably less
in times of recession (quadrant C).

3.3.3 Conflict risk

Mapping the results of the water conflict risk assessment across the
scenario space (Figure 4a, index summing resource conflict and
governance conflict risk) reveals that water conflict risk is distributed
very unequally across the scenario space and, not surprisingly, is
considerably higher at the “unsustainable” end of the spectrum (see
Figure 4). Still, when comparing conflict risk and synergy (total impact
score) of all scenarios (Figures 4a,b), the overall stable scenarios (high
TIS) show a rather important water conflict risk, whereas scenarios
with low conflict risk on the ‘sustainability side’ of the scenario space
tend to be less solid. The total impact score is positively correlated to
both individual types of conflict and has a strong positive correlation
with overall conflict risk (r=0.63, p<0.0001).

Differentiating between the risk for resource conflict and the risk
for governance conflict across the scenario space indicates that these
conflict types might not always occur at the same time. While scenarios
close to scenario 2 (growth through adaptation to climate change) and
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in the upper left quadrant show both, high risk for resource and
governance conflicts, scenarios close to scenario 1 (“Polycrisis”) and
especially in the lower left quadrant C are marked by resource conflicts.
Overall, resource conflicts and governance conflicts show a highly
significant (p<0.001), weak negative correlation (r=—0.20) in our
sample. Scenarios with a higher risk for resource conflicts tend to have
a lower risk for governance conflicts and vice versa.

4 Discussion

We discuss the limitations and strengths of our scenario analysis
(section 4.1), the implications of our results for future water
conflicts and their governance in Germany (section 4.2), and the
usability of these context scenarios for different potential users
(section 4.3).

4.1 Limitations of the methodological
approach

First, CIB is primarily a qualitative approach and does not claim
to generate predictions. Instead, it provides multiple, internally
consistent, and comprehensive pictures of possible futures. It does so
by analyzing a conceptual model reflecting the mental models of those
who provided knowledge and input. Its strength is to consider the
complex interplay of aspects that are difficult to quantify and model
in numerical ways (Weimer-Jehle, 2023). Future research could and
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TABLE 4 Short storylines of the four selected diverse scenarios.

10.3389/frwa.2024.1492336

Scenario 1: Polycrisis—Climate, politics, and environment in crisis

In 2050, Germany is experiencing a dramatic climate crisis characterized by extreme heat and unpredictable weather patterns. Water resources are at risk as precipitation
patterns fluctuate unpredictably. Politically, water management is dominated by economic interests, with inadequate controls and a lack of impact assessments. The energy
transition is failing, making economic growth more difficult. Agriculture is intensifying through high-tech, with precise irrigation, but the increasing intensity cancels out any
water savings. Green investments require new land, but high-tech agriculture and lower demand for solar and wind energy mean that overall land use for settlements remains
at 2020 levels. Consequently, the condition of water-related and terrestrial ecosystems is deteriorating due to weak regulation. Despite the omnipresent crisis, society’s water

awareness is high, which in turn promotes green investments and the use of precision farming.

Scenario 2: Growth through adaptation to climate change

In 2050, Germany is facing significant effects of advanced climate change. Rising temperatures and extreme weather conditions, particularly unpredictable precipitation, are
putting pressure on the country’s ability to adapt. However, the population is showing remarkable environmental awareness, particularly regarding water. The agricultural,
economic, and energy sectors are successfully adapting by focusing on an ambitious energy transition, green investments, and precision agriculture. The political-regulatory
framework implements a systemic Water-Energy-Food-Ecosystems (WEFE) nexus approach, linking water, energy, food, and ecosystems. Temporary cooperation in the water

sector emerges, albeit accompanied by potential tensions. Overall, the state of ecosystems is maintained at 2020 levels through environmental protection measures.

Scenario 3: Agriculture and economy in crisis

limit land consumption.

