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Abstract

This document describes the methodological approach used in the six case studies to develop scenarios
depicting possible future evolution of the WEFE complex systems under various long term change
assumptions. Changes taken into account are driven by global factors such as climate change, global
economic change, demographic growth as well as local factors which can be influenced by water managers
and policy makers at river basin level (water infrastructure management rules, water allocation rules). The
scenarios are intended to support dialogue 2 organized in WP6 as well as to serve an input for river basin
model simulation. Different scenario building approaches have been deployed in each case study, taking into
account scenarios already used to develop existing the management plans, as well as the characteristics of
models. Also, uncertainty is dealt with in different ways by the different teams. Overall, while several case
study teams adopted a bottom-up approaches, relying a lot on stakeholders to define scenarios before
simulating their impacts, other teams used a more top-down approach where models are first used to
simulate the impact of global changes before involving users in a discussion of adaptation scenarios.
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Executive summary

This document describes the methodological approach used in the six case studies to develop scenarios
depicting possible future evolution of the WEFE complex systems under various long term change assumptions.
Changes taken into account are driven by global factors such as climate change, global economic change,
demographic growth as well as local factors which can be influenced by water managers and policy makers at
river basin level (water infrastructure management rules, water allocation rules). The scenarios are intended to
support dialogue 2 organized in WP6 as well as to serve as an input for river basin model simulation. Different
scenario building approaches have been deployed in each case study, taking into account scenarios already used
to develop existing management plans, as well as the characteristics of models. Also, uncertainty is dealt with
in different ways by the different teams. Overall, while several case study teams adopted a bottom-up
approaches, relying a lot on stakeholders to define scenarios before simulating their impacts, other teams used
a more top-down approach where models are first used to simulate the impact of global changes before
involving users in a discussion of adaptation scenarios.

Zambezi watercourse

In the Zambezi Watercourse, river basin and local development scenarios will be derived and assessed using an
interdisciplinary approach that mobilizes (i) stakeholders’ knowledge and expertise (through the Dialogues), (ii)
scientific data sets derived from external studies and global models and (iii) the use of a two stage model
simulation strategy, coupling a strategic system optimization model (MORDM) with a high resolution
hydrological model (TOPKAPI-ETH) through a common set of optimal system operation policies (reservoirs,
and irrigation allocations).

The approach for this case study focuses on refining and later simulating an existing set of high-level basin
development scenarios developed by ZAMCOM as part of the Strategic Plan (ZSP) for the Zambezi Watercourse
2018-2040 (ZAMCOM, 2019). This ZSP aims to maximize value for the riparian countries, aligning with their
interest in optimizing and building upon scenarios previously developed through a broad stakeholder
engagement process.

The overall approach is graphically depicted in Figure 37 and the main components of stakeholder interaction,
and scenario simulation described in Section 6

Spanish river basins

For the construction, evaluation, and validation of the local scenarios considered in the Spanish case studies, a
participatory and multisectorial approach was adopted involving representatives from all components of the
WEFE nexus. After reviewing the baseline information on the current state of the basins and future projections,
a first participatory stage (1st Dialogue) was conducted to establish a shared vision of each system and the
identification of current and future challenges. This stage also included stakeholder interviews. Based on this
information, two local scenarios for 2050 were developed for each case study, projecting the future system
behaviour in relation to the four elements of the WEFE nexus. Each initial scenario presented to stakeholders in
2nd dialogue is summarised below:

Jucar river basin:

Scenario 1: Increase in agricultural exploitations and free market. This scenario aims to explore the possibilities
of expanding agricultural activities and the use of renewable energies, assessing their impact on the
environment.

Scenario 2: Environmental protectionism. This scenario seeks to establish possible synergies between
agricultural and energy sectors with a sustainable focus and a reduction of current environmental impacts,
considering future reductions in contributions due to climate change.

Tagus river basin:

Scenario 1: Over the past two decades, the prioritization of the Tagus River has brought about significant
changes. The transfer of water to the Segura Basin, despite protests, allowed the Tagus to address its own
needs, fostering territorial development and mitigating some effects of climate change. The upper stretch
witnessed growth in tourism, recreational activities, and rural revival. Regional development extended to new

D2.2: Report on basin and local climate, socioeconomic and land use scenarios. 9
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agricultural industries, though concerns about future aquifer overexploitation emerged. The central Tagus, up
to Talavera, resisted climate change effects, restoring ecosystems. The middle and lower basin, prioritized since
2030, pleased Portugal but led to decreased hydroelectric production. By 2050, reduced water contributions
raised questions about the Albufeira Treaty, causing tensions between Spain and Portugal over potential
revisions.

Scenario 2: In the current scenario, the relationship between Spain and Portugal is strained due to escalating
tensions over water resources, particularly in the shared river basins. The primary source of conflict is Spain's
alleged violation of the Albufeira Treaty, specifically regarding water flow to Portugal. The Tagus River,
impacted by transfers to the Segura basin, faces unacceptable pressure despite reduced water transfers.
Overexploitation concerns in the Tagus River Basin Authority's latest Hydrological Plan intensify the issue, with
increased pumping to compensate for lower precipitation and expanded irrigated areas. Madrid's efforts to
enhance water efficiency and public awareness fall short for the Tagus basin. The middle and lower basin
experience additional challenges, including the negative impact of hydroelectric production on ecosystems.
Portugal demands continuous flows, while Spain calls for a treaty review with climate-adapted limits.

Segura river basin:

Scenario 1: Sustainable energy transformation. This scenario envisions a highly instrumentalized basin where
renewable energies take precedence, and agricultural irrigation is maximally digitized and modernized. The use
of alternative water sources for agricultural sustainability is also evaluated.

Scenario 2: Ecological transformation. Considering climate change predictions, this scenario evaluates a
situation where current agricultural activities disappear, and sustainable economic alternatives are sought for
the basin.

Once the local scenarios were established, a second participatory stage was conducted to discuss the
coherence, feasibility, and viability of these scenarios with stakeholders by validating approximately ten
assumptions for each case study. This exercise allowed for prioritizing these assumptions and co-creating new
scenarios (new narratives) based on the initial ones. In this second stage, various solutions were also proposed
for each basin's challenges through the interaction of nexus components. Finally, the information gathered in
this second stage also facilitated the identification of preliminary indicators, which would later serve as inputs
for different modeling efforts.

Lake Como

In the Lake Como case study, a multifaceted and participatory approach was adopted to create and assess
climate and policy scenarios. The participatory process in Dialogue 1 was based on a series of semi-structured
interviews and questionnaires with key stakeholders (20, e.g. regional authority, lake operator, irrigation
districts, hydropower companies, environmental associations, tourism associations, mountain communities)
representing the four dimensions of the WEFE nexus to identify a shared vision of the Lake Como system.
Insights were used to develop contrasting local policy scenarios to integrate the possible long-term evolution of
the WEFE nexus in the system. The two policy scenarios were defined as 1) Hydropower maximization and 2)
Risk management; while the Business as Usual (BAU) scenario was considered as the reference scenario. The
purpose of the ‘Hydropower maximization’ scenario is to increase hydropower production, flexibility, and
storage to maximize green energy transition and reinforce renewable energy self-sufficiency at the regional and
national scale, while the target of the 'Risk management’ scenario is to strengthening water management to
better respond to extreme weather events emphasized by climate change (which are projected to be more
frequent and intense, particularly regarding flood events and drought periods). In Dialogue 2 (Feb. 13-14th,
2024), a list of 10 assumptions defining each scenario will be discussed with stakeholders to check its relevance
and priority, and internal coherence and feasibility. Additionally, Dialogue 2 will also allow participants to
prioritize among different possible solutions to increase the adaptive capacity of the WEFE nexus and identify
preliminary indicators to be then transferred as input for the modelling approach. An integrated model
(combining a hydrological model, different operational models for the alpine area and the Lake Como system,
irrigation diversion models for the Adda river, and irrigated districts model) will evaluate both scenarios. Three
WEFE indicators have been considered for the Lake Como Basin experiments (see D4.1 for details): a) the water
deficit of the downstream users, b) the frequency of flooding events in Como, and c) the lake low levels. The

D2.2: Report on basin and local climate, socioeconomic and land use scenarios. 10



G o NE®US

Tools and solutions for
governing the nexus

relevance and accuracy of these indicators and different operating space limits will be discussed in Dialogue 2
considering the alignment with assumptions, indicators, and solutions. Likewise, Dialogue 2 will be useful to
discuss with stakeholders which scenario or time horizon they prefer to go further considering the expected
outputs of the compromised operating policies.

Danube

In the Danube River Basin Case Study, we used a top-down approach to develop scenarios. In the first step, we
performed a preliminary assessment of the challenges and gaps that are relevant for the WEFE nexus in the
Danube Basin, using many documents available for the watershed (e.g. scientific articles, case study
documents, documents related to the implementation of EU regulations and directives, etc.). As a result of the
preliminary assessment, we have identified 3 main challenges out of the many challenges that can be discussed
with the stakeholders and the scenarios supported by them can be examined in more detail by modeling, taking
into account (i) the available scientific data, (ii) the global and regional climate models provided data and applied
climate scenarios, (iii) the characteristics of the water resource models available in the project. The 3 challenges
in relation with climate change are: water scarcity and increased flood risk; water scarcity due to growing
irrigation demand; and vulnerability of riverine and terrestrial ecosystems (biodiversity). In the first round of
dialogues at basin level, sub-basin level and local level the discussions with the stakeholders confirmed that the
3 preliminary identified challenges were also rated as the highest priority by the stakeholders.

As part of the modelling of the 3 challenges, the hydrological trade-offs within the WEFE nexus is simulated with
a large-scale hydrological model, the PCR-GLOBWAB, which included land use changes and water demand in the
simulations. Prior to Dialogue 2 in total 21 simulations have been performed including simulation of the
reconstructed historical climate; simulations using the five GCM members of the ISIMIP3b experiment and
simulations comprising simulations for the three Shared Socioeconomic Pathway (SSP) and Representative
Concentration Pathways (RSP) combinations. Model results from PCR-GLOBWB comprise a large number of
hydrological variables and these model results can be subdivided into three broad categories in addition to the
input data from the scenarios, such as (a) soil hydrology, including groundwater, at cell level; (b) water demand
and withdrawal data per sector (domestic, industrial, livestock, irrigation) and per source (surface water,
renewable groundwater, non-renewable groundwater and desalination); and (c) surface water hydrology
including discharge, water levels and water body storages (lakes, reservoirs).

In addition to the hydrological information, information is available from the agricultural model CAPRI of UPM,
PROMETHEUS — PRIMES (E3-modeling) and GLOBIO (PBL) pertaining to the food, energy and ecosystem
components of the WEFE nexus.

As part of the second dialogue, local scenarios will be presented and adapted to meet the concerns of the
stakeholders in relation to the challenges and reflecting on the questions that were raised by the stakeholders
during the first round of dialogues.

It is intended to develop three narratives along axes that represent different needs of the challenges and span
the actual scenarios within this. These axes are:
e Emphasis on agriculture; in this case a large but realistic area will be taken up by intensive agriculture,
including irrigation;
e Emphasis on hydropower, in this case precedence is given to hydropower generation;
e Emphasis on ecology, in which case the priority is to protect vulnerable areas of biodiversity.

Stakeholders will also be consulted in the 2" Dialogues on the nature of the scenarios and the information that
is used to create the scenarios eventually. The outcomes of this round of dialogues would be an agreed set of
manageable narratives and relevant and vetted information that can be used to define the scenarios.

During the second dialogues, the nature of these solutions will be discussed and linked to the narratives. On the
basis of the model evaluation on robustness and the optimal solutions (Steps 8 and g of Figure 1), the third and
final dialogue will be organized.

Among others, the following solutions are considered and will be discussed: (i) Implementation of protected
areas in which certain human activities (irrigation, groundwater pumping etc.) are prohibited; (ii) Improved
irrigation efficiency by considering more drought tolerable crops, increased irrigation water efficiency etc.; (iii)
Environmental flow requirements to ensure river system health; (iv) Improved reservoir operations to mitigate
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the downstream impact of dams or restricted dam allocation; (v) Prioritization of water withdrawals on the basis
of sectoral demand; (vi) Improved water use efficiencies (other sectors than irrigation).

The above summarized approach is visualized in a flow chart (Figure 40) which shows the different steps from
Step 1 (Review of research projects/publication) block till Step 9 (Dialogue 3) that is planned to produce
recommendations on the preferable solutions (sustainability / desirability).

Senegal

In the Senegal river basin, scenarios were developed and assessed using an interdisciplinary and bottom-up
approach that mobilized (i) stakeholders’ knowledge and expertise (through interviews and workshops), (ii)
scientific data sets derived from external studies and global models and (iii) the use of a river basin optimization
and simulation hydroeconomic model. The first step was an understanding of the river basin context and the
different dimensions of the nexus, by reviewing existing policy documents such as the River basin Master plan
developed by the River Basin Agency OMVS (Organisation pour la Mise en Valeur du fleuve Sénégal,Organization
for the development and management of the Senegal river valley). Then, we collected stakeholders knowledge
and viewpoints by conducting 4o interviews with stakeholders to identify actual WEFE trades-off and tensions.
We conducted a first Dialogue to allow stakeholders to build a common understanding of WEFE issues, and to
identify the main driving forces that are likely or unlikely to modify the context in the next decades. After
dialogue 1, with the results of the first steps, the research team developed 3 narrative scenarios, which are
contrasted action scenarios or policy scenarios, depicting three possible long-term evolutions of the nexus in the
Senegal river basin, including also external changes like climate change or global economic changes. These
scenarios were presented and discussed with stakeholders during Dialogue 2 using fictional press releases. The
team uses these narrative scenarios as a basis for running river basin model simulation with the hydroeconomic
model developed by University Laval. We translate qualitative scenarios into quantitative ones, to quantify the
main scenario assumptions, for example the number and capacity of reservoirs constructed, the operation rules
for those reservoirs, the new irrigated areas, the change in climatic conditions... Overall, 5 scenarios are
specified: a baseline; a business as usual; and the three strategic vision scenarios discussed in Dialogue 2. Once
quantitative hypotheses are defined, the river-basin model is employed to evaluate scenarios. Two distinct
evaluation methods are employed, utilizing the optimization and simulation functionalities of the model. To
finish, a third dialogue is dedicated to present and discuss with stakeholders the modeling results.
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1 Introduction

Author: JD Rinaudo, Brgm.

1.1 Objective

This deliverable presents the result of task 2.2. which aims to develop socioeconomic and land use scenarios for
the river-basin case studies, in coordination with the river basin and local Nexus Dialogues developed in WP6.

River basin and local scenarios take into account the global trends and climate projections eluded from tasks 2.1
and 2.2. Combining use of qualitative storylines and quantitative modelling tools, they contribute to provide
evidence of global change impacts and to obtain insight on future water, food and energy management
strategies.

The outcomes of this task will provide the river basin models (WP4) with a range of future socioeconomic and
land use scenarios, whose impacts will be compiled (WP5) and analysed through the Nexus Dialogues (WP6) in
search of local solutions (WP7).

Coordinated by BRGM, this task was implemented by partners in charge of case studies: POLIMI for the Lake
Como; UPV for the two Spanish case studies; UU, FAMIFE and Fresh thoughts for the Danube basin; ETHZ,
Adelphi and ZAMCOM for the Zambezi basin; and BRGM, ULAVAL and UCAD for the Senegal case study.
Results are reported in a specific section for each case study.

1.2 The purpose of scenarios

1.2.1 Purpose of scenario development

The work undertaken at the river basin scale by the GONEXUS teams aims to assist stakeholders in projecting
into the future to (1) assess the impacts that global changes (climatic, economic, demographic) are likely to
generate in these basins and (2) contemplate the solutions they could implement to mitigate negative impacts.

However, not all stakeholders with whom the project will work are familiar with this type of forward-looking
thinking. Some may have a rather partial and static vision of the complex system to which they belong. To
support their reflection, it is first necessary to make them aware of all the factors influencing the evolution of
the system as a whole and the part of the system that concerns them. Once this systemic understanding is
acquired, their reflection can be informed by more quantitative information based on model simulations,
allowing for the qualification of the relative intensity of phenomena and the comparison of the effectiveness of
various solutions they will consider.

Depending on the basins, stakeholders have a fairly variable culture of foresight. For example, riparian countries
of the Zambezi have already conducted a foresight exercise in 2018-19, while those in the Senegal basin have
very little experience in this matter. Different approaches must be established to engage these stakeholders in
such diverse contexts. This partly explains the diversity of approaches presented in the rest of this report.

The diversity of methods deployed to design scenarios also reflects that of the models developed by teams to
simulate their effect on the WEFE (Water, Energy, Food, Environment) system. Some teams have simulation
tools that essentially represent hydrological phenomena and simulate the impact of exogenous changes (e.g.,
climate, water withdrawals for irrigation, land use) on the system's state. This is notably the case in the Danube
basin. Other teams have optimization tools that not only simulate the consequences of assumptions regarding
exogenous changes but also design action programs that optimize objectives defined by stakeholders for
different exogenous conditions. Such hydroeconomic models are mobilized in Lake Como, the Senegal basin,
the Zambezi basin, and the Jucar basin. Finally, a third type of model is used in the Tagus and Segura basins. It
is a System Dynamics Model that allows exploring the overall dynamics of the WEFE system through semi-
quantitative simulations for different assumptions of exogenous or endogenous evolution.
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1.2.2 Definition and typology of scenarios

A scenario is defined as a plausible description of how the future may develop based on a set of coherent and
consistent assumptions about key driving forces (e.g. rate of technological change, population growth) and
relationships. Scenarios are not predictions or forecasts but represent possible future state of the world. They
are useful to provide insight into the implications of possible future developments and planned policy
interventions.

Different types of scenarios will be considered in the following pages:

o A reference scenario depicts the evolution of the WEFE system assuming the hypothetical
continuation of current climatic and economic conditions. It serves as a reference to compare future
evolution with today’s conditions.

e Baseline scenarios represent future trends of the WEFE system assuming no additional policies
beyond those already in place. A baseline scenario serves as a comparison or counterfactual scenario
to assess impacts of alternative scenarios (e.g. policy changes).

e Policy scenarios describe the evolution of the WEFE system assuming specific actions have been
implemented, modifying some of the factors that drive the dynamics of the system. These actions may
alter hydrological processes (e.g. construction of reservoirs, new water uses, change in management
rules of hydropower dams) as they can affect economic variables (food or energy price or supply).

1.2.3 Addressing uncertainty in scenario development

Uncertainty is a key issue to be dealt with when developing scenarios. Future evolution of the key drivers that
determine the evolution of the WEFE systems is unpredictable. This applies to climate change, which depends
on human decisions (reflected in SSP scenarios) but also to the economic context (world market prices, political
instability risks, etc.). It is therefore impossible to explore the future using a deterministic approach which would
only consider one baseline scenario that can serve as a reference for assessing the impact (or effectiveness of
policy scenarios).

The project teams address this issue of uncertainty in two different ways, that we will call top-down and bottom-
up approaches:

e The top-down approach starts from the SSP scenarios defined by the GIEC, which describe several
possible global evolutions of economic and political systems, and their climate change implications.
These global change scenarios are downscaled at river basin level and models used to describe how the
WEFE system would evolve at basin level, under those conditions. This approach implies that
stakeholders are clearly presented, from the beginning of the dialogue process, the uncertainty that
exists about the baseline scenario. With that approach, models are used before the dialogue with
stakeholders starts, their results serve as a basis for debating what to do.

e The bottom-up approach starts from a discussion on the levers for action that can reasonably been
activated to adapt to the unpredictable changes that will affect the WEFE system in the future. So
instead of addressing the question “what will happen to us”, this approach focusses on “what can we
do to adapt”. Once action strategies have been identified, models can be used to assess to what extent
they can solve the problem, under different possible future evolution of the world (climate, economics).
Models are hence used to assess the robustness of the solutions defined by stakeholders. This approach
gives a greater role to stakeholders than the top-down.

1.2.4 Narrative storylines

Narrative scenario (or Storyline) are qualitative description of the relationships and dynamics of a scenario,
focusing on the characteristics, general logic and developments underlying a particular quantitative scenario. A
narrative highlights key scenario features and causal connections between driving forces, helping to interpret
potential trajectories. Narratives can be used to describe plural and conditional possible futures of a system, in
contrast to unique and definitive futures.
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Following the example of the Senegal team, led by BRGM, several teams have used narrative scenarios to
engage stakeholders in future-thinking (Lake Como, Spanish basins and possibly Danube in the near future).
Storylines are written as fictional press releases which involve fictitious characters and relate facts supposedly
taking place in the late 2030’s and 2040's. This approach is thought to be effective for engaging stakeholders in
future thinking for several reasons:

Stories have the ability to evoke emotions and create a connection with the audience (emotional
connection). By embedding scenarios in a narrative format, stakeholders are more likely to
emotionally engage with the content. This emotional connection can enhance the impact and
resonance of the scenarios.

People tend to remember stories better than abstract information (improved retention). By
presenting scenarios as stories, we increase the likelihood that stakeholders will retain key insights,
making the information more memorable and actionable.

Storylines provide context and a holistic view of the scenarios (contextual understanding).
Stakeholders can better grasp the interconnectedness of various factors, potential impacts, and
adaptation strategies when presented in a narrative format.

Storylines make WEFE complex scenarios more accessible to a wider audience than if presented using
scientific data and graphs, increasing the likelihood to engage stakeholders with limited technical
background (enhanced accessibility). They can help stakeholders envision change as a dynamic and
evolving process, fostering a mindset that is more adaptable to uncertainties and future challenges.
Stories create a shared experience (linked to the emotional connection) and can serve as a focal point
for discussions (fostering dialogue). Stakeholders are more likely to engage in meaningful dialogue
when scenarios are presented in a compelling and relatable manner. Moreover, in a workshop setting,
where active participation is crucial, storylines provide a structured framework for discussions.

