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Executive summary
Water insecurity has become a global challenge. The World Economic Forum has consistently ranked 
water insecurity as one of the top risks facing the planet for 9 consecutive years, including in their 2020 
report (World Economic Forum, 2020). Climate change is set to not only aggravate the situation in 
water-stressed regions, but also to bring the water crisis to water-abundant areas (UNESCO & UN-Water, 
2020). The latest Intergovernmental Panel on Climate Change (IPCC) reports show that climate impacts 
are hitting harder and sooner than climate assessments indicated a decade ago (IPCC, 2019a, 2021). 
Communities and countries in the Indo-Pacific region are among the ones hit hardest. This report reviews 
climate risks to water security in the Indo-Pacific region, assesses emerging responses and presents a 
framework for action. 

Scattered evidence of climate change impacts on water security is emerging, and actions taken to 
manage climate risks are under-reported. Most authoritative work is at a global scale and predominantly 
focuses on the developed regions of the world. Synthesis of global and regional evidence relevant to the 
Indo-Pacific region is still limited. There is also little known about how different parts of the region are 
responding to the impacts of climate change, creating a missed opportunity to learn from these real-
world experiences. 

The 2020 Asian Water Development Outlook states that more than 2 billion people in the region still 
lack adequate water supply and sanitation (ADB, 2020). This report reaffirms that the Indo-Pacific region 
already faces challenges in water security, particularly for disadvantaged communities. These challenges 
are increasing with climate change, as are vulnerabilities to hazards and disasters. The rapid rate of 
socioeconomic development in the region is adding more pressure to water security through growing 
needs for water for domestic use, manufacturing and electricity generation. 

Countries and regions experience water insecurity challenges in very different ways, and developed 
economies are not immune to disasters. Different societies and localities are exposed to different climate 
risks, and they also have varying capability to manage risks. A multitrack and anticipatory approach to risk 
management is therefore crucial to build resilience in the Indo-Pacific region. 

This report suggests that management focus should be based on socioecological zones rather than 
political boundaries, because climate risks vary according to these zones. There are many socioecological 
zones across the region. This report assesses 5 zones to capture a diverse range of climate risks and 
management responses. 

The framework for action presented in Chapter 4 is centered on a risk management approach at 
the socioecological zone level. The framework supports individuals, communities, governments and 
organisations to effectively respond to climate risks to water security by making necessary shifts in 
thinking and strategy:

• Risk management approaches need rethinking in relation to engineering, water management, 
community engagement, policy, partnership and solution design philosophy.

• For climate risk management, water should not be treated as a separate sector, but a cross-sectoral 
system underpinned by the water cycle.

• The combined impact of multiple risks must be considered during risk assessments and management 
(e.g. COVID and climate change, multiple hazards occurring at the same time caused by climate 
change).

• Climate risk management needs to be based on experience-informed principles to be effective and 
adaptable in different contexts.
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• Focus should be on context-based solutions—for example, nature-based solutions are emerging as an 
effective way to mitigate climate risks to water security. 

• Shifting the focus from political and administrative boundaries to socioecological zones where climate 
impacts are felt and where actions can be organised locally.

• Actions to combat climate risks to water security must be supported by policy to be effective—a shift 
in policy is needed to support effective change, including ensuring adequate financing and social 
inclusion for managing climate risks to water security.

• Individual project actions need to be coordinated with long-term innovations for effective change.

Why this report?

This report is a direct response to the call for effective action to tackle an emerging water crisis in the 
Indo-Pacific region. This crisis is expected to increase with the increasing risks from climate change. 
This year, the IPCC provided the most authoritative evidence ever to support that climate change is 
‘widespread, rapid, and intensifying’ and is happening faster than predicted previously (IPCC, 2021). 

This report fills a gap in understanding water security risks related to climate change, and possible 
adaptations, specific to the Indo-Pacific. To provide this foundational information, this report focuses on 
3 key objectives:

• Understand the risks—identify the key climate-related risks to water security in the Indo-Pacific 
region and their impacts across the region (Chapter 2).

• Assess current and emerging responses—assess various responses to climate change risks to water 
security across the region (at regional, national, subnational and local scales) (Chapter 3).

• Outline a way forward—develop a framework for more effective management of climate risks to 
water security (Chapter 4).

As a review, this report draws on more than 600 documents and 13 case studies from across the 
Indo-Pacific region. This evidence includes peer-reviewed articles as well as reports from national 
governments, multilateral banks, regional development agencies and relevant United Nations agencies, 
and highlights several risks relevant to the Indo-Pacific region: 

• Freshwater is increasingly vulnerable to climate risks.

• Insufficient financing is available to meet countries’ water security needs despite a 6 percent increase 
in development assistance. 

• Implementation of integrated water resources management (IWRM) is poor.

• Cooperation across boundaries is slow.

As a management assessment, this report identifies emerging responses or practices of adaptation that 
can be upscaled or used as a basis to develop new solutions. 
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Key concepts

This report takes a novel approach to analyse climate risk management at the socioecological zone scale, 
since climate risks vary based on these zones—not on political boundaries.

Socioecological zones

Socioecological zones are distinct areas within the Indo-Pacific region. These zones are defined by 
geographic, social, and economic factors that result in different climate risks to water security. For 
example, the Himalayan mountain towns of India face very different climate risks than the coastal villages 
of small Pacific islands. These differences are determined by the type of hazards each zone faces, and 
their unique exposure and socioeconomic vulnerability characteristics. 

It is at the socioecological zone level where the climate risks have the greatest impact, and where local 
vulnerabilities have a large influence on impacts. Of the many zones across the Indo-Pacific region, 5 are 
identified and assessed in this report:

• Mountain towns

• Dry zones

• Delta zones

• Coastal cities

• Pacific islands.

Although these zones are diverse, each has some common climate risks and opportunities for 
common solutions.

Risk management

The analysis is based on the philosophy of risk management, which recognises climate risk to water 
security as the combined effect of climatic hazards (such as excessive rainfall), exposure (by societies, 
individual people and ecosystems) and vulnerability (ability of the society to cope with exposure to the 
hazard). As such, this approach takes into account social, climatic, and hydrological factors together to 
establish risks to water security, as well as to understand responses. The risk management approach is 
well suited to developing and assessing management responses either in reducing hazards (e.g. reducing 
greenhouse gas emissions), reducing exposure (e.g. constructing dykes against sea level rise) or reducing 
vulnerability (e.g. increasing the capacity of communities to respond). Risks can be managed at different 
societal and geographic scales.

Water security

Understanding the concept of ‘water security’ is fundamental to this report. United Nations Water 
provides a general definition of water security as:

‘The capacity of a population to safeguard sustainable access to adequate quantities of acceptable 
quality water for sustaining livelihoods, human wellbeing, and socio-economic development, for 
ensuring protection against water-borne pollution and water-related disasters, and for preserving 
ecosystems in a climate of peace and political stability.’ 

This report defines water security as sustainable and equitable access to water for households, 
communities, economy and ecosystems, as well as socioecological resilience to water-related disasters, 
through anticipatory actions at operational, strategic and policy levels.
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To capture all aspects of water security, this report uses the 5 dimensions of water security developed by 
the Asian Development Bank (ADB) (ADB, 2020):

• household (rural)

• urban

• economic

• environmental

• disaster resilience. 

This report also considers 2 cross-cutting areas—financing and governance—as vital to achieve water 
security in these 5 dimensions.

By combining risk management with the 5 dimensions of water security, and cross-cutting areas, this 
report provides a novel approach to assessing and managing climate risks to water security across the 
5 socioecological zones.

Key climate-related risks to water security (Chapter 2)

Climate risks in the Indo-Pacific region are exceptionally high, and many extreme climate events are 
already impacting the region. With rapid economic growth, high rates of urbanisation and the world’s 
largest number of vulnerable people, the region is facing increasing levels of water insecurity. Evidence 
gathered by the IPCC, the World Bank, the ADB, and Australian agencies such as Australia’s CSIRO and the 
Bureau of Meteorology all recognise that the region’s temperatures are rising and its climate is becoming 
more variable. A growing body of academic studies is reinforcing these observations. 

Many Indo-Pacific countries have been identified as high risk in terms of the impacts that climate change 
has on their water security:

• India and Pakistan were ranked as the 13th and 14th (respectively) most water-stressed countries 
in the world according to the World Resources Institute’s global water stress ranking (Hofste et al., 
2019). 

• Myanmar, the Philippines, Bangladesh, Vietnam, Pakistan and Thailand were all listed in the world’s 
top 10 countries most affected by waterrelated disasters between 1996 and 2015 (Kreft et al., 2016). 

• Myanmar was among the 4 countries most affected by extreme weather events between 1999 and 
2018. 

• Five countries in Asia were listed in the top 10 countries most affected by climate risks in 2017 (Sri 
Lanka, Nepal, Vietnam, Bangladesh and Thailand) (Eckstein et al., 2020). 

• Pacific island countries are becoming more vulnerable to climate risks to water security due to sea 
level rise, higher-intensity cyclones and low institutional capacity (L. Kumar et al., 2020)

• The Pacific had 4 out of the 10 most disaster-prone countries in the world in 2019 according to the 
WorldRiskReport 2019 (Mucke et al., 2019). 

The 5 socioecological zones sampled in this report show alarming levels of water insecurity in relation to 
household, urban and environmental needs. Based on the characteristics of the wider Indo-Pacific region 
and the 5 socioecological zones, 7 key climate risks to water security in the region have been identified: 
changes in temperature and precipitation, sea level rise, floods, droughts, tropical cyclones, groundwater 
decline, and deterioration in water quality and sanitation.
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These risks are likely to get worse even under the most optimistic emissions scenario, and impacts are 
already being observed across the 5 socioecological zones:

• In the Himalayan region, glaciers are the major contributors to fresh water in the region, and they are 
melting at a faster rate than usual due to climate change. As a result of the climate change–induced 
variation in water flow, South Asia’s large groundwater systems connected to the Indus, Ganges and 
Brahmaputra rivers will be impacted. 

• Myanmar’s dry region is receiving highly erratic rainfall that varies across different locations 
in the region. 

• Large coastal cities such as Jakarta are facing the brunt of sea level rise, coastal flooding and land 
subsidence. Recent studies show that the mean elevation of the Mekong Delta is much lower (0.8 m) 
than earlier assumed (~2.8 m) (Minderhoud et al., 2019). Sea level rises of 33 cm in 2050 and 45 cm 
in 2070 are expected, along with a predicted increase in the frequency and intensity of typhoons. 

• Sea levels in the western tropical Pacific have risen by around 4–5 mm/yr over the past 20 years, 
which are greater than the global mean rate of 3.3mm/yr (Blaschke et al., 2017). Coastal ecosystems 
are affected by ocean warming, including intensified marine heatwaves, acidification, loss of oxygen, 
salinity intrusion and sea level rise, in combination with adverse effects from human activities in 
water and on land (IPCC, 2019a). 

• Large coastal cities such as Karachi, Chennai and Jakarta have been the hotspots of water insecurity, 
because institutions have limited capacity to manage risk in highly vulnerable contexts. Singapore has 
emerged as an exception, but climate risk consideration still needs to be expanded. 

Evidence is emerging on how climate risks are driving water insecurity, with consequent risks to food and 
energy security, and the resilience of ecosystems.

While climatic hazards are intensifying around the globe, it is still the local vulnerability conditions that 
are primary contributors of risks to water security in several situations (Ribot, 2013). For example, more 
than 35 percent of water leakage from the Karachi water supply is linked to challenges in water supply 
governance. Water scarcity in the Mekong Delta is triggered by upstream dam building obstructing the 
water flow and sediment passage in the Mekong River. Limited technical and institutional capacity in 
Pacific island countries exacerbates their vulnerability to intensifying cyclones and sea level rise. Limited 
regulatory arrangements in Myanmar’s dry zone are as an important part of water scarcity as the increase 
in climatic extremes. Chennai’s water crisis in 2019 was linked to long-term indiscriminate groundwater 
extraction and reduced recharge of water bodies, as much as erratic rainfall.

Emerging responses (Chapter 3)

This report identifies both effective and ineffective management responses from the 5 socioecological 
zones. Although there are several promising responses to managing climate risks to water security, many 
responses are far from adequate, especially considering the likely trajectories of climate change, uneven 
socioeconomic development, and the effects of COVID-19 and the disproportionate impacts it has on the 
poor and disadvantaged groups. Current and emerging risk management responses have either focused 
on specific, targeted risks (e.g. flood risk warnings) or included generic resilience-building measures (such 
as integrated water management, landscape-level management planning, and subnational or national 
climate action planning), with limited integration of specific and system-wide work. Responses tended 
to focus solely on technical solutions, ignoring the need for both social and technical resilience (and the 
coupled nature of sociotechnical resilience). 
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Currently, the increase in climate risks is not matched by the production and circulation of actionable 
and policy-relevant knowledge. This knowledge remains limited despite the recent growth in technical 
research and water management across the region. Widely accepted solutions include IWRM, 
community-based adaptation, adaptive governance and transboundary river basin governance. 
These provide a strong basis for more proactive, coordinated and inclusive responses to climate risks to 
water security across the region.

The capacity to manage climate risks varies greatly across the region, and even varies within some of the 
larger countries. Progress is slow in downscaling and integrating analysis of climate risks to water security. 
This has severely impacted support for policy responses and adaptive actions at the socioecological zone 
scale. Where smaller-scale responses have happened, they have focused on the biophysical science, and 
local and experiential knowledge are rarely included. The growing body of scientific work is informing 
policies at the national and regional level, but there is a key gap between the science and local-level 
decision making around planning and risk management.

Socioecological zones can help bridge this gap because they provide a scale between regional and local 
levels, but they are not adequately recognised in the growing water-related resilience work across the 
region. This evidence gap is hampering responses to planning and risk management decision making, 
which ultimately impacts the socioecological zones the most, because they are the areas where risks are 
felt most acutely. 

At the national level, policy responses are recognising climate risks but still have a long way to go. There 
is a lack of more pragmatic water management systems and innovative pathways that could be adapted 
and supported at different scales and contexts. To be effective, policies and programs need to consider 
new theories of change, innovation and transition. Water security is too often treated as a responsibility 
just for those actively involved in water management and services. The relationship between water, food, 
energy and health is being recognised and included in water and climate policy debates, but actions that 
consider all these factors are rare.

A framework for more effective climate risk management (Chapter 4)

Findings from the comprehensive review of literature and case studies has informed a practical 
framework for action. This framework outlines a way forward to achieve more effective management of 
climate risks to water security in the Indo-Pacific region. This framework includes principles for effective 
climate risk management, policy priorities and promising responses. 

It focuses on shifting the thinking around policy making and implementation for climate risk 
management. This includes thinking differently about water management, engineering solutions, 
community engagement, policy, partnership and solution design. Policy and higher-scale governance 
practices are also essential parts of the management framework. 

To effectively manage climate risks to water security, water management must be treated as cross-
scalar and cross-sectoral. This means that management needs to organise actions at different 
levels—from local to policy, and across related sectors such as agriculture, infrastructure and energy. 
Climate risk management must also cover water planning and infrastructure development in the short 
medium- and long term.
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Effective local level management can be achieved through a responsive approach to risk management, 
partnership development and policy solutions. However, a localised approach alone is not enough—local 
actions need to be simultaneously connected to higher-scale processes of risk management planning and 
policy at national, transboundary and regional levels. 

Management change occurs over time. Knowledge sharing, experience, adaptive planning and 
implementation are all needed to ensure water security across the Indo-Pacific region. Climate and 
water security risks cut across a range of sectors, so there is a need to integrate risk management across 
sectors. Stronger partnerships and dialogues are needed across science, practice, communities and 
networks of change agents. Connecting knowledge partnerships across different scales, from local to the 
Indo-Pacific region, is essential to effective change.

Eight principles of effective management

This report provides 8 principles and 8 policy priorities to guide the change to more effective 
climate risk management across socioecological zones, countries, wider regions and the Indo-Pacific 
region as a whole:

• Principle 1. Take an anticipatory and adaptive approach. In the context of limited knowledge about 
the future state of risk, it is important to take an anticipatory approach that helps align current 
actions to mitigate risks under known, predicted or unknown scenarios. This approach can also help 
avoid maladaptive measures or excessive investment lock-ins.

• Principle 2. Iterate and integrate risk management. Merely calculating or predicting the risk is not 
enough for assisting decision makers in adaptation planning. Too often, focus is only on assessing 
climatic hazards while exposure and vulnerability conditions are ignored. Iterative risk management 
in the climate–water interface is essential to handle large uncertainties, long timeframes and 
the potential for learning over time, and to understand the influence of both climate and other 
socioeconomic and biophysical changes.