In 2050, Germany is facing the significant effects of advanced climate change. Rising temperatures and extreme weather conditions, particularly unpredictable precipitation,
are putting pressure on the ability to adapt. Society is showing a strong environmental awareness, especially in the water sector. Unfortunately, efforts by business and
agriculture to adapt are failing. The energy transition is stagnating, there is a global economic downturn and agriculture in Germany is losing its importance. Water use in
industry remains virtually unchanged. To face these challenges, stable cooperation in the water sector is emerging to implement a systemic WEFE nexus approach. These

political framework conditions—and the considerably reduced (agro-)economic activities—have a positive impact ecosystems, which will recover by 2050 and successfully

Scenario 4: Sustainable transformation

water challenges and conflicts have almost disappeared from the media again.

By 2050, Germany experiences moderate climate development, with temperature rise will stabilizing towards the middle of the century. Still, precipitation patterns will change:
winters will be water-rich, while summers will suffer from water shortages. Effective cooperation in the water sector, including across borders, enables these challenges to

be dealt with sustainably. A systemic WEFE nexus approach promotes systemic cooperation between the water, energy, food, and ecosystem sectors. The energy transition is
progressing at least as ambitiously as in the 2020s, the economy is experiencing a “green liberation,” meaning a more qualitative growth decoupling the productivity from
resource input, and agriculture is moving towards organic farming. Overall, political measures lead to a recovery of ecosystems by 2050. At the same time, a slight expansion of

settlement areas remains. Due to its good governance, water has become less of a pressing issue. In consequence, general societal water awareness has decreased by 2050 and

should combine this analysis with quantitative data and numerical
models whenever available.

The selection of descriptors and variants—i.e., the inclusion and
exclusion of system elements in our conceptual model, can be viewed
as a second general limitation. The selection criteria for our context
factors were a high degree of uncertainty and a strong impact on water
conflicts in Germany. To depict other potential futures of the water
sector, the list of descriptors might need to be reconsidered. For
instance, it could be beneficial to include technological trends such as
grey vs. blue vs. blue-green infrastructure; the development of a
hydrogen economy; and digitalization in the water sector.
Alternatively, depending on the study’s focus, the CIB model might
not only encompass external contexts but also depict the entire water
sector and the hydrological system itself in form of internal factors. In
addition, we did not consider the development of context factors such
as war vs. peace or democracy vs. autocracy, or strong raise of
populism, which could also become relevant by 2050. Furthermore,
we excluded external international factors (beyond national borders),
such as world market stability, virtual water (i.e., for crop or industrial
production in other countries)," effects of climate change and climate
change agreements on other regions that might induce changes within
Germany as adaptation or compensation measures (i.e., unprecedented

11 Germany currently is a net virtual water importer (Brindha, 2020). This

situation might change or at least be questioned and challenged in the future.
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climate migration). Thus, the selection of variants that are considered
implausible (possibly too narrow or too broad) has to be adjusted
depending on the study’s objective and the “conservative” vs. “creative”
character of the scenarios.

The third limitation—which is a constraint of every expert-based
CIB analysis—relates to the selection of experts and their assessments,
which may exhibit bias; the impact assessments might have differed
with a different selection of experts. To counter this issue, including
many experts from diverse backgrounds and integrating multiple
assessments would be best practice. This has been partially achieved
in this study through tandem interviews with experts from various
fields who discussed their judgments with each other. Therefore,
we believe that our scenarios are useful. Centrally, they do not make
predictions or statements regarding the probabilities of individual
scenarios but rather can be considered as the scenario space of
consistent factor relations, depicting the range of diverse potential
future developments, which we can anticipate as plausible today.
Scenarios are always open to critical discussion and rather an occasion
for dialogue rather than making truth claims: If you, as a reader do not
find them plausible (too extreme or too conservative, or containing
implausible assumptions on interrelations?), you are invited to ask
yourself: “Why? What are my ‘present futures’?” This questioning
allows making pictures of the explicit, shareable and discussable.

Fourth, the
be interpreted with caution, as it relies solely on estimates by the team

demonstrated water risk assessment should

of authors. Then, most importantly, conflict risk does not only
depend on contexts but also heavily on the actions and behaviors of
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stakeholders
environmental protection, and agriculture. In addition, a more

in water politics, administration, economy,
regional or even local perspective, as well as an explicit multi-level
governance perspective, could provide additional useful insight on
water conflict risks beyond our rather general assumptions referring
to Germany as a whole. Future research should combine our

approach with more detailed risk assessment techniques.