Narrative scenarios used to support discussion during the dialogue are expected to evolve after collecting
stakeholders' opinions. New narratives can then be created, combining assumptions taken from several of the
initial scenarios. The research team then has to quantify the assumptions so that they can be used as numerical
input values for model simulation. The results of the simulation can then serve as a basis for further debate with
stakeholders in dialogue 3.
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2 River Basin and local climate scenarios

A global overview of the scenarios analysed by GONEXUS is shown in Figure 1. The scenarios addressed
in this deliverable are within the red squares. Section 2 describes the selected climate scenarios and
the projected climate variability during the 21st century. Section 3 onward presents land-use and
socio-economic pathways for the 21st century per case study.
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Figure 1: Overview of GONEXUS scenarios

2.1 Summary of scenarios

The climate change scenarios analysed by GoONEXUS will be obtained from the Coupled Model Intercomparison
Project (CMIP). In particular, two phases of the CMIP will be used: the established family of scenarios from
CMIPs5 and the novel CMIP6 family of scenarios. Both phases are not mutually exclusive. Consequently, it is
possible to take advantage of their complementary features: the existence of dynamically downscaled
experiments and the experience in the use of CMIP5, and the explicit link with Shared Socioeconomic Pathways
-SSPs- and the scientific advance posed by CMIP6.

CMIPs scenarios will refer to the Representative Concentration Pathways (RCPs) 2.6, 4.5 and 8.5. Since high-
resolution variables are required in investigating the river basin and local scales, the Coordinated Regional
Climate Downscaling Experiment (CORDEX) data will be exploited. In particular, the European and African
CORDEX (EuroCORDEX and AfricaCORDEX) are evaluated in GONEXUS. The EuroCORDEX data are available
at a nominal resolution of about 1212km, while the data over Africa have a nominal resolution of about 22km.
These climate scenarios will be downloaded through the Earth System Grid Federation (ESGF) nodes
(https://cordex.org/data-access/esgf/). No further bias adjustment would be required for these scenarios.

CMIP6 scenarios will include three climate scenarios: SSP1-RCP2.6 (related to achieving the goal of not
surpassing 2 degrees of global warming as indicated in the Paris Agreement), SSP3-RCP 7.0 (business as usual
scenario considering the ongoing energy transition) and SSP5-RCP 8.5 (worst case scenario). The high-
resolution climate data are computed from the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP)
data by applying statistical downscaling techniques. In particular, two statistical downscaling techniques will be
used: the ISIMIP3BASD method (Lange 2019) and the analogs method (Yiou et al., 2013). The ERA5-land
reanalysis data with a nominal resolution of about 10km are used as a reference in the downscaling methods.
The ISIMIP variables will be downloaded from the ISIMIP repository (https://data.isimip.org/). The ERA5-land
data  will be retrieved  from  the Copernicus Climate = Change  Service (C3S,
https://cds.climate.copernicus.eu/cdsapp#!/home). No further bias adjustment would be required for
these scenarios.
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Variable long name CMOR name

Total precipitation pr
Surface air pressure ps
Near-surface relative humidity hurs
Near-surface wind speed sfcWind
Near-surface air temperature tas
Minimum near-surface air temperature tasmin
Maximum near-surface air temperature tasmax
Surface downwelling shortwave radiation rsds
Surface downwelling longwave radiation rlds

Table 1 : climate variables requested to force the WEFE nexus

The requested variables (Table 1) have been retrieved from five CMIP6 models, namely GFDL-ESMy, IPSL-
CM6A-LR, MPI-ESM1-2-HR, MRI-ESM2-0, and UKESMz1-o-LL, for historical and future scenarios in the ISIMIP
framework. The selected variables will be downscaled on four local domains: Senegal and Zambezi basin rivers
in Africa and Iberian peninsula and Lake Como basin in Europe. The ISIMIP3BASD technique will be applied to
the entire set of regions, while the analogs method will be only used in the Iberian peninsula domain.
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2.2. Climate scenarios variability (example of the Iberian
Peninsula)

The selected climate scenarios identify various possible future pathways from Paris agreement
compliant (RCP2.6) to business-as-usual (RCP8.5 and RCP7.0). Besides, the different statistical
downscaling techniques can provide further variability to the climate trajectories (Figure 2).

Over the Iberian peninsula, the two downscaling techniques simulate similar trends in near-surface
temperature and precipitation during the 21st century (Figure 2). The two downscaling techniques
differ in the reproduced near-surface temperature interannual variability (Figure 2). The analog
method maintains the original model-interannual variability, while the ISMIP method gives a
variability closer to the ERA5-land one. On the contrary, the interannual precipitation variability is
similar between downscaling techniques and original ISIMIP data. However, the two downscaled
values change in magnitude (Figure 2). In particular, the ISIMIP technique tends to increase the native
amount of precipitation, while the analog method reduces the total amount of precipitation over the
Iberian peninsula.

Annual Mean Temperature over the Iberian Peninsula Annual Mean Precipitation over the Iberian Peninsula
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Figure 2: time evolution of global near-surface air temperature and precipitation for the GFDL-ESM4 model under
the worst climate scenario (SSP5-RCP8.5) over Spain downscaled using ISIMIP3BASD (ISIMIP technique) and
analogs method.

The differences between original ISIMIP data and downscaled variables are more evident in the spatial
distribution. The downscaled near-surface air temperature, independently from the applied technique, presents
more details over the Iberian peninsula, especially in areas characterized by orographic slopes, such as the
Pyrenees, Cantabrian Range, and Sistema Central (Figure 3). The pattern of absolute change in near-surface air
temperature during the 21st century is similar in the three cases (i.e. original ISIMIP, downscaled with
ISIMIP3BADS, and downscaled with analogs) with slight discrepancies between them (Figure 3).

On the contrary, the two downscaling techniques produce two distinct precipitation distributions (Figure 4), as
expected from the annual mean time series (Figure 2). In particular, the southwestern part of Spain displays the
principal differences. The ISIMIP3BADS method delivers higher values of precipitation over the southwest of
Spain both in the present-day (Figure 4d) and future (Figure 4e), leading to minor precipitation reduction during
the 21st century (Figure 4f) compared to the original ISIMIP data (Figures 4a-c). The analog method exhibits
lower values of precipitation in the southwest of Spain in both the 1995-2014 and 2081-2100 periods (Figures
49,h) compared to the original ISIMIP data (Figures 4a,b). Despite this difference, the pattern of relative changes
in precipitation during the 21st century obtained with analogs is similar to the ISIMIP one (Figures 4¢, i).
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Figure 3: time evolution of global near-surface air temperature and precipitation for the GFDL-ESM4 model under
the worst climate scenario (SSP5-RCP8.5) over Spain downscaled using ISIMIP3BASD (ISIMIP technique) and
analogs method.
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Annual Mean Total Precipitation [in mm/day]

[a] ISIMIP_GFDL_HIST (1995-2014) [b] ISIMIP_GFDL_SSP6-8.5 (2081-2100) [c] Relative changes (in %)
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Figure 4: 21st century changes in precipitation under the worst climate scenario (SSP5-RCP8.5) for ISIMIP (first
row, 50-km nominal resolution), statistical downscaling of ISIMIP based on ERA5-land using ISIMIP3BASD
(second row, 10-km nominal resolution) and analogs (third row, 10-km nominal resolution)..
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3 Local socioeconomic and land use
scenarios: Senegal case study

Authors : JD RINAUDO & L.
SEGUIN (Brgm), A. TILMANT &
L. BRUCKMANN (Uni Laval),
Awa NIANG FALL, Khady Yama
SARR and Mbayang THIAM
(UCAD)

3.1 Overview of the methodology

In the Senegal river basin, scenarios were developed and assessed using an interdisciplinary and bottom-up
approach that mobilized (i) stakeholders’ knowledge and expertise (through interviews and workshops), (ii)
scientific data sets derived from external studies and global models and (iii) the use of a river basin optimization
and simulation hydroeconomic model. The overall approach is graphically depicted in Figure 5 and briefly
described in the following paragraphs. Following this overview, further details are provided in the next sub-
sections (2.2, 2.3 and 2.4).
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Figure 5 : overview of the inter-disciplinary approach used to develop and assess scenarios in the Senegal river
basin case study.

The first step consists in a review of existing policy documents related to the different dimensions of the WEFE
Nexus as well as the River Basin Master plan (SDAGE) recently developed by OMVS, the international
organization in charge of managing the basin (@). Documents help identifying some of the main changes likely
to impact water management in the basin such as the construction of new reservoirs and agricultural policy
support given to large private projects. However, unlike in other case studies (e.g. Zambezi), none of the
documents we reviewed included a genuine forward-looking vision or presented diverse scenarios depicting
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possible shifts in terms of trade-offs among the competing objectives of food security, energy production, water
supply, and ecosystem protection.

For more information, we conducted a series of interviews with more than 40 stakeholders representing the
different sectors and institutions involved in the four dimensions of the nexus (@). This consultation allowed
better identifying tensions that currently exist between actors of the WEFE nexus, how they might develop in
the future and what trade-offs are at stake. It also allowed eliciting contrasted strategic policy visions for the
future of the Senegal river basin. The output of this consultation has been documented in a Brgm report
(Ouedraogo et al, 2022).

Stakeholders were then brought together in a two-day workshop organized in Dakar (@). The aim was to foster
the exchange of perspectives, enabling participants to glean insights from one another and transcend the
confines of their respective sectors (social learning). This dialogue also enabled participants to build a common
understanding of issues and options, which we see as a prerequisite for the development of long-term evolution
scenarios. An on-line video presents some of the visions expressed by stakeholders during the workshop *.

The results of the three previous steps allowed the research team developing contrasted scenario depicting
three possible long-term evolution of the WEFE nexus in the Senegal river basin (@). The purpose of these
scenarios was to raise stakeholders' awareness of the variety of global and regional changes that could affect
their future. The intent was to encourage them to contemplate potential adaptation strategies across the four
dimensions of the nexus that they can deploy to craft desirable futures. Scenarios therefore encompass
hypotheses related to: (i) external changes to the basin (e.g., climate change, geopolitical risks, technological
innovation); (i) internal changes beyond their control (e.g., demographic growth); and (iii) actions within their
purview (referred to as "solutions" in the terminology of the GONEXUS project). Scenarios are described through
a narrative presentation to facilitate their understanding by stakeholders. They are then discussed with
stakeholders at a workshop (dialogue 2) for checking their internal consistency and refining the hypotheses
comprising each scenario.

But scenarios aren't just developed to engage players in a future-thinking exercise. They should also serve as a
basis for running river basin model simulations. This transition from qualitative forecasting to quantitative
simulation involves quantifying scenario hypotheses (@). This quantification of scenarios is informed by (i)
existing global change studies, (ii) outputs of global model simulations carried-out in GONEXUS and (iii) by
existing policy documents. Quantitative assumptions are spatially distributed. They relate, for instance, to new
irrigated areas; number and capacity of reservoirs constructed; operation rules for those reservoirs; minimum
in-stream flows; change in climatic conditions; etc. Overall, five scenarios are specified: a baseline; a business
as usual; and the three strategic vision scenarios discussed in dialogue 2. More details are provided in the
modeling section below.

Once quantitative hypotheses are defined, the river-basin model is employed to evaluate scenarios. Two distinct
evaluation methods are employed, utilizing the optimization (@) and simulation (@) functionalities of the
model, respectively. Optimization is applied to identify management strategies (such as reservoir operation
rules and allocation decisions) that enable the achievement of scenario-defined objectives (e.g., maximizing
food production, maintaining minimum in-stream flow for navigation, ensuring minimum energy production)
at the lowest possible cost. This also considers assumptions about the overall socio-economic context.
Optimization is performed for five scenarios, including a baseline, a business-as-usual scenario, and three policy
scenarios discussed with stakeholders (refer to section 2.2 for scenario details). Subsequently, simulations (@)
are conducted to evaluate the performance of each optimal strategy under various hydro-climatic conditions,
serving as a robustness test. Details about the approach used to define the range of possible hydro-climatic
conditions (@) are presented in section 2.3 below.

A third dialogue is then organized to present and discuss with stakeholders the modeling results ©.

1 https://www.youtube.com/watch?v=MAcAH6zwrSw&t=3s
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3.2 Developing scenarios

3.2.1 Types of scenarios

Different types of scenarios are developed, with two distinct objectives (Table 2):

- We first consider a baseline scenario (BS), which consists in a projection that assumes a continuation
of current conditions (climate and socio-economic) and without any significant policy / management
changes or interventions. This baseline scenario serves as a reference point for comparison with
alternative scenarios that explore different future conditions or potential interventions. It will provide
a benchmark against which we will assess the impact of the other scenarios, using the river basin
model.

- We then consider a business-as-usual scenario (BAU), which assumes a continuation of current
practices, policies, and socio-economic trends without significant changes. This BAU also assumes
some change in the external context, considering the most likely evolution. Regarding climate, we
consider scenarios of potential alterations of the flow regime due to climate change. In that case, the
most likely scenario is an alteration corresponding to a slightly wetter future.

- Policy scenarios, on which dialogue 2 focused, aim at describing hypothetical future situations that are
shaped by specific policy decisions and interventions. They are constructed to explore with
stakeholders the potential desirable and undesirable impacts of various courses of action. The
evaluation of policy scenario is first conducted in qualitative terms during workshops, before being
evaluated with the river basin model and again discussed with stakeholders on the basis of modeling
results.

Table 2 : Description of the different types of scenarios

Scenario Climate Global socio-economic Policies

change
Baseline (BS) Current climate with 2023 economic activity, Current policies and
historical variability population, water and management rules / practices
energy demands
Business as usual slightly wetter Most likely evolution of Same as above
(BAU) water / food / energy
demands (extension of
current trends)
3 policy scenarios (PS) slightly wetter Same as above Policy and management options

described in the policy scenario

3.2.2 Developing policy scenarios

In the Senegal case study, the development of policy scenarios was based on two successive stages.

The first stage consisted of analyzing the dynamics of the WEFE, represented as a complex system. This system
dynamic analysis had three main objectives:

(i) To identify the main external factors of changes (drivers) that are likely to significantly impact the
different components of the WEFE nexus in the Senegal river basin;
(ii) To characterize the potential impact of those external changes on the state of the WEFE nexus;

(iii) To identify potential adaptation measures (or “solutions” using the GONEXUS terminology) that
can be implemented to mitigate the undesirable impacts of external changes.

The case for Food Security is shown as an example in Figure 6. It provides an illustration of how this approach
was applied to the Food security challenge in the Senegal basin. The main drivers identified through interviews
and during dialogue 1 (shown in red) are climate change, geopolitical instability and growth (economic, urban,
demographic). Their main impacts are shown in green, and the solutions proposed by stakeholders appear in
blue. A similar analysis was conducted for the energy, water supply, navigation and ecosystem protection.
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Figure 6 : General approach to develop policy scenarios: illustration with the Food Security component of the
WEFE.

In this initial exploratory phase of the analysis, complexity arises from the formulation of numerous hypotheses
concerning the future evolution of the WEFE nexus. Specifically, for each change factor, such as climate or
geopolitical instability, we had to delineate multiple hypotheses, and therefore qualifying various levels of
impact associated with these scenarios. Additionally, we identified several relevant adaptation strategies to
address these potential impacts. This process broadens the scope of possibilities, encompassing both "what can
happen to us" and "what we can do about it." A comprehensive treatment of this complexity would theoretically
generate hundreds, if not thousands, of scenarios to encompass all conceivable futures. However, recognizing
the limitations of the human mind in handling such a multitude of scenarios, we needed to streamline and
reduce this complexity.

To address this complexity, we made the deliberate decision to distill it into three contrasted scenarios
presented as narrative storylines. Each scenario outlines the causal relationships among change factors
(drivers), their impacts, and potential solutions. The selected hypotheses within these scenarios aim to capture
the key processes and broadly depict the diversity of possible solutions. The primary motivation behind this
simplification is to enhance the efficiency of dialogue, especially considering that these scenarios will undergo
testing in workshops involving stakeholders.

3.2.3 Summary of narrative scenarios developed in the Senegal basin

Based on the results of preliminary interviews with stakeholders and the first dialogue, we developed three
policy scenarios which are briefly presented below. The three corresponding narrative storylines are also
provided in annex 1.

Scenario 1: “Total business: full speed ahead”

In this scenario, it is assumed that governments of riparian countries are adopting a coordinated policy to
construct new reservoirs for the purpose of enhancing food, hydroelectric production and river shipping. The
management of reservoirs and water resources is guided by the overarching goal of maximizing economic
productivity. Water is primarily allocated to hydropower production and large-scale agricultural private
projects, at the expense of rural populations and ecosystems. Reservoirs are altering the natural hydrology of
the river, eliminating phenomena such as flooding and leading to the decline of flood-recession agriculture and
traditional fishing. Access to water is becoming more unequal, heightening numerous conflicts. Ecosystems
associated with water are deteriorating, manifesting in issues such as estuary salinization, pesticide pollution,
and the aridification of the valley. The main assumptions of this scenario are graphically depicted in Figure 7.
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Figure 7 : Graphic representation of the main hypothesis underlying scenario 1 (Senegal case study).

Scenario 2: “Water: the heart of the social model”

In this scenario, it is assumed that the primary concern of the governments is socio-political stability. However,
this stability is threatened by the impoverishment and marginalization of rural areas, whose means of livelihood
(flood recession agriculture and artisanal fishing) are jeopardized by large hydroelectric development projects
upstream in the basin. The downstream countries (Mauritania and Senegal) are therefore putting their veto on
the construction of certain dams upstream to make sure that partial flooding of the flood plain is still possible in
order to support traditional food production activities and essential riverine ecosystems. The downstream
countries, benefiting from this artificial flood, must nevertheless make concessions to those upstream who are
experiencing losses in hydroelectric production. A new agreement regarding the sharing of hydroelectric
production is reached within the framework of enhanced international cooperation. The downstream countries
compensate for the decrease in their electrical supply by exploiting new offshore gas resources and developing
solar and wind energy. The main assumptions of this scenario are graphically depicted in Figure 8.
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Figure 8 : Graphic representation of the main hypothesis underlying scenario 2 (Senegal case study).

Scenario 3: “The solar revolution”

This third scenario assumes that governments leverage technological advances in solar energy production at
two levels. At the national level, they invest in the creation of large-capacity solar power plants connected to a
fully integrated West African Power Pool (WAPP). At the local level, governments support the development of
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small-scale irrigated agriculture powered by river-pumped photovoltaic installations. Freed from uncertainties
related to floods, agriculture in the middle valley transforms, moving towards forms that are better integrated
into the market, more productive, and contributing to local economic development. It coexists with more
intensive agriculture and aquaculture driven by private capital, whose production capacity ensures the food
security of the countries. However, in this scenario, the overexploitation of surface and subsurface water bodies
combined with the intensification of agriculture leads to pollution, resource depletion, intensifying conflicts
between water users regarding water rights and land tenure. The main assumptions of this scenario are

graphically depicted in Figure g.
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Figure 9 : Graphic representation of the main hypothesis underlying scenario 3 (Senegal case study).

3.2.4 Debating scenarios with stakeholders

The three narrative storylines were presented and debated with stakeholders during a one-and-a-half-day
workshop. The workshop was pursuing two objectives:

- The first one was to collect stakeholders’ points of view on the scenarios, paying attention to their
evaluation of relevance and credibility of underlying hypotheses, their consistency and their judgements
in terms of desirability. Our intention was to allow stakeholders modifying the scenarios in a way that
they can become more relevant to them. They were also offered to create new scenarios if needed.

- The second objective was to enable stakeholders to assess the strengths and weaknesses of these
scenarios in the face of major changes or external shocks, such as climate change, economic shocks (in
the agricultural or energy markets, etc.) or changes in international relations. The aim of this exercise is
to get stakeholders to think about the possibility of crisis situations so that they can then work on the
actions to be taken to avoid them or limit their impact (workshop 3 on solutions).

At the end of the workshop, the aim is to obtain scenarios modified and validated by the participants, ready to

be simulated with the hydroeconomic model.

The outcome of this participator activity is described in Deliverable 6.3.
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3.3 Assessing scenarios with river basin model

This section provides further details how steps @ to @ were conducted.

3.3.1 Specification of model inputs for scenario

Table 3 : Model inputs per scenario for the Senegal case study

Scenario o Scenario 1 - Scenario 2 - Scenario 3 - the
Baseline Business full water, the heart solarrevolution
speed ahead of the social
model
Number of reservoir 2 (11kms3) + 8 New reservoirs +3 New reservoirs +4 New reservoirs
and storage capacity (+30 km3 storage (+10km3) (+22 km3)
capacity)
Number of 3 hpp (400 MW) +9 new hpp (+814 +4 new hpp (+642 +5 new hpp (+660
hydropower  plants MW) MW) MW)

and capacity

Irrigated areain ha 150kha +200 kha +100 kha +250 kha

Figure 10 to Figure 13 display the schematic representations of the baseline scenario (scenario o), scenario 1,
scenario 2 and scenario 3 respectively:

- Scenario 1 involves the construction of all planned reservoirs and hydropower plants as well as the
extension of irrigated areas to more than 350ka. We assumed that all irrigation demand sites will
increase by the same factor and that the cropping pattern would not change. However, crop water
requirements do change with the hydroclimatic conditions.

- In scenario 2, only the Bafing is dammed while the other two major affluents (Bakoye and Faleme)
remain essentially free-flowing rivers contributing to the flooding of the lowlands and hence to flood
recession agriculture, fisheries and the preservation of riverine ecosystems.

- In scenario 3, irrigated agriculture is more massively developed thanks to solar pumping, flows in the
Bakoye are unaltered while Gourbassi is constructed in the Faleme, primarily to sustain low flows for
navigation purposes.
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Figure 11. Use of the Senegal hydroeconomic model to simulate scenario 1
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Figure 13. Use of the Senegal hydroeconomic model to simulate scenario 3

3.3.2 Accounting for climate change uncertainty

To effectively assess the performance of the system under climate change, it is crucial to test it over a wide
range of climate stressors, which can be challenging with a limited number of GCM-based projections. We use
CORDEX-AFRICA climate ensemble simulations (55 P and 22 ET) as inputs to a hydrological model, resulting in
a large set of 1210 hydrological simulations over the 2020-2100 period. An exhaustive combination of these
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scenarios with the local socioeconomic scenarios previously described was done to analyse the impact of the
global planetary trends on the local strategies, which are mainly independent on global drivers.

