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Water supplies are at risk from climate change, with a 
range of climate hazards and their effects posing challenges 
to maintaining safe drinking water [5]. Figure 1 below illus-
trates the range of climate hazards and their effects on water 
supplies.

Even in well-regulated and managed systems, climate 
hazards can lead to damage to infrastructure and temporary 
loss of supply or lead to contamination events and outbreaks 
of disease [6]. Poorly managed and unregulated systems are 
frequently affected by climate-related hazards and events, 
leading to increases in endemic disease rates and patterns as 
well as outbreaks of water-related disease [7, 8].

As the climate changes because of global heating, the risk 
of diarrhoeal disease caused by poor water supply is likely 
to increase given the well-established associations between 
climate hazards and outbreaks of disease [9–11]. However, 
there are increasing risks from exposure to toxic chemicals 
in flood waters [12]. A recent systematic review suggested 
that waterborne diarrhoeal disease is likely to increase 
with increases in mean temperature and rainfall, although 
this was primarily found for use of unimproved facilities 
and did not capture changing risks in improved water sup-
plies [13]. A further review showed that changes in climate 

Introduction

The provision of safe drinking water in sufficient quanti-
ties is central to protecting public health and is the focus of 
Sustainable Development Goal 6. Global statistics indicate 
that around 75% of the global population has access to what 
is defined as ‘safely managed water’ [1]. However, the data 
on which this assessment is made does not include detailed 
information on water quality and it is likely that far fewer 
people actually enjoy safe drinking water [2]. This contrib-
utes substantially to the ongoing high burden of disease 
attributed to inadequate water, sanitation and hygiene [3, 4].
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Abstract
Purpose of Review  We reviewed the evidence on climate resilience of the drinking water sector, focusing on: How are cli-
mate hazards affecting drinking water supplies changing? How is resilience measured? What interventions are being used 
to build resilience?
Recent Findings  The frequency and intensity of flooding and drought are increasing, water quality is deteriorating, and 
wildfire and sea-level rise pose increasing threats. Frameworks to measure resilience are emerging, but none is applied 
universally. a wide range of actions are required to build resilience but there is limited evidence of uptake and performance. 
Non-utility water supplies are at particular risk but investment in resilience is limited.
Summary  Climate change poses a major threat to drinking water supplies, but current actions to improve resilience are 
insufficient. More evaluations of the performance of resilience measures are needed. Floods and drought remain the most 
studied threats, but risks from wildfire, water quality and sea-level need more attention and research. More work is needed to 
consolidate how resilience is measured. A summary of the detailed findings in provided in Table 1 at the end of the review.
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will be likely to increase the persistence of key waterborne 
pathogens thus increasing the challenges of ensuring water 
safety [14]. Increasing temperatures will create conditions 
that favour proliferation of opportunistic pathogens, com-
monly found in biofilms within pipes in the future [15]. 
In addition to infectious disease, rising temperatures will 
increase threats of dehydration [16]. This is already noted 
as contributing to increased prevalence of chronic kidney 
disease [17].

In this paper we review the current state of knowledge 
about the resilience of drinking water supplies across the 
world. We review how key climate hazards that affect water 
supplies are changing, before reviewing current approaches 
to measure resilience and the types of action being taken to 
build resilience. Finally, we discuss what this evidence tells 
us about current resilience and what more needs to be done.

Climate Impacts on Water Supplies

Droughts and water scarcity are the most common and 
generally considered the greatest threat for water supplies. 
Changes in rainfall patterns and temperature increases are 
shifting the occurrence of droughts. Meteorological and 
hydrological droughts are typically slow onset and long 
duration events, although the impact of flash droughts on 
streamflow being increasingly recognized [18]. The scale of 
drought impacts is considerable and is increasing, affecting 
large areas and populations, requiring proportionate resil-
ience approaches. An increase in agricultural and ecological 
droughts has been observed in many regions across Africa 

and Europe, with low agreement on the change in most of 
the rest of the world [5]. Recent data shows the areas in 
drought have expanded by 74%, affecting 30% of global 
land area in 2022, with water demand from the heating 
atmosphere a significant driver [19].

The impacts of reductions in rainfall on hydrology and 
water systems are closely linked to how land and water 
systems are managed. Actions in catchments and in the 
engineered water systems can greatly influence exposure. 
Drought risks are enhanced where catchments have been 
allowed to degrade. Across the catchment, land use impacts 
the retention and storage of water that maintains access dur-
ing periods of low rainfall, as well as evapotranspiration and 
abstraction rates that can accelerate the impact of droughts. 
The impacts of drought can compound financial sustainabil-
ity issues where reductions in water use result in reduced 
water service revenue collection, such as occurred in Cape 
Town [20]. This may undermine long-term sustainability 
and viability of supply.