• Principle 3. Focus on context. The Indo-Pacific region varies greatly, and no single approach to 
managing climate risks to water security works across the region. A contextual approach is needed 
to target specific risks resulting from vulnerability conditions, hazards and exposure. To support 
contextual approaches, the region can be segmented into various socioecological zones in terms of 
water security risks, social and economic factors, the underlying political economy, and the political 
opportunity for catalysing change.

• Principle 4. Integrate targeted projects with high-level planning and policy. A localised approach alone 
is not enough—local actions need to be connected to higher-scale processes of risk management 
planning and policy at national, transboundary and regional levels. Climate risk management must 
cover short-, medium- and long-term water planning and infrastructure development.

• Principle 5. Recognise and work within and across the 5 dimensions of water security. All aspects of 
water security must be considered—household (rural), urban, economic, environmental and disaster 
resilience. This includes considering the 2 cross-cutting features of governance and financing (ADB, 
2020). Actions in these dimensions will align to country-level water security risk assessments and 
reporting (ADB, 2020).

• Principle 6. Be inclusive and co-design solutions with stakeholders. Evidence suggests that much of 
the current efforts to manage climate risks are exceedingly technical, while too often ignoring the 
voices of the community and knowledge of the practitioners. Effective response requires not just one-
way translation of science into policy and decisions, but an inclusive process to ensure voices across 
gender and various forms of disadvantage. 
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• Principle 7. Share knowledge and build partnerships. Climate risks to water security cut across political 
boundaries and jurisdictions. There is a need to strengthen mechanisms for cross-border and regional 
information sharing and cooperative risk management between countries, institutions and sectors on 
water and climate risks.

• Principle 8. Link policy and actions across scales. Actors from households through communities 
to subnational and national governments all need to act in tandem to contain the risks of climate 
change. More effort is needed to connect actions across scales. 

Eight policy priorities

Considering the 8 principles above, this report identifies 8 policy priorities:

• Policy priority 1. Rethinking policy approaches. Consider policy as an adaptive and responsive process.

• Policy priority 2. Knowledge partnership for policy. Support knowledge partnerships across all divides 
to facilitate robust solutions.

• Policy priority 3. Policy across the water cycle. Coordinate policy across the entire water cycle. 

• Policy priority 4. Policy in the transboundary space. Craft policies across transboundary waters. 

• Policy priority 5. Effective implementation. Include measures for effective implementation of policy 
arrangements.

• Policy priority 6. Effective resourcing. Ensure effective resourcing for policy implementation and 
capacity building. 

• Policy priority 7. Filling the regulatory gap. Ensure policy exists for all aspects of water security (across 
sectors and levels).

• Policy priority 8. Clear authority and accountability. Clarify authority and accountability to respond to 
risks. 

These principles and policy priorities are combined with examples of promising management responses 
to form the framework in Chapter 4.

Moving forward: putting change into action

Drawing on the framework for action in Chapter 4, this report suggests priority actions and pathways to 
accelerate actions. These are referred to as action tracks:

Action track 1. Mitigating climate risks specific to socioecological zones 

Since different parts of the Indo-Pacific region experience climate risks in different ways, climate risk 
management action needs to be based on socioecological contexts. This report identifies 5 priority 
socioecological zones where targeted and programmatic support is needed to protect water security 
from increasing climate risks:

• Mountain towns (e.g. in Himalayan South Asia)

• Coastal cities

• Dry zones (e.g. Myanmar, western India)

• Delta zones (e.g. Mekong)

• Pacific islands.
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These socioecological zones are high-impact areas for international investments, which can help lift many 
highly vulnerable communities out of water insecurity resulting from changing climate.

Action track 2. Mitigating climate risks by water security dimensions 

This report uses ADB’s 5-dimensional framework of water security (ADB, 2020)—household (rural), 
urban, economic, environmental and risk resilience. These provide a useful approach to mitigating 
climate risks to water security across different sectors. Although these dimensions are interconnected, 
it is still useful to view them as individual areas for climate risk management at national and subnational 
levels. These 5 dimensions are influenced by the 2 cross-cutting areas of governance and financing, so it 
is essential to also address these in the management approach. A dimension approach still needs to be 
connected to initiatives at the socioecological zone scale to effectively manage climate risks. 

Action track 3. Innovating sociotechnical solutions and enabling policy 

Many of the sociotechnical solutions need to be upgraded to mitigate climate risks. They need to be 
refined continuously through review, redesign, testing and revising. Programs supporting technical 
solutions often fail, and some are even recommending processes to learn from failures rather than 
continue with the business-as-usual approach. More effort is needed to reinforce and stimulate action 
learning, emphasise co-design of solutions with affected communities and incorporate all forms of 
available knowledge. This focus on learning from failures and incorporating diverse views will result in 
more effective sociotechnical innovations to protect water security.

Enabling action track. Knowledge integration and partnership for change

Tackling climate risks to water security requires multiple sources of knowledge—without the support 
of an integrated knowledge system, climate risks are rarely mitigated. Existing knowledge sharing and 
partnership arrangements are not adequate to manage climate risks to water security. Connecting 
knowledge partnerships across all scales, from local to the whole Indo-Pacific region, is essential to drive 
change. Partnerships must grow and change to enable policy and actions for cross-sectoral initiatives, 
continuous innovation of solutions, and risk management at the socioecological zone scale. Gender 
equality, disability and social inclusion must be increased for inclusive change.
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1 Introduction
Globally, more than 2 billion people live in countries experiencing high water stress (WWAP & UN-Water, 
2019) and about 4 billion people experience severe water scarcity during at least 1 month of the year 
(Mekonnen & Hoekstra, 2016). Our planet has enough freshwater resources to support our communities 
and environment, but the distribution management of water means that not everyone can access it 
(Gleick & Cohen, 2009). Global distribution of fresh water is so variable that most regions, countries and 
provinces within countries face water scarcity at some time during the year, and in some cases for longer 
periods over multiple years (Mekonnen & Hoekstra, 2016). 

Water security is further impacted by climate change, as highlighted by recent climate change and water-
related disasters making global headlines:

• a Day Zero announcement and declaration of a water crisis in the Indian city of Chennai (June 2019)

• 1,200 people killed and hundreds of thousands displaced due to floods in Nepal, India and 
Bangladesh (July 2020)

• massive drinking water crisis in Pakistan’s Karachi region (October 2019)

• Australia’s worst-ever drought in parts of its eastern region, with many rural towns running out of 
drinking water (2019–2020)

• one of the world’s largest bushfires burned through 18 million hectares of land in eastern Australia, 
destroying 5,900 buildings, killing at least 34 people directly (and potentially hundreds more from 
widescale air pollution caused by smoke), and killing or injuring an estimated 3 billion animals (July 
2019 – February 2020)

• 66 people dead from floods in the Indonesian capital of Jakarta (January 2020)

• a category 5 cyclone hitting the Pacific island states of Solomon Islands, Vanuatu, Fiji and Tonga; 
tropical cyclone Yasa was one of the worst cyclones to hit the Southern Hemisphere, inflicting an 
economic loss of hundreds of millions of dollars to Fiji alone.

The 2019–2022 period also saw many new reports highlighting the risks of climate change to water 
security. In India, the National Institution for Transforming India, a government think tank, issued a 
warning that 21 big cities will soon run out of water (NITI Aayog, 2019). In Australia, concerns were raised 
about the risks to water quality as heavy rains followed the catastrophic bushfires of 2019–2020. 

Demand for water is set to rise under the combined effects of growing populations, rising incomes 
and expanding cities (World Bank, 2016a). At the same time, climate change is making water supplies 
uncertain (key waterrelated impacts as identified by various IPCC reports are presented in section 1.2 
below). In the years to come, water-dependent sectors will face increasing levels of stress from climate 
change and the rising competition for water between more water-demanding economies and water-
stressed environments (World Bank, 2016a). Climate change will worsen the situation in water-stressed 
regions, and also bring water crises to water-abundant areas (UNESCO & UN-Water, 2020).

Falling supply and growing demands means that equitable access is becoming even more difficult 
(Slaymaker & Bain, 2017). If the world continues without major changes in the ways water is used, a 
shortfall of 40 percent in water availability is projected to occur by 2030 (UNEP, 2016). A recent report 
from the Asian Development Bank (ADB, 2016) shows that 1.7 billion people in Asia lack access to 
basic sanitation, with a possibility that up to 3.4 billion of the region’s predicted 5.2 billion population 
could be living in water-stressed areas by 2050. In some parts of the world, water scarcity induced 
by climate change, if unmanaged, could lead to a 6–14 percent decline in economic growth rates 
(World Bank, 2016a).
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This report supports actions to tackle climate change risks to water security in the Indo-Pacific region and 
beyond. It presents a framework for action to effectively manage climate risks to water security. This is 
based on a comprehensive review of existing evidence of climate change risks to water security, and 
emerging management responses to this risk in the Indo-Pacific region. This information is synthesised 
as 11 case studies from 5 socioecological zones (distinct landscape types). Case studies of Australian 
experience are included to provide different climate risk solutions, particularly from the lens of managing 
water scarcity and drought. 

Promising management responses have also been identified from a review of literature, and the various 
strategies and solutions used across the region. 

1.1 Water security

Many parts of the world have become water insecure because of population growth, increased demand 
and changing climates. Water security is also affected by governance, infrastructure and technologies, 
with less developed nations and communities being the most disadvantaged. This is a particular issue in 
the Indo-Pacific region, which is home to the largest number of poor and disadvantaged people on the 
planet (ADB, 2017).

Water security is central to achieving United Nations Sustainable Development Goal (SDG) 6 to ensure 
availability and sustainable management of water and sanitation for all by 2030. Given the central role of 
water to human survival, the successful achievement of nearly all SDGs will depend on water (Vörösmarty 
et al., 2018). Concerns about not meeting SDG Goal 6 are being raised widely, including in a United 
Nations meeting hosted in July 2020 to review progress (UNESCO & UN-Water, 2020). 

Water security is linked to overall human security through its effect on energy, food, environmental 
quality, conflict and migration. It is a requirement for effective poverty reduction strategies, 
environmental management, safe sanitation and wastewater management, and flood control (GWP, 
2015). Water management and climate change adaptation efforts are also connected to development, 
poverty eradication and sustainability (UNESCO & UN-Water, 2020, p. 44). 

Definitions of water security have widened from an initial focus on physical quantity of water 
to more interdisciplinary and dynamic socionatural aspects (Lautze & Manthrithilake, 2012; 
Srinivasan et al., 2017).

Water-related challenges caused by climate change may have spillover effects on the stability of social 
and political systems (Smith et al., 2019). 

Many examples of how climate and water risks are linked to social problems are found in the 
Indo-Pacific region:

• In Gujarat, India, a survey showed that the school drop-out rate is high in water-stressed 
communities. In the communities studied, approximately 20–30 percent of students missed 4 days 
or more of schooling per month; 77 percent of female students who missed school identified 
water scarcity (including drinking water) as the primary factor influencing school attendance 
(Kookana et al., 2016). 

• In Papua New Guinea (PNG), many schools have either closed completely or drastically reduced their 
hours due to water shortages (Save the Children Fund, 2016). Children are therefore forced to travel 
further to reach schools in neighbouring villages, or are engaged in food and water collection for 
their household. 

• In Pakistan, studies suggest disastrous water-related climate change impacts on agriculture, food 
security and health (Ahmed et al., 2016). 
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• In Jakarta, excessive digging of wells to extract groundwater has led to the city sinking at a faster rate 
(Erkens et al., 2015).

Where vulnerability is high, and the government’s role is weak, such situations could become worse 
(Sadoff et al., 2017). In 2017, water-related climate disasters cost the global economy $320 billion (World 
Bank, 2019a) and put further pressure on the developing Indo-Pacific. 

Climate risks to water security can lead to social conflict, state fragility and reduced economic 
development. It can affect complex socioecological systems and potentially destabilise societies 
(Scheffran et al., 2012). Evidence shows that water scarcity is linked to conflict and war (Almer et al., 
2017), and this link will become stronger under changing climate. Migration and violence can increase 
when economic development is constrained by water security:

• 18.8 million new internal displacements associated with disasters were recorded in 135 countries and 
territories in 2017 (UNESCO & UN-Water, 2020).

• In Karachi, an activist raising the issue of water inequity was murdered in 2013 (Young et al., 
2019, p. 21). 

• In Pakistan, the Taliban have threatened to contaminate water sources and reservoirs (Young et al., 
2019, p. 21).

Increasing water insecurity can also increase the fragility of a country—fragility is correlated with access 
to sanitation and drinking water services (Sadoff et al., 2017). The COVID-19 pandemic has exposed 
new gaps in water governance and climate risk management. Media reports have highlighted struggles 
of the urban poor, including people not having access to the water needed to meet the World Health 
Organization’s (WHO’s) advice on washing hands and ensuring hygiene and safe sanitation (WHO, 2020).

This report considers these various social and political factors to define water security as the sustainable 
and equitable access to water for communities, economy and ecosystems, as well as being able to 
minimise the risk of water-related disasters. As water security encompasses multiple sectors and different 
socioecological zone scales, this report considers water security in terms of 5 dimensions (ADB, 2020):

• household (rural) water security—rural household water and sanitation needs in all communities

• urban water security—urban household, town and city water and sanitation needs, drainage and 
urban ecosystem services

• economic water security—water needs of productive economies in agriculture, industry and energy

• environmental water security—water needs of healthy rivers and aquatic ecosystems

• disaster resilience water security—build resilient communities that can cope with water-related 
extreme events.

To effectively manage climate risks to water security, it is important to recognise these 5 dimensions of 
water security as both independent and interlinked. This approach provides useful pathways to manage 
water security and build climate resilience at a national level, and can help forge international and 
interagency partnerships.

1.2 Climate change risks to water security

Climate change directly reduces water availability through increased evaporation (IPCC, 2018), and is 
likely to reduce water quality (Michalak, 2016) directly and indirectly. Climate change also increases the 
risks of water-related disasters such as floods and cyclones. These disasters are not only damaging to 
communities, they also impact water security through damaging water supplies and infrastructure and 
affecting water quality. Mitigating such risks is crucial to keep communities and ecosystems safe from the 
disastrous effects of excessive or inadequate water. 
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Climate risks to water security are already high and are likely to increase in a future of high greenhouse 
gas (GHG) emissions and severe climate change. Even if GHG emissions are reduced, some level of 
climate change is locked in. In this context, several global assessments have put many countries in the 
Indo-Pacific region in high-risk categories in terms of water security. These risks are highly variable across 
socioecological zones and will change periodically based on El Niño and La Niña cycles, especially around 
the Pacific. 

Several scientific organisations with global climate monitoring capability report on global temperatures 
and other climate parameters. These datasets reveal key climate change trends, such as increasing land 
and ocean temperatures, melting glaciers and ice caps, and sea level rise. The evidence for global and 
regional (specifically Asia and the Pacific) climate change and its general impacts on and via water are 
summarised in Appendix A.

The Intergovernmental Panel on Climate Change (IPCC) Working Group I report, Climate change 2021: 
the physical science basis (IPCC, 2021), released on 9 August 2021, shows that changes in Earth’s climate 
are occurring in every region of the planet and across the whole climate system. Some of the key findings 
(extracted, quoted and paraphrased from IPCC 2021) are as follows:

• Emissions of GHGs from human activities are responsible for approximately 1.1 °C of warming since 
1850–1900, and, averaged over the next 20 years, global temperature is expected to reach or exceed 
1.5 °C of warming. Global surface temperature has increased faster since 1970 than in any other 50-
year period over a least the last 2,000 years.

• Climate change is intensifying the water cycle. This brings more intense rainfall and associated 
flooding, as well as more intense drought in many regions.

• Climate change is affecting rainfall patterns. In high latitudes, precipitation is likely to increase, while 
it is projected to decrease over large parts of the subtropics. Changes to monsoon precipitation are 
expected, which will vary by region.

• Coastal areas will see continued sea level rise throughout the 21st century, contributing to more 
frequent and severe coastal flooding in low-lying areas and coastal erosion. Extreme sea level events 
that previously occurred once in 100 years could happen every year by the end of this century. 
Continued sea level rise is irreversible over hundreds to thousands of years.

