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Water allocation for drought
adaptation: a review of practical
options
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This review highlights five types of strategic activities and four types of opera-
tional activities through which water allocation systems can mitigate the impacts
of droughts and increase the resilience of communities and ecosystems to cli-
mate change. The review draws on the literature of drought and water allocation
in general and that of Ethiopia, South Africa and Chile in particular. The analysis
discusses the complexities and challenges that can arise during the implementa-
tion of these activities. Many existing water allocation systems are inadequate or
outdated, as they were designed at a time when water was perceived as abun-
dant. Significant reforms may be needed to manage water resources more equi-
tably, efficiently, and sustainably, in recognition of the "new normal” created by
climate change. The insights are relevant both to low-income countries in Africa
and South Asia where severe drought conditions are intensifying, and to high-
income countries that are newly experiencing droughts.

KEYWORDS
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1 Introduction

Water is a prerequisite for life on earth, and some of the most devastating disasters in the world
have involved a lack of water due to droughts (CRED, 2022; UNCCD, 2022). More than 1.4 billion
people were affected by droughts from 2000 to 2019, with Africa alone experiencing 134 droughts
(UNCCD, 2022). Now, with climate change, droughts are becoming more frequent and more severe
in many parts of the world, even as demand for water continues to grow. This means that adaptation
will be crucial to ensuring that both societal and ecosystem needs can still be met.

Worldwide, societal water use grew about eightfold over the last century, with water withdrawals
increasing from about 500 to about 4,000 km® (Bierkens and Wada, 2019). Water demand in the
countries in the Organization for Economic Co-operation and Development (OECD)—most of
which are high-income and industrialized, and also among the highest per capita water users—has
remained relatively constant since the 1970. However, it has grown significantly in the rest of the
world (ROW), and particularly in major emerging economies that comprise BRICS (comprising of
Brazil, Russia, India, China, and South Africa) (Figure 1). Projections of future water use vary, but
generally agree that freshwater use will continue to grow, mainly due to population increase and
economic development (FAO, 2017; OECD, 2012; Burek et al.,, 2016).

Water allocation processes, which focus on balancing water demand with available supplies,
have a key role to play in addressing this dilemma and thus increasing resilience to climate change
(OECD, 2015; Speed et al., 2013). This review identifies good practices for water allocation to
prepare for and mitigate the impacts of droughts. Drawing on the general literature and literature
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Freshwater use by aggregated region, 1901 to 2010
Global freshwater withdrawals for agricultural, industrial and domestic uses by aggregated regional groupings. OECD
members are defined as countries who were members in 2010 and their membership was carried back in time.
BRICS countries are Brazil, Russia, India, China and South Africa. ROW refers to the Rest of the World, excluding
OECD and BRICS countries.
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FIGURE 1
Freshwater withdrawals for agricultural, industrial, and domestic uses, 1901-2010. Figure reproduced from our world in data with data from the global
international geosphere-biosphere programme, CC BY (Ritchie and Roser, 2017).

specific to South Africa, Ethiopia, and Chile, the analysis aims to pro-
vide insights relevant both to African and South Asian countries where
severe drought conditions are intensifying, and to high-income coun-
tries in the Northern Hemisphere that have limited experience with
severe drought, but are increasingly likely to face it with climate change.

The rest of this section introduces key concepts and provides an
overview of how both natural and human factors influence water avail-
ability. Section 2 provides insight into the narrative review methodology.
Section 3 presents the results of the review, focused on strategic and
operational activities available for water allocation in the context of
drought. Examples from Ethiopia, South Africa, and Chile illustrate
common challenges and potential solutions. Section 4 highlights practi-
cal implementation challenges and section 5 concludes with a discussion
of the relevance of the review to low-income countries and to countries
that are newly experiencing drought and delves into different challenges
of practical implementation and potential policy reform needs.

1.1 Drought

The research literature generally distinguishes between four types
of droughts (AghaKouchak et al., 2021; Haile et al., 2020; Loon and
Anne, 2015):

« Meteorological drought occurs with a prolonged period of below
normal precipitation—a “precipitation deficit”—extending over a
large area (Cheval, 2015).

« Soil moisture drought is a deficit of moisture in plants’ root zone.
It is triggered by meteorological drought, but its extent and sever-
ity also depend on the characteristics of the plants in the affected

Abbreviations: GWP, Global Water Partnership; IPCC, Intergovernmental Panel
on Climate Change; OECD, Organization for Economic Co-operation and
Development; WMO, World Meteorological Organization.
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area and the properties of the soil in question, such as its organic

content, balance of minerals, etc. (Haile et al., 2020).

Hydrological drought occurs when surface (rivers, lakes) and

groundwater levels are well below normal. It can be linked to

meteorological and soil moisture drought as well as reduced snow
and glacial melt, and its extent and severity also depend on the
geological characteristics of the catchment in question (Mishra

and Singh, 2010).

« Socioeconomic drought is a situation where the available water
supply cannot satisfy societal demand (Mehran et al.,, 2015)—
often due at least in part to a meteorological, soil moisture, and/
or hydrological drought.