The use of a large ensemble of hydrological projections captures as much as possible the uncertainty attached
to future climatological conditions. In principle, members of this large ensemble could be directly processed by
the hydroeconomic model to determine the adapted allocation policies and the corresponding performance
indicators. By doing so, one implicitly assumes that there must be a link between adapted policies and the
climate drivers behind GCMs simulations, i.e. mainly greenhouse gas emission scenarios. But water operators
are more familiar with the hydrologic regime of their system and less with the emission scenarios that will affect
the regional climate. Linking adapted policies to potential alterations of the flow regime due to climate change
is more meaningful to water operators as it triggers experiential knowledge. To achieve this, hydrologic
projections are clustered based on relevant hydroclimatic statistics characterizing the flow regime in the river
basin.

Here, the eight relevant hydrologic properties that characterize the flow regime are:
1. The mean annual volume

2. The mean of the peak flow of the annual flood (in September)

3. The standard deviation on the peak flow of the annual flood (in September)

4. The peak volume of the ten-year flood

5. Average low flows (from February to May)

6. The standard deviation of low water flows (from February to May)

7. The number of months of low flows

8. The number of months of high flows

With these eight hydrologic attributes and using the K-MEANS clustering method, the 1210 projections are
grouped into five clusters denoted Cz, C2, ..., Cs, each representing a potential alteration of the flow regime due
to climate change. For the 2050 horizon, cluster Cz is a set of dry hydrologic projections comprising 23.1% of all
hydrological projections; C2 is an intermediate dry scenario represented by 13.1% of all hydrological projections;
C3 includes projections characterized by a moderate alteration of the flow regime compared to the baseline
scenario (34.0% of all hydrological projections); C4 is made of moderately wetter hydrologic projections (19.3%
of all hydrological projections); Finally, cluster C5 consists of the most wettest projections (10.4% of the original
ensemble).

3.4 Downscaling scenarios at village level

3.4.1 Purpose of downscaling scenarios at village level

The river basin scenarios were designed to trigger debate between stakeholders operating at the national and
international levels. Those stakeholders are however unlikely to be able to evaluate the consequences of the
changes assumed in those scenarios on population at the local level. This is why the Senegal case study project
team decided to organize local debates at village levels. This however requires designing a different
methodology to engage local stakeholders in future thinking. To be locally meaningful, global scenarios
described in the previous sections should be downscaled, i.e; transformed into a description of changes that are
likely to occur at the local level.

The objectives of the local dialogue are:

1. To involve elected representatives and local populations in the discussion of scenarios for the
development and management of the river, through a discussion of the local consequences of strategic
decisions that would be taken at river-basin level.

2. Articulate the two scales of dialogue (watershed and local) and create interactions between the visions
of institutional and local stakeholders.

3. Describe and assess the local consequences of scenarios designed on a river basin scale: how do
scenarios translate locally, and what are the socio-economic consequences for local populations?
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4. Contribute to the emergence of alternative scenarios and solutions, to be presented to the institutional
stakeholders involved in river management during Dialogue 3 at river basin level.

The local dialogues will involve various parties:
*  Representatives of local authorities and local communities (usually with little or no involvement in
water management decisions);
*  Representatives of various socio-economic sectors:

o

O 0O 0O 0O 0 O

e}

drinking water,

energy,

flood recession agriculture,
irrigated agriculture,
livestock,

fishing,

Forestry

etc.

*  Local associations, youth, women's groups, etc.
* Local NGOs.

Example of possible participating groups in local dialogues
- Economic interest groups (which are the basis for various activities in the area).
- Women's economic interest groups.
- "Chiefs" of fishermen, stockbreeders, farmers, etc. (different from the previous one, as defined here as
social categories and not as activities).
- Other associations to be identified.
- Borehole manager.
- + NGOs potentially if projects located in villages.

The “Moyenne Vallée” (Figure 14) is chosen for the local dialogues because it is the region where major
challenges of future water management are concentrated: (i) there are still many potential development areas
(in contrast to the “Delta”) and (ii) this is where flood-related activities are concentrated.

Figure 14 : Targeted region for local dialogues

At the local level, and given the targeted groups identified for these dialogues, discussions will take place
exclusively in local languages (Pular, Soninke and Wolof) to enable the various groups identified to
communicate easily.

According to the specificities noted in each of the target localities, discussions will take the form of focus groups
for each of the stakeholder groups and targeted interviews with stakeholders considered as key by their
community. These interviews will be based on an interview guide drawn up based on the scenario chosen to be
presented for each selected village.
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The audience for these local workshops is largely illiterate, with groups of people who can neither read nor write.
The main difficulty here is to organize discussions on future scenarios with these people, who do not read or
read very rarely, and who are above all unfamiliar with the notion of a scenario.

Our initial ideas and analyses, cross-referenced with information gathered from people involved in similar
projects, point us in the direction of translating the different scenarios into the three local languages used in the
“*Moyenne Vallée” region: Pular, Soninke and Wolof.

These translations will take the form of stories and/or tales in these local languages, which will be used in
simulated radio broadcasts and videos simulating TV spots that can be shown to the local population. Drawings
and schematic maps will accompany these tools to enable communities to grasp the scenario presented to them
and, above all, to assess the impact it could have on their respective activities.

3.4.2 Presentation of the village level case study areas

As a first step in presenting the scenarios for each village (Figure 15), and to guarantee the reliability of the
analyses and the expected results, it is necessary to:
- Document in detail each of the targeted villages with detailed mapping and a review of socio-economic
data, preferably using data collected as part of GONEXUS activities in WP4 in 2022-23 and the data from
the 2023 general census (Table 4 : Socio-economic data of the selected villagesTable 4).
- Validate with key stakeholders the representation at local system scale of the major nexus sectors and
water management issues.

-Rastorale
ix{Forages)

Matam 0
R "y
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BN Ourossogui
£

Donaye Diomandou Nabadji
Figure 15 : Location of selected villages for local workshops

Table 4 : Socio-economic data of the selected villages

dde O e O O e olle e O e Oop d O
Diomandou 112 155 963 1,017 1,979
Donaye
Taredji 14 25 88 138 226
Nabadiji
Civol 374 500 2,786 | 2,912 5697
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3.4.2.1 Village 1: Donaye Tared;i

Donaye Taredji is located 9 km from the City of Podor, in the Middle Valley of the Senegal River. The village
belongs to the department of Podor and the region of Saint-Louis.

The village of Donaye Taredji was recently settled, in 1999 according to several sources. Traditionally, the 500-
year-old village of Donaye in the Walo has been deserted by its inhabitants during the winter months, since the
time of their ancestors, to practice rain-fed agriculture in their fields at Tared;ji in the Dieri, some 30 km away.
The stay was at least three months long each year, for the purpose of farming. In 1999, when the Senegal River
overflowed its banks, causing flooding, the population moved to their fields in Taredji. In migrating to Taredji,
the population left behind almost 8oo hectares of agricultural land, as well as basic social facilities including
three 3 mosques, a twelve-classroom school, a fully equipped dispensary, three 3 wells, a village bank, etc.

The relocation of people to Taredji gave rise to Donaye Taredji, located 200 km from Saint-Louis and 21 km
from Podor. Tomatoes, onions and gombos are grown irrigated over a relatively small area, with most of the
produce destined for local consumption. The population also practices livestock breeding and fishing. This new
village is equipped with a medical center, a twelve-class elementary school serving as an examination center, a
middle school, a borehole and 400 hectares of uncultivated arable land. But despite all this potential, the village
of Donaye Taredji still faces major agricultural, environmental, and infrastructural challenges.

3.4.2.2 Village 2 : Diomandou

The village of Diomandou is located on the banks of the Doue River, about 60 km east of Podor and 15 km from
the village of Aere Lao. The village is divided into two hamlets: Diomandou Walo and Diomandou Dieri,
separated by anirrigated perimeter with a total surface area of 1100 ha, half of which is cultivated. The perimeter
was flooded for the first time in 1989, after the start of the implementation of the Manantali dam. This locality
has been affected by water-borne diseases in the past, particularly malaria and schistosomiasis.

3.4.2.3 Village 3: Nabadji Civol

The village of Nabadji Civol, located in the commune of the same name, belongs to the department of Matam
(Matam region); it had 3,740 inhabitants in 2003, according to its PLD (Local Development Plan). Situated along
the Senegal River, close to the Mauritanian and Malian borders, the commune of Nabadji Civol comprises 35
official villages and 30 hamlets. In 2013, the population of the Nabadji Civol increased up to 5000 inhabitant
according to ANSD. This is a village where many basic social infrastructure projects have been developed,
mainly through decentralized cooperation. In the water and sanitation sector, for example, the village has
reached record levels, with access rates of +90% for water and +60% for improved sanitation.

3.4.3 Narratives for the 3 village level scenarios

3.4.3.1  Reformulation of scenario assumptions at local level

The implementation of Scenario 1 implies the construction of all the reservoirs and hydropower plants planned
under the OMVS program. It would also promote the development of irrigated areas throughout the basin,
covering more than 350,00 km2. The result would be an explosion in the demand for irrigation water, with a high
risk of increasing crop water requirements due to hydroclimatic conditions. Scenario 1 promises rapid
development with the OMVS dams, leading to potential agricultural boom and access to energy. However, the
villages will have to navigate increased competition for water and adapt to a fully irrigated future, leaving behind
their flood recession farming past. The following table describes how the general assumptions included in the
three policy scenarios defined at basin level will be downscaled and reformulated at village level, for discussion
with stakeholders.

Table 5 : Scenario 1 implications for village level
Formulation in river basin
scenario
Economic and social
development of riparian Access to social and economic development for
states based on the potential the village
of the basin

Assumption Formulation in village level scenario

Completion of the OMVS
hydroelectric and storage
program
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Formulation in river basin
scenario
Rising stakes for energy from
the Senegal River and
potential for increased
tensions between riparian
states over access to these
energy resources.

Assumption

Formulation in village level scenario

Increased hydropower
production in the basin with
+9 new hydroelectric plants,

representing an availability of
+814 MW

Access to affordable energy for households and
local socio-economic activities, particularly
irrigated agriculture.

Increasing water availability in
the basin with +8 new
reservoirs and +30 km3 of
storage capacity

Opportunity/Possibility to irrigate larger areas for
- commercial use and for socio-economico-
environmental development

Achievement of OMVS and
Senegalese government
objectives in terms of
agricultural development of
the basin and thus food self-
sufficiency

No more flood recession cultivation and extension
of irrigated cultivation

Increased irrigated area to
+200 ha

Deterioration of climate
conditions and changes in the
hydrological regime

Rising global water demand
for human activities

Abandonment of rain-fed farming and conversion
to 100% irrigated farming

Scenario 2 corresponds to limit the damming to the Bafing and continue the flooding of the lowlands, giving
free rein to flood recession agriculture, fishing and the preservation of river ecosystems. With only three new
reservoirs and four new hydroelectric plants, irrigated crops would cover a maximum of 100,000 ha. This is a
resolutely social option aimed at protecting local communities and their traditional socio-economic practices.
Scenario 2 champions villagers’ way of life, promoting continued flood recession agriculture and river ecosystem
protection. The village might see renewed fishing and traditional practices flourish, but economic growth could
be slower compared to dam-focused scenarios. The following table describes how the general assumptions
included in the three policy scenarios defined at basin level will be downscaled and reformulated at village level,
for discussion with stakeholders.

Assumption Formulation in river basin scenario

Formulation in village level scenario

Resumption and intensification of

Reduction of hydraulic and hydro-
agricultural development in the
basin

Natural flooding of recession basins

flood recession cultivation around
Diomandou

River fishing development

Renewed fishing activity in the
village, especially seasonal fishing

Protection of the basin's aquatic
ecosystems

Continued reliance on flood
recession agriculture as the
primary farming practice.

Prioritization of policies and
investments that support and improve
flood recession farming techniques,
such as seed distribution, soil
conservation, and rainwater
harvesting.

Maintenance of traditional
knowledge and practices related to
flood recession farming. Potential
increase in the cultivation of flood-
adapted crops like rice and millet.

Decline of irrigation perimeter
development policy

Decreasing irrigated perimeter

Gradual return to floodplain
agriculture to support socio-economic
development

Potentially slower economic
growth

Diversification of economic
development strategies beyond large-
scale hydropower projects, focusing
on areas like sustainable agriculture,
ecotourism, and handicrafts.

Reliance on traditional livelihoods and
potentially slower accumulation of
wealth compared to villages
benefiting from Scenario 1's irrigation
boom. Increased importance of
community cohesion and self-
reliance.

Scenario 3 represents the massive development of irrigated agriculture using solar energy. Solar pumping flows
in the Bakoye, and the construction of a series of dams, including Gourbassi on the Faleme, support low flows
and allow commercial navigation in the river channel. Solar energy and irrigation advancements could bring
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prosperity at village level, but managing population growth and resource allocation will be crucial. Balancing

traditional river uses with commercial navigation presents another challenge.

Assumption

Formulation in river basin

Formulation in village level

Growth of the village population due to
economic opportunities and improved
living conditions

scenario
Regional development plans that
prioritize investments in rural
infrastructure and social services.
Capacity building programs for
local authorities to manage
population growth effectively.

scenario

Expansion of healthcare facilities,
schools, and sanitation systems to
cater to the growing population.
Potential strain on natural resources
like water and firewood, requiring
sustainable management strategies
like rainwater harvesting and
reforestation.

Increased access to solar-powered
irrigation pumps empowers small-scale
farmers.

Basin-wide investment in solar
panel production and distribution
programs. Development of micro-
credit schemes specifically for solar
irrigation technology.

Increased availability of affordable
solar pumps leads to higher adoption
rates among farmers. Diversification
of crops beyond traditional varieties
like rice and millet, with vegetables
and fruits becoming more common.

Development of green energy sources
and energy revolution in the basin

Construction of large-scale solar
power plants in different areas of
the basin

Access to a low-cost, renewable
source of energy for household use
and for irrigation water pumping.

Implementation of the OMVS river
navigation program

Improving upstream-downstream
trade from the river

Reduction of river fishing due to the
arrival of boats in the river

Expansion of the policy of
agricultural schemes

large

More and more
irrigation schemes

large-scale

Small-scale village irrigation
replaces flood recession farming

3.4.3.2

From assumption to narrative storylines

While each village faces its own set of opportunities and challenges, their fates are ultimately intertwined. Water
management decisions in the basin will ripple through their lives, impacting farming practices, energy access,
and even cultural traditions. The narrative for these villages remains unwritten. The chosen scenario will paint
the canvas of their future, shaping their economies, ecosystems, and social fabric. The choices made today will
determine whether they adapt, thrive, or face unforeseen consequences in the years to come.

This narrative also extends beyond these three villages. It serves as a microcosm of the broader challenges and
opportunities facing the entire Senegal River basin. The decisions made on its future will impact millions of lives,
livelihoods, and the delicate balance of this vital ecosystem. The narrative concludes with an open ending,
inviting further exploration and discussion. It highlights the importance of engaging stakeholders, considering
diverse perspectives, and finding solutions that benefit not just individual villages but the entire basin and its
people.

D2.2: Report on basin and local climate, socioeconomic and land use scenarios. 35



G o NE®US

Tools and solutions for
governing the nexus

4 Local socioeconomic and land use
scenarios: lake Como case study

Authors: S. Ricart, M. Giuliani, A.
Castelletti (POLIMI)

4.1 Overview of the methodology

In the Lake Como case study, a multifaceted bottom-up approach was adopted to create and assess the
proposed climate and policy scenarios. This encompassed (i) incorporating knowledge from previous research
projects (e.g., ADDAPT, INWOP or SO-WATCH), as well as (ii) conducting a comprehensive review of scientific
documents and technical reports to update and refine scientific data, together with (iii) highlighting inputs from
engaging key stakeholders through interviews, questionnaires and workshops, and (iv) combining all in an
integrated hydrological and operational model to test robustness and to search for more efficient solutions. The
overall approach is graphically depicted in Figure 16 and summarily described in the following paragraphs.

Experience in past

y projects & Review of

20 stakeholders

policy documents @
involved
Global models Climate models
v v outputs & scenarios
Interviews Questionnaires . Ensemble of
Trends for major P&T projections
factors of change  Population growth
Water demands
v v '
Vision of  Externalfinternal  Actions & Stakeholders roles, Green energy transition
the system factors of change  strategies functions &
interactions o

simulation

Hydropower concession renewal » Robustness evaluation

»  hydrological &

Extreme events
9 Ecological flow standards
. Lake operational rules
Dialogue 1 Financial tools (insurance) Integrated Q
Dialogue 3

v v v operational model
Shared vision Development of 2 v
. : Hydrologic model
of the system policy scenarios v e Sped'_ic‘“ion of /’«I);:mu IIIP & Lake Como operational models
Narratives Scenarios > model mp'm for Irrigation diversions model
, Presentation & goaparios Irrigated districts model
assumptions A 6
Online o discussion
workshop " 1 Business as usual scenario » Optimal solution
Solutions & 2 policy scenarios optimisation
= Indicators
postulation

Figure 16. Overview of the multifaceted approach used to establish and test scenarios in the Lake Como case
study.
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The multidisciplinary approach aims to connect those outputs from dialogues as inputs for the integrated
hydrological and operational modelling approach. The process was structured in nine main steps. The first step
(@) consisted of a review of the main results of previous projects that work in the Lake Como and the Adda river
basin, such as, for example, the recently concluded ADDAPT project (Regione Lombardia 2020), which aimed to
develop planning and control strategies for water resources and evaluate their contribution to building climate
risk-resilient communities. Previous projects also provided social learning inputs, such as INWOP project (Water
JP1 2018), which explored how advanced many-objective optimization approaches contributed in enriching the
solution space with alternatives that better reflect the diverging perspectives of stakeholders, and align better
with ethical concerns; or the SO-WATCH project (Fondazione Cariplo 2016), in which a novel decision-analytic
framework was developed and tested to assist decision-makers in designing and assessing alternative soft-path
measures for improving the overall water productivity at the river basin scale and, more precisely, in the Lake
Como system. Furthermore, we conducted a review of existing policy documents and technical reports related
to the different dimensions of the WEFE nexus, as well as a scanning process of local and regional newspapers
and specialized newsletter information updating current social and political debates and discussions about some
of the dimensions of the WEFE nexus (e.g., hydropower concession renewal, extreme events frequency and
intensity, ecological flow standards, lake operation rules, financial tools discussion). Altogether, this information
contributes to identify the main challenges that condition the Lake Como system, as well as the main factors of
change that can potentially increase the pressure on the WEFE nexus considering the coexisting water demands
and different climate projections, especially related to the food and energy production, environmental
protection, and water management sectors.

To complement this secondary data information, we conducted a participatory process based on a series of
semi-structured interviews and questionnaires with key stakeholders representing the four dimensions of the
WEFE nexus by combining different interests, profiles, and scales (@). The semi-structured interviews allowed
us 1) to delve into the individual vision of the system, 2) to identify the main internal and external drivers of
change and compare them with those previously identified in the review process, and 3) to recap preliminary
examples of actions and strategies that could be applied to reinforce the WEFE nexus in the case study. Similarly,
the questionnaires provided key information on the roles, functions, and interactions of stakeholders, also
insights from the different stakeholders’ perspectives on governance when managing the dimensions of the
WEFE nexus (©).

The results of these three steps were central to identify a shared vision of the Lake Como system and to develop
contrasting local policy scenarios to integrate the possible long-term evolution of the WEFE nexus in the Lake
Como case study. These policy scenarios aimed to reinforce the comprehension and awareness of different
global/regional and external/internal changes, and which would be their impact to the nexus in the near future.
Each scenario is presented to encourage stakeholders to consider possible actions and strategies across the four
dimensions of the nexus that can be implemented to achieve a more climate resilient future. Therefore, the
scenarios cover constructed hypotheses related to the main challenges encountered during the interviews
(Dialogue 1) that may be intensified according to external and internal variables, such as climate and
socioeconomic changes. Scenarios are described through a narrative to facilitate their understanding and
discussion during a second dialogue (@). A list of assumptions defining each scenario will be discussed with
stakeholders to check its relevance and priority (considering its alignment with the WEFE nexus dimensions) and
internal coherence and feasibility (valuing its capacity to achieve the target of each scenario). The discussion
process with stakeholders will also be opened to refine the predefined assumptions if they are not considered
valid to argue the hypotheses that motivated each scenario.

The Dialogue 2 will take place on Feb. 13-14™, 2024 as an online workshop, and is key for the social learning and
local knowledge exchange processes, allowing stakeholders to share and contrast knowledge but also overcome
the boundaries of their respective sectorial interests and demands. This dialogue will also allow participants to
prioritize among different possible solutions to increase the adaptive capacity of the WEFE nexus and identify
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preliminary indicators to be then transferred as input for the modelling approach (@). This is a key point in the
nexus methodology: Scenarios are developed to engage stakeholders in a future-thinking exercise but also as
input for the integrated model (hydrological and operational) simulations. This transition from forecasting
narratives and expectations to quantitative simulation requires quantifying, in some way, the assumptions used
to characterize each policy scenario. This scenario quantification is based on the results from global model
simulations performed in the project (focused on e.g., population growth, water demands, green energy
transition). At this step, the two policy scenarios were defined as 1) hydropower maximization and 2) risk
management; while the Business as Usual (BAU) scenario was considered as the reference scenario.