Fewer studies concentrate on flood risk, despite water 
supply infrastructure often being located on river flood-
plains or in coastal areas [21, 22]. Global flood exposure 
has increased between 1975 and 2015, with much of this 
increase occurring in urbanised areas, where settlements 
have grown within flood risk zones [23]. Much of the exist-
ing exposure is due to streams and small rivers (catchments 
up to 1000km2) emphasising their importance for manag-
ing resilience alongside the larger global rivers [22, 23]. 
This was highlighted in the severe European floods in the 
summer of 2021 when drinking water supply and sanitation 
systems were severely damaged; with homes having their 

Fig. 1  The climate wheel of 
impacts
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supply fully reconnected only within a month (Belgium) 
and up to 2 months later (Germany). Impacts to water sup-
ply was reportedly from both the failure of the infrastruc-
ture (during the flood), as well as pollution of the supply by 
the floodwaters. In the case of Belgium the re-construction 
of the infrastructure took 6 months to deliver [22]. Similar 
impacts were reported in western North Carolina, USA, as 
a consequence of Hurricane Helene which hit on 27 Sep-
tember 2024. Helene damaged or destroyed 163 sewage and 
water treatment systems in multiple communities which 
contributed to over 10% of the overall direct damage bill 
[24]. Reconstruction of these facilities is still ongoing.

As the climate warms, air can hold more moisture, thus 
climate change will increase the frequency and intensity of 
flood hazards globally; with more intense rainfall occurring 
in short periods of time. Estimates suggest that with high 
end warming scenarios global flood risk from all sources 
could double by the end of the century [25]. It is not only 
climate change which can drive changes in increasing flood 
exposure, the way we manage the land within catchments 
also has a significant effect on extreme river flows. Land 
use policies ranging from agricultural policy, land drain-
age, through to renewable energy provision (e.g. new wind 
farms, or hydropower installations) can change river flows 
[26]. If land use is carefully managed it can increase flood 
risk downstream. However perhaps the clearest example of 
managing exposure is the location of critical infrastructure, 
which is often found in known floodways.

Multiple reviews have synthesized evidence on links 
between climate stresses and source water quality and 
drinking water supplies [27–29]. Shallow groundwater 
sources often fail during prolonged drought because of 
localised aquifer depletion, affecting user behaviour [30]. 
Heavy rainfall events, which may become more common 
in many parts of the world, may increase groundwater con-
tamination, especially in communities with open defecation 
and poor sanitation coverage. Wildfires may affect catch-
ment hydrology and increase dissolved organic carbon and 
precursors for disinfectant by-products [27]. Erratic rainfall 
patterns may also affect geogenic contaminants, although 
this evidence is not robust, while tropical storms and sea-
level rise make coastal groundwater more saline [29, 31].

Cascading Risk and Compound Hazards

Drinking water supplies can be vulnerable to other ‘upstream’ 
risks and in particular to ancillary services such as power, 
telecoms and roads [7]. Some forms of power generation 
rely on adequate water for cooling and heatwaves in Europe 
have demonstrated how water supply shortages affect gen-
eration, which may in turn reduce power available to run 
drinking water supplies [32]. The effect of major storms on 

water supplies may result from loss of these services rather 
than direct effects, meaning extended loss of supply, which 
may particularly affect rural supplies [33]. Furthermore, 
hazards that disrupt water supplies have ‘downstream’ 
effects, most importantly in terms of risks of preventable 
disease, but may also impact the environment from waste 
produced during water treatment [34].

In addition to individual hazards, there are concerns 
about what are termed as compound hazards. Compound 
hazards are where two or hazards related to climate change 
interact and influence the overall effect [35]. This may hap-
pen for instance when extreme rainfall occurs after a period 
of drought that raises the risk and impact of flooding, or 
when surface flooding occurs at the same time as fluvial 
or coastal floods [22, 36]. Such events increase the risk of 
damage to water systems or lead to excess levels of con-
tamination in source waters such that treatment processes 
are compromised. Other compound hazards of relevance 
to water supply are excess rainfall causing landslides in 
dammed catchments that lead to dam breaches and loss 
of supply and damage to downstream infrastructure. Both 
heavy rainfall and increasing temperature individually and 
combination increase risks of harmful algal blooms which 
compromise water treatment processes and which may con-
tain toxins [29].