All four types of droughts have been documented historically, linked
to natural climate variability on the timescales of years to millennia
(Ghil, 2002). As discussed further below, extensive research has also
documented the impacts of climate change on the global water cycle and
the ecosystems it supports, and projected future trends (Douville et al.,
2021; Parmesan et al., 2022). Drought is not only a climatic, biophysical,
or hydrological phenomenon, but also an intrinsically social one, signifi-
cantly affected by emissions of pollutants, water management, and the
overall intensity of societal water resource use (AghaKouchak et al.,
2021; Bot and Benites, 2005; Wada et al., 2013). The main thrust of
analysis of this paper is, however, on meteorological and hydrological
drivers of drought, rather than on structural social and economic driven
imbalances that cause socioeconomic drought and water scarcity (IDMP,
2022; Pedro-Monzonis et al., 2015; Rijsberman, 2006; Liu et al., 2017).

1.2 Water allocation
Water allocation is a governance and human-centered process
focused on balancing supply and demand for water (Grafton et al.,

2017; Speed et al., 2013; OECD, 2015). Like any such process, it has
specific objectives and is typically guided by overarching
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principles—for example, equity, efficiency, and sustainability of water
use (Speed et al., 2013). As discussed further below, however, there can
be trade-offs between the guiding principles, and water allocation is
also a political bargaining process (Hellegers and Leflaive, 2015).

In many contexts, historical water entitlements for some uses and
user groups, granted without time limit, restrict present day allocation
options. Examples include the Murray-Darling Basin in Australia, the
Colorado Basin in the United States, and the Saskatchewan-Nelson
Basin in Canada. In all three, existing water entitlements create strong
path dependencies, significantly influencing subsequent water alloca-
tion (Heinmiller, 2009). Creating effective and sustainable water allo-
cation processes thus requires understanding both planning issues,
and practical implementation—and how they play out both at times
when water resources are at normal levels, and during droughts.

1.3 Water storage and water availability

An implicit feature of water allocation is that it requires a certain
level of predictability and control of water resources. This, in turn, is
closely linked to water storage, which can involve both natural and
human-made structures.

Globally, about two-thirds of water withdrawals are made from
surface water, and the rest from groundwater (Famiglietti, 2014). The
water storage capacity of a basin can be expanded using both conven-
tional and non-conventional infrastructure and methods. Conventional
infrastructure is predominantly dams, which can provide significant
benefits by regulating water flows, but can also have large negative soci-
etal and environmental impacts [see, e.g., Tortajada et al. (2012)]. Non-
conventional infrastructure and methods are focused on expanding the
storage capacity of surface water and groundwater, and includes wet-
land expansion, reconnecting rivers to floodplains, and managed aqui-
fer recharge (UNESCO, 2018; Pavelic et al., 2021).

Some water-scarce areas are increasingly relying on the desalina-
tion of seawater to expand their water supplies, albeit at a high cost
and with environmental risks from brine discharge (Feitelson and
Rosenthal, 2012; Darre and Toor, 2018). Wastewater is also increas-
ingly reused—with different requirements for treatment depending on
the source and the intended new use. In general, regardless of where
water came from, the strictest requirements apply to drinking water,
which must be carefully treated to ensure that it is safe for human
consumption (WHO, 2018).

Natural and human-made water storage, transport, and treatment
infrastructure thus determine to a great extent how much water is
available to meet societal demand. It can be seen as both a significant
enabling and limiting factor for water allocation.

1.4 Climate change and water availability

The impacts of climate change on the water cycle and water
resources are multifaceted, with large variations at the global scale and
Report of the
Intergovernmental Panel on Climate Change (IPCC) synthesizes a

within countries. The Sixth Assessment
large body of evidence of climate change affecting all aspects of the
water cycle, including through changes in precipitation, temperature,
and seasonal patterns (Douville et al., 2021).

The report finds, with high confidence, that climate change is
affecting aridity globally by increasing atmospheric evaporative
demand (how much water is drawn from the surface due to heat,
wind, etc.); has increased the frequency and severity of droughts in the
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Mediterranean, western North America, and southwestern Australia;
intensifies very dry weather, climate events, and seasons; and increases
the chance of compound extreme events, including concurrent heat-
waves and droughts.

The IPCC also says that the drying/increased aridity trend—a
persistent decline in soil moisture—is expected to continue over large
parts of the world, including subtropical regions in Europe, Africa,
Australia, the Americas, India, and the Pacific. Some regions that are
already dry and warm, such as southern Africa and the Mediterranean,
are expected to become even drier and hotter, particularly in high-
emission scenarios. Africa, South America, and Europe are projected,
with medium to high confidence, to experience an increase in fre-
quency and/or severity of soil moisture drought.

The practical implications of all this are that water availability can
be expected to decrease in large parts of the world, and water deficits
can be expected to become more common and more severe. From a
planning perspective, another important implication is that climate
change is making historical average water availability less reliable as a
guide for projecting future supplies or for assessing the risks associ-
ated with the current allocation of water (Milly et al., 2008).

2 Method

The literature review grew out of a focus group discussion in
October 2022 convened by the Global Center on Adaptation. There
were 14 participants, including water managers, researchers, and con-
sultants from England, Sweden, Norway, the Netherlands, South
Africa, and Chile. That discussion provided the framing of the analysis
and the choice of countries, Ethiopia, South Africa and Chile, to spe-
cially focus on in the literature review. The subsequent work was
informed by a review of the research literature on water allocation and
drought, supplemented by additional research on specific aspects of
the topic.