Once the assumptions are defined in quantitative terms (based on the indicators previously identified), the
integrated model (combining a hydrological model, different operational models for the alpine area and the
Lake Como system, irrigation diversion models for the Adda river, and irrigated districts model) evaluates the
scenarios. Two different evaluation methods are used: optimization (@) and simulation (@). Optimization is
applied to identify those management strategies that can accomplish the objectives of each policy scenario (e.g.,
increasing hydropower energy production). The optimization is carried out for the reference period (BAU) and
the two local policy scenarios. Subsequently, simulations will evaluate the performance of each optimal strategy
under various hydro-climatic conditions, serving as a robustness test. Both the optimization and simulation tasks
will explore a range of possible hydro-climatic conditions (@), providing an ensemble of future hydrological
regimes. A final dialogue, Dialogue 3, is planned to present and discuss, with stakeholders, the results of the
modelling process (simulation of solutions) and to validate how each local policy scenario will respond to the
challenges of the WEFE nexus in the Lake Como system (@©).

4.2 Developing policy scenarios

3.2.1 Types of scenarios

Different types of scenarios are developed to achieve two distinct objectives:

e A Business-as-Usual scenario (BAU), which assumes a continuation of current practices, policies, and
socio-economic trends without significant changes. However, this BAU also assumes some change in
the external context, considering the most likely evolution. Regarding climate, we consider scenarios
of possible alterations of the alpine snow storage and river flow regime due to climate change patterns.
In that case, temperature does not seem to be characterized by intra-annual shifts, following a similar
trend (but greater in magnitude) to that observable in the control period, and some uncertainty is
observed in terms of precipitation, with changes in rainfall inflows (e.g., it can be expected higher
inflows in the first six months of the year, and consistently lower inflows between June and September,
corresponding to the irrigation period; this will likely be reflected in an increase in winter-spring floods,
and an increase in the deficit and low summer levels). This scenario will be used as a reference scenario
to be compared with the policy scenarios outputs.

e Two policy scenarios, on which dialogue 2 will be focused, aim to describe hypothetical future
situations that are shaped by specific policy decisions and interventions. They are constructed to
explore, with stakeholders, the future of the system considering potential changes and (un)desirable
impacts resulting from different assumptions conditioning the dimensions of the WEFE nexus. The
basis of each policy scenario is first conducted qualitatively from narratives during stakeholders’ semi-
structured interviews and questionnaires (Dialogue 1) and knowledge exchange through the online
workshop (Dialogue 2), before being evaluated with the integrated hydrological and operational model
and again discussed with stakeholders based on simulation results (Dialogue 3).
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3.2.2 Developing policy scenarios

In the Lake Como case study, the development of policy scenarios was based on two successive stages.

The first stage consisted of analyzing the dynamics of the WEFE nexus, represented as a complex system in
which dimensions are interconnected and mutually influenced. This system dynamic analysis has two main
objectives:

1) To identify the main challenges and externalfinternal factors of change (drivers) that are likely to
significantly impact the dimensions of the WEFE nexus in the Lake Como system and the Adda river
basin;

2) To identify potential adaptation measures or solutions that can be promoted to mitigate the impacts
of these changes and delve into the interaction between solutions and the WEFE nexus dimensions.

Figure 17 provides aniillustration of how this tripe-loop approach (challenges, drivers, and solutions) was applied
to provide an overview of the framework that will be used to define each policy scenario in the Lake Como
system considering the interaction between the four dimensions of the WEFE nexus. The main input was the
content of the semi-structured interviews conducted in Dialogue 1, in which key concepts and narratives were
combined to identify main challenges (shown in red, e.g., more frequent extreme events —flood and droughts,
tensions between food and energy production), external and internal factors (shown in blue, e.g., ecological
flow standards, hydropower concessions renewal) and tentative solutions (shown in green, e.g., irrigation
methods modernization, forecast-based reservoir operation). During Dialogue 2, this framework will be
discussed, asking for stakeholders’ validation regarding elements and potential interactions between them.

More frequent and Historical constraint on Tourism & navigation Tensions between energy
intense extreme events environmental flow development & food production
downstream of the lake (biodiversity at risk)

Information Ecological flow Municipalities socioeconomic Less snow accumulation
exchange standards development & faster melting
Insurance Irrigation water Tourism pressure Hydropower
systems demand (overtourism) concessions renewal

Reactive vs Lake Como Depopulation in Alpine Irrigation water &

proactive decisions operation municipalities energy consumption

Challenges Drivers Solutions

Figure 17 : Example of narratives combining challenges, drivers, and solutions from Dialogue 1 inputs (semi-
structured interviews) to be used for developing policy scenarios.
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This first phase of the analysis, exploratory in nature, defined the key elements for a comprehensive analysis of
the complexity involving the management of the WEFE nexus by formulating different hypotheses concerning
the future evolution of the WEFE nexus dimensions. The main challenges, drivers (factors of change), and
potential solutions were captured from stakeholders, testing how they differ considering the diversity of
stakeholders’ interests. For each challenge, different drivers have been distinguished, some of them connected
with different challenges (e.g., hydropower concession renewal is associated with the existing tension between
food and energy production but also a key factor when discussing the environmental flow standards
downstream of the Lake Como system). Several hypotheses explaining their evolution (considering climate
scenarios but also socioeconomic patterns) have been shared with the stakeholders to identify potential and
relevant solutions (conceived as adaptation strategies) to deal with them. This brainstorming process was useful
to remark a range of possibilities, both in terms of which will be the impacts of these challenges, which
circumstances (internal or external and considering both sectorial and holistic issues) could add more pressure
to the system (increasing the unbalance between dimensions or even the collapse of the system), and how about
the tentative actions (individual or in common) to take in the present time thinking about the future of the
system by 2030 or 2050.

After identifying the main challenges, drivers of change and potential preliminary solutions, the second stage
involved the formulation of tentative scenarios (local policy scenarios) to help stakeholders imagine the possible
future of the system closely tied to the results of the exploratory analysis. We created two policy scenarios
presented as a compound of three main issues: 1) the target of each scenario (*what do we aim at?”), 2) the
plausible actions to accomplish with the target (*what to do?”), and 3) the aftereffect of these actions on each
dimension of the WEFE nexus (“*what to expect?”). The motivation behind this simplification in three steps is to
facilitate stakeholders’ feedback during the dialogues and enhance their efficiency, especially considering that
these scenarios will undergo testing in workshops involving stakeholders which are different in nature,
backgrounds, and interests, requiring an effort to provide clear key messages for later discussion.

The scenarios will be presented in a narrative format by adapting the storyline methodology to reinforce
stakeholders’ connection and validation of the shared content. Storylines provide context and a holistic view of
the scenarios, which are described highlighting the main characteristics, relationships between key driving
forces, and the dynamics (results) of their evolution.

3.2.3 Summary of narrative scenarios developed in the Lake Como case study

Based on the results of the Dialogue 1 (semi-structured interviews and questionnaires with stakeholders), we
developed two policy scenarios that will be presented during Dialogue 2 (13-14 February 2024), being briefly
presented below. Policy scenarios differ on target and WEFE nexus dimensions priority (Figure 18), which can be
relevant for further discussion during the second dialogue.

Hydropower maximization Risk management
Reinforce water
management to better
respond to extreme events

energy transition 4 (floods, droughts)
i i I
\c 1 —\/¢
Remarks Dimensions Remarks Dimensions

Increase hydropower
production, flexibility and
storage to ensure green

Energy efficiency could be One dimensicn More frequent and intense No favored dimensions,
increased (ENERGY) s favored, the axtremes all need to adapt (almost
Large hydroelectric concessions rest must be adapted Existing operational tools for seasonally)
(expired or will expire by 2029) multi-objective decisions

Figure 18 : The two policy scenarios described considering targets and priorities.

D2.2: Report on basin and local climate, socioeconomic and land use scenarios. 40



G o NE®US

Tools and solutions for
governing the nexus

Scenario 1: “"Hydropower maximization”

In this scenario, the target is to increase hydropower production, flexibility, and storage to maximize green
energy transition and reinforce renewable energy self-sufficiency at the regional and national scale. Itis assumed
that particular actions need to be promoted by the public (regional administration, Regione Lombardia) and the
private sectors (energy business) to boost the capacity of the energy system to respond to sectorial demands.
Three main actions are presented to achieve this goal: 1) Increase public investment to expand renewable energy
security and self-production (focusing on hydropower but also complementary green sources, e.g., solar energy
through floating solar panels installed in main reservoirs), 2) Support small hydropower plants (mini hydro)
construction for production and self-consumption downstream of the lake (including irrigation supply), and 3)
Renew large energy concessions currently expired or to be expired before 2030 by assigning them to the current
beneficiaries (to guarantee energy efficiency investments). To advance this triple strategy, it is presumed that
the regional government (Regione Lombardia) and the energy sector led a coordinated strategy to define how
to encourage hydropower production as part of the green energy transition. In this context, energy efficiency
will be encouraged by conducting a technological upgrade of the large hydropower plants, while small
hydropower plants (mini hydro) will be constructed downstream to increase upstream-downstream energy
balance and increase self-production and self-consumption downstream (mainly from irrigation and urban
demands). A regional land policy is approved to maximize land use for green energy production, and a
comprehensive zoning scheme is defined. Likewise, financial instruments for transferring agricultural land to
solar panel production are considered to complement hydropower production. A list of predefined assumptions
to achieve hydropower maximization is provided in Table 6 and will be discussed during Dialogue 2.

Table 6 : Assumptions to achieve the target of the policy scenario on “hydropower maximization” considering the
four dimensions of the WEFE nexus
PS1. Hydropower maximization — Assumptions

1 A regional land policy to maximize land use for green energy production is approved and a comprehensive zoning scheme is
defined

2 Financial instruments are offered to convert agricultural land to energy land (solar panel production) to complement hydropower
production

3 In the reassignment of hydropower concessions, the Regione Lombardia has included forest management as a new
responsibility for the energy sector: This presents an opportunity to increase water storage upstream for energy production

4 The Regione Lombardia encourages the technological upgrade of the large hydropower plants to increase by almost 10% the
amount of energy generated each year

5 Proliferation of small hydropower plants (mini hydro) for production for self-consumption downstream (mainly from irrigation
and urban demands) reduces upstream energy dependency

6 The competitive reassignment process of the hydropower concessions leads to asymmetry between foreign and lItalian
operators, increasing the risk of losing sovereignty in the production of green energy

7 Water conflicts between the energy and food production sectors increase due to the reduction of water supply for irrigation
during the summer period, including impacts on the ecosystem (groundwater recharge)

8 Private navigation on Lake Como is restricted to hybrid or full electric transportation, which improves water quality and
biodiversity

9 The surplus of hydropower production is offered downstream for irrigation (pumping water) and urban use
(municipalities/tourism) at reduced cost as compensation for economic losses during the summer period

10 The energy sector establishes a sustainable program to guarantee fish production for the Lake Como system, including a specific

program for activities led by the Fiumelatte fish nursery

As water storage is primarily allocated to hydropower production, impacts on the other dimensions of the WEFE
nexus are expected. Land for agricultural use can be pressured by a new land policy aiming to maximize land use
for green energy production, particularly if the zoning scheme includes highly productive soils. Likewise,
tensions between the energy and food production sectors will increase due to the reduction in water supply for
irrigation during the summer period, including impacts on the ecosystem (groundwater recharge). The water
licenses in the basin are guided by the overarching goal of maximizing energy production in the Alpine
hydropower reservoirs, dismissing downstream interests along the lake (e.g. recreational and tourism needs
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impacted by low lake levels during the summer) as well as the irrigation requirements of the farmers. The main
expected outputs of the assumptions (most of them perceived as impacts) are depicted in Figure 5.

PSa. Hydropower maximization

Maximized rainfall storage to combat water stress (droughts)
Increased sedimentation (impacts on lake navigability)

‘(Reduced fossil fuels dependency
| Less geopolitical risks and external pressures)
<

Small hydropower plants downstream (used for pumping water)
Food production decrease (less water during the summer period)

To be expected

(Water physical characteristics (t°/chemistry) alteration
Fish production reduced
Less water in irrigation canals/rivers
| Impacts on landscaping and recreational activities (tourism)

(o

Figure 19 : Main expected impacts of the policy scenario on “hydropower maximization” considering the four
dimensions of the WEFE nexus.

Scenario 2: “"Risk management”

In this scenario, the target is to strengthen water management to better respond to extreme events emphasized
by climate change, which are projected to be more frequent and intense, particularly regarding flood events and
drought periods. In this scenario, it is assumed that the primary concern of the regional government is to address
the consequences of climate variability by promoting technical but also decision and policy-making responses
from the near- to long-term to increase the resilience of the system. As no WEFE nexus dimension is maximized
above the rest, actions tend to consider the whole spectrum of the nexus by: 1) Updating operational tools for
multi-objective decisions (e.g., to respond to erratic rainfall patterns, seasonal water stress), 2) Enlarging water
storage capacity (e.g., to increase energy production upstream and food production downstream, but also to
reduce flood risk), 3) Investing in irrigation systems water efficiency, subsidize the implementation of drought-
tolerant and less water-intensive crops, 4) incentivize risk-hedging tools, such as insurance services, and 5)
Promoting technological advancements to increase risk response (e.g., climate-weather services and
monitoring). To advance on this multi-focused strategy, it is assumed a cooperation and coordination role
between the Regione Lombardia and the Consorzio dell’Adda (as the lake operator) to strengthen the existing
decision support systems (e.g., introducing changes in water release conditions to standardize the mechanism
to regulate the Alpine reservoir systems, guarantee downstream water demands and improve drought risk
management). Furthermore, they are expected to lead actions affecting upstream and downstream areas,
potentially causing cost-benefit unbalance (e.g., promoting wastewater reuse for irrigation and ecosystem
needs provides a) more water supply for energy needs upstream and b) more water supply for environmental
requirements downstream; but c) food production could be limited if environmental, agronomic and health risks
are not assumed, without ruling out the yuck factor among farmers. In this context, transversal assumptions able
to increase the system’s governance and multi-objective assumptions are planned. For example, the inclusion of
the Lake Como system in the Adda river contract, which responds to a negotiated planning tool that aims to
promote active involvement of all agents of the system to mitigate climate risks. A list of predefined
assumptions to achieve hydropower maximization is provided in Table 7 and will be discussed during Dialogue
2.
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Table 7 : Assumptions to achieve the target of the policy scenario on "risk management” considering the four
dimensions of the WEFE nexus

ID  PSa2. Risk management — Assumptions

1 The construction of several lamination basins upstream (for energy) and downstream (for irrigation) reduces flood risk (9 out of 10
years)

2 Treated wastewater reuse is maximized for irrigation and ecosystem needs as an alternative water source independent of climate
patterns

3 The Regione Lombardia includes the Lake Como system in the Adda river contract to promote water governance downstream

4 Farmers adopt more efficient irrigation systems (moving from surface to localized and drip irrigation), reducing the need for

derivation from surface water by approximately 15%

5 The introduction of drought-tolerant and less water-intensive crops increases groundwater recharge and preserve biodiversity
associated ecosystems (river and irrigation canals)

6 The Regione Lombardia provides financial incentives to farmers to take out risk insurance services through which reinforcing
protection from adverse meteorological events (floods and droughts)

7 Changes in water release conditions (e.g., the threshold on the level of Lake Como is +20 cm) are approved to standardize the
mechanism to regulate the Alpine reservoir systems, guarantee downstream water demands and improve drought risk
management

8 A regional program to face invasive alien species affecting the Alpine forests is approved: this will protect the system in terms of
biodiversity, economic activities, CO2 mitigation function, and flood risk

9 Changes in snow accumulation and melting reduce the seasonal water storage, exacerbating tensions (energy and food production
sectors)

10 | Nature-based solutions (e.g., water-controlled retention areas) are encouraged by Regione Lombardia, which intensifies pressure
on land management and alluvial forests, putting at risk their ecological benefits

However, this holistic strategy is not exempt from impacts on the system. Introducing more efficient irrigation
systems (moving from surface to localized and drip irrigation) reduces water demand but increases groundwater
stress, as irrigation canals contribute to a less relevant way to the recharge of aquifers. Likewise, changes in snow
accumulation and melting patterns impact seasonal water storage, exacerbating tensions across the WEFE
nexus dimensions (e.g., energy and food production sectors). Other initiatives, as nature-based solutions (e.g.,
water-controlled retention areas) are encouraged by the Regione Lombardia, which intensifies pressure on land
management and alluvial forests, putting at risk their ecological functions and the benefits for the nexus. The
main expected outputs of the assumptions (most of them perceived as impacts) are depicted in Figure 20.
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Figure 20 : Main expected impacts of the policy scenario on "risk management” considering the four dimensions of
the WEFE nexus.

D2.2: Report on basin and local climate, socioeconomic and land use scenarios. 43



G o NE®US

Tools and solutions for
governing the nexus

3.2.4 Debating scenarios with stakeholders

The two policy scenarios will be presented and debated with stakeholders during an online workshop that will
take place in two sessions in mid-February 2024. The workshop pursued three objectives:
e Todisplay the different visions of the WEFE nexus (identified in Dialogue 1) to highlight which elements
and arguments have been used to describe the system and a potential shared vision of the WEFE nexus.
e To collect stakeholders’ perspectives on predefined policy scenarios, focusing on their ability to
evaluate the relevance and credibility of underlined assumptions, assess their strengths and
weaknesses in the face of different factors of change, and their consistency and judgments in terms of
desirability. A list of potential indicators able to evaluate the status and progress of each assumption
will be discussed as a preliminary exercise to quantify assumptions as input for the integrated model.
Likewise, the intention is to allow stakeholders to modify the scenarios in a way that reflects what is
expected and how relevant it is for the management of the nexus. The possibility of creating new
scenarios is also considered if needed.
e To identify potential solutions as actions capable of improving the resilience of the system and the
coexistence of the WEFE nexus dimensions. Solutions will be widely discussed in Dialogue 3 as a
previous step for their consideration as input for the modelling of the policy scenarios.

At the end of the workshop, the aim will be to obtain policy scenarios modified and validated policy scenarios
from the participants, ready to be simulated with the integrated (hydrological and operational) model.

4.3 Assessing scenarios with model simulating

This section provides further details of how steps @ to @ will be carried out.

3.3.1 Specification of model inputs for scenario

A High-resolution WEFE model combining Stochastic climate downscaling and Hydrological modelling has been
developed for the Lake Como system (see full details in D4.1). For the Stochastic climate downscaling it has been
developed the AWE-GEN-2d stochastic weather generator for the whole domain based on observed climate
variables for the present/historical period (additionally, the climate scenarios developed in WP2 are analyzed to
develop factors of change). To adapt the AWE-GEN-2d model of the present climate to the future climate
scenarios of WP2, we extracted the lake Como domain from the global climate model projections, and computed
factors of change for each grid cell in the domain. The change factors are based on a 30-year moving window,
where the difference is relative to the present climate model simulations. We apply the factors of change to the
AWE-GEN-2d model of present climate to develop simulations for the GoNEXUS future scenarios. Results
identify how, in general terms, the temperature trajectories are consistent with the global average. However,
for precipitation there is little to no trend evident in the case study domain, compared with the very distinct
trends and differences among SSP scenarios at the global scale.

For the Hydrological modelling, we have adapted the TOPKAPI-ETH model configuration to run using the new
TOPKAPI-ETH version 2. The change to the newer model version allows the possibility to analyse the WEFE
challenges assessed from spatially distributed indicators, using the optimized reservoir operation policies for the
three largest hydropower schemes (A2A, Enel, and Edison). A particular aspect which we emphasize in the
modelling work is the use of the glacier dynamics module in TOPKAPI-ETH to account for the impacts of the
expected loss of glacier volume under a warming climate. We include the reservoir regulations in the upstream
part of the catchment and force the model with higher resolution climate inputs.

In parallel, a simulation model of the reservoir operations at the daily time step, the Lake Como Design Model,
has been developed to adopt a Multi-Objective Robust Decision Making approach in the case study. The model
receives as input the water flow drained by the lake and computes its controlled storage dynamics. The water
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released from the lake is distributed to the agricultural districts for irrigation and to a few run-of-the-river
hydropower plants. These processes have been modelled by means of a water distribution model of the main
river steam and the canals that actually divert the flow to the districts and plants. In addition, the crop yield and
production have been estimated by IdrAgra, a spatially distributed model for the simulation of irrigation and
crop production of irrigated areas. The Lake Como Design Model allows the search for Pareto-optimal solutions
that jointly consider planning and management actions, evaluating the robustness of each combination against
present and future climatic conditions.

3.3.2 Model simulation and future scenarios robustness

Three WEFE indicators have been considered for the Lake Como Basin experiments in D4.1, namely the water
deficit of the downstream users and the frequency of flooding events in Como as well as that of the lake low
levels. These were formalized as follows:

e Flood control — number of days per year with an exceedance of the flooding threshold (#) in Como

e Low level prevention — number of days per year with lake level below low-level threshold (h' = -0.2m)

e Downstream deficit minimization (in which water demand represents both the needs of the agricultural
districts and of the hydropower plants).

The relevance and accuracy of these objectives will be discussed in Dialogue 2 considering the alignment with
assumptions, indicators and solutions.

In order to anticipate future scenarios, a simulation model of the reservoir operations at the daily time step, the
Lake Como Design Model, has been developed to conduct Many-Objective Robust Decision Making for the Lake
Como Basin. The model receives as input the water flow drained by the lake and computes its dynamics. The
water released from the lake is distributed to the agricultural districts for irrigation and to some existing
hydropower plants. These processes have been modelled by means of a water distribution model of the main
river steam and the canals that actually divert the flow to the districts and plants. In addition, the crop yield and
production have been estimated by IdrAgra, a conceptual model for the simulation of irrigation and crop
production of irrigated areas. Further details are provided in deliverable D4.1.

In the experiments reported in D4.1, three alternative actions were explored regarding the modification of the
Lake Como active capacity:

e Alternative o (Ao), that represents the current situation with operating space limits (h® = -0.4m and h*
=1.1m);

e Alternative 1 (A1), that considers the new flooding threshold (W = 1.73m) established after the
installation of the barriers in Como. This allows to restore the operating space (h® = -0.4m, h*® = 1.3m)
set by the legislation, which have been lowered in the past decades due to the subsidence affecting
some areas in the city of Como;

e Alternative 2 (A2), that takes advantage of the new barriers in Como to increase the flooding threshold
as in A1 and does not fix h® and h** a priori but optimize them as two additional parameters to be added
to those defining the policy (vector o).

