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Addressing increasing water scarcity is a complex challenge that
requires nuanced solutions, according to Peter Greve from the
Climate Service Center Germany

A sufficient freshwater supply is essential to ecosystems, societies, and economies. Given
the continuous increase in global population, improved living standards, and rampant
economic growth, there is an ever-growing demand for water. The increasing global food
demand can often only be met through massive increases in irrigation activities (e.g.,
Kummu et al., 2016).

Additionally, if various sectors compete for limited water resources, mounting_ water
scarcity is often addressed at the expense of environmental water needs. That leads to
the degradation of aquatic ecosystems, biodiversity loss (Tickner et al., 2020), and
depletion of groundwater resources (e.g., Bierkens and Wada, 2019). The unequal
distribution of scarce water resources can also give rise to legal and institutional conflicts
at local to international levels. (e.g., Veldkamp et al., 2017).

Water scarcity: A multi-dimensional problem

Maintaining a sufficient freshwater supply is not just threatened by the overexploitation of
water resources. Anticipated climate change alters regional hydroclimatological conditions
and affects the occurrence and intensity of extreme events (e.g., droughts). Water
scarcity will rise globally, and even countries with abundant water resources may face
water shortages in the future due to the increasing imbalance between growing demand
and changing supply (Greve et al., 2018).

The Sustainable Development Goals (SDGs), particularly SDG6 “Clean Water and
Sanitation”, established by the United Nations in 2015, recognise the significance of
tackling this global issue. Water security and environmental sustainability will only be
achieved by massively reducing unsustainable water use now and continuously within the
following decades.

GERICS urges to fill existing research gaps

The multi-dimensional and systemic nature of water scarcity and the associated high
societal impacts require the entire portfolio of GERICS expertise. A young research group
focusing on uncertain global water resources under global change will tackle the problem
from multiple angles.
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Current Earth system models offer a physical representation of processes and
interactions between different components of the climate system, but they do not
represent specific and more practical end-user needs. The emerging development and
use of socio- hydrological models can provide a broader perspective and more detailed
insights (e.g., Greve et al., 2023).

However, these models do not account for the climate feedback from large- scale water
management practices such as irrigation and reservoirs. GERICS researchers have
recently shown, using both models and observations, that extensive irrigation can
significantly alter the local water and energy balance. This change can lead to increased
afternoon rainfall downwind of the irrigated regions (Greve et al., 2025) and influence
daily maximum temperatures (Asmus et al., 2023).

Processes associated with water management practices are not yet routinely considered
in the newest generation of climate models. GERICS addresses this research gap by
developing a water resource modelling tool that can be connected to its in-house climate
model REMO. This initiative will build on the knowledge and expertise of the socio-
hydrological community.

Adaptation options tackling water scarcity

Adapting to climate change and enhancing land and water resources management is
imperative to achieve a sustainable freshwater supply, particularly in regions where water
is scarce. However, water managers and stakeholders often face insufficient and
inaccessible data and models, as well as high uncertainties and vague scenarios.
Therefore, sustainable, practical, and achievable adaptation options, along with their
associated climate services, must be designed collaboratively.

Including all actors in that process and considering their needs, visions, and desired
futures is essential. GERICS has extensive experience in working with end-users and can
contribute to designing and evaluating much-needed sustainable water adaptation
pathways within urban, regional, and multi-national contexts. To reduce water scarcity,
there are two main approaches: increasing water supply and decreasing water demand.
These approaches can be implemented through technological or non-technological
adaptation measures (see Fig. 1).

While grey infrastructure is effective, it is expensive to build and maintain and can harm
aquatic ecosystems. Recent research involving GERICS researchers has shown that
Nature-based solutions are often equally efficient, promote ecosystem functioning, and
provide additional benefits, such as flood protection (Kumar et al., 2021; Bowyer et al.,
2024; Dunlop et al., 2024).

Additionally, hybrid approaches, such as artificial groundwater recharge or porous
pavements, can locally enhance water availability. Non-technological interventions, such
as water taxation, insurance schemes, or tariffs on virtual water trade, can also help
reduce water use and may foster the fair share of limited water resources among different
users.
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In addition to political and economic interventions, raising awareness about the limited
availability of water is crucial, particularly in regions that have historically had abundant
water resources but may face water shortages in the future.

Choosing a well-composed set of appropriate adaptation techniques that are both
sustainable and effective requires a holistic approach based on localised assessments,
the involvement of all relevant actors, and the consideration of environmental water needs
(see e.g., Greve et al., 2018). The team at GERICS has extensive expertise that can
support the entire process, including addressing potential adverse side effects that, for
example, may impact human health.

The measures taken must also be fair, just, and inclusive of marginalised groups and
specific ecosystem requirements. Therefore, successfully implementing sustainable water
adaptation options also requires robust institutional and legal frameworks, as well as
effective water governance. However, this is challenged by existing socio-political barriers
and conflicting economic interests, which increase the demand for effective climate
services.
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