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left from a kilometer
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Water scarcity is exacerbated in the south

The Southern Hemisphere has experienced a 20% drop in water availability in 20 years

By Giinter Bloschl* and Pedro L. B. Chaffe?

ater availability the difference
between precipitation and evapo-
ration is expected to decrease in
many regions of the world because
climate change has modified the
water cycle, more water will be
abstracted by the growing population, and
water pollution will continue to limit clean
water (I). Estimates of changes in water
availability are uncertain at continental
and global scales because measurements of
precipitation and evaporation tend to be in-
direct or only locally representative (2). On
page 579 of this issue, Zhang et al. (3) report
a study that combines streamflow observa-
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tions of large river basins of the world with
terrestrial precipitation data and satellite
measurements of evaporation and water
storage to show that water availability in
the Southern Hemisphere has substan-
tially decreased from 2001 to 2020. With
their approach, the authors have improved
the reliability of water availability esti-
mates, which could help improve long-term
water management.

Zhang et al. used a consistent method to
validate ensembles of water availability es-
timates. For the Northern Hemisphere, the
authors find no change in average water
availability from 2001 to 2020, whereas for
the Southern Hemisphere, water availability
decreased by 70 mm per year, which corre-
sponds to a reduction of about 20% over the
entire period. This means that the global
trend in water availability is brought about
by changes in the Southern Hemisphere.
Similarly, the year-to-year variability in wa-

ter availability is mainly caused by changes
in the south. According to the authors, in
arid regions of the Southern Hemisphere,
these changes are predominantly related
to increased evaporation, whereas in hu-
mid regions in the south, they are mainly
related to decreased precipitation. Both
trends and the year-to-year variability of
water availability are aligned with climate
modes (long-term variations of the climate
that are related to ocean processes), such
as El Nifo-Southern Oscillation (ENSO).
ENSO can trigger droughts and floods in
certain parts of the world. For example, in
2023, droughts hit Amazonia while, at the
same time, Southern Brazil suffered floods.

The findings of Zhang et al. for the
past two decades suggest future water
management challenges in the Southern
Hemisphere. Long-term water availability,
as reflected in streamflow and groundwater
recharge, is the base value against which to
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assess planned water abstractions for irriga-
tion, industry, and households while leaving
water available for ecosystems. When water
availability in streams and groundwater
drops below water demand, drought con-
ditions are felt by ecosystems and people.
This was the case during 1996 to 2010 in
Australia (4), 2013 to 2015 in South America
(5), 2015 to 2018 in South Africa (6), and
during several other droughts in the past
two decades in the Southern Hemisphere.

The consequences of declining wa-
ter availability over decadal scales are
manifested in decreasing streamflow and
groundwater levels in vast swaths of land.
For example, substantially decreasing
trends of streamflow have been observed
in large parts of South America (7). Water
availability fluctuations must also be con-
sidered at shorter timescales (months). In
regions with seasonal rainfall, evaporation
may quickly dry out the soil at the onset of
the dry season, leading to flash droughts
(4). Counterintuitively, in a drier climate,
rainfall may be more concentrated in the
wet season (2), leading to floods instead of
groundwater replenishment. More droughts
and floods represent an acceleration of the
terrestrial part of the water cycle (faster
storage and movement of water between
land, ocean, and atmosphere), leading to
increased ecosystem degradation through
tree mortality and thus greater carbon diox-
ide emissions. This situation has been tak-
ing place in Amazonia (8), further intensify-
ing climate change effects.

The impact of droughts and floods on hu-
mans have been enormous, affecting more
than 3 billion people with damages exceed-
ing $780 billion US dollars worldwide in
the past two decades (7). Measures to miti-
gate their effects include construction of
infrastructure, such as storage dams and
diversions for irrigation; nature-based so-
lutions, including enhancing infiltration of
rainwater into the soil; and soft measures,
such as water savings through crop choice
and raising awareness. However, human re-
sponse to water stress may have unexpected
repercussions on the water cycle. In parts
of South America, increased water use for
agriculture has contributed 30% to rising
drought trends of streamflow (7). More gen-
erally, water stress in semiarid regions glob-
ally may be amplified by greater irrigation
demand under climate change (2).

