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Invisible Water Crisis:
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Affected by Complex
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Quality and Sectoral
Use

Sufficient watter of good quality is vital for
humankind and nature. A growing global
population increases the demand for water
of suitable quality. In addition, climate change
and increases in extreme weather events,
such as droughts and heatwaves, directly
affect the availability, quality, and use of water.
These three factors — availability, quality, and
use — interact in complex ways. Prof. Dr. Michelle
van Viiet at Utrecht University is pioneering our
understanding of the drivers of clean water
scarcity under global change and proposing
solutions to this. With her team, she focuses on
the challenge of ensuring sufficient water of
suitable quality to meet human demands and
ensuring healthy ecosystems in our changing
world.
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Clean Water Scarcity under Global Change

A growing global population increases the demand for water

of suitable quality. This is needed for different sectors, such as
domestic and industrial uses, as well as agriculture. Furthermore,
healthy ecosystems also strongly rely on sufficient water of good
quality. Climate change and extreme weather events (such

as droughts, heatwaves, rainstorms, and floods) pose serious
challenges for water management in terms of both water
resource availability and water quality. Prof. Dr. Michelle van Vliet
at Utrecht University in The Netherlands examines how changes in
climate and socioeconomic systems impact water resources in
terms of quality, availability, and use. Her research is critical to our
understanding of clean water scarcity and to informing strategies
on how best to manage this precious resource.

Droughts and heatwaves amplify water scarcity across the

globe, with their impacts reverberating through economies and
communities. Younger generations now face more frequent
extreme weather events, such as droughts and heatwaves, and
this will continue to have a profound impact on their exposure to
water scarcity, their lives and livelihoods. Hence, there is a pressing
need to improve our water management to alleviate clean water
scarcity and reduce the number of people affected by this.

Driving Forces Behind Clean Water Scarcity

Traditionally, studies have assessed water scarcity based solely
on quantity, but there is much more to this issue: water's usability
for different purposes is also dependent on its quallity. So, it's not
just about having sufficient water availability; it's about having the
right quality of water, too.

Decreasing water availability, worsening of water quality, and

increasing water use from sectors all contribute to increasing
water scarcity. Prof. Dr. Van Vliet explains that each of these three
components each individually contributes to water scarcity but
also together due to important interactions. These interactions
are further impacted by droughts and heatwaves. Lower water
availability during these extreme events increases water scarcity
not only directly but also indirectly. For instance, decreasing water
availability also results in the degradation of surface water quality
due to the reduced capacity of rivers to dilute pollutants.

This deterioration in water quality can then exacerbate water
scarcity further, as water sources may then not be suitable for a
particular use (e.g. when salinity levels are too high for irrigating
crops). During these extreme weather events, water demands

in specific sectors (such as households and agriculture) rise.

This directly contributes to greater water scarcity from a water
quantity standpoint but also affects wastewater flows and water
quality.

Sectors that are water-dependent rely on clean water but also
contribute to water pollution. For instance, elevated freshwater
salinity levels during droughts severely limit irrigation water use,
yet irrigation has been demonstrated to be the main human driver
of freshwater salinisation of river systems globally. In addition, high
concentrations of pathogens, pharmaceuticals, organic pollution
and various other pollutants adversely affect the domestic use

of water, particularly when (waste)water treatment levels and
capacities are low, but the domestic sector is also the major
source for most of these pollutants. Both global and regional
studies have demonstrated that present and future water scarcity
is strongly driven by water-quality issues, particularly in water
scarcity hotspots in the Global South, such as in Southeast Asia
and sub-Saharan Africa.



Prof. Dr. Van Vliet believes that finding sustainable solutions for
managing water resources requires more than just understanding
these driving factors; it also requires an understanding of how
these factors interplay. We need smart tools to unravel the

driving forces of water scarcity, considering the interplay of water
availability, quality and the different users. Such tools would enable
the implementation of effective water management strategies
and mitigate against clean water scarcity.

Water Quality and Water Use: An Integrated
Framework

Prof. Dr. Van Vliet argues that to improve our understanding of
clean water scarcity and its driving factors under extreme weather
conditions (such as drought and heotwoves), we need to develop
integrated water assessment frameworks. These would allow us to
fully account for how much water we have, how we use it, and its
quality. Such a framework would help us to obtain more realistic
estimates of present and future gaps between the demands
versus supply of clean water resources. Thanks to advancing
technologies in supercomputing, we can now simulate trends

and spatial patterns of water resources in more detail in space
and time at the global scale, looking at the availability, quality and
use of water resources. These advancements in modelling enable
us to consider water quality impacts and how they interact with
various sectors using water, on local to global scales and from
previous decades to the end of this century.
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Solutions for Clean Water Scarcity Droughts and Heatwaves

Traditionally, efforts to alleviate water scarcity have focused
on increasing freshwater availability and enhancing water-use

efficiency. Prof. Dr. Van Vliet believes that next to these strategies,
a stronger shift should be made toward considering water quality

improvements. This involves reducing pollutant emissions and

expcnding wastewater treatment and reuse omongst sectors. .
Water Quality

Understanding how water quality, availability, and use by various Deterioration
sectors interact is crucial. By doing so, we can explore synergistic

combinations of solutions for regions affected by clean water

scarcity worldwide. Further studies are needed to look more

closely at the interactions of water use by various sectorswith ~ § © &8 |
surface/groundwater availability and quality.

As we navigate the challenges of a growing global population,
changing climate and more extreme weather events, Prof. Dr.

van Vliet's work emphasises the importance of understanding A
the intricate relationship between water quality, water use, and

their impact on water scarcity, especially during droughts and

heatwaves. She provides a convincing argument that our focus +
should be on developing innovative tools and advanced model

frameworks to study these interrelations and evaluate clean

water solution options. A strong focus on sustainable water

management strategies, driven by both water quantity and quality
improvements, is needed to ensure the provision of clean water to

our future generations.
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MEET THE RESEARCHER

Prof. Dr. Michelle van Vliet, Department of Physical Geography, Faculty of Geosciences, Utrecht

University, Utrecht, The Netherlands

Prof. Dr. Michelle van Vliet is Professor of Water Quality and
Sustainable Water Systems at Utrecht University. She focuses

with her team on the key challenge of ensuring sufficient water

of suitable quality for meeting human demands and healthy
ecosystems in the face of climate and socio-economic changes.
She contributes to this by studying the complex interactions
between water resources quality, availability, and use by

sectoral sectors, including energy and agricultural production.
She completed her doctoral research with distinction in 2012

at Wageningen University, resulting in several high-profile
publications and the National Award for Best PhD Thesis in
Environmental Sciences. She was awarded a Niels Stensen
Fellowship, which allowed her to explore the vulnerability of
thermoelectric power and hydropower sectors to climate change
at lIASA and Princeton University. This work garnered significant
media attention and established her international reputation.

She has secured a permanent position and established her own
research group at Utrecht University. She was awarded several
prestigious personal grants (e.g. VENI, VIDI, and Aspasia grants
from the Dutch Research Council). In 2022, she received an ERC
starting grant from the European Research Council to study the
complex interplay of clean water and energy systems under
changing climate and extremes. Prof. Dr. van Vliet has been invited
by several institutions, including the European Commission and
the World Bank, to share her insights on clean water scarcity and
energy impacts. Her dynamic and diverse research group of PhD
and postdoctoral researchers is shaping the future of clean water
research.
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