Drivers of Water Supply Vulnerability

The drivers of vulnerability of drinking water systems start 
from the design and management of systems and catch-
ments. Systems that are well-designed, properly managed in 
catchments that are protected and well-managed are inher-
ently less vulnerable than those that are not. Ensuring that 
there are proactive programs of leak detection and rapid, 
as well as schedule system maintenance are particularly 
critical in reducing the impact of drought and preventing 
contamination. Equally, catchments should be properly 
managed to reduce the risks of flash flooding and contami-
nation of water sources.

The changes in climate already being seen will require 
better design of systems to ensure greater buffers in areas 
of drought and protection from floods and cascading 
hazards. For drought management, there will need to be 
investment in re-use of treated wastewater, development 
of new large-scale storage, inter-basin transfers and use of 
multiple sources [7, 37]. Coastal areas present particular 
challenges as source waters become more saline as sea lev-
els rise leading to consideration of moving intakes inland, 
developing desalination of actions in catchment manage-
ment and managing risks of corrosion or other damage to 
piped systems [38, 39].
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when piped systems can’t operate. People with high trust 
in their water supplies may also lack awareness of how to 
manage hazards when they arise, requiring strong public 
communication.

How Well Do We Measure Resilience?

In the last decade, multiple frameworks have been devel-
oped to improve our understanding of climate impacts and 
the actions that can mitigate them. Building on definitions 
of resilience, including the IPCC, Sanitation and Water for 
All define resilient water and sanitation services as those 
that: ‘anticipate, respond to, cope with, recover from, adapt 
to or transform based on climate-related events, trends and 
disturbances, all while striving to achieve and maintain 
universal and equitable access to safely managed services, 
even in the face of an unstable and uncertain climate, 
where possible and appropriate, minimising emissions, and 
paying special attention to the most exposed vulnerable 
groups’ [47].

In high income countries, several examples exist of 
methods to assess resilience used for utility supplies and to 
a more limited extent small systems [48–50]. In some high-
income countries, regulators demand regular reporting on 
actions taken by water utilities to build resilience but rarely 
cover non-utility water systems.

Other frameworks have been developed focused on low- 
and middle-income countries. GWP and UNICEF developed 
an updated Strategic Framework for WASH Climate Resil-
ient Development which recommends climate risk assess-
ments to improve resilience and has been applied in South 
Africa [51, 52]. The How Tough is WASH framework uses a 
systems approach and with indicators measuring resilience 
along six domains [53]. These indicators, similar to WASH 
building blocks cover multiple aspects of service delivery 
and have been used to identify factors linked to the response 
of rural water supplies to climate extremes [29, 54–56]. 
Integrating climate resilience into WASH system building 
block tools has also been proposed by ISF-UTS and SNV, 
WaterAid and Water for Women. Other frameworks focus 
on a specific aspect of services [57–59]. Climate Resilient 
Water Safety Plans [60] incorporate climate risks into tradi-
tional Water Safety Plans, focusing on technical and infra-
structural measures to mitigate these risks.

Water and sanitation also feature in frameworks 
designed to assess resilience at the city level. Key examples 
are the City Resilience Framework which assesses resil-
ience of strategic urban services: water supply, wastewater 
and storm water and those closely related with the water 
services such waste management, electrical energy supply 
and mobility. Focus on climate change and the water cycle 

Regulation and User Behaviour

Regulation and governance will increase vulnerability 
through two key mechanisms: over-stretching the resource 
and restricting adaptability. Over-stretching relates to the 
way regulations can reduce the availability of water of 
appropriate quality through over allocation and not pro-
tecting against over-abstraction or pollution. In Dhaka, 
inadequately regulated discharges of wastewater lead to 
high concentrations of industrial pollution in the dry sea-
son which have required construction of alternative water 
supply facilities to reliably access water that can be readily 
treated for drinking [40]. The combination of poor waste-
water management leading to increasing nutrients in water 
and increasing changes in temperature and precipitation are 
increasing threats of harmful algal blooms, with consequent 
challenges for water treatment and elevated health risks [29, 
41]. Over-abstraction is a common issue which compounds 
drought impacts. In Ethiopia, this has been exacerbated by 
poorly regulated self-supply for industrial users reducing 
groundwater availability in shallower water systems [42]. 
Adaptations to reduce abstraction have often underper-
formed due to the complexity of incentives and regulation 
needed [43].