Climate change is projected to reduce renewable surface water and groundwater resources in most arid 
and subtropical regions of the world. This will drive competition for water across all sectors, including 
agriculture, ecosystems, settlements, industries and energy production. This will have flow-on effects 
to regional water supplies, energy production and food security (IPCC, 2014, p. 232). The 2022 IPCC 
Working Group Report II claims that water-related risks are projected to increase with every increment in 
warming level, and the projected changes in water cycle, water quality, cryosphere changes, drought and 
flood will negatively impact natural and human systems (IPCC, 2022). This report follows the definition of 
climate risks in IPCC’s fifth assessment report as the combined effect of hazard (such as excessive rainfall), 
exposure (such as impact on people and ecosystems) and vulnerability (the ability of society to cope with 
the hazard) (IPCC, 2014). See Appendix B.

This definition of climate risk is combined with the 5 dimensions of water security. This approach 
captures social, political and environmental factors that influence climate risks. For example, climate risks 
may be enhanced in a low socioeconomic area because of a lack of infrastructure, policies and education 
on risk management. This creates a feedback cycle where climate risks create more social and economic 
disadvantage, making the community more vulnerable to future climate risks (P. Kumar, 2015). 

The impacts of climate change on water security have flow-on effects to food and energy security, and 
the resilience of ecosystems across river basins (Rasul & Sharma, 2016). The multiplier effect of climate 
change is likely to be more severe in areas that are politically fragile, water insecure and have low 
capacity for response and resilience (Sadoff et al., 2017).
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International development agencies have supported assessments of climate risks to water security 
and offered useful strategies for more effective management; however, putting these into action is 
challenging in complex real-world situations. There needs to be more attention on finding ways to 
catalyse change across sectors and the whole water system. 

Across the Indo-Pacific region, climate change is increasing the frequency and intensity of climate-related 
disasters such as heatwaves, storms, floods and landslides. These events make societies increasingly 
vulnerable to water-related disasters (UNESCO & UN-Water, 2020, p. 59). Globally, the proportion of 
people exposed to flood risk is expected to increase with climate change (Arnell & Gosling, 2016). 
These disasters not only threaten human life, but affect the quality and availability of water supplies. 

1.3 The Indo-Pacific region

Climate change and water security must be addressed for the United Nations 2030 Agenda to meet its 
goals and targets in the Indo-Pacific region.

The region faces greater climate change risks to water security than many other parts of the world. The 
region’s risk is increased by its rapid economic growth, high rates of urbanisation and large number of 
vulnerable people (the largest in the world). However, the level of awareness and concern about these 
risks varies greatly across the region. Public concern about climate change is lower in Asia than in most 
other regions, and water security is often treated as the responsibility of those actively involved in water 
management and delivering water services.

The Indo-Pacific region’s current risk management focus is at national and regional scales, but there is 
a need to consider smaller socioecological zones and the unique climate risks they face. Water security 
needs to be treated across the 5 dimensions of water security to acknowledge that it is impacted by both 
climate change and socioeconomic development. 

Current approaches for managing water security focus on physical infrastructure and top-down 
approaches. However, effective solutions require more analysis, planning, operating, ongoing 
maintenance and capacity building of local actors. There is a need to shift to a genuinely interactive 
approach to co-produce solutions by experts, governments, communities, affected groups and 
social entrepreneurs. 

This report considers social and economic factors in its assessment of climate risks and responses across 
the region. This approach collates evidence from 5 socioecological zones:

• Mountain towns. This zone includes the mountainous belt across the Himalayas. Case studies 
from 2 specific locations are covered in this report: the town of Mussoorie in the Indian state of 
Uttarakhand in the western Himalayas, and the town of Dharan at the foot of the eastern Nepal 
Himalayas.

• Dry zones. This zone includes dry regions of India and Myanmar. Case studies from 2 locations are 
included in this report: the western state of Gujarat in India and the dry zones of central Myanmar. 

• Coastal cities. This zone includes large port cities (Asia contains 40 percent of the largest port cities in 
the world). Case studies from 4 locations are included: Karachi in Pakistan, Chennai in India, Jakarta in 
Indonesia, and Singapore. 

• Delta zones. This zone includes the economically important delta zones in Asia, which include large 
cities like Ho Chi Minh in the Mekong Delta of Vietnam, and rural and peri-urban areas in the Ganges 
Delta in Bangladesh, and the Ayeyarwady Delta of Myanmar. A case study of the Mekong Delta is 
included in this report. 
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• Pacific Islands. This zone includes islands in the Pacific Ocean. Case studies from 2 locations are 
included: the East Sepik province of PNG and the smaller island state of Vanuatu. 

Along with these 11 case studies, 2 locations in Australia are also reviewed in this report to provide 
additional insights into risks and responses (Figure 1-1). Although there are more socioecological zones 
across the region, these 5 cover a diverse range of climate risks, vulnerability and adaptive capacity. 
They have different socioeconomic situations, which brings different challenges to managing water 
security, regardless of climate risks. These zones are used for illustrative purposes rather than to provide 
a comprehensive analysis. Using this socioecological zone approach helps to downscale the analysis to 
specific areas with relatively distinct social and ecological conditions.

Figure 1-1. Geographical locations of case-based evidence review (source: authors)

1.4 Aims and methods of this report

This report takes a solution-oriented approach to identify risks and assess emerging responses that can 
inform more effective management actions across different scales of planning and decision making. 
The goal of the report is to help regional and national agencies to accelerate actions to tackle climate 
change risks to water security in the Indo-Pacific region. 

As climate change risks and responses occur across many scales, this report covers international, 
national and subnational levels, such as provincial, city and community levels. The socioecological zone 
approach pulls these findings into a practical context to support a shift in climate risk management across 
the region. 
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This report focuses on socioecological zones for risk analysis, with regional-scale analysis of climate 
change and national-scale analysis of policy responses. This approach recognises that while 
socioecological zones are vital for effective management, higher-scale processes of knowledge, policy and 
partnership risk management also need to be considered. 

This report presents the findings of a desk study that was done for 3 reasons:

• Understand the risks. Chapter 2 covers the top 7 climate change risks to water security in the 
region. It also includes an overview of the key impacts from these risks in each socioecological zone. 
This report does not aim to present a comprehensive analysis of climate change impacts on water in 
the region.

• Assess current and emerging responses. Chapter 3 provides an empirical assessment of current and 
emerging management responses. This information is provided as 11 case studies from specifically 
selected locations across the 5 zones and 2 case studies from Australia to offer extra insights into 
management options. This assessment also includes an outline of promising responses from across 
the region, and how they could be applied more broadly and effectively.

• Outline a framework for effective management. Chapter 4 offers a framework for more effectively 
managing climate risks to improve water security in the region. The framework is based on the 
7 key climate risks covered in Chapter 2 and the assessment of responses covered in Chapter 3, and 
is linked to a wider review of literature. This combined approach identifies key principles to guide 
effective policy, policy priorities, effective responses and actionable ideas to move forward (referred 
to as action tracks—see Chapter 5).

This information forms the foundation of a practical framework to support more effective management 
of climate risks to water security in the Indo-Pacific (Figure 1-2).
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Figure 1-2. Structure of this report as a practical resource for more effective management of climate 
risks to water security in the Indo-Pacific region
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2 Climate change risks to water security in the 
Indo-Pacific

Key points

• Research from multiple sources shows that climate change is already affecting water security in the 
Indo-Pacific region, particularly through more variable and extreme climate events.

• Climate projections show that climate risks to water security will increase into the future.

• An increasing body of evidence suggests that climate change is exacerbating water insecurity in the 
Indo-Pacific region.

• This report identifies 7 key climate risks to water security across the region.

• Different socioecological zones of the Indo-Pacific region experience the impact of climate change on 
water differently.

This chapter reviews the evidence and projections of climate change impacts on water security in the 
Indo-Pacific region. It highlights 7 key impacts across the 5 selected socioecological zones. This approach 
shifts the focus down from regional and national scales (covered in Appendix A) to smaller scales that are 
needed for more effective management. Understanding how the climate is changing, and the unique risks 
facing different zones of the region, is the first step to developing effective management solutions.

2.1 Key impacts of climate change on water security in the Indo-Pacific region

The Asian Development Bank’s (ADB’s) collaborative report with the Potsdam Institute for Climate Impact 
Research (PIK) offers regional-scale projections of climate change for the Indo-Pacific region (ADB, 2017). 
The report states that:

• under a business-as-usual scenario, the mean summer temperature will increase by more than 6 °C 
above the pre-industrial level by the end of the 21st century in some parts of Asia

• current temperature extremes will become the new normal from 2070 onwards, with some areas, 
particularly Southeast Asia, plunging into a new climate regime with unprecedented heat extremes

• there will be a pronounced increase in the frequency and intensity of heavy rainfall events, 
particularly in Southeast Asia. The report also features a study that shows that 19 of the 25 cities 
most exposed to a 1 m sea level rise are in the Asia–Pacific region.

Globally, water-related hazards account for around 90 percent of all natural hazards, with floods and 
droughts the 2 most destructive natural threats to human societies (Makarigakis & JimenezCisneros, 
2019). In 2017, natural disasters—most of them weather related—affected almost 100 million people 
and cost an estimated $335 billion dollars (Centre for Research on the Epidemiology of Disasters, 
2017). Nearly 40 percent of all the disasters triggered by natural hazards in the world occur in 
Asia, and 88 percent of the people affected reside in this region (Prizzia & Levy, 2018). Two of the 
3 countries having the highest disaster risk worldwide are in the Indo-Pacific region: the Pacific 
island states of Vanuatu and Tonga (Mucke et al., 2019). In general, South Asia is a hotspot of water-
related risks, accounting for some 40 percent of water-induced natural disasters recorded globally 
(Lacombe et al., 2019).
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Across the Indo-Pacific region, climate events are becoming more variable and extreme. For example:

• the Himalayan region is experiencing increases in temperature 2 to 3 times higher than the global 
average

• Karachi experienced extreme rainfall events in 2009 and extreme heatwaves in 2015

• Chennai is facing a clear decline in winter rainfall

• Jakarta is facing unprecedented sea level rise

• Singapore is experiencing more variability in rainfall and drought

• Myanmar’s dry zones are experiencing a 0.35 °C increase in average daily temperature per decade

• the Mekong Delta experienced its worst drought of the century in 2015–2016, resulting in saline 
water intrusion 80 km inland

• countries in the Pacific islands region are experiencing a 10–20 percent increase in the frequency of 
intense cyclones.

This report identifies 7 key climate risks to water security in the Indo-Pacific region, along with the 
socioecological zones that are most affected by the risk, and the impact the risks have on water 
security (Table 2-1).

Table 2-1. Seven key climate risks to water security in the Indo-Pacific region, and examples of impact

Climate risk Examples of affected 
socioecological zones 

Examples of impacts on water 
security

Changes in precipitation and 
temperature affecting surface 
and stream water flow 

Mountain towns Decline in water availability for 
domestic and urban purposes and 
increased burden to women in Indian 
Himalayan region (Pandey, 2018) 

More frequent and higher-
intensity droughts

Coastal cities Domestic and urban water crisis under 
limited risk assessment in Chennai, 
India, June 2019

More frequent and higher-
intensity floods 

Coastal cities Flood risks exacerbated by sea level 
rise and city subsidence in Jakarta, 
Indonesia, January 2020

Declining groundwater reserves 
under reduced recharge 

Dry zones Stress on domestic and agricultural 
water under poorly regulated 
groundwater in Myanmar dry zones

Saltwater intrusion from sea level 
rise

Coastal cities

Delta zones

Pacific islands

Reduced supply and access to fresh 
water and impacts on agricultural 
production in the Mekong Delta 

More unpredictable tropical 
cyclones with limited capacity to 
manage impacts

Pacific islands Disruption of water supply systems and 
inundation in Vanuatu during cyclone 
Harold in 2020

Reduced water quality and 
sanitation

Coastal cities Flood dispersion of wastewater from 
above-ground channels in nonsewered 
cities, such as Jakarta, due to flooding
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2.1.1 Changes in precipitation and temperate

An analysis of data from 1958 to 2012 in Asia shows the rising trend in temperatures (Dong et al., 2018). 
Rising temperatures lead to higher evaporation rates. The water-holding capacity of the atmosphere 
increases by around 7 percent per degree of warming—this larger volume of water in the atmosphere 
increases the intensity of heavy daily rainfall events (ADB, 2017, p. 25). Increased evaporation also 
results in more surface drying, particularly when rainfall is concentrated in fewer, more intense events. 
Projected rainfall changes have been broadly generalised as ‘the wet areas get wetter and the dry areas 
gets drier’ (ADB, 2017, p. 25). More warming will result in more changes—the consequences of a 2 °C 
warmer world will be far greater than that of a 1.5 °C warmer world (IPCC, 2018). 

The monsoon cycle in Asia, which brings rains in 2 seasons (winter and summer), is likely being altered by 
climate change (Loo et al., 2015), with future predictions showing more variable monsoon precipitation 
in the region (Huo & Peltier, 2020; Wang et al., 2021). A downscaled model-based prediction shows that 
the Indo-Pacific region will experience increased precipitation levels, with more concentrated rainfall 
(extreme rainfall) during the shorter wet (monsoon) season.

2.1.2 Drought

Adequate soil moisture is essential for plant growth, both in natural ecosystems and agricultural 
landscapes. Increasing temperatures caused by climate change increase evapotranspiration in plants, 
which depletes soil moisture. Climate change also directly disrupts the water cycle through all its phases, 
including soil moisture, as reflected in reports of soil moisture drought in northeast Asia (Zohaib et al., 
2017). Soil moisture has decreased globally since the 1970s based on calculations of the Palmer drought 
severity index, affecting water and food security and ecosystem health. This decrease corresponds with 
an increase in climate change and warming temperatures (Dai et al., 2004). As the climate continues 
to warm, changes in soil moisture are projected to increase (IPCC, 2021). There is an increasing 
pattern of regions in Southeast Asia and eastern Australia (from 1950 to 2010) drying out (Dai, 2013). 
A model-based study showed Asian monsoon regions (south Asia and east Asia) and west Asia are likely 
to experience a slight increase in drought (both frequency and intensity) in the future due to decreased 
mean precipitation (Kim & Byun, 2009). 

Drought has become more severe and frequent over the Indian subcontinent during the second half of 
the 20th century (Fadnavis et al., 2019; Krishnan et al., 2016). Data since 1960 show a declining trend in 
monsoon rainfall and more frequent and intense droughts, along with an increase in the percentage of 
areas under moderate and severe drought conditions (Preethi et al., 2019). 

Drought stress during dry summers is somewhat reduced by glacial ice melt, which dominates water 
inputs to the Himalayan rivers such as the Indus (Pritchard, 2019). However, this meltwater can only be 
of some help because glacial deposits may cross the tipping point under high-emission scenarios—we 
do not know how the rapid loss of the Arctic ice will provide feedback to the Himalayan ice melt (see 
Appendix A for information on feedback and tipping points). Glacial deposits are melting at an increasing 
rate, with a study showing that average ice loss from 650 of the largest glaciers across a 2,000 km 
transect in the Himalayas from 2000 to 2016 was double that from 1975 to 2000 (Maurer et al., 2019). 
Under a changing climate in the long term, these glaciers may no longer be a reliable source of water.

Within the next 30–90 years, widespread drought is likely over many land areas in Southeast Asia, as a 
result of decreased precipitation or increased evaporation, or both (Dai, 2013). An analysis of data from 
15 global climate models shows that drought is also likely to increase in spatial extent, duration, and 
occurrences of ‘exceptional’ drought in the tropical and subtropical regions (Touma et al., 2015). 
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2.1.3 Floods

More extreme climate events will increase flood frequency and severity in the future (Visser et al., 2014). 
Global studies show that global flood damage will be 20 times more than it is now by the end of the 21st 
century if no action is taken to mitigate the impacts of climate change (Hirabayashi et al., 2013). 

Floods are among the major climate-induced risks associated with water (Hirabayashi et al., 2013). 
The Intergovernmental Panel on Climate Change (IPCC) showed that flood risk will increase as 
temperatures rise due to climate change (IPCC, 2021). In countries that represent more than 70 percent 
of the global population and global gross domestic product (GDP), a 4 °C increase in global temperatures 
will increase flood risk by more than 500 percent (Alfieri et al., 2018). Monsoon precipitation under both 
low- and high-emissions scenarios is predicted to increase in South Asia, causing increased flooding (ADB, 
2017). 

A model-based study shows that with temperature increases of 1.5 °C, human casualties from flooding 
could rise by 70–83 percent and direct flood damage could increase by 160–240 percent, depending on 
socioeconomic factors (Dottori et al., 2018). A temperature rise of 2 °C could increase the death toll by 
50 percent, while direct economic damage could increase by 100 percent (Dottori et al., 2018). 