4.2 Implications

Nonetheless, our results allow deducing several implications
regarding future water conflicts and their governance in Germany. The
future context uncertainty and the mapped scenario space we found
are rather broad. Society and in particular the water sector—including
public administration on different levels need to navigate this
uncertainty. This also means to develop and implement robust and
adaptable policies and strategies to anticipate and address these
future conflicts.

We have assumed from the outset that climate change-related
factors (changes in temperature and precipitation) would play an
important role for future water conflicts in Germany. Yet, our analysis
paints a more differentiated picture by showing the important impacts
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of other, especially governance related, context factors as “political-
regulatory frameworks” (F) or societal “water awareness and
prioritization” (I). This is plausible, as Germany still enjoys a relatively
comfortable situation from an international perspective, characterized
by an initial abundance of water and successful buffering through
ground water stocks in many regions. Regional and seasonal issues
may be issues of distribution and access (technical access, i.e., through
infrastructure, or legal access, i.e., through water rights) than of
absolute scarcity.

Mapping the scenario space revealed a dominance of
unsustainable economic growth or recession scenarios (across climate
change variants) vs. relatively few and less synergetic scenarios of
sustainable transformation, in which the variant “green liberation,”
depicting a degrowth scenario of the German economy, dominates
(see quadrant D in Figure 3). Additionally, the latter seem rather
dependent on not too dramatic developments of climate change (see
quadrant B in Figure 3). We also demonstrated that the energy
transition plays a crucial role, not only due to its direct impact on the
water use of the water-intensive (energy) industry but also through
indirect impacts of a (failed or successful) energy transition on other
context factors, which, in turn, add to the risk of water conflicts.

Our conflict risk assessment (section 3.3.3) revealed that: (i)
overall stable scenarios (high TIS) correlate with higher water

12 frontiersin.org


https://doi.org/10.3389/frwa.2024.1492336
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org

Kosow et al.

conflict risk, whereas scenarios with low conflict risk tend to be less
solid, i.e., more prone to transitory situations and potentially less
sustainable conditions. Although this result should not be over-
interpreted in terms of probabilities or pathways, it does suggest
that more sustainable context factor constellations with low water
conflict risk appear to face greater trade-offs and internal instability
compared to less sustainable constellations with high water risks,
which may tend to stabilize and persist. Social science conflict
theory indicates that latent, escalated, and collaborative conflicts
(Fienitz and Siebert, 2023) play different roles for system stability
vs. change in land use governance. Future research could apply this
theoretical angle to water conflicts, too. Then the conflict analysis
revealed (ii) that resource and water governance conflict risks do
not appear to occur in parallel across all scenarios. Instead, some
scenarios with reduced water resource conflict risks exhibit
relatively high governance conflict risks. These scenarios often show
ambitious regulation as WEFE Nexus approaches, but only medium
to weak levels of cooperation and coordination in the water sector
(see Figures 2g,h). This constellation seems to either make latent,
previously unaddressed governance conflicts visible or to generate
new governance conflicts. For illustration: strict protection of
water-related ecosystems might, in the long term reduce resource
conflict risk, as water quantity and quality improve—but at the
same time, the risk of conflicts around the procedures and processes
of intensified coordination, cooperation, and complex prioritization
schemes increases, especially if this coordination and cooperation
are only weakly institutionalized. Our results thus indicate that
investing in more ambitious policy frameworks alone, without
enhancing coordination and cooperation in the water sector, might
shift but not solve water related conflicts. Social sciences conflict
theory (for an overview, see Bonacker, 2008) confirms that conflicts
are often not permanently resolved but rather shifted or transformed
from one level to another (e.g., from national to local) or from one
type to another (from resource conflicts to governance conflicts in
our case).

Finally, “[u]ncertainties are not experienced in the same way by
different people. Knowledges about the present and perspectives on
the future are all constructed in particular contexts.” (Scoones and
Stirling, 2020, p. 4). The uncertainty about future contexts identified
among participating experts could also be related to framing
uncertainties—for example, if and what type of conflicts (resource
conflicts, governance conflicts, combinations, or others) might
occur, and how severe these conflict risks might be in the future.
Put differently, today’s framing conflicts might be linked to
diverging representations of future contexts. This means that
depending on what future context scenario(s) different actors
expect, their anticipation and assessment of future conflict risk—
and their assessment of the need to act to deal with these from now
on—might also vary.