To identify relevant literature, a search on google and google
scholar with the key terms [“water allocation” AND drought] was con-
ducted. The title and appearing sentences of the first 100 hits of both
google and google scholar were reviewed to decide on their relevance
to the topic of this report. A total of 51 articles and reports, dated from
the year 2000 and onward, were downloaded and scanned/read. Basic
information and the key topics were recorded for all publications
downloaded publications and roughly 15 were read in more detail due
to their high relevance for the task at hand. The reference lists of the
most relevant publications, as well as articles that in turn reference
them were, furthermore, reviewed, following the snowball method, to
identify further key publications of relevance.

To gain relevant insight on Ethiopia, South Africa and Chile, in-
depth conversations with representatives from the Department of
Water and Sanitation of the Republic of South Africa, a professor of
water law and management of Pontificia Universidad Catélica de
Chile, and a representative from the Horn of Africa Regional
Environment Centre and Network were conducted. The discussions
were focused on strengths and weaknesses in each country’s water
allocation system during drought. The information from the discus-
sions was further triangulated and complemented with reviews of
written sources and literature relevant to the countries. The sources
were either provided by the representatives or found through addi-
tional searches of online sources. Summary texts for each focal

frontiersin.org


https://doi.org/10.3389/frwa.2026.1803379
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org

Rudberg

country were written and shared with the interviewees to give them
the chance to review and validate or refute the author’s argument and
conclusions. The insight from the review is presented in section 3 as a
narrative that is focused on strategic and operational activities avail-
able for water allocation amid growing drought risks.

3 Water allocation options amid
growing drought risks

Climate change and its potential to create or exacerbate drought
has implications for every aspect of the water allocation process.
Drawing on the literature review, this section examines strategic activ-
ities to anticipate and prepare for droughts and operational activities
to mitigate the negative effects of droughts.

3.1 Strategic activities

There is significant planning and structural work related to water
allocation that can be carried out to prepare for drought and reduce
its negative impact. This section examines five key strategies: (1)
ensuring equity, inclusion, efficiency, and sustainability; (2) sustain-
ably increasing water availability; (3) establishing drought forecasts,
indicators, and thresholds; (4) prioritizing users; and (5) ensuring the
necessary legislative and administrative capabilities and local
leadership.

3.1.1 Ensuring equity, inclusion, efficiency, and
sustainability

Water and its allocation are seen in many different ways, from a
commodity (Young and Loomis, 2014), to a human right (Fantini,
2020), to the lifeblood of earth (Yates et al., 2017). Each of those per-
spectives corresponds to an overarching principle for water allocation:
efficiency, equity, and sustainability.

Efficiency is a measure of the net benefits achieved from the use
of water, typically framed as economic returns per unit of water
(OECD, 2015). Equity refers to how fairly water is allocated to differ-
ent users, and is closely linked to the allocation process itself
(Wegerich, 2007). The inclusion of all concerned stakeholders in
decision-making and implementation is recognized as important for
ensuring equitable access to water (Akhmouch and Clavreul, 2018;
Singh et al., 2009). Sustainability, in turn, means ensuring the contin-
ued hydrological and ecological integrity of the freshwater system
(UNECE, 2022), which can require restricting the amount of water
abstracted for human use.

Achieving any one of these objectives can involve trade-offs
(Wegerich, 2007), and there are further trade-offs between the three
objectives (Roa-Garcia, 2014)—though there can also be synergies.
Recognizing this, it is helpful to make a continuous, conscious, trans-
parent, and inclusive effort to achieve and balance these objectives
during years with normal water availability. That can then serve as a
stronger foundation for the more difficult balancing acts during
droughts. In Ethiopia, allocating water to expand large-scale, drip-
irrigated cash crop farming provides an example of this challenge
since it can reduce the available water to subsistence farmers in
affected areas. Subsistence farmers use fallow irrigation, which is less
efficient than drip irrigation—but they are also highly vulnerable, so

Frontiers in Water

10.3389/frwa.2026.1803379

reducing their water supplies would undermine equity objectives and
could lead to conflict.

The water allocation plan development project in the Lake Ziway
watershed is an example of a project that managed to balance both
cash crop producers’ and smallholders’ water requirements (GWPEA,
2016). Through a participatory approach, it aimed to develop a socially
equitable and economically viable water allocation plan. New water
and land use plans were created, with buffer zones, water monitoring
and regulation, environmental education, and measures to promote
climate-smart agriculture. The result was a reversal of the trend of
declining water quantity and quality of the lake.

3.1.2 Sustainably increasing water availability

Societies have made significant efforts over the past century to
expand water supplies and make them more reliable by developing
conventional infrastructure, primarily dams (Speed et al., 2013). There
are about 50,000 large dams in operation worldwide (higher than 15
meters), with storage capacity representing one-sixth of the total
annual river flow into the oceans (Lehner et al.,, 2011). This is only a
fraction of the total number of dams and weirs in the world, however,
as the majority are small and medium-sized (Belletti et al., 2020).

This infrastructure provides the capacity to regulate the water flow
and delivers significant positive societal benefits, including increased
water availability to handle drought (Tortajada et al., 2012). Their con-
struction can have significant negative societal impacts, however
(Scudder, 2012), such as mass displacement and the diversion of
resources from existing users. The ecological impacts of dams can be
substantial as well (Lehner et al., 2011; Vorosmarty et al., 2010), to the
point that existing dams may need to be modified or even removed to
mitigate their negative impacts.