Focusing on the application results and considering an historical horizon (2000-2021), the optimization produced
three sets of Pareto optimal solutions (Figure 21) for the three actions introduced above; each Pareto optimal
set includes different operating policies for the lake’s regulation for a given lake’s active capacity. The figure
shows that A1 and A2 clearly dominate Ao: both allow to obtain better solutions in terms of flooding (left),
downstream deficit (bottom), and low levels (dark blue). The increase of the operating range upper bound to 1.3
m and of the flooding threshold to 1.73 m (A1) strongly reduces the conflict between the objectives (they span a
relatively small range of values considering each objective). A2 is almost equivalent to A1. The main difference
is that it is able to decrease the deficit indicator of about 10% with respect to Az, but with a concurrent increase
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of the frequency of the flooding occurrence. The presence of three sets of solutions provides a rich context for
supporting the identification of candidate compromise solutions during the dialogues with the stakeholders.
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Figure 21 : Comparison of the Pareto fronts obtained for the three alternatives Ao (a), A1 (b), and Az (c) on the
historical horizon (2000-2021).

Lastly, the solutions found for the historical horizon must be evaluated on future scenarios to test their
robustness to the variations of the hydro-meteorological regime caused by the climate change. A schematic
representation of the future scenarios’ features is reported in Figure 22. We specifically considered the following
features to allow meaningful comparisons between the combinations:

e two horizons, one representative of the mid-term future (2039-2060), the other at the end of the
century (2079-2100).

e three RCPs. A very stringent mitigation scenario (RCP2.6), an intermediate scenario (RCP4.5), and the
one usually considered as a worst-case scenario (RCP8.5).

e three combinations of global and regional circulation models (ICHEC+RACM, ICHEC+RCA4 and
MPI+RCA4). Comparing ICHEC+RACM and ICHEC+RCA4 we can isolate the contribution of the
regional model, while the comparison between ICHEC+RCA4 and MPI+RCA4 quantifies the
contribution of the global model.

e three planning and management alternatives (Ao, A1 and A2).

Future Scenario’s Features |

r

Time Horizon Climate Scenario Model Combination Planning &
: Management
(Global + Regional) .
2039-2060 RCP2.6 Alternatives
2079-2100 RCP4.5 ICHEC + RACM Ao
RCP8.5 ICHEC + RCA4 Ax
MPI + RCA4 .

Figure 22 : Aspects of the future scenarios considered in the study: two horizons, three RCPs, three combinations
of global and regional circulation models, three planning and management alternatives.

In general, this framework allows to quantify the response of the system (in terms of stakeholders’ satisfaction)
considering a comprehensive set of future hydroclimatic conditions (combining different temporal horizons,
RCPs, global and regional circulation models) as well as synthetically generated scenarios spanning a wide range
of droughts features. The challenges, drivers, and solutions identified in Dialogue 2 could support model
simulations by identifying the range and severity of different hydro-climatic conditions and extreme events after
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considering the list of assumptions affecting upstream and downstream water management patterns. Likewise,
Dialogue 2 will be useful to discuss with stakeholders which scenario or time horizon they prefer to go further
considering the expected outputs of the compromised operating policies.
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; Local socioeconomic and land use
scenarios: Spanish river basins

Authors : E Gomez Martin, D. Martinez
Domingo, V Ménico Gonzélez, A Rubio
Martin, M Pulido Velazquez (UPV)

5.1 Overview of the methodology

A multidisciplinary bottom-up approach was employed to develop and evaluate the scenarios proposed in the
case studies of the Spanish River basins (Jucar, Tagus, and Segura). This approach included the review of
documents and scientific data derived from external studies and global models, engaging various stakeholders
through interviews and workshops, and utilizing different simulation and optimization models for each of the
considered watersheds.

The methodology used is outlined in Figure 23 and is briefly described in the following paragraphs.
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Figure 23 : an overview of the inter-disciplinary approach used to develop and assess scenarios in the Spanish case
studies.

The first step consists of a review of the existing policy documents related to the different dimensions of the
WEFE Nexus, as well as the hydrological basin plans, developed by the corresponding River Basin Authorities
(RBA), the national organizations in charge of basin management (@).
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The documents help and give an idea about the main challenges and problems of the basin, as well as the
characterization of the demands and different future projections, especially related to the environmental, food
security, energy consumption and production, and water resources management sectors.

To obtain more information, we conducted a series of interviews with various stakeholders representing the
different sectors and institutions involved in the four dimensions of the nexus (@). These interviews allowed us
to preliminary identify the challenges that the basin presents from the different components of the nexus and
from different perspectives.

Once the documents were reviewed and the interviews were conducted, the stakeholders were brought
together in four participatory dialogues (two for the JUcar basin, at the subbasin level, one in the Segura basin,
and one in the Tagus basin) (@). The goal was to encourage the exchange of perspectives, allowing participants
to gain knowledge from each other and transcend the boundaries of their respective sectors. This dialogue also
allowed participants to build a common understanding of the challenges of each basin and their prioritization,
as well as possible solutions. Both the challenges and the solutions are essential for developing the local
scenarios. Some of the visions collected during the workshops are presented in the videos below:

JUcar: https://www.youtube.com/watch?v=E7lmcWzRBXQ

Tagus-Segura: https://www.youtube.com/watch?v=sVkbjoKVyns

The results of the previous three steps allowed the research team to develop contrasting local scenarios that
represent a possible long-term evolution of the WEFE nexus in the Spanish case studies (@). These scenarios
aimed to increase stakeholders' awareness of the variety of global and regional changes that could affect their
future. The intention is to encourage them to consider possible adaptation strategies across the four dimensions
of the nexus that they can implement to design desirable futures. Therefore, the scenarios cover hypotheses
related to the main challenges encountered in the first dialogue and the changes that may be produced by
external variables such as climate and socioeconomic changes. The scenarios are described through a narrative
to facilitate their understanding by interested parties. They are then discussed with stakeholders in a workshop
(Dialogue 2) to check their internal coherence and refine the hypotheses that motivated each scenario.

But scenarios aren't developed just to engage players in a future-thinking exercise. They should also serve as a
basis for running river basin model simulations. This transition from qualitative forecasting to quantitative
simulation involves quantifying the assumptions of the scenario (@). This scenario quantification is based on (i)
existing global change studies, (ii) results from global model simulations performed in GoNEXUS), and (iii)
existing policy documents. In general, different types of scenarios are considered: the reference period, the local
scenarios discussed in Dialogue 2 and socio-economic future trajectories (SSPs). More details are provided in
the modelling section below.

Once the quantitative hypotheses are defined, the river basin model evaluates scenarios. Two different
evaluation methods are used: optimization (@) and simulation (@). Optimization is applied to identify
management strategies that allow for achieving objectives defined in the scenario (for example, minimizing the
demand for surface resources). This also considers assumptions about the general socioeconomic context. The
optimization is carried out for the reference period and local scenarios. Subsequently, simulations (@) are
carried out to evaluate the performance of each optimal strategy under various hydro-climatic conditions,
serving as a robustness test. Details on the approach used to define the range of possible hydro-climatic
conditions (@) are presented in the section below.

A third dialogue is organized to present and discuss the modeling results (solutions) @ with stakeholders.

5.2 Developing scenarios

5.2.1 Types of scenarios

Three types of scenarios are developed, described below:

- Thereference period: This scenario refers to the historical period simulated with Global Climate Models
(GCM) in which the continuation of current conditions (climatic and socioeconomic) is assumed without
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any significant policy/management change or intervention. This scenario will provide a reference point
with which it is possible to evaluate the impact of other scenarios.

- Local scenarios on which Dialogue 2 focuses aim to describe hypothetical future situations that are
shaped by specific policy decisions and interventions. They are constructed to explore with
stakeholders the potential desirable and undesirable impacts of various courses of action. The
evaluation of the local scenario is first conducted in qualitative terms during workshops before being
evaluated with the river basin model and again discussed with stakeholders on the basis of modelling
results and solutions adopted.

- Scenarios will be run with and without solutions through the different SSPs available in the project
(SSP1-2.6, SSP3-7.0 and SSP5-8.5)

5.2.2 Developing local scenarios

In the Spanish case studies, the development of local scenarios was based on two successive stages.

The first stage consisted of analyzing the dynamics of the WEFE, which is represented as a complex system.
This dynamic analysis of the system had three main objectives:

1. Identify the main challenges that the basin presents and prioritize them according to the present
and future needs of the actors in the system.

2. Identify possible adaptation measures or solutions that can be implemented to mitigate or
counteract the challenges.

3. Identify the main variables that interfere in the system and how they are related to each other, as
well as the state of these relationships (weak or strong).

To accomplish each of these objectives, various participation methods were implemented, with the
involved actors actively taking part. Ultimately, this resulted in a system dynamic model that represents
the relationships among all the variables considered within the system. (This process is explained in more
detail in the Deliverable 4.1 - chapter 2.4).

Figure 24 illustrates how this approach was applied in the different case studies of the Spanish basins.
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Figure 24 : General approach to analyzing the dynamics of the WEFE of Spanish river basins.

After identifying the main challenges, potential preliminary solutions, and the interaction among different
variables in the system, the second stage involves formulating hypothetical scenarios (local scenarios) of the
future closely tied to the identified challenges and the potential behavior of the system if any of the variables
were altered. The hypothetical scenarios were chosen to address several of the primary challenges and
solutions.
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The selected hypothetical scenarios aim to capture the key processes and broadly depict the diversity of
possible solutions. The primary motivation behind this simplification is to enhance the efficiency of dialogue,
especially considering that these scenarios will undergo testing in workshops involving stakeholders.

Following the approach developed by the Senegal team, scenarios are then presented as storylines, written as
fictional press releases which involve fictitious characters and relate facts supposedly taking place in the late
2050’s.

5.2.3 Summary of narrative scenarios developed in Spanish River Basins

Based on the results of preliminary interviews with stakeholders and the first dialogue, we developed the local
scenarios which are briefly presented below.

5.2.3.1 Scenarios developed in JUcar river basin

Scenario 1. Environmentalism, renewable energy, and agriculture come
together in a successful collaboration

The Jucar region has implemented a visionary strategy that merges environmentalism, renewable energies, and
sustainable agriculture to address the challenges presented by climate change. A collective groundwater
management plan has been established, which has successfully maintained a balance in the levels of the Mancha
Oriental aquifer and benefited crops with lower water demand. The Water Framework Directive has prioritized
environmental uses over agricultural uses, and the region has integrated water-saving and modernization
technologies to achieve a sustainable balance in the aquifer. Since 2030, the region has undertaken a dedicated
commitment to renewable energies, providing employment in the construction, operation, and maintenance of
wind farms, solar plants, and hydroelectric power plants, thereby consolidating a more sustainable economy.
Although the implementation of renewable energy facilities has resulted in the loss of traditional landscapes,
the region has addressed landscape alteration and loss of natural habitats in a balanced manner, prioritizing
environmental sustainability. The Jucar region has established itself as a global benchmark in the harmonization
of economic development and environmental preservation. The main assumptions are presented in a schematic
way in Figure 25 and in a narrative way in Figure 26.
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Figure 25 : Schematic representation of assumptions included in scenario 1, Jucar basin.
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Revolucion en la Gestion del Agua del Jucar: Ambientalis-
mo, Energia Renovable y Agricultura se Unen en una

Apuesta Ganadora

Transformacion en la Gestion del
Agua: El Jucar Prioriza lo Ambiental
v Abraza las Energias Renovables en
la Agricultura

A las puertas de 2050, la region del Ju-
car s¢ posiciona como un cjemplo de
restliencia y adaptacion frente a los
desafios del cambio climatico. Durante
dos décadas, caracterizadas por un au-
mento de 2°C en las temperaturas esti-
vales, una disminucion del 20% en las
precipitaciones y una reduccion del
40% en las entradas en Alarcon, impac-
tando directamente en ¢l acuifero de la
Mancha Onental, la region ha adoptado
una cstrategia visionaria que fusiona cl
ambicntalismo, las encrgias renovables
y una agricultura adaptada a los desa-
fios contemporancos.

La gestion colectiva de las aguas subte-
rrancas ha sido crucial en el proceso de
transformacion. Los mecanismos de
control implementados tanto por los
usuarios como por la administracion
han logrado mantener un equilibrio en
los niveles del acuifero de la Mancha
Onental. beneficiando especialmente a
los cultivos de menor demanda hidrica.
Aunque csta gestion eficiente ha en-
frentado desafios al limitar la entrada
de ciertos cultivos que podrian haberse
beneficiado de la disminucion de los
dias de frio, ha resultado esencial para
garantizar la sostenibilidad de este re-
curso vital.

La Directiva Marco del Agua ha
desempefiado un papel fundamental,
priorizando los usos ambicntales sobre
los aprovechamientos agrarios. La re-
gion ha superado con éxito las restric-
ciones ambicntales mediante la incor-

poracion de tecnologias de ahorro y
modernizacion, logrando un equilibrio
sostenible en el acuifero que sienta las
bases para las gencraciones futuras.

Desafios y Oportunidades en la Apues-
ta por las Energias Renovables

Desde el ano 2030, ¢l Jicar ha empren-
dido un compromiso decidido con las
encrgias renovables, a la par de su ges-
tion del agua, motivado por el incre-
mento cn los costos energcticos y la
ambicion de alcanzar independencia
economica en ¢l sector agrario. La in-
version cn encrgias renovables ha gene-
rado emplcos en la construccion, opera-
cion y mantenimicnto de parques coli-
cos, plantas solares y centrales hidro-
cléctricas, consolidando asi una ccono-
mia mas sostenible.

Aunque las energias renovables encar-
nan altcrnativas limpias y sostenibles,
la construccion de sus infracstructuras
ha plantcado desafios ambientales nota-
bles. Concretamente, la implementacion
de instalaciones para cnergias renova-
bles, destacando la energia fotovoltaica
en particular, ha ocasionado la pérdida
de paisajes tradicionales. generando
inquictudes sobre la preservacion de la
estética y la identidad visual de las zo-
nas rurales.

Adicionalmente, las restricciones de la
Confederacion Hidrografica del Jacar
han conducido al abandono de campos
de cultivo, generando incertidumbre
sobre la viabilidad del agricultor tradi-
cional y disminuyendo la importancia
histonca de la agricultura en la region.

A pesar de estos desafios, la region ha
cnfrentado de manera cquilibrada la
alteracion del paisaje y la pérdida de
habitats naturales, prionizando la soste-
nibilidad ambicental. La competencia
por ticrras cntre la agricultura y la gene-
racion de encrgia renovable se ha abor-
dado con cstrategias que buscan armo-
nizar ambos sectores.

La industria turistica local también ha
sido contemplada en esta ecuacion, con
esfuerzos para mitigar los impactos vi-
suales y paisajisticos de la infracstruc-
tura de cnergia renovable con el fin de
preservar la atraccion turistica.  Este
enfoque cquilibrado ha consolidado la
region del Jicar como un modelo en la
blisqueda de soluciones integradas para
la agricultura, ¢l medio ambiente y el
turismo.

Con determinacion, el Jucar avanza
hacia un futuro sostenible en 2050, don-
de la gestion del agua, ¢l ambientalismo
y las cnergias renovables convergen
para supecrar los desafios actuales y
construir un legado para las gencracio-
nes futuras. La region no solo ha resisti-
do ante las adversidades climaticas,
sino que ha prosperado, consolidandose
como un referente mundial en la armo-
nizacion entre desarrollo cconomico y
preservacion ambicntal.

Figure 26 : Narrative description of scenario 1 in the Jucar basin as a press release.
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Scenario 2: Improving agricultural productivity is a top priority

Despite the challenges arising from a 2°C temperature increase and lower rainfall, the region has successfully
adapted, resulting in enhanced agricultural profitability. This transformation has been enabled by shifts in crop
selection, technological advancements, and international trade reforms, which have turned previously crisis-
stricken farms into large, competitive corporations. While the introduction of exotic, high-value crops has
improved profits, it has adversely affected smaller farms that depend on subsidies for survival. Moreover, the
implementation of renewable energy has lowered energy prices but created environmental concerns such as
declining aquifer levels. The JUcar River Basin Authority is considering strict measures to address these issues,
including restrictions on groundwater extraction. Although large agricultural companies have flourished,
concerns about the sustainability of this model have arisen, considering potential economic losses from stricter
controls. This scenario highlights the need for a cautious approach to achieve a sustainable balance amid
environmental consequences and economic impacts. The main assumptions are presented in a schematic way
in Figure 27 and in a narrative way in Figure 28.
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Figure 27 : Schematic representation of assumptions included in scenario 2, Jucar basin.
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Transformacion Agricola y Desafios Energéticos en la

Cuenca del Jucar

Avances Agrarios p Desafios Energén-
cos en la Regivn Valenciana

El afio 2050 ha llegado marcado por
transformaciones  significativas en la
Cuenca del Jicar, donde el cambio cli-
matico ha forjado nuevas realidades en
la agricultura ¥ la energia. A pesar de
los retos, la region ha logrado adaptarse
v prosperar, demostrandoe resiliencia ¥
vision estratégica.

El calentamiento global ha dejado su
huella con un aumento de 2°C en la
temperatura, gencrando una mayor de-
manda de riego ante la disminucion del
20% en las lluvias. Este escenano ha
obligado a replantearse los cultivos tra-
dicionales, y la agncultura valenciana
ha visto reducida la produccion de citn-
cos y caquis, afectados también por la
disminucion de las horas frio en la alt-
ma década.

Sm embargo, a pesar de la persistente
sequia, la cuenca del Jicar ha experi-
mentado un aumento sostenido en la
rentabilidad agricola por tercer afio con-
secutivo, gracias a la presencia exitosa
de sus principales productos en el mer-
cado internacional. Reformas estructu-
rales durante la dltima década para libe-
ralizar el comercio han llevado a un

Impresionants incremento en las expor-
taciones de almendra, granada ¥ agua-
cate.

La transformacion del sector agrano ha

sido notable. Pequeiias explotaciones en
crisis durante los afios 2020-2030 han
dado paso a grandes empresas, como
Walencia Almond, lider nacional en la
produccion de almendras. Cooperativas
de medianos ¥ grandes agricultores han
desplazado a los pequefios agricultores
tradicionales, emergiendo como como
competidores internacionales, ¥ culti-
vos tropicales anies exoticos, como ol
aguacate, han florecido en la cuenca del
Jicar.

La introduccion de cultivos exdticos,
con un alte precio en ¢l mercado, no
solo ha aumentade las ganancias en cl
SeCtor agrano, Sino que también ha per-
mitido reducir ¢l drea de cultivo necesa-
rio para la viahilidad de las explotacio-
nes agrarias. La alta competitividad, la
innovacion ¥ la participacion social han
impulsado un rapido desarrollo tecnola-
gico y su transferencia al sector agrario,
disminuyendo los costos de produccion
para equipararse al mercado exterior.

=N :ml:nargu, esias estrategias han tem-
do sus damnificados, principalmente las
pequedias explotaciones que ain sobre-
viven gracias a ayudas cada ver mds
reducidas, vinculadas a la proteccidn
del medio ambiente v la diversificacion
de la actividad.

La CHJ iMserva con Preacupacidin el
Tmpacie Ambiental y Evalia Medidas
Rigurosas

A pesar de la escasez hidrica, la m-
plantacion de energias renovables en la
region ha propiciado una reduccion sig-
nificativa en los precios de la energia
durante la ltima década. Este feno-
meno ha permitide un aumento en los
bombeos en toda la zona, sosteniendo
asi la productividad agricola. Aungue

estos beneficios son innegables, se han

evidenciado efectos colaterales como la
disminucion de los niveles piezométn-
cos de los acuiferos, la detenioracion de
la calidad del agua subterminea y un
agravamicnto de la intrusion saling cer-
ca de la costa.

La Confederacion Hidrografica del Jo-
car (CHI) observa con creciente inguic-
tud estas tendencias ¥ contempla la im-
plementacion de controles ¥ restriceio-
nes mds ngorosas en la extraccion de
aguas subterraneas para salvaguardar el
recurse hidrico.

Aungue la nueva dindmica cncrgetica
ha propiciado la creacion de grandes
cmpresas agranas cn las dlbmas dos
deécadas, la sostembilidad de este mode-
lo se ve cuestionada. La imposicion de
mayares restricciones en la extraccion
de aguas subterrineas podria poner en
aprictos @ estas empresas, generando
preccupacionss sobre posibles pérdidas
cconomicas que podrian afectar signifi-
cativamente a la region valenciana.

La Cuenca del Jicar ha experimentado
transformaciones notables hasta el afio
2050, destacando la capacidad de adap-
tacion del sector agrano frente a los
desafios climaticos. Sin embargo, las
consccuencias ambientales v las posi-
bles repercusiones econdmicas plantean
desafios cruciales que requieren una
cuidadosa consideracion para garantizar
un equilibrio sostenible en el futuro.

Figure 28 : Narrative description of scenario 2 in the Jucar basin as a press release.
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5.2.3.2 Scenarios developed in Tagus-Segura river basin

Scenario 1 (Segura): Energy and digital revolution

In this scenario, it is assumed that dialogue and collaboration are established between government entities and
farmers to define a plan for the management and development of renewable energies. With this plan, the
implementation of photovoltaic energy is increased as the main source for irrigation systems, promoting
digitalization for both large agricultural expanses and small-scale farmers. This aims to reduce existing gaps and
enhance production margins.

Simultaneously, a significant decrease in water contributions from the Tagus River is assumed, leading to an
expansion of desalination capacity in the basin. To decrease energy costs, photovoltaic systems are
implemented in the plants, resulting in increased pumping from aquifers and very high levels of
overexploitation. Additionally, with the digitalization of agricultural production systems, aquifer recharge is
reduced. The main assumptions of this scenario are graphically depicted in Figure 29 and Figure 30.
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Figure 29 : Graphic representation of the main hypothesis underlying scenario 1 in the Tagus and Segura basins
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Transformacion Sostenible en la Cuenca del Segura

Hace mas de 25 afios se establecieron relaciones de dialogo v colaboracion entre las entidades guberna-
mentales v los agricultores en la Cuenca del Segura. Este compromiso visionario dio origen a un plan infe-
gral de gestion v ordenacion de energias renovables que ha modelado una nueva era en la region.