Countries in South Asia could face a severe increase in flood risk, with many towns in southern and 
southeastern Asia already within the high-frequency flood zones (Güneralp et al., 2015; Winsemius et al., 
2016). The flood risk is much larger in the growing river basin economies of South and Southeast Asia 
such as in the Indus, Yangtze and Mekong river basins (Winsemius et al., 2016). The coastal region of 
Asia, particularly the low-elevation coastal zone in southeastern Asia, has large areas exposed to flooding 
risk (Güneralp et al., 2015). This risk is based on climate models projecting an increase in precipitation-
generated flooding (Kundzewicz et al., 2014). 

2.1.4 Groundwater decline

Eight out of 10 countries with the largest groundwater extraction in the world are in Asia. India, China, 
Nepal, Bangladesh and Pakistan alone account for nearly half of the world’s total groundwater use (Lee 
et al., 2018). The major portion of groundwater in many large aquifers that are critical to agriculture in 
Asia, especially India and Pakistan, are overexploited and heavily depleted (Gleeson et al., 2012; Taylor 
et al., 2013). Climate change will lead to significant changes in groundwater recharge, and the stock of 
renewable groundwater resources in those regions (Döll, 2009). 

Climate change also has indirect effects, such as through changes in groundwater use from increasing 
irrigation demand (Taylor et al., 2013). For example, during the multiyear millennium drought in Australia, 
groundwater storage in the Murray–Darling Basin declined significantly, and continuously from 2000 
to 2007, in response to a sharp reduction in recharge (Leblanc et al., 2009). Although global mean 
precipitation is set to increase under climate change by 1.5–2 percent per 1 oC of surface warming 
(Salzmann, 2016), the actual impact on water availability in specific localities is highly variable. There is 
a consensus among models that future changes in precipitation and temperature extremes will drive 
irrigation water demand as well as impact recharge and discharge of groundwater (Taylor et al., 2013). 

2.1.5 Sea level rise

Sea level rise will have greater impacts across the Indo-Pacific region than in many other parts 
of the world. Global mean sea level is rising and accelerating, with the mean annual rate (mm/
yr) of rise increasing from 1.4 mm/yr over the period 1901–1990 to 2.1 mm/yr over the period 
1970–2015 to 3.2 mm/yr over the period 1993–2015 to 3.6 mm/yr over the period 2006–2015 
(Oppenheimer et al., 2019).
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Sea levels in the western tropical Pacific have risen at around 4–5 mm/yr over the past 20 years. 
These sea level rises are greater than the global mean rate of 3.3 mm/yr (Blaschke et al., 2017). Sea level 
rises of 33 cm in 2050 and 45 cm in 2070 are expected, along with a predicted increase in the frequency 
and intensity of typhoons. Higher sea level rise due to complex and uncertain climate impacts on ice 
sheets is also possible (IPCC, 2021).

2.1.6 Cyclones

Countries in the Pacific island region are among the worst affected by tropical cyclones because cyclones 
occur frequently in the area (high exposure) but countries have weak adaptive capacity to manage them 
(Chand et al., 2020). 

In 2020, the Pacific islands region was hit by 2 cyclones. Cyclone Harold hit the Solomon Islands 
(category 1), Vanuatu (category 5), Fiji (category 4),and Tonga (category 5) in April. Tropical cyclone Yasa, 
which struck the South Pacific in December 2020, was the strongest tropical cyclone to hit the area since 
tropical cyclone Winston in 2016. East Asia is also one of the regions with a high concentration of tropical 
cyclone damage worsened by climate change (Mendelsohn et al., 2012). 

Climate models show that global warming will increase the average intensity of tropical cyclones, but 
decrease the frequency (Chand et al., 2017). By 2100, intensity is projected to increase by 2–11 percent, 
and frequency is expected to decrease by 6–34 percent (Knutson et al., 2010). In east Asia, the damage 
incurred by cyclones is likely to increase by 50 percent by 2070 (Gettelman et al., 2018). 

2.1.7 Water quality and sanitation

The impacts of climate change not only affect the availability of water, they also affect the quality of 
water. For example, floods wash sediments and agricultural pollutants into waterways, and sea level rise 
pushes salt water upstream and inland to contaminate fresh water. 

Water-dependent ecosystems have been diminished by water diversions for agriculture, energy, 
mining, manufacturing and urban centres. These ecosystems play important roles in maintaining water 
quality; however, as climate change increases the demand for water, these ecosystems will be under 
further pressure.

Water contamination and pollution are key risks to water security. Climate change increases the risk of 
contamination of water supplies by dispersing human and industrial wastes into communities through 
flooding and inundation. According to the World Health Organization, 3.4 million people, mostly children, 
die every year due to water-related diseases (WHO, 2009), and at least 2 billion people use a drinking 
water source contaminated with faeces (WHO, 2019). 

A study cited by Daud et al. (2017) showed that about 67–93 percent of samples collected from 
3 main cities in Pakistan, including Karachi, showed that water is largely unsafe for drinking 
purposes due to microbial and chemical contamination. In 2019, the Economist Intelligence 
Unit’s safe city index report ranked Karachi 59th out of 60 major cities on the health security 
index (The Economist Intelligence Unit, 2019). 

A 2020 report from the ADB shows that good water management was a major factor in Asia increasing 
its economic and social welfare during recent decades. Despite such achievements in Asia and the 
Pacific, the Asian water development outlook (ADB, 2020) found high levels of water insecurity, with 
1.5 billion people living in rural areas and 0.6 billion in urban areas still lacking adequate water supply and 
sanitation. Of the 49 ADB member countries from Asia and the Pacific, 27 face serious water constraints 
on economic development, and 18 are yet to sufficiently protect their population against water-related 
disasters. Progress to improve water quality and sanitation from 2016 to 2020 was generally found to be 
slower than from 2013 to 2016.
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East Asia showed strong improvements in water security during 2013–2020 (ADB, 2020). Taipei, China, 
has the highest water security in east Asia, but the growth is strongest in the People’s Republic of China. 
Mongolia has also made significant progress. Southeast Asia showed promising steady progress in water 
security during 2013–2020, with Malaysia making the most rapid improvement in 2020 compared 
with 2013.

South Asia’s water security is strongly influenced by relatively low levels of rural household water security 
and urban water security. Progress in these dimensions was made during 2013–2020 but not enough to 
bring this region to the same level as east Asia and Southeast Asia. South Asia also performs weakly on 
environmental water security.

In the Pacific region, water security differs by country (ADB, 2020). Some countries perform well (e.g.  
Palau, Cook Islands), but other countries score rather low. Overall, water security in the Pacific is not as 
high as other regions in Asia, mainly because of geographic challenges (e.g. small remote islands) and 
limited financial means. Low water security in Papua New Guinea (PNG) and the Federated States of 
Micronesia are a particular concern (ADB, 2020).

2.2 Climate change impacts on water security across socioecological zones

The Indo-Pacific region varies greatly in terms of climate risks to water security because the type, 
intensity and frequency of climate risks varies across locations. For example, in Pacific island countries, 
key risks include sea level rise and reduced access to fresh water. In the mountain towns of the 
Himalayas, key risks include drying out of springs and landslides impacting water sources and supply 
systems. In both situations, vulnerability is high due to poor socioeconomic conditions.

Different parts of the region vary in their level of vulnerability and institutional capability to manage 
climate risks—similar types of hazards and levels of exposure can cause different risk profiles 
depending on the location. This means that climate risks vary according to both political and geographic 
boundaries—emphasising the need to assess and manage climate risks at the socioecological zone scale. 

There are a few significant common trends across the region, such as increasing climate extremes 
and climate variability. In particular, water-related disasters such as floods, cyclones and droughts are 
increasing. There are also low levels of household, urban and environmental water security across the 
5 socioecological zones sampled in this report.

Following is a summary of evidence and a brief assessment of the key climate risks to water security 
across the 5 socioecological zones.

2.2.1 Mountain towns

The Mountain towns socioecological zone includes urbanising towns in Himalayan mountainous regions, 
such as the towns of Dharan in Nepal and Mussoorie in India (the 2 management case study locations 
selected from this socioecological zone). Some mountain zones are experiencing high rates of population 
growth and urbanisation, which is affecting water security. For example, the Himalayan region has 
the world’s fastest growing regional economy, the largest concentration of people living in poverty, an 
unplanned but rapid urbanisation and a high population density. 

The Himalayan region is home to 23.7 percent of the global population but only contains 4.6 percent of 
the world’s freshwater resources. The Himalayan mountains are experiencing climate change–induced 
risks to water security in urbanising regions and agricultural areas (Bajracharya et al., 2019; Nepal, 2016; 
Wijngaard et al., 2018).

23Climate Change and Water Security



Mountain town zones contain important sources of fresh water for downstream areas—nearly 1.9 billion 
people live in the 10 river basins that are head-watered in the Himalayas. More than 3 billion people 
also rely on the food produced in these river basins (Sharma et al., 2019). These high water demands 
increase the risks to water security under a changing climate (Hirji et al., 2017). Because of these strong 
downstream connections, this report also explores the key climate risks to downstream river basins in 
wider South Asia, including India, Nepal and Pakistan.

Many of the mountain towns in the Himalayas make up ‘the water tower of Asia’ (Immerzeel et al., 2010). 
Rivers originating from these zones contribute to the groundwater systems of China, India, Bangladesh 
and Pakistan, which together constitute 50 percent of the world’s groundwater withdrawals for irrigation, 
and domestic and industrial use (Scott et al., 2019). But although these countries sit below the ‘water 
tower’ and have high monsoon rainfall, geographic, social and institutional factors make it challenging to 
ensure access to fresh water (Shah & Badiger, 2020). 

Numerous small towns in the mountains are being recognised as hotspots of water insecurity (Kovács 
et al. 2019). Mountain towns and settlements rely heavily on spring water sources for domestic use, 
irrigation and industrial purposes (Chinnasamy & Prathapar, 2016). However, recharge areas of springs 
are not well protected in the Himalayan region, with spring sheds being threatened by changing 
land use, ecological degradation, exploitation and climate change (Singh & Pandey, 2019). A study 
from Nepal’s mountains shows that the volume of spring water discharge has reduced by about 
30 percent over the past decade (Chapagain et al., 2019). This increases risks to water security in 
downstream areas, especially in areas with weak institutional capacity (Kovács et al., 2019; Ojha et al., 
2020; Scott et al., 2019). 

Key climate change risks to water security in mountain town zones include rising temperatures, more 
variable (and sometimes more intense) monsoons (largely uncertain but most likely), glacial melt and 
glacial lake outburst risks, floods and droughts in the downstream region, decreasing dry season flow, and 
increasing climatic extremes (Krishnan et al., 2019; Scott et al., 2019) . 

Over the past 5–6 decades, mountain towns (and broader downstream areas) in the Himalayas have 
experienced a rising trend of extreme warm events, a falling trend of extreme cold events, and a rising 
trend in extreme values and frequencies of minimum and maximum temperatures (Krishnan et al., 
2019). The number of cold nights reduced by 1 night per decade and the number of cold days reduced 
by 0.5 days per decade, while the number of warm nights increased by 1.7 nights per decade and the 
number of warm days increased by 1.2 days per decade (Krishnan et al., 2019). Mean temperature has 
increased by 0.104 °C per decade, mean maximum temperature has increased by 0.077 °C per decade 
and mean minimum temperature has increased by 0.176 °C per decade (Ren et al., 2017). Overall 
temperature rise in the broader Himalayan region is 2–3 times higher than the global average (Krishnan 
et al., 2019). Ice loss has been consistent along the entire 2,000 km transect of the Himalayan range 
for both 1975–2000 and 2000–2016 (which is equivalent to a water depth of 0.43 m per year, with a 
variation of plus or minus 0.14 m) (Maurer et al., 2019). 

Glaciers are the major contributors to fresh water in mountain town zones, and climate change is causing 
them to melt at a faster rate than usual. Climate change also impacts the monsoon system, which is 
critical for the supply of water over large parts of Asia. Nearly 80 percent of total annual rainfall in India 
and Nepal occurs during the summer monsoon season (Pokharel & Hallett, 2015). This combination 
of variable rainfall, glacial retreat and higher rates of snowmelt impact the water cycle and supply in 
mountain towns and the downstream areas they support. 
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2.2.2 Coastal cities

Key climate change risks to water security in large coastal cities include reduced urban water supply 
security, more frequent floods and damage to water infrastructure, increased sea level inundation, 
and reduced water quality. These risks are likely to get worse even under the low greenhouse 
gas–emissions scenario. 

Large coastal cities such as Chennai, Jakarta and Karachi are hotspots for water insecurity because 
institutions have limited capacity to manage risk in highly vulnerable contexts. Singapore has emerged as 
an exception in taking a system-wide approach to enhance resilience to climate risks.  

Evidence is emerging on how climate-induced water risks are increasing the risks to food and energy 
security, and the resilience of ecosystems. The Indo-Pacific region is the most urbanised in the world; 
it was the first region to have most of its population living in urban areas, in 2019, with more than 
2.3 billion people in the region living in cities (UN-HABITAT & UN-ESCAP 2019). The region’s cities vary 
in terms of climate impact, exposure and vulnerability, but the general trend is that they are facing 
increasing risks to water security, with the disadvantaged groups hit the hardest. According to the ADB, 
‘Bangkok, Dhaka, Guangzhou, Ho Chi Minh City, Kolkata, Manila, Mumbai, Shanghai, and Yangon have 
one thing in common. These low-lying or coastal cities are all highly vulnerable to rising sea levels, floods, 
cyclones, and other impacts of climate change’ (ADB, 2015). 

This review focused on climate risks to water security in 4 coastal cities: Karachi, Chennai, Jakarta and 
Singapore (Table 2-2).

Table 2-2. Comparative overview of Karachi, Chennai, Jakarta and Singapore

Measure Karachi Chennai Jakarta Singapore 

Population* (million) 15.4 10.4 10.5 5.7

Mean annual rainfall (mm) 194 1400 1855 2340

Elevation from mean the sea (m) 8 6 8 2

Main water supply sources Surface water Surface 
water and 
groundwater 

Groundwater 
and surface 
water 

Imported, 
recycled, 
desalinised, 
surface 

(source: compiled by authors)
* UN DESA, Population Division (2018) 

Karachi, Pakistan

With more than 15 million residents, Karachi is the industrial and financial hub of Pakistan, and is ranked 
among the worst cities in the world in terms of sustainability (Khan et al., 2018). The city is Pakistan’s 
main seaport and contributes nearly 40 percent of the country’s GDP. As a result, it has a high demand 
for water to cater for its domestic, urban and economic needs. Karachi’s groundwater and surface water 
depend on the Indus River system, which originates outside Pakistan. The main water source of the Indus 
River is in Tibet, and 3 of its tributaries pass through India and Afghanistan, so that by the time the river 
reaches Karachi, it has already been altered through extraction or pollutants. Seawater intrusion has 
already affected groundwater quality, which means the city’s water supply is even more dependent on 
surface water from the Indus River. 

With 135 km of coastline, the city is susceptible to the impacts of sea level rise and storm surges, while 
a large proportion of slums and informal settlements in the city are under constant threat from fluvial 
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stormwater flooding and torrents (Khan et al., 2018). 

Data recorded over 110 years (1901–2010) show that Pakistan has increasing trends of temperature and 
precipitation. From 1961 to 2010, temperature has increased by about 0.66 °C and precipitation has 
increased by about 106 mm (Gadiwala & Burke, 2019). This trend is further highlighted by 3 events: 

• On 1 July 2005, a 155 mm heavy downpour occurred in Karachi in 2–3 hours (Gadiwala & Burke, 
2019)

• On 18 and 19 July 2009, Karachi received 205 mm of rain, compared with the normal July rainfall of 
85.5 mm for 1961–1990 and 66.2 mm for 1971–2000 (Khan et al., 2016)

• In 2015, a severe heatwave struck southern Pakistan, with temperatures reaching 49 °C; the 
heatwave claimed the lives of almost 1,200 people in Karachi alone, and was the first heatwave 
catastrophe in the country’s recent history (Jaffery, 2018). 

Chennai, India

In Chennai, rainfall data from 1901 to 2015 show a significant decreasing trend in winter rainfall 
(Rangarajan et al., 2018). This trend is linked to reduced availability of fresh water. There is also larger 
rainfall variability throughout the year, as shown by the 2015 flood and 2019 drought.