Regulations further increase vulnerability when they 
reduce the potential to adapt to extreme events. Prioritiza-
tion of drinking water is common in regulations, but there 
can be limited means to ensure changes in other uses to 
protect drinking water access, depending on the local gov-
ernance. As the quantity and quality of water changes, 
abstraction volumes will need to vary. Regulations can limit 
abstractions by user groups or type [44]. Market approaches 
to managing competing water uses with agriculture are one 
approach to move from static allocations to allow relatively 
rapid shifts in water abstractions [45]. A lack of data for 
decision making will further increase vulnerability, both 
data for adapting to long term trends and short-term data 
to design responses in a crisis. Poor data on the rural water 
sector, often not prioritized in regulatory implementation, 
creates a significant gap in understanding and addressing 
vulnerabilities.

Users of drinking water, both at the household and com-
mercial scale, further enhance vulnerabilities. Attitudes to 
outside water use during droughts vary by culture: in the 
UK, ‘hosepipe bans’ limiting outdoor water use are per-
ceived as a failure of the water utility rather than an oppor-
tunity to shift perceptions on the value of water. Evidence 
from Australia shows increased household water conserva-
tion but potentially reduced by perceptions of resilience 
from multiple sources [46]. Increasing use of water-based 
sanitation, washing machines and dishwashers locks house-
holds into a reliance on piped water, increasing vulnerability 
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adaptation have identified that insufficient progress is being 
made to increase resilience in water supplies [68].

A global review of adaptation to drought in utilities 
noted that while the vast majority of utilities would benefit 
from adaptations, only 5–20% of adaptations would have a 
benefit-cost ratio of greater than one [69]. This illustrates a 
common problem that the combined uncertainties of climate 
threats and those associated with likely impact of interven-
tions, means that economic analysis of adaptation options 
often pushes decisions to some point in the future [70]. This 
can then make it difficult to attract the finance required to 
make necessary investments [68].

This can be addressed through more scenario-based plan-
ning, for instance the CREAT tool developed by the U.S. 
Environmental Protection Agency assists utilities in under-
standing and addressing climate change risks and helps 
identify decision-points [71]. World Bank resources for 
technical assistance to build resilience in utilities include a 
broad approach to plan for and evaluate the impact of cli-
mate stressors to water and sanitation utilities and a design 
brief that focuses on incorporating resilience to floods, 
droughts and high winds into the engineering design of 
water and sanitation infrastructure [72].

The integration of climate resilience into water safety 
plans has emerged as one strategy that is widely promoted 
with some limited evidence on uptake [73]. Examples from 
high-income countries such as Italy and Scotland show how 
climate hazards can be integrated into the detail of a water 
safety plan [74, 75]. There are fewer examples from LMICs, 
partly reflecting the slower uptake of WSPs in general, but 
examples exist of attempts to integrate climate change into 
WSPs that do exist [76, 77]. Integrating climate into WSPs 
would seem to be a useful option moving forward, but this 
is likely to pose new challenges in auditing effectiveness.

Catchment based solutions can enhance the resilience of 
drinking water supplies by buffering the impacts of climate 
change on hydrological regimes when planned in a holistic 
manner. Catchment solutions can be a mixture of hard engi-
neering solutions (for example reservoirs for drinking water 
supply which store water during high flow periods and 
release it during droughts) and nature-based solutions [78]. 
Nature based solutions can provide complementary and sus-
tainable benefits for climate resilience which act at a local 
level buffering pollution (e.g. through wetlands or buffer 
strips), storing water during precipitation events (e.g. catch-
ment reforestation or afforestation, re-meandering of rivers, 
peatland restoration), and addressing water scarcity (e.g. 
micro-reservoirs, riparian bunds to encourage groundwater 
recharge) whilst also providing solutions which can regu-
late temperatures and provide cooling effects. Challenges 
exist however in the uptake of catchment and nature-based 
solutions which arises from a lack of consistent and specific 

is made through multiple resilience dimensions including 
governance, environment and infrastructure; and the City 
Water Resilience Framework [61, 62] that can also be used 
to assess the resilience of urban water systems in a city, 
with a focus on governance functions of the urban water 
system.

The increasing interest in measuring resilience and the 
different ways being adopted to do so has led to efforts to 
try to harmonise monitoring. There is an ongoing process 
to support the identification and integration of resilience 
measures into global monitoring of SDG 6. Similarly, the 
UNECE-WHO Protocol on Water and Health noted the 
importance of a single metric for resilience assessment 
across the pan-European region [63]. Developing a common 
standard methodology would be an important step forward 
in both improving our understanding of progress in build-
ing resilience and in facilitating knowledge exchange and 
capacity-building. More work is also needed to incorporate 
health measures into resilience monitoring frameworks, as 
these remain largely absent.