When thinking about building new dams to increase and secure
water supplies, it is important to recognize the societal and environ-
mental costs, which have to be considered and mitigated across stages
of construction and operations. In some situations, new dam con-
struction will be found to not be an acceptable nor sustainable option.

Groundwater represents the lion’s share—around 98 percent—of
all liquid freshwater on earth (Margat and Van der Gun, 2013).
Although only an estimated 6 percent of the total groundwater volume
exhibits a sufficient rate of renewal (within less than 100 years) to be
considered dynamic storage, that is still two orders of magnitude
larger than total surface water storage in dams and lakes globally
(Dillon et al., 2019).

The significant volumes of groundwater available, and the slow
onset of groundwater hydrological drought (Loon and Anne, 2015)
makes groundwater a reliable source of water in many areas during
droughts (MacDonald et al., 2019; Langridge and Van Schmidt, 2020).
Improving the capacity for groundwater abstraction can thus be a sus-
tainable method for increasing water availability in general and during
drought conditions (Thomas et al., 2021; Martinez-Santos et al., 2020).

Groundwater is a significant source of freshwater in Ethiopia.
Groundwater recharge for the country as a whole is estimated at 36
billion m3 per year (Kebede, 2012). The Borana resilient water devel-
opment for improved livelihoods program (Oromia, 2022) is an exam-
ple of project that aims to increase water supplies, using groundwater,
to enhance the livelihoods and drought resilience of pastoralists. The
beneficiary communities currently use water from unprotected
sources. People can spend several hours per day fetching water and
have to be highly mobile to obtain enough water for their livestock.
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Drought is one of the major hazards in the area, and water access is a
source of tension within and between communities. Eleven deep bore-
holes are planned, to securely deliver potable water to 25,000 people
and 83,000 of their animals in phase 1 of the project, expanding to
260,000 people and 837,000 livestock in phase 2. Along with increased
drought resilience, the expected benefits include improved health and
sanitation services, increased productive time for women and girls,
and the avoided impacts of having to keep moving to find water for
livestock.

Community-level approaches have also been used to sustainably
increase water availability in places where the development of large-
scale infrastructure is not feasible. These include sand dams and other
water harvesting structures such as rock and roof catchments and
earth dams. Such interventions, together with soil conservation activi-
ties, have improved community livelihoods and decreased vulnerabil-
ity to drought in Ethiopia (GWPEA, 2016). In the Abreha we-Atsebeha
watershed, for example, water security was enhanced through soil and
stone bunds, trenches and percolation pits; small storage dams, water
harvesting ponds and hand dug wells; erosion gullies that were con-
verted into water harvesting sites; and springs developed as sources of
drinking water (GWPEA, 2016). When such measures are considered
and implemented at a catchment-level scale and with due consider-
ation to local dynamics, they can promote stability and reduce conflict
in arid pastoral areas where water has always been a source of conflict.

Groundwater availability varies around the world, however, and
in many places, current groundwater abstraction rates far exceed
recharge rates, leading to a persistent decline in water levels
(Bierkens and Wada, 2019). This is a particularly common phenom-
enon in places where surface water availability has been limited or
unreliable for some time. Chile, for example, is increasingly relying
on groundwater resources, granting many temporary new abstrac-
tion permits during drought, mainly for agricultural use (DGA,
2021). The 2005 Reform of the Water Law established measures to
ensure sustainable management of groundwater resources, such as
extraction restrictions when third parties are affected; installation
of extraction measurement equipment; and the designation of areas
where groundwater extraction is coordinated and controlled by
water user associations (Hearne and Donoso, 2014). The latter pro-
vision has not been widely used, however, and the exploitation of
aquifers remains largely uncontrolled, increasing the risk of
groundwater depletion in many areas.

In areas where groundwater abstraction rates have been unsus-
tainable, managed aquifer recharge—the intentional recharge of water
to aquifers—is an option to make more intense use of the water
resources while ensuring sustainable abstraction levels (Dillon et al.,
2019; Vanderzalm et al., 2022; Gonzalez et al., 2020). There are a range
of techniques that can be applied to increase the rate of renewal of
groundwater, primarily focused on increasing the rate of infiltration
and intercepting surface water. Figure 2 provides an overview of
prominent techniques for groundwater renewal through managed
aquifer recharge.

Managed aquifer recharge is one of several types of “non-conven-
tional” approaches to increasing water availability, which also include
wastewater reuse and desalination (Qadir et al., 2007; Ricart et al.,
2021). In areas close to the sea, desalination facilities provide a reliable
sources of freshwater, although with very high energy and monetary
production costs and with environmental risks from brine discharge
(Feitelson and Rosenthal, 2012; Darre and Toor, 2018). Wastewater
reuse is another increasingly common strategy, particularly for
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irrigation and industrial uses (Qadir et al., 2007)—though it is impor-
tant to ensure appropriate treatment for health and ecological reasons.

Nature-based solutions, such as wetland expansion, can also
increase surface water storage capacity and thus enhance the avail-
ability of water to meet societal and environmental needs in times of
drought (UNESCO, 2018). A final, crucial issue to think about when
considering ways to expand water supplies is to take good care of
existing supplies. This means controlling pollution—both from point
(on-site) and non-point sources (e.g., from pollutants from roads or
farms that seep into the ground or flow into water bodies). If pollution
is not controlled, water resources can become degraded, particularly
as water levels decline during droughts, and they may not be able to
meet human and environmental needs (Nabi et al., 2019; UNESCO,
2018). Identifying and repairing leaks in the water system, both pri-
vate and public, is also key, to save water and avoid waste
(Knutson, 2008).