Climate risks in Chennai have been increased through local social vulnerability conditions. As Rajagopalan 
(2016) states, ‘While many have attributed the unusually heavy rainfall that hit Tamil Nadu in November 
and December 2015 to the El Niño weather system, the devastating flood—which killed at least 
500 people, displaced 1.8 million, and caused an estimated $2 billion in damage…’. Rajagopalan argues 
that this devastation should be attributed as much to institutional failures within the society itself as to 
climate change.’. 

This view has been expressed by others, who see the flood damage primarily as a result of 
mismanagement of the city (Bremner, 2019). This highlights the need to include social approaches to 
managing climate risks.

Jakarta, Indonesia

In east Asia, Jakarta is facing increased impacts of sea level rise under climate change. It is sinking faster 
than any other city on the planet, with 40 percent of the city already lying below sea level (Kimmelman 
& Hanner, 2017). It suffers from many water-related issues, including chronic flooding every year and 
extreme floods every few years (World Bank, 2016a). Jakarta’s floods include pluvial (river based), fluvial 
(rain based) and tidal. Although the flooding problem has existed for a long time, it has worsened in 
the last decade due to population growth, industrial expansion, urban sprawl, land subsidence, clogged 
drainage channels, sea level rise, and increased intensity and frequency of rainfall (Garschagen et al., 
2018). From 1974 to 2010, subsidence has caused land to sink 3–4.1 m, especially in the Jakarta coastal 
area (Rahman et al., 2018). Northern parts of Jakarta are predicted to be 4–5 m below sea level within 
20 years due do land subsidence and sea level rise, and floods are predicted to affect up to 5 million 
people. The combination of exposure to climate hazards and vulnerability characteristics puts this area at 
a higher risk than other areas. 

Indonesia’s Meteorology, Climatology and Geophysics Agency confirmed that climate change was a 
key factor behind repeated flooding across greater Jakarta in early 2020 (Cahya, 2020). The 2007 flood, 
which affected 25 percent of the city, caused financial losses of $900 million. Jakarta is not alone in 
this and—this situation is common, with Bangkok and many other coastal cities experiencing flooding 
(World Bank, 2016a). 

Climate change is also likely to impact water quality in Jakarta (P. Kumar et al., 2017). Water quality is a 
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particularly challenging issue for Jakarta because it has many open sewer channels that pollute the water 
when flooded, exposing the population to many diseases (Luo et al., 2019).

Singapore

Singapore has a higher adaptive capacity to cope with climatic risks and vulnerability than Karachi, 
Chennai and Jakarta. Singapore is an island state hosting a global hub of commerce and business in a 
coastal region at elevations of less than 2 m above sea level. 

Despite being in the tropics with high rainfall, Singapore is classified as a water-scarce country because 
there is no natural surface water source (Hsien et al., 2019). Increased variability and intensity of climate 
events such as drought and intense rainfall could present significant challenges to the management of 
the city’s water resources (National Climate Change Secretariat, 2021). The city is highly exposed to the 
risks of climate change because of its low elevation (Whitington, 2016).

Sea level around Singapore has been rising at an average rate of 1.9–4.5 mm/yr from 1996 to 2009 
(Cannaby et al., 2016). By 2100, estimates of long-term mean sea level rise in Singapore are projected to 
be 0.74 m under the very high emissions scenario (Cannaby et al., 2016). 

Singapore has made long-term investments in water infrastructure to protect its water security. Its 
proactive approach to diversify water supply, including potable use of recycled water, has helped to 
overcome several of the risks associated with climate change and socioeconomic development. 

2.2.3 Dry zones

Declining groundwater is a key climate change risk to water security in dry zones of western India and 
Myanmar. Changing rainfall patterns reduces the rate of aquifer recharge, and increases withdrawal due 
to the reduced availability of surface water. This risk is likely to get worse even under the most optimistic 
but less likely emission scenario (scenario RCP2.6).

Dry zones already experience high levels of water stress due to low levels of precipitation. Dry zones 
across the Indo-Pacific include the dry western plateau and western dry mountains of Pakistan, arid and 
semi-arid regions in Gujarat, Myanmar’s dry zones, and Rajasthan and other states in India.  
Parts of central and western Australia have the same characteristics of these dry zones.

Two examples, Myanmar’s central dry zone and Gujarat in western India, are highlighted in this report. 
These 2 dry zones face similar climate patterns: variable rainfall and rising temperatures.  
However, the 2 areas have different local conditions of vulnerability.

Gujarat, India

The Indian state of Gujarat is one of the most water-stressed areas in South Asia, with two-thirds of the 
state prone to drought and water scarcity. This is worsening under increasing demand for household and 
industrial water needs, and erratic rainfall patterns. 

North Gujarat has an arid climate, while South Gujarat experiences subhumid conditions. The rest of the 
state has a semi-arid climate with annual rainfall of 250–1,500 mm (Government of Gujarat, 2014). 

From 1969 to 2005, the average maximum and minimum temperatures increased by 0.107 °C, although 
changes vary across locations within the region (Government of Gujarat, 2014). A considerable decrease 
in ‘cold days’ and an increase in night temperatures have also been recorded (Ray et al., 2009). Future 
projections show that summer maximum temperature and winter minimum temperature are likely to rise 
(Sarkar & Chicholikar, 2017). 
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Gujarat has more than 1,600 km of coastline and settlements, both urban and rural, which could be 
impacted by sea level rise. Rising sea levels will damage ecologically fragile and important mangroves and 
wetlands, and contaminate coastal groundwater aquifers (Government of Gujarat, 2014). 

Myanmar

Myanmar’s dry zone receives highly erratic rainfall, which varies across different locations. 
With temperatures commonly reaching 40 °C in the dry season, this region is the semi-arid area of 
Southeast Asia (Johnston et al., 2015). The central dry zone of Myanmar occupies two-thirds of the 
agricultural land in Myanmar. The zone is a major part of the country’s agriculture sector, contributing to 
40 percent of the GDP of the country (Tun Oo et al., 2020). 

Myanmar’s dry zone has abundant surface water from the Ayeyarwady River and its major tributaries; 
however, these are not evenly distributed (Drury, 2017). Areas away from the Ayeyarwady River and its 
tributaries face extreme water shortages, especially during the latter part of the dry season. Residents 
of Myanmar’s dry zone live primarily on subsistence farming and use traditional technology such as 
tube wells to extract groundwater (Figure 2-1). Villagers without tube wells in their village travel great 
distances to collect small quantities of water from shallow-dug wells and polluted earth ponds; the poor 
quality of water causes people to suffer from waterborne and related diseases (Drury, 2017). 

7     Hydrogeology of the Dry Zone — Central Myanmar

Figure 3   IWUMD Digitised Tubewells in Dry Zone

IWUMD=Irrigation and Water Utilisation Management Department

Figure 2-1. Location of tube wells in Myanmar’s dry zone (source: Drury, 2017)
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Myanmar’s dry zone receives mean annual rainfall of 500–1,000 mm, while the rest of the country 
receives around 2,000–5,000 mm. From 1966 to 2002, the average rainfall for June declined by 15 mm 
(Johnston et al., 2015). Between 1981 and 2010, temperatures increased by 0.35 °C per decade (Horton 
et al., 2017). The country is projected to have a warmer climate in the future, with a longer summer 
season and heavier rainfall in some areas (Johnston et al., 2015). 

Myanmar’s economy is the hardest hit by climate change in Southeast Asia, particularly with increasing 
droughts and rising temperatures (Tun Oo et al., 2020). From 1999 to 2018, Myanmar was among the 
3 countries in the world most affected by extreme weather events (Eckstein et al., 2020).

2.2.4 Delta zones

Key climate change risks to water security in delta zones include saltwater intrusion and flooding. 
These risks are likely to get worse even under the most optimistic emissions scenario.

Deltas across Asia are home to more than 400 million people. In Vietnam, more than 50 percent of the 
country’s population live in approximately 20 percent of the low-elevation coastal region. The deltas 
alone support 22 percent of Vietnam’s population (18.6 million people). Vietnam’s low-lying coastal 
region (including the Mekong Delta) covers 3.9 million hectares and has an average elevation of 1 m 
above the mean sea level (ADB, 2017).

Mekong Delta

The Mekong Delta is one of the world’s 5 most vulnerable deltas. The delta is especially vulnerable 
because much of the land surface is below the mean sea level and there is no coastal barrier protection 
(Doyle et al., 2010). Recent studies show that the mean elevation of the Mekong Delta is much lower 
(0.8 m) than was assumed (~2.8 m) (Minderhoud et al., 2019). 

Sea level rise around the Mekong Delta has already increased by 12 cm since pre-industrial levels, and 
model-based predictions for the delta suggest an increase of up to 40 cm by 2050 (Smajgl, 2018) and 
60–78 cm by 2100 (Vu et al., 2018). A study shows that 12 million people are at direct risk of sea level rise 
and being required to retreat (Schmidt, 2019). 

Deltas are made of soft river sediments deposited over thousands of years and can easily compact and 
subside (Schmidt, 2019). This is particularly severe in the Mekong Delta, with more than 120 dams being 
constructed along the river and its tributaries. As a result, the land surface is subsiding in some areas 
at nearly 5 cm per year, making the Mekong Delta the world’s fastest subsiding delta (Schmidt, 2019). 
Sediment retention in upstream dams is also contributing to the decreasing size of the delta. Recent 
studies show that construction of dams across the Mekong River may have contributed more to the 
decline of sediment and dry season water flow than the impact of climate change (Bussi et al., 2021). This 
highlights the need for new approaches to climate risk management to consider multiple risks, including 
social, economic and infrastructure factors.

Communities are severely impacted by declining availability of fresh water, increasing salt water, 
contamination of drinking water, and effects on agriculture and livestock. Agriculture is the largest 
industry in Vietnam’s deltas. These areas produce more than 40 percent of the country’s total agricultural 
production and make up 50 percent of national agricultural export. The Mekong Delta is one of the most 
productive agricultural regions in the world, producing rice, shrimp and fruit. Agricultural intensification 
has increased the pressure on water resources (Lee et al., 2018), and the delta is facing an enormous 
challenge to maintain water supply for agriculture, aquaculture and livelihoods. News of farmers 
losing crops due to saltwater intrusion has become common in recent years, resulting in people and 
communities moving out of the region (Chapman & Tri, 2018). 
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Saline water from the ocean has already reached up to 15 km inland, with smaller canals being affected 
more than larger streams. In 2015–2016, the Mekong Delta’s worst drought in a century caused salt 
water to intrude over 80 km inland and destroy at least 160,000 ha of crops (Chapman & Tri, 2018). 
Drought conditions are likely to worsen, with annual precipitation likely to decrease by 10–20 percent in 
the future throughout the Mekong Delta area (Tuan & Chinvanno, 2011). Climate change is likely to make 
drought and saltwater intrusion worse in the future, which will have consequences for community health 
(Hoque et al., 2016).

2.2.5 Pacific islands

Key climate change risks to water security in Pacific islands include sea level rise and increasing intensity 
of cyclone winds and rainfall. These risks are likely to get worse even under the most optimistic but less 
likely emissions scenario (scenario RCP2.6). Examples from 2 island countries—Vanuatu and PNG—are 
included in this report to offer insights into local dynamics of climate risks.

Islands are prone to many climate-related hazards, based on their location and low elevation. The IPCC 
warns that if the world follows the high-emissions scenario, most of the world’s low-lying regions may 
exceed the ability to adapt to change beyond 2100 (IPCC, 2019a). 

Climate hazards are widely recognised as a critical threat in the Pacific and often increase the impacts 
of the existing challenges facing the water sector (Holding & Allen, 2016; Oppenheimer et al., 2019). 
Pacific islands have uniquely fragile water resources due to their small size, lack of natural storage and 
vulnerability to hazards.

Key vulnerability characteristics of Pacific island countries include (Dahan, 2018):

• small size of countries, islands and territories 

• lack of natural storage of water

• increasing levels of urban pollution 

• highly diverse sociocultural environments (PNG, the Solomon Islands and Vanuatu are among the 
world’s top 3 countries in terms of linguistic diversity)

• widely dispersed, rurally dominated populations 

• capital cities with significant informal settlement populations, subject to rapid urbanisation 

• water service providers with financial resource constraints

• limited economic opportunities, with few export sectors and large formal unemployment 

• high youth unemployment, estimated at 23 percent in the Pacific islands region (62 percent in the 
Marshall Islands), compared with the global average of 12.6 percent 

• highly complex water governance, due to structures relating to traditional community, tribal and 
inter-island practices, rights and interests.

The vulnerability of the region is highlighted through the loss of GDP resulting from disasters—an 
estimated 0.5–6.6 percent of GDP per year (Dahan, 2018). There is also growing evidence of direct 
climate impacts on water across the area. Water security challenges in many Pacific islands are largely 
based on climate impacts to the quality of water.

Increased variability of rainfall patterns and more intense droughts significantly increase the vulnerability 
of Pacific islands. For example, the droughts of 1997–1998 and 2015–2016 affected more than 1 million 
people in rural parts of PNG, with severe impacts on water, food, agriculture, education, health and the 
economy (Papua New Guinea National Disaster Centre, 2016). Agriculture in Pacific island countries is 
almost totally dependent upon rainfall, making economies and livelihoods particularly vulnerable to 
drought and rainfall variability. 
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The Pacific Climate Change Science Programme anticipates that the Pacific islands region will experience 
an increase in average temperature, extremely hot days, extreme rainfall events, ocean acidification and 
sea level rise. These changes directly impact water security, with increased risks of intense cyclones, 
drought, flooding and saltwater intrusion all being major risks to freshwater sources. 

Sea levels are rising at a higher rate than the global average (Blaschke et al., 2017) and future rises are 
expected. Climate predictions show increases in extreme waves and sea level rise, which will increase the 
impacts of extreme sea level events and coastal hazards (high confidence) (IPCC, 2019a).

More frequent and intense cyclones are also predicted. One study concluded that the frequency of 
tropical cyclones is likely to increase by 20–40 percent by 2070–2100 (Mackey et al., 2017). Across 
a group of small Pacific island nations (including Fiji, Vanuatu, Marshall Islands and Hawaii) tropical 
cyclones in future climates are likely to become more frequent during El Niño events and less frequent 
during La Niña events (compared with present climate events) (Chand et al., 2017). In the southwest 
Pacific islands, simulations of climate change effects on cyclones showed that the number of cyclones 
would be reduced by 10–20 percent, while intense cyclones (categories 4 and 5) increased in intensity by 
10–20 percent (Stephens & Ramsay, 2014). 

Projections of climate impacts differ between and within the island countries (Table 2-3) but increasing 
water security risks are common in all assessments. In particular, the combined impacts of more 
intense cyclones and sea level rise will bring more disruptions to water supply systems and increase the 
salinisation of scarce groundwater resources.

Table 2-3 Summary of climate change projections for the Pacific

Country Mean rainfall Drought frequency 
and duration

Extreme rainfall 
frequency and 
intensity

Tropical cyclone 
frequency

Cook Islands Similar Similar Increase Decrease

FSM Increase Decrease Increase Decrease

Fiji Little change Slight decrease Increase Decrease

Kiribati Increase Decrease Increase No projections

Marshall Islands Increase Decrease Increase Decrease

Nauru Increase Decrease Increase No projections

Niue Slight increase Slight increase Increase Decrease

Palau Increase Decrease Increase Decrease

PNG Increase Decrease Increase Decrease

Samoa Little change Similar Increase Decrease

Solomon Islands Slight increase Slight decrease Increase Decrease

Tonga Little change Slight decrease Increase Decrease

Tuvalu Little change Slight decrease Increase Decrease 

Vanuatu Little change Similar or slight 
decrease

Increase Decrease 

(source: Falkland & White, 2020)
FSM = Federated States of Micronesia; PNG = Papua New Guinea
The colours in the table indicate the confidence rating for each projection: blue = high; yellow = medium; pink = low.
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A recent World Bank report has highlighted that the water sector Institutional capacity of Pacific island 
countries is inadequate to cope with risks and challenges they are facing (Dahan, 2018). This means a 
single big cyclone or tsunami can pose huge losses and damage to the economy, housing, infrastructure 
and agricultural crops, as well as high injury and loss of life (Barnett & Waters, 2016).

Vanuatu

Vanuatu consists of 80 islands spread across 1,300 km of the Pacific Ocean. Tropical cyclones, volcanoes 
and earthquakes occur frequently, making it highly vulnerable to impacts. The WorldRiskReport 2019 
identifies Vanuatu as one of the top three countries most affected by disasters (Mucke et al., 2019). 