ENERGIA RENOVABLE Y DI-
GITALIZACION: EL LEGA]?G
DE UNA COLABORACION
FRUCTIFERA

Desde la implementacion de este
plan, la energia fotovoltaica se ha
erigido como la fuente principal
para los sistemas de riego, trans-
formando la agricultura v gene-
rando un modelo sostenible para
grandes extensiones agricolas ¥y
pequefios productores.

Energia fotovoltsica en |a cuenoa del Segura

La digitalizacion ha sido la herra-
mienta unificadora que ha dismi-
nuido la brecha tecnologica, per-
mitiendo un aumento significati-
vo en los margenes de produccidon
v una gestion mas eficiente de los
TECUTSOS.

DESAFIOS EN LA GESTION

HIDRICA: RESPUESTAS INNO-
VADOEAS

En un escenario que se enfrenta a
los desafios del cambio climatico,

v en el que los aportes de agua
desde el Tajo han disminuido

considerablemente, la Cuenca del
Segura ha respondido con aunda-
ces estrategias de gestion hidrica.
La ampliacion de la capacidad de
desalacion ha side una medida
clave, respaldada por la imple-
mentacion masiva de sistemas
fotovoltaicos en las plantas de
desalacion, reduciendo significa-
tivamente los costes energeficos
de produccion ¥ consumo.

Adicionalmente, la gestion del
agua ha experimentado una meta-
morfosis digital en la cuenca. Sis-
temas de riego avanzados, ali-
mentados por datos en tiempo
real v algoritmos inteligentes, han
reemplazado los métodos fradi-
cionales. Estos sistemas no solo
permiten una distribucidn precisa
v eficiente del agua v los fertili-
zantes, adaptandose a las necesi-
dades especificas de cada cultivo,
sino que también han optimizado
el uso del agua mediante la com-
binacion de sensores, inteligencia
artificial v automatizacion.
SOSTENIEBILIDAD DIGITAL Y
SUIMPACTO AMBIENTAL

Sin embargo, La digitalizacion de
los sistemas de produccion agri-
cola v la dismunucion de los cos-
tos energéticos han sido una he-
rramienta de doble filo. Aungue
se ha mejorado la eficiencia v la

precision, disminuyendo los apor-
tes de mnifratos a los acuiferos,
también se ha disminuido su re-
carga v aumentado los bombeos,
resultando en indices de sobreex-
plotacién que demandan atencion
inmediata.

Digitalizacion. Sisternas de riego digitalizados

En este cuarto de siglo de trans-
formacidn, la Cuenca del Segura
se encuentra en un cruce de cami-
nos, enfrentando desafios v cele-
brando éxitos. La celaboracion
continua entre el gobierno y los
agricultores, respaldada por la
innovacion ¥ la sostenibilidad, ha
dejado un legado que trasciende
el tiempo v establece un modelo
para el futuro. La Cuenca del Se-
gura se mantiene como un faro de
resiliencia v progreso, donde la
colaboracion audaz v la vision a
largo plazo han allanado el ca-
mino hacia un futuro sostenible

Figure 30 : Narrative description of scenario 1 in the Tagus and Segura basins as a press release.
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Scenario 2 (Segura): “Transformative Sustainability”

In this scenario, it is assumed that, following the prioritization of environmental objectives in the Segura River
Basin by government entities in 2025, ecological and forestry restoration actions have been implemented to
enhance natural and scenic resources. These actions have aimed at increasing the areas designated as Special
Conservation Zones and High Connectivity Zones (5CZ and HCZ), leading to the expansion of areas dedicated
to ecological corridors, which have increased from representing 18% to 36% of the national territory, with a
notable decrease in areas allocated for irrigation. This has resulted in a significant rise in the supply and demand
for ecotourism activities, diversifying employment in the region and increasing the demand for labor in tourism
and ecotourism-related activities.

Considering the decrease in contributions due to climate change, restrictions imposed on agricultural activities
regarding fertilizer use, the increase in ecological flows to improve the ecological status of surface water bodies,
and restrictions on groundwater use, along with the success of the compensation system (Restoration of
agricultural lands) as a key tool for a paradigm shift, agricultural activities decreased considerably during the
first decade. The remaining irrigation systems have adapted by changing some crops to those with lower water
needs and primarily sourcing from desalinated and reused resources.

Although the economy was heavily impacted by the reduction in agricultural activities, it currently relies on
ecological and scenic tourism and sustainable agriculture. Significant improvements have been observed since
the lowest point in 2030. Another measure implemented in response to the economic recession was the
issuance of carbon bonuses. Consequently, a percentage of lands used for agriculture now serve as large CO2
sinks, enabling the collection of substantial carbon bonuses. The main assumption of this scenario is graphically
depicted in Figure 31 and Figure 32.
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Figure 31 : Graphic representation of the main hypothesis underlying scenario 2 in the Sequra basin
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El Segura: Una cuenca ecologica y

sostenible

La cuenca del Segura ha emergi-
do como un modelo para regiones
en todo el mundo que buscan un
equilibrio entre el desarrollo y la
conservacion del medio ambien-
te. En un hito trascendental para
la cuenca. el compromiso guber-
namental con los objetivos me-
dioambientales que inicio con el
ciclo de planificacion 2027-2030
ha llevado a una notable transfor-
maci6n en la region, marcando un
nuevo modelo de desarrollo que
le apunta a la sostenibilidad y la
ecologia. A lo largo de las ulti-
mas décadas. se han implementa-
do medidas que han redefinido la
relacion entre la comunidad. el
medio ambiente v la economia.

Las acciones de restauracion eco-
logica vy forestal, enfocadas en la
valorizacion de los recursos natu-
rales v paisajisticos. han sido la
piedra angular de esta transfor-
maci6n. La expansion de las Zo-
nas de Especial Conservacion
(ZEC) y Zonas de Alta Conectivi-
dad (ZAC) ha resultado en la am-
pliacion de los corredores ecolé-
gicos pasando del 18% al 36%
del temitorio nacional desde
2023. Aunque esto ha llevado a la
dismunucion de areas destinadas a
regadios, el impacto positivo se
ha sentido a través de un aumento

significativo en la oferta y de-
manda de actividades ecoturisti-
cas. diversificando el empleo en
la region y generando una cre-
ciente demanda de mano de obra
en sectores turisticos y ecoturisti-
cos.

At idies munatiie I et el .
Por otra parte, las restricciones
impuestas al uso del agua subte-
rranea, las restricciones en el uso
de fertilizantes y el aumento y
seguimiento en los caudales eco-
logicos para mejorar el estado
ecologico de las masas de agua
superficiales han sido elementos
cructales en la transformacion.
Estas medidas. han contribuido al
bienestar general del ecosistema.
promoviendo la salud de los cuer-
pos de agua y preservando la bio-
diversidad.

Sin embargo. en las ultimas déca-
das. la agricultura ha sido el sec-
tor que mayores retos ha encon-
trado en esta transformacién eco-

logica de la cuenca. Sumado a
estas nuevas politicas, la disminu-
c16n de las aportaciones y el au-
mento de las temperaturas por
efecto del cambio climatico lleva-
ron en la década del 2030 a una
disminucion productiva de este
sector llevando a la economia de
la region al borde de una recesién
econdomica. Sin embargo, el éxito
del sistema de compensacion.
centrado en la restauracion de tie-
rras agricolas asi como el pago de
bonos de carbono emergieron co-
mo herramientas clave para hacer
frente a este problema. Por otra
parte, las superficies de riego que
mantuvieron su uso después de
esta transformacién, se adaptaron
optando por cultivos con menores
necesidades hidricas y abaste-
ciéndose principalmente de recur-
sos desalados y reutilizados im-
pulsados por energias limpias.

A pesar del fuerte impacto inicial
en la economia. la regiéon ha en-
contrado una nueva base econo-
mica solida en el tunismo ecologi-
co y paisajistico, asi como en la
agricultura sostenible. Este enfo-
que innovador demuestra que la
sostenibilidad no solo es ambien-
talmente responsable. sino tam-
bién econdémicamente viable en la
cuenca del Segura.

Figure 32 : Narrative description of scenario 2 in the Segura basin as a press release.
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Scenario 3 (Tagus): Tagus is environmentally prioritized

It has been 20 years since the Tagus River was prioritized, leading to a significant transformation. The water
transferred to the Sequra Basin disappeared after decades of protests from the donor basin. This adjustment
allowed the Tagus to meet its own needs, resulting in territorial development and partial mitigation of the
effects of climate change. The upper stretch of the river, benefiting the provinces of Guadalajara and Cuenca,
experienced growth in tourism, recreational activities, and a revival of the rural population. Regional
development extended beyond tourism to include new agricultural industries, particularly in irrigated areas,
leading to the emergence of new crops. However, challenges arise, as the Tagus Basin Authority acknowledges
potential overexploitation of aquifers in the future. Groundwater user communities have expressed concern
about the increasing pressure on the system due to irrigation development. The central axis of the Tagus, up to
Talavera, has resisted the adverse effects of climate change and population growth, thanks to increased water
flow. This ecological lifeline has restored the functionality and structure of aquatic and terrestrial ecosystems
that previously suffered severe degradation. The middle and lower basin, prioritized since 2030, has earned
appreciation from Portugal. Minimum continuous flows were established from the Azutan reservoir to Cedillo,
eliminating the excessive variability in the Tagus's flow that negatively affected its natural dynamics and
disrupted water supply to Portugal. However, this decision, along with reduced reservoir releases, led to a
decline in hydroelectric production, making way for other renewable sources such as photovoltaics. As of 2050,
the reduction in water contributions raises questions about the Albufeira Treaty. Spain contends that the
current figures are challenging to meet and anticipates tense relations with Portugal unless treaty points are
reconsidered to align with the reduced contributions. The controversy surrounding the treaty's revision is
evident. The main assumption of this scenario is graphically depicted in Figure 33 and Figure 34.
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Figure 33 : Graphic representation of the main hypothesis underlying scenario 3 in the Segura basins
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El Tajo: balance de los logros v desafios tras 20 afios de priorizacion

Han pasado ya 20 afios desde
que el Tajo se priorizase ¥ ha-
yva experimentado desde enton-
ces una profunda transforma-
cion: el agea trasvasada a la
Cuenca del Segura se redujo
a la mitad tras déecadas de
manifestaciones y protesias por
parle de los usuwarios de la
cuenca cedente. El reajuste del
trasvase ha conseguido que el
Tajo pueda atender sus propias
necesidades, algo que se ha tra-

ducido en un claro desamolle |

del territorio v en la mitiga-
cion parcial de los efectos del
cambio climitico que empeza-
ron a perjudicar a la cuenca a
principios de siglo.

Uno de los principales benefi-
ciados ha sido ¢] tramo alto del
rio. La mayor disponibilidad de
agua enlre los embalses de
Entrepedias ¥ Buendia ha su-
puesto una nueva oportunidad
para las provincias de Guadala-
Jjara v Cuenca, sobre todo a los
municipios riberefios v su revi-
talizado sector turistico ligado
al atractivo paisajistico, ¥ a las
actividades de recreo, pesca ¥
navegacion.  Actualmente  la
poblacion rural que decrecio
entonces, s¢ estd recuperando.
El desarrollo regional no solo
proviene del seclor [uristico,

e

sing ademas de las nuevas in-
dusinas agricolas gque paulati-
namente empezaron a asentarse
en las provincias por el mmpul-
S0 gue empezo a tomar la agri-
cultura de regadio (fendmeno
que se trslada también al resto
de la cuenca). Esto también ha
acarreado la aparicion de nue-

vos cultivos en la cuenca.

Sin embargo, no tede son ven-
tajas. Segin el documento de
Esquema de Temas Imporian-
tes de la Confederacion Hidro-
grafica del Tajo {CHT) aunque
todavia no recoge ningin acui-
fero sobreexplotado, no descar-

ta que la situacion cambie pro-
simamente, Las comunidades
de usuarios de aguas sublerra-
nea (CUAS) llevan tiempo ad-
viriendo gue los datos recogi-
dos son preccupanies. El desa-
rrollo de regadio en la cuenca
ha afiadido una presion extra al
sistema. Por otro lado, segin

BULTURA I:.:ﬁmﬂ se descubrid a Indira,
la hija secreta de Garcia Mirquez ==

S0 Prediee 8B puran

se puede adivinar en el Glumo
Plan Hidroldgico (PH). el ge
central del Tajo hasta Talavera
ha conseguido resistir a los
efectos adversos del cambio
climdtico ¥ al aumento de po-
blacion de Madnd (sin quitar
merito a la concienciacion ciu-
dadana ¥ sus esfuerzos). El au-
miento de caudal ha sido el sal-
vavidas ccoldgico que se ne-
cesilaba: se ha recuperado la
funcionalidad ¥ estructura de

= los ccosistemas acudlicos v le-

rrestres del no, que habian su-

_ frido una grave degradacidn.

-?.,I Del mismo modo, la parte me-
& dia ¥ baja de la cuenca también

se¢ ha pnonzado desde enton-
ces v Portugal lo ha agmdeci-
do. Desde 2030, se establecie-
ron caudales mimmos conl-
nuos desde el embalse de Aru-
tén hasta Cedillo, lo gue elimi-
nd la excesiva vanabilidad del
caudal del Tajo que afectaba
negativamente a la dindmica
Muvial natural del rio ¥ que ha-
cia que el agua llegase a Porlu-
gal por machas. Esta decision
no estuvo exenta de polémica.
A causa de este cambio de ges-
non de las suelias de embalses
¥ a la reduccion en las aporia-
ciones, la produccion  hidm-
eléctrica se ha reducido v ha

Figure 34 : Narrative description of scenario 3 in the Segura basin as a press release.
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Scenario 4 (Tagus): Water transfer suffocates the Tagus

In this scenario, the relationship between Spain and Portugal has never been as deteriorated in recent decades,
primarily due to water, an increasingly scarce and contested resource on the Iberian Peninsula. The dispute
revolves around the four shared river basins, becoming a major controversy. The main issue is Spain's non-
compliance with the Albufeira Treaty, which regulates the flow of water to Portugal. The situation is particularly
critical for the Tagus River, the longest in the peninsula, affected by water transfers to the Segura basin. While
the amount of transferred water has decreased, the Tagus-Segura transfer remains a source of unacceptable
pressure on the river system. The problem has intensified with the declaration of overexploited underground
water masses in the latest Hydrological Plan of the Tagus River Basin Authority. Despite previous assessments
stating no quantitative issues, the reality now is an increase in pumping to compensate for reduced precipitation
and the expansion of irrigated land. Efforts by Madrid to improve water efficiency and raise public awareness
have not been sufficient for the Tagus basin. The middle and lower parts of the basin face additional pressures,
such as the negative impact of hydroelectric production on fish populations and riparian forests. Portugal
complains about peaks caused by Spanish reservoir releases and demands continuous minimum flows from
Cedillo to combat estuary salinization in Lisbon. Spain, in turn, calls for an immediate review of the treaty with
climate-adapted limits. The possibility of a joint Hydrological Plan derived from a joint authority is raised as a
potential solution. The main assumption of this scenario is graphically depicted in Figure 35and Figure 36.

o The Water transfer
Decrease in rainfall continues adapted to
contributions
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Figure 35 : Graphic representation of the main hypothesis underlying scenario 4 in the Segura basins
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El agua, fuente de conflicto entre Espaiia y Portugal: el deteriorado

MAATTS K O DREMD O 3850
AR NIl AOSADRD 10.300
EDeO04 MADFD

FALCKD: L5

Tajo en el centro de la disputa

Munca las relaciones entre Espaiia
y Portugal habian estado tan dete-
rioradas en las Gltimas décadas. El
motivo es el agua, un recurso cada
vez mas escaso y disputado en la
peninsula ibérica. La lucha por el
agua estd enfrentado a ambos pai-
ses por las cuatro cuencas que
comparten ¥ se ha convertido en
la gran controversia peninsular.
La razdn esta siendo el incumpli-
miento por parte de Espana de
los objetivos del Tratado de la
Albufeira que regula el caudal
que debe llegar a Portugal. El caso
del Tajo, el rio mas largo de la pe-
ninsula, es el mas critico, pues su-
fre las consecuencias del trasvase
de agua hacia la cuenca del Segu-
ra.

Es cierto que la cantidad de agua
trasvasada al Segura ha bajado en
las altimas décadas debido a la
disminucion de las aportaciones
en la cabecera del Tajo ¥y que al-
gunos aiios no ha sido posible
trasvasar nada, pero a dia de hoy,
el trasvase Tajo-Segura es, mads
que nunca, una fuente de presion
inaceptable sobre el sistema flu-
vial, pues la realidad es que esa
agua trasvasada se revela esencial
aguas abajo.

La situacion se ha agravado con la
aparicion de masas de aguas sub-
terraneas declaradas sobreex-
plotadas en el dltimo Plan Hi-

drologico (PH) de la Confedera-
cion Hidrografica del Tajo (CHT).
Remontandonos al tercer ciclo del
PH 22-27: “ninguna masa de agua
subterrianea se ha evaluado como
en mal estado cuantitative, aungue
en algunas pudiera existir una si-
tuacion que aconsgjaria no seguir
incrementando su explotacion...”™.
Pues bien, ahora mismo la reali-
dad es que los usuarios se han vis-
to obligados a aumentar los bom-
beos en los ultimos afos para
compensar la disminucion de las
precipitaciones v la transicion de
algunas tierras de secano a re-
gadio. Este aumento en superfi-
cle regada ha sido estrictamente
alimentado mediante aguas subte-
rraneas. Ademads, tanto por la mo-
demnizacion de los regadios en la
cuenca (ha disminuido los retor-
nos), como por las demandas ur-
bana e industrial, que tampoco
han aflojado. se ha incrementado
la presion sobre el sistema.

Los esfuerzos de Madrid por me-
jorar la eficiencia y depuracion de
sus aguas, asi como los planes de
concienciacion ciudadana para no
disparar la demanda urbana ante
el aumento de la poblacion, no
han sido suficientes para la cuenca
del Tajo. Tampoco los cambios en
las altimas décadas en la normati-
va europea sobre la depuracion de
aguas en pequefias aglomeracio-
nes urbanas estableciendo limites

cada wvez mas ambiciosos
{actualmente poblaciones inferio-
res a los 200 habitantes deben ins-
talar una EDAR). La bajada de
caudal le da al eje central poca
cuerda para diluir y la calidad de
sus aguas ha ido mermando
paulatinamente. El deterioro de
los sistemas acudticos que ha ex-
perimentado son una buena mues-
tra de ello y los indicadores am-
bientales en Talavera de la Reina
SON preocupantes.

La parte media y baja de la cuenca
también se enfrenta a otras presio-
nes. La produoceidn hidroeléctrica,
que se¢ intenta maximizar para
paliar el aumento del coste de la
energia ha afectado negativamente
y de forma muy significativa, a las
poblaciones de peces v al bosgque
de ribera (mitigador claro ante
el cambio climatico). Portugal si-
gue qugjandose de los picos gene-
rados por los desembalses de las
compaiiias espafiolas y sigue re-
clamando la imposicion de cauda-
les minimos continuos desde Ce-
dillo para luchar contra la salini-
zacion del estuario en Lisboa y no
desfavorecer a sus usuarios. Mien-
tras, Espafia pide la revision inme-
diata del Tratado con limites
adaptados a la nueva realidad cli-
matica. ; Podria ser finalmente una
solucion un PH conjunto derivado
de una Confederacion conjunta?

Figure 36 : Narrative description of scenario 4 in the Seqgura basin as a press release.
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5.2.4 Debating scenarios with stakeholders

For each of the case studies, distinct workshops were conducted, as presented in the table below.

Table 8 :Dates and venues for the workshops conducted in the Spanish case studies

Case study Workshop Date
JOcar Albacete 11/01/2024
Valencia 12/01/2024
Tagus-Segura Murcia 17/01/2024
Madrid 19/01/2024

These workshops aimed at achieving two primary objectives:

1. Firstly, the goal was to listen to and consolidate the perspectives of participants regarding the
watershed's outlook. In pursuit of this, local scenarios were presented and discussed with stakeholders
in each workshop. These scenarios were validated based on the realism of each defined statement and
their relevance within the basin’s context. This analysis took into consideration all components of the
nexus and their interrelationships.

2. The second objective focused on identifying potential mitigation and adaptation solutions in response
to various changes that could arise in the basin. These changes could result from external conditions,
alterations in socio-economic policies, or even a paradigm shift in society, all of which were linked to
the key challenges identified in Workshop 1.

Through these exercises, modified scenarios were obtained, validated, and characterized for their relevance,
realism, and adaptation to the diverse contexts within the basin and the system. This comprehensive approach
ensures that both the scenarios and proposed solutions are robust and applicable to the specific complexities of
the basin, with the added capability of being simulated in the available models.

The outcome of these exercises is described in Deliverable 6.3

5.3 Assessing scenarios with river basin model

For assessing scenarios, two different models are employed for each case study at the basin level: a
hydroeconomic model and a system dynamics model. These models serve as essential tools to assess
interactions between nexus components and economic variables within the basin, both quantitatively and
qualitatively.

Initially, simulations are conducted using both models (targeting different indicators) to establish the project's
baseline, providing an approximation of the current dynamics of the system.

This baseline serves as a starting point for modeling local scenarios that, as mentioned earlier, undergo rigorous
validation and co-production with stakeholders. Through this approach, noteworthy variables have been
identified that were not considered in the baseline but are crucial for the analysis of local scenarios.

These additional variables are derived from stakeholder discussions and have been cross-referenced with
available literature, along with the knowledge and experience of the modeling team.