3.1.3 Establishing drought forecasts, indicators,
and thresholds

Being able to anticipate droughts—or at least become aware of
them at an early stage—can significantly improve water resource
managers’ and users’ ability to act promptly to mitigate the impacts.
Early warning systems for droughts typically include forecasts, track-
ing mechanisms, indicators, and thresholds to prompt action (WMO
and GWP, 2016). There are a variety of drought forecasting methods,
each with its strengths and weaknesses (Fung et al., 2019). One of the
more advanced drought forecast systems can be found in the United
States, with temperature and precipitation forecasts for up to 10 days
as well as seasonal outlooks (NOAA, 2023). Such systems require
monitoring networks and a level of computational capacity that may
not be available to all countries and regions. Less complex drought
forecasting systems are being developed and tested in low-income
settings, to reduce losses to livelihoods and cost of humanitarian
operations during drought, that could be of more general application
(Guimaraes Nobre et al., 2023).

There is no universally relevant and applicable set of drought indi-
cators and indices (WMO and GWP, 2016; Bachmair et al., 2016). The
World Meteorological Organization (WMO) endorses the Standard
Precipitation Index for determining the existence of meteorological
drought, and notes that the simplest indicator to use is one that is
freely available and already produced operationally (WMO and GWP,
2016). Simplest is not necessarily the same as most appropriate, how-
ever. WMO and the Global Water Partnership (GWP) have estab-
lished a set of questions to help users choose the most appropriate
indicators and indices for their circumstances (WMO and GWP,
2016). Apart from the Standardized Precipitation Index, with high
ease of use, other options include the Streamflow Drought Index, with
intermediate ease of use, and the Soil Moisture Deficit Index, with low
ease of use.

Drought thresholds are meant to prompt timely action to reduce
potential negative impacts if a drought reaches a certain level of sever-
ity. There should be a clear link between indicators and thresholds for
action, with clearly designated actors to allow for accountability and
concerted action in line with the severity of drought conditions
(WMO and GWP, 2016). Preparing for clear, unified, and ongoing
communication with the public is also paramount, in order to inform
and ensure understanding of and abidance with water use restrictions
(Victoria, 2016; Ziervogel, 2019).
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FIGURE 2
Examples of managed aquifer recharge. Created by author based on information from IGRAC (2007)

In South Africa, for example, restrictions on allocated water are
based on stochastic modeling, using 120 years of meteorological and
hydrological data, to forecast the potential future risk and severity of
drought (Hughes, 2013). The output from these models is fed into a
water resource planning model that includes priority classification
tables for different user categories during droughts of different severity
levels. The technical rigor of this approach has led stakeholders to gen-
erally accept it when the Department of Water and Sanitation imposes
drought-related water use restrictions. Nevertheless, insight from
South Africa indicated that some users—particularly cash crop farm-
ers—can be less cautious than others and prefer to use more water in
the near term even if it increases the risk of a future water shortage.

3.1.4 Prioritizing uses

Not all water uses are equally important or urgent. When a certain
drought threshold is reached, as noted above, water resources manag-
ers can ensure that the needs deemed most critical to society are met
by preparing, ahead of time, a sequence of priority uses, as described
in the South Africa example above. Each jurisdiction will define its
priorities in different ways, which is exemplified by OECD countries
that generally establish domestic and household needs as the top pri-
orities (OECD, 2015). However, the level of detail in how priority uses
are defined varies significantly between countries. Environmental
needs, such as ensuring minimum flows in rivers, are often among the
lowest priorities or are missing from the list of priority uses.

3.1.5 Securing policies, administrative capabilities,
and local leadership

The development of a drought plan and risk management
strategies requires ensuring that the necessary policies and admin-
istrative capabilities are in place to effectively deal with and
respond to drought. WMO and GWP endorse a 10-step drought
policy and preparedness process that includes stakeholder partici-
pation to define and resolve conflicts, fill institutional gaps, and
build public awareness and consensus (WMO and GWP, 2014).
There is also a requirement to designate a responsible authority
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and process for declaring exceptional circumstances due to
drought, and to lead the response efforts. This might require new
laws or other reforms, as well as enhanced human and technical
capacities in key agencies to respond to droughts in a timely fash-
ion (Cap-Net, 2020).

South Africa, for example, has adopted detailed policies that provide
clear guidance for public actors and activities in situations of drought,
and ensured drought planning and preparation for mitigation measures
that are initiated before droughts (Government of the Republic of South
Africa, 1998, 1997; DWAE 2004; DWA, 2014). The risk and manage-
ment of drought is built into the water allocation permitting system:
water licenses specify different levels of assurance of water supply. For
example, a user’s license may say that half of the allocated water is pro-
vided with a reliability of 90 percent—meaning it will be provided, on
average, in nine out of 10 years—while the other half is only provided,
on average, in seven out of 10 years. In other words, water license hold-
ers are warned from the outset that in some years, when water is scarcer,
they will only receive part of their allocated quantity.