Tropical cyclones impact water supply systems by causing direct damage to power supplies. In 2015, 
cyclone Pam damaged and contaminated Vanuatu’s water supplies, leaving nearly half of the population 
(110,000) without drinking water (Handmer & Iveson, 2017). 

The higher rate of rising sea levels in the Pacific will impact many parts of the country because the more-
accessible land for habitation and food production is low lying and subject to inundation and saltwater 
intrusion. Figure 2-2 shows the tide gauge record of relative sea level at Port Vila. The dashed lines are 
an estimate of interannual variability in sea level (5–95 percent uncertainty range) and indicate that 
individual monthly averages of sea level can be above or below longer-term averages. 

Figure 2-2. Sea level rise projections for Vanuatu (source: CSIRO & SPREP, 2021)

Like many Pacific islands, Vanuatu does not have natural lakes or artificial reservoirs that can be used for 
freshwater supplies. The limited supply of permanent fresh water and its distribution varies greatly with 
the topography of the island. Available fresh water is mainly found in rivers and streams on high raised 
volcanic islands, while the low-lying coral islands rely on groundwater, rainwater collection, or from a 
layer of fresh groundwater floating under salt water (FAO, 2016). Its facilities for the treatment of sewage 
and wastewater are severely limited. 

Precipitation is high, but in the dry season the usually perennial streams dry up (FAO, 2016). Precipitation 
is also highly variable throughout the year because Vanuatu’s rainfall is influenced by El Niño–Southern 
Oscillation activity. Data from the country’s capital, Port Vila, shows that the city experienced an increase 
in maximum and minimum air temperatures from 1948 to 2011, which is consistent with global warming 
assessments (BoM & CSIRO, 2014, p. 320).
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Papua New Guinea

The biggest Pacific island country—PNG—is affected by different climate risks. In the country’s Second 
National Communication Report to the United Nations Framework Convention on Climate Change, several 
climate change risks were identified(Ministry of Environment, Conservation & Climate Change, 2014):

• increased coastal flooding, mainly on the north shore

• increased inland flooding in valleys and wetlands

• erratic precipitation with increased risks of landslides

• increased sea surface temperature, which is damaging the coral reef.

Climate change could lead to a loss of 15.2 percent of PNG’s GDP under the business-as-usual scenario. 
According to the World Bank (2011), some 4,500 km of the 17,100 km of PNG’s total shoreline is 
expected to be inundated, directly affecting 30 percent of the population of the country. Most of PNG 
experiences flooding during the monsoon, with average rainfall reaching up to 10,000 mm/yr. Several 
areas within the country also experience drought and water stress. Landslides are also common in the 
highlands. These hazards directly impact the country’s freshwater sources.

PNG has reported climate impacts on water quality more than any other country. A study of drinking 
water quality in schools showed that Escherichia coli bacteria was present in 52 out of 64 schools, 
meaning that only 12 schools had water safe for consumption (Wewak District Development Authority, 
2020). This demonstrates the prevalence of water quality challenges in the country and the need to 
consider multiple risks and social factors to effectively manage climate impacts to water security.
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3 Management responses across the region

Key points

• Context-specific understanding of climate change risks to water security at subregional, 
subnational and local levels is not readily available. Downscaled data on water and climate is 
insufficient across the region. Technical or prescriptive knowledge is often limited—integrated 
and action-oriented knowledge is needed.

• Local vulnerability conditions are primary contributors of climate risks to water security in 
several situations.

• Responses have been made by the community, local governments, national governments, 
regional agencies and development partners. These responses have emerged either to tackle 
some identified or anticipated form of risk (targeted response) or enhance resilience of the 
water systems in a general way (system-wide response).

• National policy responses are recognising climate risks but have a long way to go to enable 
effective response. 

• Responses to water security risks are emerging but are often fragmented, lack system-wide 
integration in most situations, and are unable to tackle the extent and magnitude of current and 
likely risks.

• While technology and physical infrastructure have become integral components of the 
sociotechnical solution, there can sometimes be a continuing problem of technical dominance at 
the expense of community participation or without consideration of social resilience. There are 
also situations where even the most basic physical infrastructure is lacking.

• Risks and risk management capacity vary across different countries, socioecological zones, and 
communities. The level of public concern about climate change is lower in Asia than in most 
other regions. Environmental water flow is the least recognised dimension of water security in 
the region.

• Water security is too often treated as a responsibility just for those actively involved in water 
management and the delivery of water services. The interactive nexus between water, food, 
energy and health is being recognised and included in water and climate policy debates, yet 
integrative actions are rare. 

• Existing water sector institutions across the region were not designed to tackle climate risks. A 
critical challenge is how science–policy dialogues engage state and nonstate actors from local to 
regional scales to support institutional restructuring.

• There is increased policy integration of integrated water resources management but 
implementation remains a challenge, and limited alignment with management of climate risks.

• Community-based initiatives are not adequately supported by policy and higher-level 
institutions.

This chapter addresses the question that emerges from the previous chapter: how are the key climate 
risks being addressed? Current and emerging responses to climate risks to water security are assessed to 
distil key lessons for improvement.
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Across the region there is a wide variety of responses to manage climate risks to water security. 
These responses include operational, strategic management, and policy efforts made by the community, 
local governments, national governments, and regional agencies or development partners (see the 
analytical framework in Appendix B).

Most responses are aimed at increasing the general resilience of water systems by tackling a range of risk 
situations based on:

• different scales—both large and small areas

• varying intensities of hazards

• different conditions of exposures

• diverse institutional capacities to respond. 

A variety of targeted sociotechnical solutions or system-oriented responses have been found across the 
region, including:

• integrated water supply management systems (e.g. in Singapore)

• strengthened community-based adaptation (CBA)

• water-sensitive city planning (e.g. Australia)

• cross-sectoral coordination (e.g. Vanuatu and Myanmar)

• cross-border risk information sharing (e.g. Nepal–India bordering communities)

• water pricing (e.g. Singapore)

• institutional restructuring

• new and updated water and climate policies (e.g. Pakistan)

• catchment management and water sources conservation (e.g. management of small drinking water 
source catchments in the western Indian Himalayas)

• local-level knowledge partnership (e.g. between research groups and municipal governments in 
Nepal and the Uttarakhand state of India)

• subnational/district-level planning (e.g. water and sanitation planning in Papua New Guinea [PNG])

• improved planning after major shocks

• IWRM at basin level

• infrastructure-based solutions (e.g. seawall in Jakarta)

• landscape-level planning (e.g. Mekong Delta Plan). 

• nationally based monitoring and warning systems (e.g. the recent work of the National Institution for 
Transforming India in India).

Risks and responses vary across socioecological zones and countries. At the regionsl level, the most 
common climate risks addressed by these responses are drought, floods, saltwater intrusion, tropical 
cyclones, water quality and sanitation, and reduced availability of surface and groundwater due to 
increasing demand, supply disruption and storage reduction.

These risks are also addressed with more targeted responses to directly tackle the specific form of risk, 
whether it has already been identified or is anticipated (Table 3-1).
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Table 3-1. Summary of targeted responses by risk types

Risk Examples of responses 

Drought (more 
frequent and intense)

Creating and increasing water storage capacity such as through reservoirs 
(e.g. Chennai in India) 

Rainwater harvesting (e.g. Mussoorie and Gujarat in India) 

Implementing groundwater recharge mechanisms (e.g. Dharan in Nepal, 
Himalayan South Asia).

Community-based natural resource management, collective action and 
resource pooling (e.g. across Himalayan South Asia)

Flood (more frequent 
and intense) 

Early warning systems, urban stormwater management, urban green space 
management (e.g. Nepal and India)

Physical infrastructure—Garuda Plan in Jakarta

Catchment works to delay flood peaks (e.g. Nadi in Fiji)

Saltwater intrusion and 
salinity 

Construction of wall (Jakarta in Indonesia)

Increasing salt-tolerant aquaculture (Mekong Delta in Vietnam)

Tropical cyclones (more 
severe and limited 
capacity to predict and 
manage)

Strengthening community-based adaptation (e.g. Vanuatu), creation of 
resilient infrastructure, restoration of water systems

Institutional coordination via national disaster agency (Vanuatu)

Coastline reinforcements for cyclone storm surges (Cook Islands)

Water pollution and 
sanitation 

Awareness campaigns at the community level 

National-level sanitation policy (e.g. PNG)

Formulation of local-level WASH strategy (e.g. PNG)

Technological solution such as water treatment and recycling (Singapore, 
Chennai in India)

Groundwater (declining 
reserves under reduced 
recharge and strict 
regulation)

Analysis of groundwater status undertaken with support from various 
international agencies including the Australian Water Partnership (e.g. dry 
zone of Myanmar) 

Monitoring and quantification of groundwater extraction, suggesting 
measures for recharge (e.g. Gujarat in India)

Surface water and 
streamflow (more 
variable) 

Springshed management, aquifer mapping (e.g. Himalayan area of India and 
Nepal)

Fish biodiversity and productivity assessments below hydropower dams and 
in response to climate change–induced streamflow changes in the Mekong 
River (Mekong River Commission)

Demand escalation and 
supply disruption 

Extreme heat leads to increased water demand (Chennai in India)

Cyclones and floods disrupt water supply systems (e.g. Vanuatu)

Storage reduction Catchment mismanagement leading to lower surface water supply (Dharan)

(source: authors)
PNG=Papua New Guinea; WASH=water, sanitation and hygiene
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The outcomes of both system-wide and targeted responses vary greatly.  Some responses directly 
reduced vulnerability to climate hazards, while others helped limit exposure to climate hazards and 
helped build the overall resilience of the socioecological zones and their water systems.

Most of the identified responses focus on prescriptive or technological solutions, which do not address 
the need for both social and technical resilience (and the coupled nature of sociotechnical resilience). 
These responses, while diverse, are insufficient in view of the likely trajectories and impacts of climate 
change and expected socioeconomic development. There is also a lack of cross-sectoral integration at 
national and subnational levels across the region, which will likely worsen the risks to water security.

Understanding of climate risks to water security is often limited at the level of socioecological zones 
where risks to water security are felt most by both communities and ecosystems. The growing body 
of scientific work is not necessarily informing policies at the national and regional level, and efforts to 
downscale science to support local-level planning are still limited. 

There seems to be a bias towards climate impact and water security assessments from international 
points of view, rather than from the views of local, subnational and national decision makers. This 
is shown through the limited attention to locally led, integrated and cross-sectoral approaches to 
tackling climate risks to water security. There is great potential to develop more effective responses 
based on existing local knowledge and experience, but this approach is not getting enough attention. 
Viewing water as a specific sector is problematic—effective approaches require combining lenses 
of development, environmental resilience, transboundary cooperation (where relevant), and robust 
community engagement.

Focusing at the scale of the socioecological zone is important for climate risk management; however, 
such a concept is not adequately recognised in most responses across the region. The lack of downscaled 
and integrated analysis of climate risks limits effective planning and decision making around managing 
risks to water security. This limitation on information also severely impacts the level of support for 
context-specific policy responses and actions to adapt to climate risks to water security.

Some promising approaches are emerging in parts of the region. Circular economy solutions are growing, 
highlighting a shift towards end-to-end water cycle management, away from the fragmented approaches 
to resources management and water supply systems management. Subnational and basin-level water 
planning are also increasingly being developed. Community-scale adaptation is being institutionalised. 
Several countries have updated their national water policies to guide climate action to ensure water 
security. Australia’s response to droughts, innovations in demand management and improving 
environmental flow can offer important insights to similar ecological contexts. The interactive relationship 
between water, food, energy and health is starting to be recognised and included in water and climate 
policy debates, but integrative actions are not yet common. 

There is also a positive shift emerging from technical responses to more context-based responses, 
including sociotechnical and sociotechnical–natural solutions. 

Climate risk responses are best explained in their socioecological contexts because risks are determined 
by both social and environmental factors. 
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3.1 Mountain towns

In the mountain towns of the lower Himalayas, urban and domestic water crises are looming, and 
initiatives are advancing to tackle the challenge. Two case studies from mountain towns were assessed in 
detail—Mussoorie, India (western Himalayas) and Dharan, Nepal (eastern Himalayas) These towns face 
growing water demand and dwindling supply, and lack longer-term water security planning to tackle the 
issue. These mountain zones contain freshwater sources that supply a larger area of Himalayan South 
Asia, which is experiencing similar changes in climate—responses from this broader downstream area are 
included in Appendix C.

3.1.1 Case study 1: Mussoorie, India

The town of Mussoorie in the western Himalayas relies on water pumped from streams at the foot 
of the mountain or from springs located several hundred metres below the city (Bharti et al, 2019). 
However, these mountain springs have been drying up at an unprecedented rate in recent years 
(NITI Aayog, 2018). Springshed management activities (see Figure 3-1 for an example of springshed 
mapping in the broader Himalayan region) are being prioritised to ensure the supply of water under 
a changing climate.

Demand for water in the city is rising. Discussions to pump water from the perennial Yamuna River 
have led to a project to pump 12 million litres of water per day – the project  is expected to be 
completed in 2022 (Jain, 2020). This mountain town in Himalayan South Asia demonstrates unique 
solutions being developed to manage water insecurity, under growing demand and the impacts of 
climate change (Singh & Pandey, 2019). 

Figure 3-1. Springshed mapping for management in the Himalayan region (source: Shrestha et 
al., 2017)
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3.1.2 Case study 2: Dharan, Nepal

The Nepalese city of Dharan is located at the foot of the lower Himalayas (Mahabharat hills). 
Communities at the foot of the Himalayas are large and growing faster than other areas in 
Himalayan South Asia. These areas often compete with upstream rural regions for water (Kovács, 
2019; Ojha et al., 2020). Dharan has struggled to manage water for its residents; it only has access 
to small ephemeral rivulets on 2 sides of the city and groundwater use is not feasible. The city 
attempted to conserve catchment areas of these rivulets but ended up in conflict with upstream 
rural communities (Neupane, K., [Southasia Institute of Advanced Studies] 2020, pers. comm., 
11 December). 

Governance capacity is not yet able to manage the climatic and social complexity involved in 
water supply management; this is a common situation in broader Himalayan South Asia. Limited 
institutional capacity makes planning and managing water supply challenging, despite international 
technical assistance and financial investment (Ojha et al., 2020; Pandey, 2020).

Prakash and Molden (2020) have suggested embedding adaptive water management in the 
Himalayan urban regions to increase water security in both mountain towns and downstream areas 
under a changing climate. This includes:

• sourcing water sustainably by reviving and protecting springs, increasing water harvesting, and 
having multiple sources of water

• improving governance and management of water beyond water utilities, embracing polycentric 
and coherent governance of multiple governing bodies and institutions towards a common goal 
of providing access to water

• ensuring poor and disadvantaged groups have equitable access to water

• better appreciating women’s multiple roles in water management

• considering climate change impacts in mountain cities in the broader context of mountain water, 
environment and energy.

In both Mussoorie and Dharan, research groups have recently brought climate risk dimensions 
into city-level water planning practices (Pandey, 2020). These discussions focus on identifying and 
prioritising risks to water security, before moving on to ranking various actions that need to be taken 
by the municipality and other stakeholders (Shrestha & Neupane, 2016).
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3.2 Coastal cities

Globally, there are 136 coastal cities with ports and populations of more than 1 million—38 percent 
of these are in Asia. These cities are highly impacted by climate change, coastal flooding and land 
subsidence (Nicholls et al., 2007). In 2000, 461 million people lived in low-elevation coastal zones 
in Asia—73 percent of the global population. This is projected to grow to 729–983 million by 2060 
(Neumann et al., 2015). Effective responses to climate risks and water insecurity in these locations is 
crucial for the Indo-Pacific region. 

This review assessed responses from 4 coastal cities: Karachi in Pakistan, Chennai in India, Jakarta in 
Indonesia, and Singapore. These cities present a diverse range of responses to climate risks to water 
security.

3.2.1 Case study 3: Karachi, Pakistan

Karachi is the largest coastal city in Pakistan, with a rapidly growing population of more than 
15 million. The city struggles to meet the water needs of its population, which demonstrates 
that city-level water governance is the key to managing climate risks. Only half of the city’s water 
demand of 4.5 GL per day is currently met (Dawn staff reporter, 2019). 