Modeling these local scenarios enables researchers to compare system behavior under various circumstances,
encompassing changes in policies and social paradigms. This methodological rigor enhances their ability to
understand the potential consequences and adaptive responses of the river basin to different changes, thereby
contributing to a comprehensive and realistic assessment.
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6 Local socioeconomic and land use
scenarios: Zambezi case study

Authors :, S. Sinclair (ETHZ), P.
Burlando (ETHZ), André Maller
(Adelphi)

with a contribution from Dg.1: POLIMI
(Wyatt Arnold, Andrea Ficchi, Matteo
Giuliani, Paolo Gazzotti, Giorgio
Guariso, Matteo Sangiorgio, Andrea
Castelletti)

6.1 Overview of the methodology

In the Zambezi Watercourse, river basin and local development scenarios® will be derived and assessed using an
interdisciplinary approach that mobilizes (i) stakeholders’ knowledge and expertise (through the Dialogues), (ii)
scientific data sets derived from external studies and global models and (iii) the use of a two stage model
simulation strategy, coupling a strategic system optimization model (MORDM) with a high resolution
hydrological model (TOPKAPI-ETH) through a common set of optimal system operation policies (reservoirs,
and irrigation allocations).

The approach for this case study focuses on refining and later simulating an existing set of high-level basin
development scenarios developed by ZAMCOM as part of the Strategic Plan (ZSP) for the Zambezi Watercourse
2018-2040 (ZAMCOM, 2019). This ZSP aims to maximize value for the riparian countries, aligning with their
interest in optimizing and building upon scenarios previously developed through a broad stakeholder
engagement process.

The overall approach is graphically depicted in Figure 37 and the main components of stakeholder interaction,
and scenario simulation described in sections 6.2 and 6.3.

2 We refer to these as development scenarios to distinguish from the Shared Socioeconomic Pathways derived
global forcing scenarios developed in WP2 (GoNEXUS D2.1, 2022).
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Figure 37 : Overview of the inter-disciplinary approach used to develop and assess scenarios in the Zambezi
Watercourse case study.

6.2 Developing scenarios with stakeholders

6.2.1 Step @: Assess existing basin status and development policies

In an extensive consultation process ZAMCOM (2019) undertook the following steps for the basin development
scenario building:

e Explored 500 development scenarios based on a range of projects, priorities, and constraints
o Narrowed down the selection to seven preferred development scenarios

e Combined seven strategic development scenarios into one single scenario

e Developed basin investment scenarios to guide decision-making

The starting point for Dialogue 2 is with the seven development scenarios (ZAMCOM, 2019). They will be
discussed and further refined during Dialogue 2, in order to translate them into model configurations, policy
options and forcing scenarios3 that will be used to explore by models possible local and technical solutions to
the challenges, which are in line with the seven ZAMCOM development scenarios. These are:

¢ Energy Security — maximizing marketable firm energy from hydropower

¢ Food Security — maximizing calorie production to achieve the highest potential for food security, primarily
through expansion of irrigated agriculture

¢ Maximize Economic Benefits — maximizing the net present value of the combined revenues from firm
hydropower and irrigation expansion

¢ High Environmental Flows — a constrained maximization that reflects water allocation to maintenance of
in-stream flows for ecosystems, and the maintenance of healthy wetlands, but with low allocations to flood
and delta protection

3 Compared to the Development Scenarios, the future forcing scenarios are based on global climate and socio-
economic pathways.
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¢ High Delta and Flood Protection — a constrained maximization with high allocations to delta and flood
protection, but low allocations to instream and wetland ecosystem preservation

e Moderate Environment and Delta/Flood — balanced but moderate allocations to instream ecosystems,
wetlands, flood, and delta protection

e Ambitious Environment and Delta/Flood — balanced by ambitious allocations to instream ecosystems,
wetlands, flood, and delta protection.

6.2.2 Step @: Stakeholder consultation at Dialogue 1

Stakeholders were brought together in a two-day workshop (Dialogue 1) in Harare, Zimbabwe, on 12-13
October 2022. The main goals of Dialogue 1 were a) introduce the GoNEXUS project, approach and objectives;
b) understand the interests, concerns and perspectives of Dialogue participants; and c) explore and prioritize
nexus challenges in the Zambezi Watercourse.

The highest priority challenges identified to be carried forward at Dialogue 1 and assessed in the context of the
seven basin development scenarios identified by the ZAMCOM strategy plan (section 5.2.1) at the 2nd Dialogue
(section 5.2.3) were:

¢ Flooding
e Droughts
Other challenges considered by stakeholders as highly important include:
¢ Land use conflicts
e Water scarcity
¢ Soil erosion
e Energy and water trade-offs

e Ecosystems health

6.2.3 Step €): Stakeholder consultation at Dialogue 2

Stakeholders will be brought together in a two-day online workshop (Dialogue 2) on 13-14 March 2024. Here,
the GONEXUS team will interact with the stakeholders through the process outlined below to refine the
strategic development scenarios e.g. in case of new information or priorities, as well as to define solutions
targeting the key challenges identified in Dialogue 1. The refinement will start from some pre-developed
examples to stimulate the discussion and will aim to agree on locally specific solutions and related model
indicators for assessing the success of solutions in addressing challenges.

The scenario building exercise focuses on previously co-defined nexus challenges in Dialogue 1 using model
outputs that depend on modelling maturity at the time of the Dialogue 2 and that describe the impacts for the
reference scenario and for some preliminary future global forcing. Accordingly, stakeholders will address in
Dialogue 2 the challenges listed in Section 5.2.2 that emerged at Dialogue 1.

Key aspects to be refined for each of the development scenarios during Dialogue 2 are:
e Locally impacted hotspots through key challenges and local or basin/sub-basin scale solutions
e Boundary “conditions” and assumptions / factors of change
¢ Indicators to assess WEFE nexus challenges and solutions

Dialogue 2 will be organised through three main sessions, as described here below.
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Session |I: Approach to refinement of ZAMCOM Strategic Development
Scenarios (2019), e.g. with focus on floods and droughts (other challenges
will be addressed in the same way)

Main Goal: Define local flood and drought impacted hotspots for each Strategic Development Scenario
Presentation:

» Introduce scenario building exercise, objectives and methods and provide overview on strategic
development scenarios

» Present example modelling results for impacting strategic development scenarios (incl. climate
impacts and SSPs), particularly regarding influence on floods and droughts to the extent model results
are available at the time of the Dialogue 2

Group exercise:

» Reflect on relevant developments affecting each scenario, main assumptions, narratives, boundary
conditions, concerning the scenario in the light of the impacts of climate / SSP forcing

» Define relevant hotspots in each scenario from perspective of future floods and droughts impacts and
possible socio-economic and ecological knock-on effects: How could these places be affected?

» Test robustness of scenarios by looking at risks and opportunities: How resilient are the strategic
development scenarios in the wake of future forcing? (e.g. using matrix with 3-5 criteria)

» Explore relevant metrics for each local hotspot needed for the modelling scenarios (starting basis for
session on indicators)

Group presentations & discussions:

» Facilitate discussion on different strategic development scenarios, collecting additional information
from all participants to complement them

Session II: Solutions to adapt to future forcing and/or to mitigate impacts of
future forcing

Besides the scenario building, Dialogue 2 will also assess nexus solutions and indicators together with the
participants, both of which are relevant for the scenario building.

Main Goal: Define relevant local flood and drought related solutions for hotspots in each strategic development
scenario

Presentation:

» Summarise preliminary solutions for each scenario from Dialogue 1 and research incl. conclusions from
the former EU project "DAFNE” (Start of from hotspots and challenges)
Group Work:

» Explore different types of solutions for the prior defined hotspots in each of the scenarios in relation to
floods and droughts (incl. opportunities and trade-offs)
» Select high-potential solutions and evaluate key strengths

Discussion & Ranking:

» Present relevant solutions for each scenario and their key strengths (and perhaps weaknesses)

» Facilitate discussion on solutions, their strengths and weaknesses, redundancies, computability, local
feasibility (where are they applicable, where not?)

» Agree on 3-5 priority solutions (out of all solutions selected by groups) in final step
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Session llI: Refinement/expansion of indicators

Main Goal: Define locally relevant flood and drought related indicators for hotspots in each Development
Scenario

Presentation:

» Explain exercise and give small intro on indicators: What are they and why are they relevant for
modelling exercise

»  Share preliminary list of indicators (D5.1)

» Explain the use of criteria for indicators selection

Group Work:

» Continue exploring quantitative assumptions (from scenario building) and identify suitable local
indicators to evaluate challenges and the impact of solutions

»  Prioritise important indicators for each scenario

» Evaluate the suitability of indicators (e.g. on aspects such as data availability or computability)

Reflection:

»  Groups hold a brief presentation on indicators to the other groups
» Other groups | moderators raise questions or add details

Following Dialogue 2, the case study team will synthesise and process the inputs and questions gathered at
Dialogue 2.

6.3 Simulating scenarios

6.3.1 Step @: Local (development) scenario specification

The previous steps function as the basis for designing and running the full set of model runs that include
solutions. Specification of model input and configuration including local solutions representative of the selected
development scenarios derived from stakeholder interactions at both dialogues, as well as other efforts within
the project (e.g. the definition of global forcings such as SSPs scenarios and their prioritisation) are combined in
this step.

6.3.2 Step 9: MORDM strategic system optimization

The strategic design model is intended to optimize bulk water trade-offs in the basin for the selected strategic
development scenarios. In conjunction with an energy system model the POLIMI team also evaluated energy
trade-offs of implementing floating solar voltaic generation in the major reservoirs to complement hydropower
generation (Figure 38 and Figure 39). Full details of this modelling exercise are not repeated here, but described
in GONEXUS D4.1 (2023). The outcome was a set of systems operation policies targeting different objectives
related to the different components of the nexus, which will be further analysed after Dialogue 2 in relation to
the selected strategic development scenarios.

As outlined in the methodology sketch of Figure 37, a further robustness analysis of the operations policies
against future stochastically generated streamflows under climate change was carried out to develop
confidence in the optimized policies. The related outcome will be an additional element that Stakeholders will
have available to discuss and select solutions.
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Figure 38 : Schematic of Zambezi Design Simulation-Optimization Model (after GONEXUS D4.1, 2023) including
the three planned reservoirs and potential floating solar installations. Minimum environmental flows (MEF) are
enforced at Victoria Falls and below Itezhi-Tezhi reservoir at Kafue Flats.

Zambezi

6.3.3 Step @: High-resolution local impact assessment

In order to assess the impacts of forcing scenarios and evaluate the effectiveness of solutions at multiple
hotspots around the basin, this step employs the high-resolution spatially distributed hydrological model
TOPKAPI-ETH. The operation of bulk water transfers with TOPKAPI-ETH will be based on the optimal
operations policies designed in step @ of the previous section 6.3.2and disaggregated in space to assess impacts
at the scale of the hotspots identified in Dialogue 2. The climate and socio-economic forcing will be those
derived in GONEXUS D2.1 (2022), while the infrastructural configurations, assessment measures (indicators)
with relevant ranges will be informed by the development scenarios. The solutions implemented in the high-
resolution local impact assessment are the outcome of step @ (Section 6.2.3). As before the reader is referred
to GONEXUS Dg.1 for a more detailed outline of the modelling strategy.
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Figure 39 : An illustration of the implementation of MORDM designed infrastructure timing into the TOPKAPI-ETH
model of the Zambezi Watercourse.

6.3., Step @: Presentation and validation of scenario simulations and
solutions at Dialogue 3

At the 3 Dialogue, the full simulation results under all scenarios and forcing, both with and without solutions
will be presented. The goal is to discuss and validate with the local stakeholders the main outcomes and
solutions to address WEFE challenges in the basin. The validated and feasible solutions are to be carried forward
as recommendations from the GoNEXUS team.
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7 Local socioeconomic and land use
scenarios: Danube river basin case study

Authors : Rens van Beek (UU)

with a contribution from:

Janos Fehér, Beata Pataki (FAMIFE)
and Guido Schmidt (FT)

7.1 Overview of the methodology

The Danube River Basin (DRB) is the most international river basin on the Earth as 19 countries share the area
of the basin. The Danube River Basin shows a tremendous diversity of habitats through which rivers and stream
flow including glaciated high mountains, forested midland mountains and hills, upland plateaus and through
plains and wet lowlands near sea level. Therefore, the basin is a challenging area from water management point
of view. Due to its large extent from west to east, and diverse relief, the Danube River Basin also shows great
differences in climate.

Climate change is the dominant factor driving a change in water resources in the Danube River Basin. The water,
energy, food and ecosystem nexus in the region is highly dependent on water which is under significant
pressures from pollutions by organic substances, pollutions by nutrients and hazardous substances,
hydromorphological alterations, quality and quantity of sediment, invasive alien species as well as diffuse
pollution on groundwater. Agriculture is the major water user in the basin, followed by domestic and industrial
uses. A large number of small and medium size hydropower plants exists in the western part of the Danube
Basin on both the main river as well as on smaller tributaries. In addition to climate change, other drivers that
influence the water nexus are demographic changes, changes in agriculture (CAP, Farm To Fork), and changes
in energy production (Green Deal targets).

Among the case studies in the GONEXUS project, the Danube River Basin discerns itself by its size and the wide
range of landscapes and the governmental and administrative units it encompasses. Moreover, a substantial
part of the Danube River Basin is located within the European Union which imposes an additional layer of EU
policies and regulations.

In the development of the local scenarios three steps were used that are linked to the three dialogues as outlined
in Figure 40. As outcome of the first dialogue three main challenges for the Danube River Basin Case Study were
identified that are listed here below.
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Figure 40 : Flow chart into the development of the local scenarios

The Danube River Basin Case Study identifies areas of interest at three spatial scales: (1) the river basin of the
Danube as a whole; (2) the regional sub-basin level of the Tisza and (3) the local level, each requiring more

detailed information.

For each of these levels, dialogues were held with stakeholders and the information compiled. Prior to these
meetings, three challenges related to the impacts of climate change on the Water-Energy-Food-Ecosystem
Nexus were defined (Figure 40., block 1, 2 and 3). The identification processes consisted of several steps in two
phases as they are shown in Figure 41.

Conceptual Model
WEFE NEXUS SYSTEM

Sectoral policies, strategies
RELEVANCE

WFD
CAP
European Green Deal (Farm to Fork)
Paris Agreement
EU Biodiversity Strategy
Sustainable Development Goals

Project proposal
ISSUES

1. increased flood risk and frequency of water
scarcity and droughts and the need for water
quantity management;

2. water pollution;

3. increasing hydropower development and increased
share of renewable energy;

4. potential agricultural growth.

Phase 1 - Preliminary assessment: long list of research questions and 8 challenges

Modelling capability
LIMITATION

Current knowledge
Set up of the GoNexus MODEL TOOLBOX
Spatial scales
Data availability

Phase 2 - Integrated assessment: 3 proposed challenges

Finished/ongoing projects
GAPS/TOPICS COVERED

Former projects and research papers dealing with
water/energy/food/ecosystem issues and/or
interrelations on the whole Danube River Basin were
scanned (2018)

Added value
SIGNIFICANCE

compared to relevant pervious projects, studies,
research results (2022)

(no basin wide nexus research on this field)

Figure 41 : Identification phases of WEFE challenges in the Danube Basin Case Study

Taking into account the WEFE nexus concept and the application goals of the GONEXUS project, we conducted
an extensive literature review of the WEFE challenges affecting the watershed. During the 1°* phase assessment,
we identified 8 significant challenges. In the 2™ phase assessment, the 8 challenges identified in advance were
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further evaluated according to the aspects of relevance (sectoral policies, strategies), limitation (modeling
capacities) and significance (added value).

As a result, we identified 3 main challenges within the framework of the Danube Basin Case Study:

e Challenge 1: Water scarcity and increased flood risk due to climate change, which may require
changes in land management. (As a consequence of climate change and dramatic changes in land
management, there are quite significant changes in surface runoff, water retention and storage, hence
floods and water scarcity. These changes are going to influence the recent land management practices.)

e Challenge 2: Water scarcity due to growing irrigation demand as a consequence of a warmer and
drier climate. (Agriculture is the major water user in the basin. In addition to climate change, other main
drivers that influence the water nexus are the demographic changes and changes in agriculture (CAP,
Farm-To-Fork). The pressure is increasing on water-intensive energy and food producers to look for
alternative approaches due to the growing demand, particularly in water-scarce areas with large inter-
sectoral competition for water.)

e Challenge 3: Vulnerability of riverine and terrestrial ecosystems (biodiversity) due to water scarcity
and land use changes driven by agriculture and energy. (Agriculture and increasing energy demand
transform(ed) the natural habitats and might need even more area and water for secure production, which
can have direct and indirect impacts on rivers and land ecosystems. Water scarcity has direct and indirect
impact on floodplains/wetlands, especially along freshwater bodies used for irrigation as well as the
hydropower development has negative impact on the longitudinal connectivity of the water bodies, hence
the ecosystems.)

In the first round of dialogues, we proposed to the stakeholders to discuss the identified challenges and asked
them to set priorities among them. The 1° dialogues (basin level, sub-basin level and local) did not show a clear
preference to rank these objectives but the tendency is that on biodiversity vulnerability (Challenge 3) and that
on hazards (Challenge 1) had a slight preference over that on water scarcity (Challenge 2). Whether Challenge 1
or Challenge 3 is more preferred varied, with Challenge 1 being preferred at the local level, Challenge 3 at the
river basin and sub-basin level.

After this first round of dialogues, stakeholders expressed a desire to obtain scientific information from
modelers involved in the project on the potential consequences of global change on their basin. This leads the
Danube basin team to adopt a slightly different approach from other case studies, consisting in focusing on the
assessment of a non-action scenario, which would serve as a basis for discussions in dialogue 3. Solutions i.e.
adaptation) would then only be discussed in a third scenario.

7.2 Description of existing scenarios

This sections describe how the existing models are run to develop a scenario that will be presented in the second
series of dialogues.

7.2.1 Climate

Because of the size of the Danube River Basin, simulations for the entire river basin will be performed at 5 arc
minutes, the same resolution as the global simulations of WP3. Emphasis is placed on the hydrological trade-
offs within the WEFE nexus as simulated with the large-scale hydrological model PCR-GLOBWB 2.

For the second dialogue, the results from the Tier 1 simulations of WP3 will be used. These results cover global
scenarios in which the historical period is followed by three SSP-RCP combinations, being SSP1—RCP 2.6, SSP3
— RCP 7.0 and SSP5 — RCP 8.5. Climate scenarios have been retrieved from ISIMIP3b (Inter-Sectoral Impact
Model Intercomparison Project) and provides high resolution data (~50km) for five GCMs (GFDL-ESMg, IPSL-
CM6A-LR, MPI-ESM1-2-HR, MRI-ESM2-0, and UKESMz1-o0-LL) and include future projections as well as the
historical reference period, spanning 1961-2100. Globally reconstructed historical weather data have been taken
from the GSWP3-WsEs forcing of the ISIMIP3b.
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7.2.2 Land use and socio-economic change

Land use change and water demand have been developed on the basis of the IAM IMAGE 3, developed by the
Netherlands Environmental Assessment Agency (PBL) for the three SSPs linked to the climate change scenarios
of the RCPs (SSP1, SSP3 and SSPs). Land cover changes are prescribed by changes in crop type and the extent
of rainfed and irrigated crop land and pasture at 5 arc minutes and by changes in other land cover types (e.g.,
forest) at 30 arc seconds. This information has been blended into relevant land cover parameterization of PCR-
GLOBWB 2 and used as a basis for the simulations.

In addition to land use changes, water demand has been included in the simulations. Non-irrigation water
demands are imposed as an external forcing to PCR-GLOBWB 2 and comprise domestic and industrial water
use and livestock. Irrigation water demand is calculated by the model on the basis of the extent of the irrigated
area, crop mix, irrigation efficiency and climate and varies per scenario accordingly.

Other socio-economic variables are available as input or output of IMAGE 3; these are not explicitly considered
in the preparation of the existing Tier 1 scenarios but can be included or replaced by relevant inputs to finetune
local scenarios. Relevant variables comprise (D denotes drivers, S denotes spatial, i.e, gridded information, and
* jdentifies post-processing, meaning the information is derived from the output of IMAGE 3 but not used by
the coupled modules of the IAM)*:

e GDP (D)

e Population (D, 5*)

e  Energy consumption

e  Electricity production

e Water demand and consumption (S)
e Land use and land cover (S)
e Accessto water (*)
e Fraction of population served by piped water (in major cities) (*)

7-3 Simulating scenarios

Tier 1 model results

In total 21 simulations have been performed as part of Tier 2 of WP3 and include:
e 1 simulation of the reconstructed historical climate of the GSWP3-Ws5Es covering the period 1960-
2019;
e 5 simulations using the five GCM members of the ISIMIP3b experiment, covering the historic period
1960-2014;
e 3 x 5 simulations comprising simulations for the three SSP-RCP combinations with the five GCM
members, covering the period 2015-2100.

Model results from PCR-GLOBWB (UU) comprise a large number of hydrological variables that are mapped at
5 arc minutes and that are available over the period 1960-2100 at monthly and yearly resolutions. Broadly these
model results can be subdivided into three broad categories in addition to the input data from the scenarios:
e Soil hydrology, including groundwater, at cell level;
e Water demand and withdrawal data per sector (domestic, industrial, livestock, irrigation) and per
source (surface water, renewable groundwater, non-renewable groundwater and desalination);
e Surface water hydrology including discharge, water levels and water body storages (lakes, reservoirs).

In addition to the hydrological information, information is available from the agricultural model CAPRI of UPM,
PROMETHEUS — PRIMES (E3-modeling) and GLOBIO (PBL) pertaining to the food, energy and ecosystem
components of the WEFE nexus. These model results form the basis of the combined modelling of the WEFE
nexus in Tier 2 of WP3 and both this information as well as the combined results can form the basis for the local
scenarios for the Danube River Basin Case Study.