A significant complicating factor is that particularly in rural settings,
a large share of water use is unregulated: people simply dig a well on their
land, for example, with no oversight of how much water they are taking.
This overlaps with another widespread and understudied problem: water
theft (Loch et al., 2020). South Africa provides insight into the challenges
of mismanagement and corruption in potable water delivery. In South
Africa, raw water resources are managed by the Department of Water
and Sanitation, but municipalities are responsible for delivering potable
water to the end users. The state provides “equitable share grants” to
municipalities in order to assure the fulfillment of all citizens’ right to
water for basic human needs—including potable water supply and basic
sanitation. Yet delivering adequate water services requires sufficient
technical capacity, combined with strong political leadership at the
municipal level. Some municipalities have the required capacities, but
others suffer from deficiencies, and the delivery of water services is not
always up to standard. Along with mismanagement due to such deficien-
cies, corruption is a widespread problem in South Africa, affecting the
delivery of multiple services, including water services (Eales, 2011;
Hollands, 2012). The negative effects are significant even during years of
average water availability, and during droughts, they can become acute.
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Shaping equitable policies and use priorities is not only a task
for national and basin-level officials. Local leadership and repre-
sentation are also paramount, in order to ensure that communi-
ties’ knowledge and perspectives guide the strategic work to
prepare for drought (Abedin et al., 2014; Mortimore, 2010;
Gautier et al., 2016). When actions are taken at the local level, this
can take the form of community-based adaptation, such as build-
ing communal sand dams and jointly establishing the priority of
uses of water from those dams (Abedin et al., 2014; Aryal et
al., 2020).

3.2 Operational activities during drought

Strategic activities help water resources managers to prepare for
droughts. The consistent use of forecasting and monitoring systems is
then essential, as they will signal when a drought is imminent and,
once it has begun, provide vital information on its severity and
expected duration.

With that information, and in line with established policies, sev-
eral operational activities can be undertaken to help mitigate the
drought’s impacts. Actions may be triggered if an indicator crosses a
threshold—for example, 12 months of rainfall below —2.0 relative to
the Standardized Precipitation Index (EDO, 2020). This section
focuses on four types of operational activities: (1) reducing water
demand, including through efficiency measures; (2) reallocating
water; (3) temporarily increasing water availability; and (4) mitigating
the impacts of limits to water allocation.

3.2.1 Reducing water use

In urban areas, overall water use can be reduced relatively fast
through both mandatory and voluntary conservation measures. For
example, users may be directed to stop or limit watering of gardens,
lawns, and public green spaces (Maggioni, 2015). Consistent and clear
communication, supported by all levels of government, is paramount
(Parks et al., 2019).

In developed water systems, metering and a tiered water rate
structures are effective mechanisms for incentivizing water savings

10.3389/frwa.2026.1803379

even when water is not scarce, and they can be used to further
decrease water use during droughts (EPA, 2016).

When droughts go on for extended periods, or recur frequently
enough to affect agricultural production (and, potentially, food secu-
rity), additional measures may be appropriate. For instance, farmers
may be encouraged to grow more drought-resistant crops or crop
varieties, and irrigation systems can be upgraded to use water more
efficiently (Knutson, 2008). Such adaptation measures can make a real
difference, but at some point, it may not be possible to reduce water
use more without significant economic costs and losses, and water
reallocation may be necessary (Speed et al., 2013).

3.2.2 Reallocating water

Water reallocation tends to involve shifting water from agriculture
to urban water consumption or environmental benefits (Pastor et al.,
2019; Garrick et al., 2019; Grafton et al., 2017). There is significant scope
for water reallocation from agriculture to other uses, since agriculture
water use accounts for 69 percent of global water withdrawals—primarily
for irrigation but also to water livestock and for aquaculture (UNESCO,
2021). Figure 3 illustrates how water allocation and reallocation could
occur between different uses during drought and severe drought.

Water reallocations can be voluntary and non-voluntary
(Meinzen-Dick and Ringler, 2008). In voluntary reallocations, the
water user is persuaded, through negotiations or payments, to give up
the use and right to water. In non-voluntary reallocations, users are
forced to give up part or all of their water through administrative real-
locations (Liu et al., 2005). Various barriers to water reallocation have
been identified, including socio-cultural, scientific, infrastructural,
political, and governance challenges (Marston and Cai, 2016; Dadson
et al., 2020; Grafton et al., 2017).

Chile has mechanisms for both voluntary and non-voluntary water
reallocation. Article 314 of the Water Act of Chile enables the president
to issue drought decrees in areas affected by severe drought. Each
decree is valid for up to a year and can be extended, on a year-by-year
basis, as long as the severe drought conditions continue. An area (usu-
ally basin-scale) is defined as having entered severe drought conditions
when precipitation and river flows fall below an established threshold.