The Karachi Water & Sewerage Board (KWSB) is the main body responsible for managing water for 
Karachi residents, yet its ability to do so is hampered by issues of supply, allocation, pricing and 
enforcement. For example, more than 35 percent of water leakage from Karachi’s water supply 
is linked to poor water supply governance. The KWSB is facing financial constraints to expand 
piped water supply and mobilise additional water (Ahmed, 2016). Tariff rates are low, and so is the 
payment collection rate—only 30 percent of registered consumers pay their water bills, with the 
biggest defaulters being the various departments of the provincial government. This resulted in 
a water loss of 35 percent in 2015 (Ahmed, 2016). The KWSB performance is noted to be lagging 
(Ahmed, 2016), combined with inadequate public supply infrastructure is leading to a surge in 
privately owned groundwater wells and water tankers that often operate illegally (Young et al., 2019). 

Private water suppliers locally known as ‘tanker mafia’ are taking advantage of the failure of KWSB 
to meet the city’s water demand (Ahmed, 2016). These tanker operators charge much higher prices, 
taking advantage of the water supply shortage to increase their revenues. Poorer households, that 
have no choice but to pay a high price for drinking water, are most disadvantaged because of these 
exorbitant water costs. In addition, the water is contaminated with microbes (faecal coliforms), so 
the quality of the water is low (Daud et al., 2017). 

3.2.2 Case study 4: Chennai, India

Chennai experienced 2 major water-related stresses within 4 years—a flood in 2015, and a drought 
in 2019. Chennai’s water crisis in 2019 was linked to erratic rainfall, long-term overextraction 
of groundwater and reduced recharge of water bodies. This shows the city’s struggle with both 
‘too much’ and ‘too little’ rain, exacerbated by poor planning and a lack of risk integration in 
water governance. 
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The 2015 flood was a result of fluctuating climatic hazard and socioeconomic development that had 
taken place over the past 100 years. The 2019 drought was triggered by reduced rainfall in 2018, 
including a lack of the usual monsoon rains in November–December. This led to 4 of the city’s major 
reservoirs drying up, making it the worst water crisis in the past 75 years. 

While the lack of monsoon rains has been seen as an easy culprit, the real problem lies in planning 
and governance (Roul, 2019). Climate change played a role, but a more important driver of the 
water crisis is linked to how the government managed its water resources before the drought and 
how the crisis was dealt with. Local analysts blame the growing population, rampant urbanisation 
encroaching on water bodies and poor stormwater management as causes of the city’s declining 
water security (Ha, 2019). These factors increased the impacts of global warming, disproportionately 
affecting the urban poor.

Since the water 2019 crisis, widespread debates have considered how the growing city can ensure a 
sustainable water supply for its residents. In Chennai and across India, an informal water market has 
been on the rise amid cyclical drought, rapid urbanisation and ‘bureaucratic paralysis’ (Rajagopalan, 
2016). Aside from water tanker vendors, a variety of hydrating services operate in the informal 
market—street vendors sell coconut water, sugarcane juice and chilled sodas, and refrigerated 
water trolleys are common near bus stops and university colleges (Rajagopalan, 2016). Consumers 
are proactively demanding better-quality water, forcing city authorities to undertake water quality 
testing and disclose information transparently to the public. 

The Chennai Metropolitan Water Supply and Sewerage Board (CMWSSB) supplies water within 
the city and its peripheral regions. It is also taking actions to meet future water demands. The 
CMWSSB’s Sustainable Water Security Mission seeks to meet future demand through restoring and 
rejuvenating water bodies in and around Chennai. It also aims to expand rainwater harvesting and 
recycle wastewater (Roul, 2019). 

Chennai is also actively building a desalination plant, despite the high energy required and hefty 
financial cost. Chennai is receiving funding from the World Bank of US$150M as part of the Chennai 
City Partnership, which includes measures to improve water security (World Bank 2021. Wastewater 
treatment plants, each with a capacity of 10 million litres per day, are being built for treating sewage 
water that will then be poured into the reservoirs. The funds are also being used to improve the 
ageing water supply infrastructure. 

Water governance is a crowded space in Chennai’s decision-making sphere (as it is across India). 
With at least 13 agencies from state and central governments dealing with water in Chennai, 
problems of institutional overlap and conflict are common. Such institutional complexity has 
hampered effective climate risk management in the water sector. Down to Earth, a magazine from 
one of India’s prominent environmental think tanks, claims that ‘there is rather little interest and 
experience of state agencies embedding higher goals of climate proofing in a larger, people-centric, 
future-oriented approach that embraces the whole of the city and all of its citizens’ (Roul, 2019). 

The water crisis has sparked critical awareness of risks to water security and a plethora of 
technological and institutional responses. However, many researchers and commentators still doubt 
that risks will be reduced to the fullest possible extent.
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3.2.3 Case study 5: Jakarta, Indonesia

Indonesia’s water availability exceeds its demand in almost all locations—the main threat to water 
accessibility is poor management (ADB, 2016). Jakarta’s water security struggle is about building an 
effective system of governance and infrastructure to contain enormous levels of risks from coastal 
floods, land subsidence, over abstraction of groundwater, water pollution and poor sanitation, and 
limited coverage of the supply system (Jensen & Khalis, 2020). All this is happening in a context of a 
more intense rainfall trend under climate change (Siswanto et al., 2016). 

Bodies of surface water in Jakarta are highly polluted and efforts to secure additional raw water 
supplies from outside the city have been unsuccessful (Jensen & Khalis, 2020; Luo et al., 2019). 

Jakarta’s flood reduction efforts include a variety of measures—river and canal regulation, 
broadening of waterways, ‘clearing informal settlers’ from riverbanks, expansion of flood reservoir, 
and the construction of a seawall across the bay of Jakarta (Garschagen et al., 2018) (Figure 3-2). 
These measures are recognised in the 2014 National Capital Integrated Coastal Development Master 
Plan, which was prepared with support from the Government of the Netherlands. Following a major 
flood in 2013, and as per the plan, a 32 km offshore seawall close to Jakarta Bay is being built to 
defend the city against coastal floods. The plan also includes 1,250 ha of land reclamation, and 
development to fund the seawall construction. However, there are concerns over lack of community 
participation during plan preparation. Households and communities also adopt their own adaptation 
measures, such as raising the house level or constructing small water barriers. 

Figure 3-2. Great Garuda project of Jakarta (source: Garschagen et al., 2018)

42 Climate Change and Water Security



The World Bank supported an urgent flood control project in Indonesia between 2012 and 2019. 
The project’s key activities included dredging, rehabilitation and improvement in flow capacity 
of selected floodways. It also provided technical assistance to enhance institutional capacity for 
operations and maintenance of the drainage system. The project claims to reduce floodwater level 
by nearly 20 cm in the 34 targeted locations, and shorten the average length of inundation period 
from 7 days to 6.5 hours (World Bank, 2019b). 

Indonesia’s flood control mechanisms are primarily focused on physical infrastructure, but 
without adequate attention to ecological and institutional measures (Octavianti & Charles, 2019). 
This reactive solution has mitigated risks in the short term, yet the underlying drivers of risks remain 
unaddressed, such as over-abstraction of groundwater and upstream land-use changes. 

Concerns have also been raised over embankments trapping polluted water and eutrophication of 
reservoirs, as well as the social impacts of the distribution of cost and benefits of such infrastructure 
(Garschagen et al., 2018). There is also criticism that embankments and seawalls address symptoms 
but not the root cause of floods, which is land subsidence driven by groundwater abstraction 
(Garschagen et al., 2018). 

Conflict between different agencies has also impaired the ability to manage floods (Dwirahmadi 
et al., 2019). Indonesian provincial governments have powers to plan and implement flood 
control measures, while provincial disaster management agencies coordinate and manage floods, 
including dredging most of the river courses in the past. The Jakarta Provincial Administration 
government has also cleared riverbanks of settlements and moved people to safer areas during 
floods. Effective coordination between these 3 bodies is needed to ensure a cohesive and powerful 
response to such disasters. 

Jakarta’s flood risk response shows that neither small-scale efforts of households and communities, 
nor large-scale engineering solutions fully solve the problem. Large-scale technical and 
infrastructure solutions around the Great Garuda project are technically and financially feasible, 
but ineffective without societal engagement to resolve conflicts and overcome injustice (Gaschagen 
et al., 2018). The modest level of projected risk that is being considered by the plan could be too 
optimistic considering the high-emissions pathways forecasted globally and continuing challenges in 
governance in Indonesia. 

One key suggestion from the research community is that the Jakarta Government needs to move 
away from technocratic approaches to people-centred ones by investing in nonstructural measures 
to strengthen community capacity, including stakeholder participation and risk communication. 
Understanding the perspectives of various groups in dealing with flood risks is also equally crucial 
(Dwirahmadi et al., 2019). Apart from mega infrastructure, other solutions have been emphasised—
such as rooftop rainwater harvesting on large buildings, onsite greywater recycling in commercial 
and industrial facilities, and decentralised small-scale wastewater treatment systems (Jensen & 
Khalis, 2020). 
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3.2.4 Case study 6: Singapore

Singapore has limited access to freshwater resources within its national territory; however, it 
offers a strong example of a comprehensive and dynamic water policy with a robust institutional 
arrangement for managing water security (Chen et al., 2011; Tortajada et al., 2013; Tortajada & 
Buurman, 2017). Singapore is a pioneer in water recycling, with experimentation beginning as early 
as 1974. Its integrated water security planning has been critical to mitigating risks to water from 
both climatic conditions and low availability of fresh water. Singapore recognises water and climate 
change as ‘existential threats’, and invests substantial resources into planning and innovating to 
achieve both water and climate security (Palma, 2019).

When Singapore became independent from Malaysia in 1965, it relied heavily on water imported 
from Malaysia. Singapore’s environmental and political stance at that time was quite weak, and few 
anticipated that the city-state would ensure its water security (Tortajada et al., 2013). As Tortajada 
et al. (2013) state, ‘At the time of independence, Singapore had to suddenly face a future with no 
hinterland, no natural resources, and almost total dependence on Malaysia for water supplies.’ 
An agreement was signed between Singapore and the state of Johor in 1961 and 1962, which was 
guaranteed by Malaysia at the 1965 separation agreement. The Johor–Singapore agreement of 1962 
included provisions such as the following (Tortajada & Buurman, 2017): 

• Singapore has exclusive rights to draw off, impound and use 250 million gallons per day for 
99 years until 2061.

• Singapore pays 3 cents for every 1,000 gallons.

• Singapore shall supply to the Government of Johor a daily amount of treated water not 
exceeding 2 percent of the total quantity of water supplied to Singapore.

• Johor pays Singapore 50 cents for every 1,000 gallons of treated water supplied. 

• If needed, Johor can request additional water at a price of 2 cents for every 1,000 gallons. 

From the beginning of their cooperation, Singapore was aware that Malaysia’s own growing water 
needs may jeopardise its willingness and capacity to provide water to Singapore (Jensen & Wu, 
2018). By the early 2000s, Johor had rapidly developed into Malaysia’s most prosperous state. The 
increase in population and water demand prompted Malaysia to contemplate reducing the supply of 
water to Singapore. This heightened fear and uncertainty in Singapore, prompting the city-state to 
prioritise water security as a critical national security issue and develop alternative sources of water 
(Jensen & Wu, 2018). 

In 2017, wastewater (known as NEWater) made up to 40 percent of the water demand—this is 
projected to increase to 55 percent in 2060, 1 year before the second water agreement with Johor 
expires in 2061 (Tortajada & Buurman, 2017). To ensure long-term water supply, Singapore has also 
reduced per capita domestic water consumption, water leakage and flood risks (Chen et al., 2011).

With a steady rise in living standards and economic growth in Singapore, water demand has 
increased continuously. By 2060, water demand is expected to be twice the amount in 2016, and, 
considering this, the Public Utility Board is actively managing demand through pricing and public 
education (Tortahjada & Buurman, 2017). 

Over the past decade, Singapore has changed dramatically from relying on a conventional single 
water supply into a diversified water resources system (i.e. water from local catchment, imported 
water, recycled used water, desalinated water) (Chen et al., 2011). Its heavy reliance on Malaysia 
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for water (Figure 3-3) led it to seek diverse sources of water supply (Caballero-Anthony & Hangzo, 
2012). Singapore’s water supply system is also quite efficient in the sense that it does not have illegal 
water connections and all connections are monitored through meters (Tortajada, 2019). 

The Public Utility Board is a strong public sector agency taking the lead on water services 
management, planning and operations. Singapore’s water system also relies heavily on technology 
to produce recycled used water (NEWater) and desalinated water as 2 of its 4 main water sources 
(the other 2 being imported water from Malaysia and water from local catchments). Through strong 
water regulations and reforms, Singapore has become one of the world’s most well-known water 
success stories. The city-state has now achieved near self-sufficiency through careful planning 
and leveraging technology (Chen et al., 2011; Hsien et al., 2019). Through explorations of policy, 
management and technological solutions, Singapore has made ‘impressive achievements towards 
reducing its reliance on outside sources and strengthening its own internal capacities’ (Tortajada et 
al., 2013).

Figure 3-3. Singapore securing water from Zohor River in Malaysia (source: PUB, n.d.)

Singapore’s anticipatory risk approach, along with long-term planning and cooperation with 
Malaysia, improved its water security. The anticipation of risks to water security prompted it to 
make a concerted effort to develop alternative sources of water. This policy initiative has had 
great success.
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Singapore’s water success is also attributed to strong political will, good governance and the 
adoption of an integrated approach to water management, which involves proper land-use planning, 
judicial investments in infrastructure for water supply and used water, pollution control measures, 
and use of technology and public education (Chen et al., 2011). Its long-term planning and 
infrastructure-focused approach are underpinned by political commitment, leading to substantial 
gains in water security. Singapore has also put equal emphasis on supply and demand management, 
including wastewater and stormwater management, together with longer-term planning (Tortahjada 
& Buurman, 2017). Another key aspect of Singapore’s success is pricing. Water is priced to reflect 
the full cost of its scarcity value to ensure prudent use of water (Hoo, 2019). 

The Government of Singapore acknowledges that the major climate risks to its water security are 
intense episodes of drought and precipitation. The Prime Minister’s Office itself investigates the 
climate risk through the National Climate Change Secretariat. However, Singapore’s water future 
is not free from climate risks. A critical challenge that needs to be addressed is around the large 
infrastructure that has been built on current knowledge of climate projections. As climate change 
impacts are still not fully known, this infrastructure may create new vulnerability to water security 
risks (Whitington, 2016). 

3.3 Dry zones

Many dry zones depend on groundwater as the main source of freshwater. These areas host large 
populations and are also developed for agriculture, thus facing increasing demand for water for irrigation 
as well as drinking and sanitation.

3.3.1 Case study 7: Gujarat water supply system

Gujarat is an economically prosperous but water-stressed state in India. It is significantly increasing 
its water security mainly through an ambitious project of water diversion from the Narmada River. 

Gujarat has a long history of storing water in huge artificial tanks in urban centres or in artificial lakes 
in rural areas. The state originally relied on groundwater and locally available surface water, but 
the continued rise in consumption led to a decline in groundwater availability by 27 percent by the 
turn of the century (Biwas-Tortajada, 2014). Gujarat’s irrigated area increased from 177,000 ha in 
1960 to 510,000 ha in recent years. This led to a significant increase in the demand for water, while 
soil salinity levels worsened, affecting agriculture and food security, especially in North Gujarat. 
Increasing numbers of heatwaves have also driven daily water demands in the dry seasons.

Until the turn of the century, the government strategy to tackle water scarcity focused on ad hoc 
policies to augment the supply in times of crisis, usually by supplying water through water tankers. 
Up until 2002, the Gujarat Water Supply & Sewerage Board spent the equivalent of US$16–20M 
every year to supply water through tankers (Biswas-Tortajada, 2014). Residents also spent around 
the equivalent of US$93–100M every year to purchase water from water vendors. 

A severe drought and famine in 2000 prompted the government to rethink its water supply strategy. 
This led to the ambitious Narmada River project, now the world’s largest drinking water project, 
which has already improved water security mainly by transferring water from water-abundant 
basins more than 500 km away, tapping into new water catchment areas, recycling wastewater and 
installing desalination plants (Biswas-Tortajada, 2014).
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In 2002, a long-term strategy of constructing a statewide water supply grid was adopted by sourcing 
water through the Narmada canal network from the Sardar Sarovar Dam. This has become the 
major water lifeline of Gujarat (Biwas-Tortajada, 2014). The gird connects 75 percent of Gujarat’s 
population (nearly 47 million), covering 15,000 villages and 145 towns. The project’s canal network 
involves a 532 km main canal and 32 branch canals, with minor and subminor canals finally 
supplying field channels. As of July 2018, 59,878 km of the canal network was reported as complete, 
out of the total planned network of 71,748 km. 