Long-term feedbacks between humans
and water in catchment areas may further
exacerbate water shortages (9). Water res-
ervoir construction tends to increase water
demand, leading to the paradoxical effect
that society becomes more vulnerable rather
than more resilient. Examples of this are the
2015 to 2018 Cape Town drought (6) or even
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the water scarcity that hit the ancient Maya
in the 9th century (Z0). In both cases, water
consumption was far above natural water
availability without reservoirs. Similarly,
the construction of levees embankments
built along river edges tends to increase
vulnerability to large floods because citizens
are enticed to move into flood plains (17).
Comparative analyses of droughts and floods
in different parts of the world have shown
that societies reduce their vulnerability only
if events of similar magnitudes have been ex-
perienced in the past (72). These long-term
feedbacks are of particular interest in vul-
nerable parts of the Southern Hemisphere,
where many countries are mid- to low-in-
come, with limited technological and finan-
cial means that would help them overcome
environmental crises.

There are water management challenges
ahead brought about by reduced water
resources in the Southern Hemisphere.
Reduced water availability requires a shift
from crisis response to long-term, proac-
tive water management, as advocated in
the Prague Statement of the International
Association of Hydrological Sciences
(IAHS) (13). This proactive water manage-
ment needs to be aligned with global goals,
such as the United Nations Sustainable
Development Goals, while also drawing on
the expertise of local citizens, hydrologists,
and water managers. Strategies may rely on
robust solutions under different possible
futures that include long-term feedbacks of
the coupled human-water system. These so-
lutions may include diversifying water sup-
ply and flood protection systems and plan-
ning for flexibility in water use to reduce
the potential impact of extreme events.
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BATTERIES

Solid

electrolytes
redefine ion
conduction

A mechanism of ion
transport in solid
electrolytes can guide the
design of lithium batteries

By Anton Van der Ven

ommon lithium (Li)-ion batteries

have profoundly transformed mod-

ern society by altering how energy

is generated and consumed. Every

charge and discharge cycle of a bat-

tery requires shuttling Li ions over
large distances micrometers to millime-
ters. Commercial Li-ion batteries contain
a liquid electrolyte to facilitate the rapid
transfer of Li ions between the anode and
the cathode, but there is a strong incen-
tive to replace this with a solid electrolyte.
Solid-state batteries promise to be safer
and more compact than those with liquid
electrolytes and could enable a substan-
tial increase in the energy density of Li-
ion batteries (). However, ion transport
through most solids is sluggish compared
with that in liquids. On page 573 of this is-
sue, Yu et al. (2) provide a detailed study on
Li-ion transport optimization in the solid
state, which will guide the development
of a promising class of solid electrolyte
batteries.

The fastest solid-ion conductors are
metal sulfides and oxides, but those com-
pounds that exhibit high Li-ion conductivi-
ties are susceptible to decomposition reac-
tions when placed in physical contact with
the cathode or anode (I). Moreover, many
metal oxides and sulfides do not possess
suitable mechanical properties to accom-
modate the cyclic stresses that solid-state
batteries undergo as a result of volumetric
changes of the cathode during cycling (7).
This has spurred interest in solid electro-
Iytes such as Li-metal-halides, e.g., Li,MX
(where M is a metal and X is a halogen).
These compounds adopt crystal structures
that can conduct Li ions. Li-metal-halides
are electrochemically more stable than their
metal sulfide counterparts and are more

3 NOVEMBER 2023 VOL 382 ISSUE 6670 513

€202 ‘20 JOQUIDAON U0 NHTM (L ‘USIAL JEISIOATU() QUYISIUYIA [, 1€ S10°00UdI0s mma//:sdPy woly papeojumo(]


https://science.org

Water scarcity is exacerbated in the south
Glnter Bloschl and Pedro L. B. Chaffe

Science 382 (6670), . DOI: 10.1126/science.adk8164

View the article online

https://www.science.org/doi/10.1126/science.adk8164
Permissions

https://www.science.org/help/reprints-and-permissions

Use of this article is subject to the Terms of service

Science (ISSN 1095-9203) is published by the American Association for the Advancement of Science. 1200 New York Avenue NW,
Washington, DC 20005. The title Science is a registered trademark of AAAS.

Copyright © 2023 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. No claim
to original U.S. Government Works

€202 ‘20 JOQUIDAON U0 NHTM (L ‘USIAL JEISIOATU() QUYISIUYIA [, 1€ S10°00UdI0s mma//:sdPy woly papeojumo(]


https://www.science.org/content/page/terms-service
https://www.science.org/help/reprints-and-permissions
https://www.science.org/doi/10.1126/science.adk8164

	Water scarcity is exacerbated in the south
	References and Notes
	Acknoledgements
	View the article online