Building Resilience

The previous sections have covered the nature of the haz-
ards that affect water supplies, the factors that increase vul-
nerability or may increase resilience, and current attempts 
to measure resilience. In this final part of our review, we 
provide a brief overview of the evidence of actions taken to 
improve resilience.

There are a wide range of specific interventions that 
can be used to build resilience which may be found in 
HICs and LMICs [29, 49, 55]. These cover aspects around 
water source and resource management, actions to better 
safeguard distribution systems and water treatment plants 
and policy interventions [36, 64]. Some of the adaptation 
actions fall under the direct responsibility of service pro-
viders, whereas others, notably new reservoir construction 
or major inter-basin transfers may fall under national criti-
cal infrastructure investments. Equally important may be 
actions to reduce demand among users, particularly where 
drought is a growing risk [44].

While specific actions have been identified in individual 
water supplies, there is more limited evidence of wide-
spread integration of climate adaptation measures in water 
utility management. A study of water utilities in the US, for 
instance, demonstrated high awareness of climate change 
among utility managers but limited integration of compre-
hensive climate adaptation plans [65]. This reflects earlier 
trends for the limited uptake of weather forecasts, with 
widespread challenges in uptake of climate information 
in water management [66, 67]. In the UK, assessments in 

1 3

Page 5 of 10      5 



Current Environmental Health Reports            (2026) 13:5 

Conclusion

Drinking water supplies are already at substantial risk from 
climate change and these threats are increasing. There are 
a range of climate hazards that may affect water supplies, 
with drought and floods being the most commonly consid-
ered and studied. Water quality deterioration is also impor-
tant, if less comprehensively studied, while coastal areas 
are at additional risk from sea level rise. Measurement of 
resilience remains fragmented and there is no standard set 
of measures that is widely adopted. This makes systematic 
assessment of progress difficult. While the recognition of 
the growing threat is widespread, there is little evidence of 
sustained, sector-wide actions being taken, despite many 
interventions being well understood and offering wider ben-
efits. Adaptations will inevitably need to reflect local con-
text, but the overall picture is concerning and indicates a 
sector that is failing to take the concerted action required.
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evidence on their impact to the hydrological regime, along-
side further research into the process understanding of the 
interventions [79].

Much of the above reflects actions taken by utility sup-
plies, operated by professional skilled staff. Where supplies 
are managed by professionals, there are more opportuni-
ties to build climate resilience and alignment to national 
approaches. There is very little evidence of action to build 
resilience of non-utility supplies that are typically managed 
by communities or in some cases individual households. 
This is a particular problem in LMICs given the large num-
ber of such supplies [7, 55]. However, such supplies are also 
found in HICs and there is a similar trend of little evidence 
of action [80].

Summary of the Review Findings

Table 1 below summarizes the key findings from this review.

Table 1  Summary of the review findings
Climate threats to water supplies
  Drought, floods, increasing 
temperature, wildfire, sea-
level rise, glacier recession, 
cascading and compound risks

Increasing threats from pathogens, 
including opportunistic pathogens 
in piped systems, loss of supply and 
hygiene-related disease, exposure 
to increase chemical contamination, 
promotion of harmful algal blooms 
and associated health risks

Drivers of vulnerability
  Poorly managed catch-
ments, weak operation and 
maintenance, weak regulation, 
user behaviours, small or 
private water supplies.

Increasing threats to health from 
supply disruption and contamina-
tion of supplied drinking water. 
Community-managed supplies 
in LMICs and private supplies in 
HICs of particular concern.

Measuring resilience
  A range of metrics and 
frameworks developed, with 
greater and lesser complex-
ity; need to consider a range 
of environmental, social, and 
engineering factors; lack of 
consensus on indicators.

Substantial attention now being 
paid to assessing resilience, but 
resilience is difficult to measure, 
and robust proxies are needed. 
There is a need to develop common 
methodologies to support lesson-
learning and benchmarking. Need 
to get more attention to health 
measures within monitoring.

Climate actions
  Climate-resilient water 
safety plans; improved 
catchment management; 
redundancy (multiple water 
sources), drought resilience 
plans; regulations; nature-
based solutions.

Evidence indicates insufficient 
progress globally. Specific interven-
tions often lack robust evaluations 
and limited data and so it is hard to 
assess their impact. Cost-effective-
ness of resilience actions is often 
difficult to assess and these result 
in deferred decisions. Small/private 
water supplies have least action.
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