4 see Deliverable 2.1 for details
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Information from the scenarios can be summarized per scenario and aggregated over space and time. As
examples, time plots of the air temperature, precipitation and discharge at gauging stations ( Figure 42 to Figure
4ty).
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Figure 42 : Figure 3: Air temperature, yearly mean over the Danube River Basin
(Note: solid lines show the values of observed historical climate (Historical-Reference) as well as the median of the
results of the five GCMs per SSP-RCP combination. The shaded area represents the range between the minimum
and maximum across all five GCMs, the dashed lines represent the 30-year central running mean.)
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Figure 43 : Precipitation, yearly total over the Danube River Basin.
(Note: See Figure 38 for explanation.)
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Figure 44 : River discharge, yearly mean at the station of Ceatal Izmail near the mouth of the Danube.
(Note: See Figure 38 for explanation.)
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In addition to time series, results can be summarized to get statistics, such as the flow duration curves (Figure
45 : 41) and the total water demand (Figure 45).
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Figure 45 : Period-of-length flow duration curves (FDC) of the monthly river discharge
(Note : Drawn lines are the median value from the five GCM members of each scenario. The shaded area show the
range between the minimum and maximum FDC. The periods are based on 30-year normal periods, centred on the
year indicated.)
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Figure 46 : Total water demand and abstraction for the Danube River Basin

(Note : Water demand is split between the water demand for irrigation and for non-irrigation purposes (livestock,
domestic, industrial). Where the total abstraction is below the total demand, a water gap exists and the demand is
not met.)

The scenarios show some interesting trends for the projections into the 21°* century. First, the air temperature
increases, leading to a larger evaporative demand, but the precipitation does not follow. There is some evidence
for the intensification of the hydrological cycle but overall the tendency is that the Danube River Basin as a
whole will become drier. Hence, low flow events will become more common but occasionally high-flow events
above the current expected levels could occur. This creates additional challenges to navigation on the Danube
and its tributaries. In terms of water demand, the overall tendency is for the irrigation water requirements to
increase whereas the non-irrigation water demand decreases after 2030 as a result of decreasing population size
and more efficient water use (Figure 46). The rate of decrease of the three scenarios, however, varies and
reflects the narrative of the three SSPs used. Furthermore, the increase in irrigated water demand is larger for
those SSPs that are combined with the more extreme RCPs. This reflects both the increase in irrigated area as
well as the stronger drought signature, leading to greater irrigation water requirements per unit area of irrigated
land. As a result, the water gap intensifies, increasing from almost imperceptible under the present-day
conditions to an average of around 5% in 2080 for SSP5-RCP8.5. Overall, the developments in the results
indicate that the scenarios will start to deviate more after 2050, with an overall drying for SSP3-RCP7.0 and
SSP5-RCP8.5 and with a larger variability compared to SSP1-RCP2.6. These findings are largely consistent with
the three challenges identified before.
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7-4 Downscaling scenarios towards local scenarios

As part of the second dialogue, local scenarios will be presented and adapted to meet the concerns of the
stakeholders involved. The global trends underline the major concerns and suggest both increased demands,
with a consistent and relatively large increase in the irrigation water demand, an intensification of water scarcity
and a larger climatic variability that reduces the reliability of the available water resources.

In relation to the challenges and reflecting on the questions that were raised by the stakeholders during the first
round of dialogues, the following points are taken into consideration:

7.4.1 Effect of climate change on flood risk and water scarcity:

In addition to the CMIP6 climate change scenarios of ISIMIP3b, the more detailed (~11 km, 6 arc minutes)
Coordinated Regional Climate Downscaling Experiment(CORDEX) data will be used.

As part of the workshop, the projected climate changes between the two datasets will be compared. All three
available RCPs (2.6, 4.5 and 8.5) will be considered in the simulation. Note that the CMIP6 RCPs will be covered
in any case by the global simulations in Tier 2 of WP3.

7.4.2 Effect of land use change on flood risk and water scarcity

In this case, SSP3 will be taken as the basis and used to get the projected changes in land cover and land use, as
well as the associated water demands. To evaluate the effects, the change in runoff per land cover class will be
assessed per sub-basin and for pre-defined periods. In this way, the effect of land cover / land use on the
increased water scarcity / flood hazard can be explored locally and the aggregated effect at (sub)basin level
assessed.

7.4.3 Water demand and water use per sector

In the local scenarios that will be based on SSP3 socio-economic developments and CMIP5 RCP climate change
scenarios, the information on the sectoral water demand and use will be updated. First, industrial water use will
be split into manufacturing and the energy demand for thermo-electric cooling. Also, environmental flow
requirements can be defined a priori and will be included in the simulation, highlighting areas where river system
health may be threatened by overexploitation.

Hydropower generation and the location of additional dams and in-stream turbines will be included in the
simulations as well by identifying potential locations and capacity and implementing these in response to the
projected energy needs for hydropower. For this, simulations of PRIMES-PROMETHEUS will be used. Similarly,
irrigation water requirements will be based on the irrigated area, crop mixes and irrigation water efficiencies
from the global projections of IMAGE3 in combination with the simulations of CAPRI of WP3 Tier 1 (envisaged
as part of WP3 Tier 2 simulations). This will result in more locally tailored projections and gives the opportunity
to develop policy scenarios linked to the Green Deal and the CAP.

Water withdrawals estimates in the simulations can be modified by the available groundwater pumping
capacity. This essentially modifies the propensity of the water withdrawal to the different water resources with
propagating effects on hydrological system from the local to the regional scale. Projections are included for the
Tier 1 simulations but may be modified to better suit the local projections.

On the basis of the simulations, competition between the different sectors will be analysed and bottlenecks
identified. In addition to the standard runs with PCR-GLOBWSB also its water temperature component will be
run for scenarios with hydropower and thermo-electric cooling water requirements in order to estimate the
effect of thermal pollution for ecosystem functions (in combination with GLOBIO). At the moment, no other
simulations of water quality are envisaged but simulations with the water quality model DynQual are available
that are based on the global scenarios of Tier 1 of WP3.

7.4.4 Vulnerability of riverine and terrestrial ecosystems

Aspects of the effect of water withdrawal on river flow rate and the inclusion of environmental flow
requirements were mentioned above. These aspects can be finetuned as part of the local scenarios and
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evaluated, bridging a first step towards the implementation of solutions, which will be part of the final step in
the river basin modelling of GONEXUS.

7-5 Scenario consistency check and assumption refinement

The second dialogue (Figure 40., block 5) is particularly intended to check the scenarios and their underlying
assumptions and the suite of solutions. This means that the second dialogue will be used to query the
stakeholders on the following points.

7.5.1 Definition of the local scenarios

It is intended that the local scenarios match the concerns identified in the three challenges. Whether this will be
addressed by three unique narratives for the socio-economic developments on which the climate change of the
RCPs will be imposed or whether more numerous scenarios are used, is something to develop in consultation
with the stakeholders, bearing in mind that the number of possible simulations is limited because of the
available resources and computation times.

We intend to develop the three narratives along axes that represent different needs of the challenges and span
the actual scenarios within this. These axes are:
e Emphasis on agriculture; in this case a large but realistic area will be taken up by intensive agriculture,
including irrigation;
e Emphasis on hydropower, in this case precedence is given to hydropower generation;
e Emphasis on ecology, in which case the priority is to protect vulnerable areas of biodiversity.

Within this space, several combinations can be made that give reasonable narratives for a scenario. For each
axis, a division into a low/high category would result in eight scenarios but using four combinations for the first
two axes and a high-protection scenario as well as a base line scenario results in a more manageable number of
six scenarios (that need to be modelled for different climate conditions). A major step in the second dialogue,
therefore, is the presentation of these combinations and soliciting feedback from the stakeholders to update
them.

Stakeholders will also be consulted on the nature of the scenarios and the information that is used to create the
scenarios eventually. This concerns the plausibility of maps of projected irrigated areas, protected areas (e.g.,
Natura 2000), dams etc. The outcome of this round of dialogues would be an agreed set of manageable narratives
and relevant and vetted information that can be used to define the scenarios as outlined in stage 6 of Figure 4o0.

7.5.2 ldentification of preliminary solutions

To a large degree the narratives predefine the types of solutions that will be considered (e.g. nature-based
solutions as wetlands or river floodplain restoration, as part of the axis of ecological protection). However, a set
of possible solutions were already identified as part of the model setup® for the Danube River Basin Case Study.

During the second dialogue, the nature of these solutions will be discussed and linked to the narratives. On the
basis of the model evaluation on robustness and the optimal solutions (Steps 8 and g of Figure 1), the third and
final dialogue will be organized.

Among others, the following solutions are considered and will be discussed:

e Implementation of protected areas in which certain human activities (irrigation, groundwater pumping
etc.) are prohibited;

e Improved irrigation efficiency by considering more drought tolerable crops, increased irrigation water
efficiency etc.;

e  Environmental flow requirements to ensure river system health;

e Improved reservoir operations to mitigate the downstream impact of dams or restricted dam
allocation;

e  Prioritization of water withdrawals on the basis of sectoral demand;

5WP4 Danube River Basin Case Study Model Strategy.docx
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e Improved water use efficiencies (other sectors than irrigation).

This list is not exhaustive but gives possible directions to consider and link to the narratives.

7-6 Intended outcome of the second dialogue

Preliminary scenarios have been drawn up as part of Tier 1 and Tier 2 of WP3 that can be amended to meet the
requirements for the simulation of the Danube River Basin Case Study.

In preparation of the second dialogue, the Tier 1 results will be analysed and presented as well as the narratives
linked to the challenges. To clarify the procedure to go from the narratives to actual local scenarios, one case
(proposed: irrigated agriculture) will be developed, run and analysed prior to the presentation and linked to
solutions. This information will be distributed among the stakeholders in advance and used to define a number
of questions to be discussed during the dialogue meetings. Allin all, this should result in the following at the end
of the second dialogue:
1. Aset of narratives to use as the basis for the local scenarios;
2. Abackground document of the views of the stakeholders to validate the assumptions that underpin
these scenarios;
3. Alist of solutions to be incorporated / evaluated with each scenario;
4. Anupdated list of indicators / guidelines on data presentation to be used for further analysis of the
model results of the Danube River Basin Case Study.
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Annex 1: Narrative story line for Senegal river basin scenarios

Annex 2: Narrative story line for Segura river basin scenarios
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Annex 1: Narrative story line for Senegal river basin

policy scenarios

The following texts are English translation of the storyline presented and discussed with stakeholders during

the second dialogue in Senegal.

Scenario1

countries

Guinean Prime

done that”.

Yesterday, in Fouta-Djalon, Guinea, the

inaugurated the commissioning of the
Balassa dam, in the presence of his
Senegalese, Malian
counterparts, and the OMVS High
Commissioner. This inauguration marks
the end of a gigantic works program
initiated by OMVS nearly 20 years ago,
which has enabled riparian countries to
strengthen their energy and food security.
Not without significant social cost.

The event is historic. At the foot of the immense
reinforced concrete wall, the four heads of govemment
of the OMVS member countries shake hands afier
cutting the nbbon, and take tums at the podium to
celebrate the mastery of water, the fuel of the economy.
“Thiz inauguration is the culmination of twenfy years'
work,” Mr Camara reminds us. The Balassa dam iz the
latest of 12 dams built in the upper bazin over the last
few decades, 70 years after Manantah. “Lef's nof forget
that they were inibafed shortly affer the Ukrainian cnais
in the 1920s. Af that tme, the instabiity of energy and
food mankefs had made our predecessors aware of our
vulnerahikly due fo overdependence on the rest of the
world. Clear-sighted, our leaders of the time undersfood
that only befter control of our water resources would
enable us fo become more resitent. Today, we have

and  Mauritanian

o]
le soleil

June 25, 2045

Inauguration of the Balassa dam, symbol of the
ambitious economic policy of OMVS member

S

Dams have enabled & considerable increase in
hydroglectric  production, reducing ol  imporis,
improving the country's trade balance and stmulating
growth thanks to cheap energy. Damez have also
boosted agriculiural production, securing the water
supply for large public irmgation schemes and enabling
the development of private imgation schemes, which
have proved highly productve. Today, more than
300,000 hectares of land in the valley have been
developed for irrigation.

"Today, almost 50% of food production in the Senegal
River basin comes from this new infensive agncuffure,”
explans Maurtania's Minisier of Agncuiture, Mr.
Maohammed. "This production has enabled us fo reduce
our food dependency: imports now represent only 20%
of our needs, and in the event of a cnisis we could easily
transform exporf crops into food crops and become seff-
sufficient”.

The success of this ambitious policy highlightz the
exceptional qualty of inierstate cooperation within
OMVS. "The real success we are celebrating foday is a
diplomafic and pofiical one. OMSV member sfafes

Authors: Laura SEGUIN, Jean-Daniel RINAUDO (BRGM), Laurent Bruckmann, Amaury Tilmant
(Université Laval), Awa Niang Fall, Khady Yama Sarr {UCAD)
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have shown the wonld that they can work together. They
were able fo agree an an equitable shanng of the wealth
created by the dams. Upstream countries recover mare
energy, while downstream countnes bensfit from mare
water for imgation”.

& thousand kilometers further west, in the middle valley
of the Senegal River, the mood is far more gloomy.
Maonsieur Sow, mayor of Agnam, shows us the other
side ofthe coin. "What they dont say on TV iz that we're
the ones fooling the bill for this success. As they buif
their dams, the flooding diminished and almost fofally
disappearsd, and with it traditional fshing and food
recession agncutfure. Thousands of famiies who had
survived as best they couwld in the valley, here or in
Mauntania, lost theirivelihoods. Many migrated, both fo
the cities and abroad. Some of those who remained
gained access fo the new imgation schemes or became
workers for agnbusinesses. There has been a lof of
confiict over fand, which has been sold fo investors,
some of them foreign, withow! recognizing our
customary nohfs. Don't forget that if was China that
financed the dams!” Indesed, part of the production is
now exporied to Azia, in particular for the manufacturs
of biofuels.

NGO are also concemed about the environmental
impact. “Upstream, the instaflation of the dams

destroyed remarkable ecosystems and displaced many
populations,” explaine Ms. Coulibaly of the Senegal
River Initiaive. Downstream, with the end of the flood,
we saw the disappearance of what e npanan
vegefation remained along the banks. Ecosysfems
have been senously affected Drainage waler from
imgated areas is banging more and more nuinents and
pesticides into a mver that flows fess and less. This iz
beginming fo pose problems for the production of
dnnking water in Lac de Gvers. We're in the process of
making the whaole walley wuminhabifable: s being
sacrced on the aftar of productivity!™

The inttial program included five other dams on a
tributary of the rver. Increasingly contested, these
projects are now at a standstil: “The socal distress of
those left behingd cowld generate polifical instabiiy,
fanned by the radical Islamist movements that have
exizted in Sahelian countnes for 40 years, explainz Ms.
Coullbaly, “If's fime fo fake steps fo improve their fving
condifions. (One solidion would be fo refease some of
the stored wafer fo generafe 3 small arbficial food.
Unforfunately, this runs counter to powsrful interests”
Will the political authorties have the courage to take this
step? In the long term, its survival may depend on it._.
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March 27, 2050

Amadou Wade and OMVS honored for their social
policy in managing the Senegal River

The prestigious Stockholm already deploying their arrived, several major dam
Water Prize was awarded networks in the valley in projects were halted”. The
vesterday to Amadou Wade. in Senegal and Mauritania, in Bakoye was protected from all
recognition of his militant conjunction with Malian dam construction to maintain a
struggle and political actionto  groups”.

protect the Senegal River. With g

this distinction. which is the

equivalent of the Nobel Prize

for water. the international jury

highlights the success of the

social water management

policy implemented over the

past 20 years by the 4 member

countries of the OMVS.

A senior official in the He then joined a coalition of ~ governing the works were
Mauritanian administration, NGOs, academic researchers  revised to allow water to be
Amadou Wade resigned in and international donors released at the time of flooding,
2025 ata time when OMVS  campaigning for more in order to accentuate it. For
was stepping up dam diversified river development  the first time in 30 years, real
construction projects fof POWeT hat respects nature and local  investment has been made in
generation and private populations. Amadou Wade  navigation. both to revitalize
irmgation schemes. His close  ravels tirelessly around the the valley’s economy and to
collaborator at the time. Ms. 5114 organizing marches for meet Mali's demands. Above
Sy, explains: "He accused the river, speaking at all, it was a signal to Mali and
governments of privatizing conferences and negotiating its rural populations.

water resources and sacrificing ih political parties in 4

rural populations dependent on countries. As Mr. Sy explains,

fishing and recession
agriculture on the altar of
energy and food autonomy .

"His genius was also

"We had to wait until the social diplomatic”, explains Ms. Sy.

and climatic crisis of 2029 for

"The greatest challenge he

him to be heard. The politicians faced was to build stronger

were really afraid of being

governance between the OMT’S

“He understood that the risk of . orvvhebmed by the food riots ~countries, which were not

a social QPIOSiO" was serious, i, the valley. So they called him pulling in the same direction.
as Islamist movements were 4 oo poby of OMVS. When he The upstream countries had no

AUthors: Laura SEGUIN, Jean-Daniel RINAUDO [BRGM), LaUrent Bruckmann, Amaury Tiimant
{Université Laval), Awa Niang Fall, Khady Yama Sarr (UCAD)
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interest in releasing water for
the flood, their priority being
hydroelectric production.
Diownstream countries

was. Today, few people leave
these lands to find a better
Sirture in Central Afiica or
Europe. The people of the

thergfore had to give up part f valley are once again proud of

their electricity production™.

Regenerating the flood was of
course not encugh to develop
the valley. Ambitions policies
were implemented to crganize
the agricultural and fishing
sectors. Major investments
were made in processing,
storage and marketing, as well
as in farmer training. Yields
have increased and a wide
variety of agricultural products
are now produced in the valley.
Some, such as cowpeas, are
exported and appreciated
beyond the basin, and are
considered among the best in
West Africa.

"Many people today realize
how visionary Amadou Wade

their kingdom, " adds Ms. Sy.

Business circles, meanwhile,
are still critical of the fact that
the planned dams and Chinese
financing have been
abandoned. In fact. our
countries are still dependent on
food imports. And even if the
discovery of oil in Senegal and
Mauritania has compensated
for the loss of hydroelectric
production, this i3 not
conducive to the
decarbonization of energy that
is being promoted worldwide.

Water: fuel for the economy or
cement for the foundations of
owr societiesT The Stockholm

along the path laid out by
Amadon Wade in Africa and
elzewhere in the world. ..

Prize encourages us to continue -
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April 14, 2051

FAO: "The solar revolution has boosted food security in
the Senegal River Valley".

Since the drought of 2028-2030, the territories of the Senegal River valley have been
relatively unaffected by water shortages. This security is largely due to the decision taken

at that time to develop photovoltaic energy on a large scale. It enabled farmers, who were

dependent on flooding in the valley, to continue farming by drawing water from solar-

powered pumping systems, thus freeing them from climate fluctuations.

In @ report published by the
Food and Agriculture
Organization of the United
Mations (FACY), the
development of solar energy in
the Senegal River WValley is
highlighted as an example of
food security and dimate
change adaptation. This has
enabled many small irrigation
schemes to be developed using
solar-powered pumping
systems.

Mr. Ba, a farmer in Oréfonds,
remembers. "In the 20205, we
were still hopeful that the flood
would be maintained. But with
the drought we realized that
this was a utopio. Thanks to the
new genergtion of pumps with
cheap solar panels, everyane
has been abie to cultivate their
land for market gardening"”.

"This solar revaiution has given
rise to a closs of smallscale
agricuitural entrepreneurs with
diversified praduction, notably
anians for the national market
and for export,” explains the

FAD representative who
presented his report at a
meeting of the Basin
Cnmnliftee_

OMVS  representatives were
delighted to see their policy
highlighted in this report. All the
mare so as it is based on
EXTENSsivE coordination
between the four member
countries. In addition to solar
pumps for agriculture,
photovoltzic technology has
glso developed on an industrial
scale, with large-scale power
plants now supplying electricity
to towns and cities. While this
development  strategy  has
made it possible to reduce the
number of hydroelectric dams
built (& in total out of the 12
initially planned for the 2020s),

it also means that water
releases need to be much more
carefully managed: "The salar
revolution has been possible
because it complements
hydroelectricity. which s an
easily controflable  form  of
energy. Dams take over when
solar power stops”, as Mr.
Mdizye of OMVYS explains.

Today, this cooperation is
ensured by the Société
Internationale des Barrages du
Fleuve (SIBF), which brings

together the former
management CoOmpanies
(SOGED, SOGEM, SOGEOH):
“The SIBF has intensified

cooperation between OMVS
member countries. It enables us
to optimize the management of
aill the river’s structures in arder
to reconcile the objectives of
electricity  production  and
agricultural praductian”,
explains Mr. Ndiaye.

However, the development of

solar emergy has led to an
increase  in the price of
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agricultural land, with new
inequalities in access to land
and water. Part of the
population remains excluded
from these new facilities. Ms.
Sall of the Eaux Vives-
Mauritanie association
acknowledges the progress
made by the development of
this green energy, but points to
a number of problems. "The
wetland ecosystems in the river
valley have been degraded by
the pumping and discharge of
polluted water. Fishing has
disappeared and been replaced
by intensive aquaculture of fish
such as tilapia”.

Finally, the environmental
activist warns of the risk of
over-exploitation and pollution
of the water table, which is
already visible in certain areas:
“Hawing invested in
photovaltaic panels, we now
have free energy, and this easy
access to water has led to an
increase in the number of
boreholes, but today we can see
that the capacity of the water
tabie to recharge itself annually
has deteriorated considerably.
Some farmers regularly have to
lower their pumps to keep pace
with falling levels”. It's not out
of the question that some
boreholes could run dry in ten

years' time, if the decline
continues at the current rate.

Despite these positive
developments, could water
sCarcity  soon once  again
threaten the lands of the
Senegal River valley? The solar
revolution has certainly saved
the local economy from
drought. But have we been too
quick to forget that water is a
limited and fragile resource?
Let's not kill the goose that lays
the golden eggs: future
generations  will need it
Probably more than we do,
given what scientists are saying
about the impact of climate
change on our region.
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