4.3 Potential use cases and future research

We believe that this study provides a useful foundation for
research at the interface of water and human systems and for the water
sector to deal with the context uncertainty linked to future water
conflicts. We discuss potential use cases for (a) the scenarios, (b) the
matrix, and (c) the CIB method itself.

Frontiers in Water

13

10.3389/frwa.2024.1492336

The set of plausible, internally consistent and diverse qualitative
scenarios on future contexts (and the corresponding map) can
be utilized for various purposes: First, they can be used to formulate
a comprehensive set of context assumptions for quantitative
modeling, for instance, regarding the future water need agriculture
or of urban green. These context assumptions then need to
be quantified to serve as input parameters. Then, these scenarios can
serve as systematic context scenarios in a hybrid scenario process,
linking storylines and models (e.g., Weimer-Jehle et al., 20165
Prehofer et al., 2021). Second, the set of scenarios can support policy
research and policy-design, especially on the national level to further
develop the national water strategy (BMUYV, 2023). For instance,
policy-design can use these context scenarios to test the robustness
of different strategies and measures under different possible futures,
as well as their adaptability and flexibility in navigating different
pathways across the scenario map. Third, this work can assist the
German water sector in developing explorative and normative
pictures of the future by providing a set of diverse scenarios covering
relevant developments outside the water sector itself, which will
impact the water sector and the conflicts it might be facing. This
could inform risk assessment and strategy development. As Scoones
and Stirling (2020) point out (21): “uncertainties can be generative of
diverse, imagined alternatives. By opening up spaces to re-imagine
futures, to dream and to construct alternatives, uncertainties can
be confronted in positive ways: not as threats or sources of fear, but
as sources of hope and possibility.”

This paper also provides the qualitative systems model underlying
the scenario space, stored in the form of the CIB matrix. This
conceptual model can be utilized by research, policy advice, and
administrations for the case of Germany as it stands. Alternatively, it
can be used as a starting point to be adapted and adjusted by research
groups and/or consultants building their own water scenarios.
Adaptations might be necessary if the plausibility of future
developments is assessed differently, if the definition of variants needs
to be changed, or if experts assess interactions differently. Also, if the
model is adjusted to different research foci, including further
descriptors, as well as to further geographic and temporal scales (as
local, regional, global or, especially relevant, multi-level scenarios—
or other time horizons, closer or further into the future) adaptations
are possible and potentially necessary. For instance, it is possible to
add external global developments (as, e.g., international climate
agreements) as active factors to the CI matrix to explore their impact
on the possible situation in Germany.

CIB, as a scenario method demonstrated by this paper, can
be used by research, water management professionals, and
administrations to build scenarios not only of the contexts of future
water conflicts but also of the water system and its potential conflicts.
Such a project could include descriptors to depict the water sector and
different types of conflicts in terms of trends and drivers and build
system scenarios (Gausemeier et al., 1998). With our application,
we have shown, and this is a methodological innovation—that it is
possible to analyze a scenario space identified CIB by using a scenario
axis approach. Compared to IL, the CIB scenario axis analysis is
systematic-inductive: it is based on systematic scenario construction
with CIB and systematic diversity measures—and it requires to
inductively interpret the two central axes. This approach results in a
more complex, less straightforward mapping of the scenario space
than with IL. In contrast, IL is more intuitive in defining the two main
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axes spanning the scenario space and then deductive to define the
character of the quadrants.

Future applications of CIB to build water (conflict) scenarios
could also involve stakeholders (potential conflict parties) of the
water sector and their policy options (goals and alternative
instruments) in the form of policy-mix scenarios (Kosow et al.,
2022b; Kosow et al., 2022¢; Kosow et al., 2023). These policy-mix
scenarios would allow for the exploration of the strategic uncertainty
of future water conflicts by examining the effects of measures and
strategies from different stakeholders and their combinations
(policy-mixes) under different scenarios. We recommend to follow
this research avenue to address future water conflicts in Germany
through robust policy-design.
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