Average year

Environmental flow
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water A

Agriculture

FIGURE 3
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Illustration, created by author, of decreasing water allocation and reallocation from different uses during drought and severe drought.
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The threshold for meteorological drought is based on the Standardized
Precipitation Index, and hydrological drought is declared based on the
Standardized Flow Index (DGA, 2022). The decision is taken by the
government based on information from the National Water Authority
of Chile, but there is a political dimension, since local governors can
pressure the government to declare it. The decrees seek to limit the
negative effects of droughts by giving priority to human consumption,
sanitation, and domestic subsistence. To fulfill priority use, water can
temporarily be reallocated from other uses without compensation. The
underlying water right thereby remains intact, but it is temporarily
modified or suspended during the severe drought. With notable excep-
tions, such as in the Petorca River Basin, where large-scale farms have
continued to abstract groundwater during severe drought conditions,
the decreed water reallocation is generally followed. In areas with well-
developed water infrastructure, water markets have also been successful
in assuring delivery of required water to urban centers, such as Santiago,
Coquimbo, and Valparaiso, through reallocation of agricultural irriga-
tion water in the area (Vicufa et al., 2018; Hearnea and Donoso, 2005).

3.2.3 Temporarily increasing water availability

During a drought, surface water (soil moisture and streamflow)
decreases faster than groundwater (Loon and Anne, 2015). This means
that groundwater, in aquifers of sufficiently large storage space, can be
used to temporarily increase water availability to mitigate periodic
droughts (Margat and Van der Gun, 2013). Droughts propagate over
time: reduced rainfall quickly translates into reduced runoff and, even-
tually, into reduced soil moisture and reduced streamflow, but ground-
water levels only begin to decline much later. The buffer capacity of
groundwater means that drought driven economic losses and humani-
tarian emergencies can be reduced by means of drought emergency
wells that are located at strategic locations (Thomas et al., 2021; Mussa
et al., 2015; Rubio-Martin et al., 2020). Such wells have to capture
deeper groundwater, which shows a slower response to drought condi-
tions (Cap-Net, 2020; MacDonald et al., 2019). It is important to
ensure that groundwater levels recover after the drought to restore the
buffer capacity of the aquifer—and refrain from unsustainable ground-
water abstraction, which can reduce groundwater levels permanently.

3.2.4 Mitigating the impacts of limits to water
allocation

There are limits to the extent that water allocation can mitigate the
negative impacts of drought. In high-income settings, drought poses
a significant economic risk, primarily for agriculture, that insurance
schemes can mediate to a certain extent (Rey et al., 2019). In low-
income settings, droughts can cause famines, requiring significant
support to avoid humanitarian crises (UN News, 2022). The thresh-
olds and required steps to mitigate the impacts of limits to water allo-
cation are thus context-specific and should form part of drought
emergency planning in countries and regions.

4 Practical implementation

As highlighted in section 3, the field of drought planning and
mitigation is full of guiding principles and guidelines (Duel et al.,
2022; WMO and GWP, 2014), but water allocation is not only a tech-
nical but also highly political endeavor which means that
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implementation often differs significantly from how policies, regula-
tory frameworks, and institutional setup are devised on paper
(Gronvall, 2022, 73). For example, step 3 of the WMO and GWP-
endorsed 10-step drought policy and preparedness process is to “seek
stakeholder participation and resolve conflict” (WMO and GWP,
2014). It can be difficult, or politically fraught, to anticipate conflicts
prior to a drought, however. Actors may not be willing to cooperate to
resolve conflicts (Sullivan et al., 2019), though there are also examples
of good working collaborations during droughts (Victoria, 2016).

The priority of uses during severe droughts can also shift from the
general order in drought planning. For example, this occurred during
the Millennium Drought in Victoria, which is part of the Murray-
Darling Basin in Australia. Despite the general priorities that had been
set during the most severe drought, that prioritize critical environ-
mental needs over commercial and industrial uses, the latter were
given higher priority during the drought (Victoria, 2016). In the con-
text of climate change, it is furthermore important to consider adjust-
ing what constitutes “exceptional circumstances” and incorporating
techniques to estimate future water availability that do not rely solely
on historical conditions (Milly et al., 2008). One example of this can
be seen in Australia. After the Millennium Drought, which was more
severe in the state of Victoria than anything previously recorded, water
planning now incorporates climate variability, predictability, and
change (Victoria, 2016).

One of the more challenging aspects of water allocation during
drought is reallocation: the redistribution of water claimed for other
purposes (Marston and Cai, 2016). Gaining an overview of existing
water use and rights is an initial requirement for reallocating water
(Marston and Cai, 2016). In many countries, water is a public resource,
but a range of actors can possess water rights, such as concessions or
more informal agreements or rights that emerge from practice
(Dadson et al., 2020). The validity and extent of existing water rights
can be highly contentious and expensive to determine (Pease, 2010).
In situations with established water rights and well-developed water
infrastructure, water markets are a significant mechanism for volun-
tary water reallocation (Rey et al., 2019; Debaere et al., 2014; Grafton
et al., 2011). During drought conditions, industrial and urban stake-
holders tend to have enough economic resources to cover the cost of
acquiring water from the agricultural sector (Molle and Berkoff,
2009). The same is typically not true for environmental uses of water,
where sustained public funding is required (Richter et al., 2020).

In nations where parts of the population have suffered historic
injustices, such as South Africa, the requirements for water realloca-
tion can be structural and therefore, also more challenging politically.
With the 1998 National Water Act, South Africa initiated a significant
water allocation reform process to revise historical injustices and the
laws that upheld such injustices (Mukuyu et al., 2020). The reform
effort distinguished between Historically Advantaged Individuals,
such as large-scale cash crop farmers, and Historically Disadvantaged
Individuals, and sought to reallocate water from the former to the
latter. The target of the Water Allocation Reform Strategy is to give 60
percent of allocable water to Historically Disadvantaged Individuals
by 2024 (WAE 2008). One important strategy for addressing the chal-
lenges facing Historically Disadvantaged Individuals, such as small-
holder farmers and land reform beneficiaries, has been the promotion
of inclusive business models, including joint ventures. The state has
pressured commercial farmers to establish joint ventures through
land-for-water deals, meaning that water use authorizations are only
granted to commercial applicants if they form a partnership with

water allocation reform beneficiaries (Bunce, 2020). Water
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reallocation is not, however, occurring at the extent and speed fore-
seen. Achieving the target is likely to require significant and forceful
measures that have not been implemented by the responsible politi-
cians and agencies (Mukuyu et al., 2020).

Implementing effective drought policies poses challenges for
national and local governments alike. The Food and Agriculture
Organization of the United Nations has found that the greatest chal-
lenges are to ensure political will, institutional clarity, coordination
between different levels of government, adequate resources, and
capacity building (FAO, 2019).

5 Discussion

The objective of this review is to assist water managers and policy-
makers to understand how water allocation policies and processes can
help them grapple with drought—particularly as climate change increases
the frequency and severity of droughts in many places. The goal is to
provide insights that would be relevant both to low-income countries in
sub-Saharan Africa and South Asia where drought conditions are wors-
ening, and to high-income countries that are “newcomers to drought,”
but are increasingly likely to experience it for extended periods.

Both sub-Saharan Africa and South Asia have experienced pro-
tracted droughts during the last years, and climate change is increas-
ing the risk for longer and more severe droughts across large parts of
the region (Ullah et al., 2022). In South Asia, about 60 percent of agri-
culture is rainfed (Srinivasa Rao et al., 2016), while this figure can
reach 95 percent in parts of sub-Saharan Africa (Tall et al., 2014), and
agriculture is predominantly carried out by smallholder farmers. The
most severe impacts of drought are therefore often in terms of liveli-
hoods and agricultural production losses (Gautier et al., 2016; Enamul
Haque et al., 2022).

A significant strategic activity in such settings is to sustainably
increase water availability, as discussed in Section 3, by using groundwa-
ter resources or water harvesting techniques, for example. This is already
being done across South Asia, including in Bangladesh (Abedin et al.,
2014), Nepal (Rijal et al., 2022), and India (Aryal et al., 2020). Sustainably
increasing water availability and water reallocation show equally impor-
tant opportunities for proactive drought risk mitigation in sub-Saharan
Africa (King-Okumu et al., 2021; Filho et al., 2022).

Establishing drought forecasts, indicators, and thresholds, with a
particular focus on smallholder farmers, is another strategic activity
with important potential for proactive drought risk mitigation in both
South Asia and sub-Saharan Africa, since it allows farmers to adapt
their cropping (Tall et al., 2014). Good examples include India’s
Integrated Agrometeorological Advisory Services and Mali’s Projet
d’Assistance Agro-meteorologique au Monde Rural.

In these contexts, it is also crucial to address gender equity issues,
as well as disparate impacts on children (Algur et al., 2021; Patel et al.,
2020). The Kaffrine project in Senegal is a good example of this, since
it focused on creating weather and climate information services tai-
lored differently to the needs of men and women (Tall et al.,, 2014).
Upscaling the methods and lessons from the Kaftrine project would
ensure gender-specific information is used to design forecasting sys-
tems and communicate their outputs.

“Newcomers to drought” are to a large extent high-income coun-
tries, such as the members of the OECD. These countries have more
advanced water infrastructure and higher adaptive capacity than the
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global average. A significant issue in these settings, however, is that
water allocation regimes were often established when water was plen-
tiful relative to demand (OECD, 2015). Many existing water rights are
expressed as absolute values, not as a proportion of the available water
resources. In these countries, there is the risk of complacency as
people may never have experienced drought emergencies (Prokopy et
al,, 2015). In England, for example, there are indications that existing
drought planning, although administratively correct, is unlikely to
work at the emergency speed required to mitigate the impacts of a
severe drought.

Many existing systems of water allocation reflect past conditions,
when water was perceived to be abundant, and may not work well in
times of scarcity (Speed et al., 2013). Important legal and political pillars
of existing water allocation systems, such as riparian rights (the land-
owners’ right of use of surface water on their property) and “first in time,
first in right” can thus lead to suboptimal societal water use and hinder
equitable, efficient, and sustainable water allocation (OECD, 2015).
During droughts, those failings can become urgent problems, but also
create a window of opportunity for water allocation reform (Berbel and
Esteban, 2019). A common challenge in low-income and wealthier
countries alike is that significant policy reforms may be needed to deal
with both increasing societal water use, and the increased frequency and
intensity of droughts due to climate change. Water allocation is not only
a technical task, but also a political bargaining process, and it can be
difficult (Meinzen-Dick, 2014). Users who are currently privileged may
see their allocations reduced if the available water is distributed accord-
ing to new principles. This can explain part of the resistance to engaging
in comprehensive water allocation reform, and also the challenges of
implementing it in countries such as South Africa.

Yet in many places, maintaining the status quo is no longer an
option. Climate change is bringing increasingly frequent and more
severe droughts, and there is a growing sense of urgency to reform
water allocation systems to make them more suitable for the “new
normal” This review shows that there are many ways in which water
allocation activities can make a significant positive difference.
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