The project will irrigate 1.8 million hectares, covering 3,112 villages in 15 districts of Gujarat; 
246,000 ha in Rajasthan; and 37,500 ha in Maharashtra (Luxion, 2017). This water supply grid was 
a key source of water during the extreme drought conditions of 2019, when all other dams went 
dry. Interstate water sharing between Gujarat and Madhya Pradesh has been agreed to, although 
disputes emerge from time to time. Allocation of Narmada River water between the 2 states was 
decided by the federal Narmada Water Disputes Tribunal in 1979, which established the Narmada 
Control Authority to implement the tribunal’s decisions and oversee conflicts in the ongoing 
development of the river valley (Luxion, 2017).

Along with the Narmada River project, several other complementary measures have been adopted 
to reduce the risks to water security—such as through water conservation, water harvesting and 
demand management. Schemes of community participation have also been developed. Critiques say 
that the project was oversold in the political space; people in distant locations are struggling to access 
water, and the promise of irrigation has been much less than what was announced (Khanna, 2019). 

In 2008, the Government of Gujarat executed a memorandum of understanding with the Energy 
and Resources Institute for building capacity on climate change planning for risk mitigation and 
adaptation. The drafting of the Gujarat State Action Plan on Climate Change has involved extensive 
consultations with experts, practitioners and policy makers, so that stakeholders understand the 
expectations and aspirations of the plan and to ensure the relevance of identified strategies.  
A new Department of Climate Change was created in 2009, and the state government formulated 
the State Action Plan on Climate Change in 2014. At local levels, the effects of climate change in this 
desert state have influenced the priority of state-level decision makers. Recent news suggests that, 
even in the middle of the COVID-19 pandemic, the state’s chief minister is engaging 10 different 
expert organisations to work on tackling climate change challenges in the state (Kaushik, 2020). 

3.3.2 Case study 8: Myanmar dry zone

Limited regulatory arrangements in the Myanmar dry zone play a large role in water scarcity, along 
with the changing climate.

The zone’s water resources are highly variable but there is insufficient capacity to manage variability 
(Johnston et al., 2015). Local communities have a long history of coping with drought and water 
stress related to farming and household use (see Figure 3-4 for typical irrigation practices on 
farms in the dry zone). However, the scale of the challenge and the likelihood of water variability 
increasing under climate change means that community efforts must be supported by and 
integrated with larger-scale efforts of the government and international partners. 

Farmers have turned to groundwater, typically via tube wells and powered mostly by small, 
motorised pumps or, to a lesser extent, via treadle pumps, for survival and livelihood (Pavelic et 
al., 2015). Hundreds of thousands of tube wells and dug wells are located within the dry zone, 
but no database of them is available because many handwritten records were destroyed during 
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civil unrests and changes in government department responsibilities (Drury, 2017). Groundwater 
levels are declining, especially during dry periods, which increases the costs and efforts of farmers 
to access groundwater (Pavelic et al., 2015). Some strategic monitoring of artesian discharge has 
been undertaken in areas with high groundwater demand (Pavelic et al., 2015). Researchers have 
suggested establishing a regional groundwater monitoring network to be operated across the dry 
zone, with a central database to strengthen groundwater management (Pavelic et al., 2015).

Figure 3-4. Irrigation practices in Myanmar’s dry zone (source: AWP, 2017; photo credit: Matthew 
McCartney, International Water Management Institute)

In the past decade, several international agencies have assessed the extent and consequences 
of the water scarcity problem, and supported the government and communities to identify and 
adopt sustainable water management practices. In 2014, the World Bank loaned US$100M to 
the Myanmar Government to implement the Ayeyarwady Integrated River Basin Management 
Project (AIRBM), which promotes integrated water management that incorporates climate risks. 
(Ayeyarwady Integrated River Basin Management Project, 2017). Myanmar has recognised 
integrated water management in its national water policy and is now in the process of preparing 
a water law (Van Dorp et al., 2018). The Ayeyarwady Basin Master Plan is being developed under 
the AIRBM Project and uses the State of the Basin Assessment. The plan aims to explore future 
development pathways under climate change, which incorporate hydropower, irrigation and, to 
some extent, groundwater management. The plan aims to provide the Government of Myanmar 
with the tools to identify optimal or preferred future developments in the basin.

In recent years, climate change impacts in the zone have received an overwhelming amount of 
attention, which can be partly attributed to international donors’ focus on climate change (Van 
Dorp et al., 2018). However, the extent to which this appreciation is translated into actual risk 
management is yet to be seen. CBA initiatives have also emerged, contributing to the mitigation of 
climate risks across the zone (James, 2019). 

The increased pressure on groundwater extraction means there is a need to better monitor the 
resource and regulate its extraction. This plays a key role in effectively integrating climate risks and 
building resilience of the zone’s groundwater-based livelihoods. 

Groundwater regulation is not yet fully developed to tackle the impacts of climate change and 
overextraction. Water rules and regulations began to receive government attention when power 
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shifted from the military to the civilian government (Götz, 2019), but there are uncertainties 
following the military coup in early 2021. Researchers are concerned that large-scale and basin-
level projects supported by development banks could reinforce a centralised approach to resource 
management in a country just beginning to transition away from a militaristic leadership to a more 
civilian form of governance (Götz, 2019).

The formation of the National Water Resources Committee as a cross-government institution 
chaired by the Vice-President was seen as a positive move. It aimed to ensure coordination across 
different sectors and government levels, from the Presidential Office down to the local government. 
In early 2020, Myanmar was considering a new water law; however, this appears not to have 
progressed. 

3.4 Delta zones

Many delta zones in the Indo-Pacific region are important areas for agriculture and often support large 
communities. Vietnam’s Mekong Delta has been selected as a case study for this report.

3.4.1 Case study 9: Mekong Delta

Water scarcity in the Mekong Delta is largely exacerbated by upstream dams and flood 
infrastructure affecting the water flow in the Mekong River.

The construction of embankments and dykes has historically been the primary strategy of the 
Vietnamese Government to mitigate the effects of seawater intrusion on agricultural production. 

A complex system of drainage, floodwater discharge cannels, sluice gates and protection dykes are 
used to manage flood risks in the Mekong Delta. A study identified 19 flood management challenges 
that were either technical, or related to institutional and resources capacity (Hoang et al., 2018):

• Technical challenges included limited knowledge on flood dynamics, unwanted impacts of 
flood protection measures, unreliable early warning systems, disconnect between research and 
management, limited use of local and indigenous knowledge, and inadequate consideration of 
climate change uncertainty. 

• Institutional challenged included the centralised approach and limited management responses 
to new issues and challenges. 

One of the solutions suggested improving data and decision support systems to innovate flood 
management approaches. 

The World Bank has also suggested scaling down conventional rice cultivation and adopting more 
climate-smart land-use practices. A research project funded and led by Australia is working with 
6 research agencies to investigate risk factors for poor rice and shrimp production, and to test new 
technologies to improve rice and shrimp yields (Sammut &Van Sang, 2020).

The World Bank has supported urban development, climate resilience and sustainable livelihoods in 
the Mekong Delta since 2016 (World Bank, 2022). The Mekong Delta Integrated Climate Resilience 
and Sustainable Livelihoods Project is a US$387M initiative by the Government of Vietnam and 
the World Bank. The project aims to enhance tools for climate-smart planning and improve 
climate resilience of land and water management practices in selected provinces of the Mekong 
Delta (AWP, 2021b). 
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The initiation of the 2011 National Climate Change Strategy development in December 2011 by 
the Government of Vietnam was a key milestone in Vietnam’s history of managing the Mekong 
Delta.This strategy acknowledges climate change as the biggest challenge to people in the region 
(Smajgl, 2018). 

The development of the Mekong Delta Plan started formally in 2011 and was finalised in 2013. 
The plan was prepared in 2014 with the support of the Netherlands Government. It was based on 
a collaborative assessment by several Vietnamese agencies bridging the gap between research and 
policy making. The future-thinking process focused on 2050 and 2100, informed by an analysis of 
sectoral strengths, weaknesses, opportunities and threats. The objective of the plan was to develop 
a long-term strategic vision towards a safe, prosperous and sustainable delta, including policy 
recommendations and solutions. The plan specifies 4 socioeconomic scenarios, each describing a 
specific direction of socioeconomic development: 

• urbanisation and industrialisation (against high and unplanned industrialisation)

• predominantly agricultural pathway

• planned and segmented urbanisation and agricultural areas

• agribusiness industrialisation.

Since its approval, the Mekong Delta Plan has become a reference document for the Vietnamese 
government in reviewing and revising its socioeconomic development planning, spatial planning and 
sectoral master planning for the Mekong Delta (Smajgl, 2018). It has also provided a guide for future 
decision making, legislation and investments in the Mekong Delta. The experience of developing and 
implementing the plan shows that it can influence people’s minds, engage actors for collaboration 
and offer new of ways of thinking, allowing strategic choices to be made (Seijger et al., 2019).

Challenges in the implementation of the plan include limited collaboration between provinces. 
There are disconnections between the provincial plan and the Mekong Delta Plan. Different 
communities or regions also have different options for using water to achieve different social, 
economic and environmental goals. Ensuring equity in water access and sharing requires 
participatory and bottom-up approaches, dialogue among various local stakeholders and their 
participation in decision making. This will support well-informed planning, management and 
policy options.

Four key lessons that can be learnt from the Mekong Delta Plan experience are: 

• international partnerships for knowledge, technologies and resources are important for 
mitigating climate risk of the scale and complexity the Mekong Delta is facing (Hasan et al., 
2019)

• continuous risk assessment is necessary at different sociohydrological scales

• solutions need to be co-designed through a participatory process and must address 
distributional equity issues

• physical infrastructure is an essential part of the sociotechnical solution. 

This report incorporates these learnings into the principles for action, in Chapter 4.
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3.5 Pacific islands

Pacific islands are uniquely vulnerable to climate change (see Chapter 2), and there is now a growing 
level of awareness of climatic and other drivers of vulnerability. Limited technical and institutional 
capacity in Pacific islands exacerbates their vulnerability to climate risks such as intensifying cyclones 
and sea level rise.

More than 50 percent of the population living in Pacific island countries do not have reliable access to 
quality fresh water, and the problem is worsening with the increasing impact of climate change (Belmar 
et al., 2016). Water demand in these countries is gradually rising due to urbanisation, population growth 
and expanding economic activity. Climates across the Pacific island countries represent global extremes, 
with annual water availability in PNG around 120,000 m3 per person, while Fongafale islet in Tuvalu and 
Nauru have no confirmed freshwater resources (Duncan, 2011). In August 2019, climate change was 
identified as the top priority by the 50th Pacific island Forum.

The 3 main forms of naturally occurring freshwater sources in Pacific island countries are rainwater, 
surface water and groundwater. Island area, shape, topography, soils and lithology greatly influence 
both the occurrence and distribution of natural surface and groundwater freshwater sources (Falkland 
& White, 2020). The larger, mountainous volcanic islands have a considerable amount of surface and 
groundwater resources. On smaller islands, there is little to no permanent surface water, making them 
reliant on rainfall. The main source of fresh water on small islands is groundwater (Holding & Allen, 
2016); however, this is limited. The reliance on rainfall makes many small islands highly vulnerable to 
climate change impacts such as rainfall variability and drought. 

Despite having low water security, some positive trends were observed in strengthening water security 
from 2013 to 2016 (ADB, 2016):

• A variety of water management innovations and responses to water stress have evolved in the 
subregion. 

• Rainwater harvesting systems are common in most Pacific island countries for both drinking and 
irrigation (Quigley et al., 2016). 

• Community-based rainwater harvesting systems have worked reasonably well in several island states 
(Bailey et al., 2018). 

However, a recent analysis in the 2020 Asian water development outlook report (ADB, 2020) shows 
that for Pacific nations water security has generally not improved further—except for Kiribati, which 
improved marginally, increasing its rating from 1 to 2 (on a scale from 1: highly insecure to 5: secure). 
About 6.9 million people in the Pacific region lack access to improved sanitation facilities, and about 
4.8 million people do not have access to improved drinking water sources (WHO, 2015). 

The low capacity of the water sector is probably the greatest challenge facing the Pacific island 
countries in achieving sustainable water resource management (Dahan, 2018). Water governance is 
often centralised, focused within a few government agencies, and with insufficient communication and 
coordination between agencies, communities and the private sector. It is also underpinned by limited 
policy or legislated frameworks. Governance capacity is a constraint when it comes to taking a proactive 
planning and management approach. National water and sanitation policies and regulations are limited 
in scope or absent, and institutional roles and responsibilities are unclear in most situations. There is 
insufficient financing of water and sanitation provisions for a range of reasons, including high operation 
and maintenance costs (and poor cost recovery), difficulty to monetise environmental and social benefits, 
a lack of ‘economies of scale’, and low demand for water investments from Pacific island governments. 

Action-oriented knowledge of water resources is inadequate to inform decision making in most Pacific 
island countries, and communication across sectors and between communities and the government 
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is often disjointed. Information may also be unavailable due to a lack of data sharing and limited 
coordination between bodies responsible for water management (Dahan, 2018). Although international 
development aid has sought to assist these countries to improve water access and adapt to the effects of 
climate change, actual outcomes on the ground have remained limited. 

Climate-related disasters in the Pacific are not new and communities have successfully adapted to such 
risks through their traditional knowledge and institutions (Weir et al., 2017). Major efforts to increase 
disaster resilience and to achieve water security include: 

• improving management and maintenance of existing water supply systems (Paeniu et al., 2016), such 
as diversifying water sources

• improving integrated urban water management

• integrating disaster risk reduction and climate change adaptation policy frameworks, which have 
traditionally been distinct (Dahan, 2018), applying the water, sanitation and hygiene (WASH) 
resilience concept and developing disaster preparedness and response plans and strategies for 
drought and flooding events (Paeniu et al., 2016)

• improving water quality to meet required standards (Paeniu et al., 2016), including improving water 
quality protection policies

• implementing user-pay systems (Paeniu et al., 2016)

• taking an integrated approach to water catchment protection and conservation efforts that are 
environmentally acceptable and economically sustainable, while ensuring supply during adverse 
conditions (Paeniu et al., 2016)

• encouraging the use of water tanks and/or the construction of small-scale dams for water storage 
(Paeniu et al., 2016)

• developing, implementing, monitoring, reviewing and evaluating necessary sustainable management 
plans for the protection, enhancement and sustainable use of the limited groundwater resources; this 
would minimise any possible pollution and/or misuse (Paeniu et al., 2016):

• developing desalination facilities; this may be the only option for supplementing water supplies 
during drought periods in some places (Paeniu et al., 2016).

To be successful, these efforts require community support. A recent assessment of 32 CBA initiatives 
across 20 communities in the Pacific suggests a shift towards adaptation that is locally led, with 
donors and implementers becoming facilitators rather than providing highly prescriptive models 
(McNamara et al., 2020).

Fijian Prime Minister Frank Bainimarama highlighted the power of community in adapting to climate risks 
on social media soon after cyclone Yasa hit Fiji: ‘These storms may be getting stronger, but they will never 
be stronger than we are as a people. Resilience is in our bones. This is our home, and we will recover, 
we will rebuild, and we will rebuild, and we will prove we are stronger than Yasa’ (Bainimarama, 2020). 
As cyclones are likely to get more intense, scholars have begun to argue that traditional knowledge and 
community-level action may not be enough to adapt to future risks (Johnson et al., 2021). 

During a COVID-19 lockdown in 2020, cyclone Harold struck several small Pacific islands (including 
Vanuatu). In-country technical capacity is limited in these countries, and the pandemic restricted the 
movement of people and supplies needed to assist communities affected by the cyclone. When foreign 
aid arrived, workers had to quarantine for 14–28 days as part of the pandemic prevention measures. 
The combined effects of these 2 disasters severely limited the ability of islands to respond to the cyclone 
(Weiss, 2020). This highlighted the need for national policy makers and international partners to integrate 
multiple hazards into a holistic disaster response framework. 
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3.5.1 Case study 10: Vanuatu

Located in the western Pacific, Vanuatu’s 80 islands face multiple forms of natural hazards and 
climate risks. Vanuatu has recognised institutional reform and capacity building as key to managing 
climate risks. While these risks pose threats to Vanuatu’s water security, there is no countrywide 
assessment of water security (Sleet, 2019). The country also has no regulations for water 
management. Urban water supplies are funded by fees and tariffs determined by the government, 
and rural water supplies are often funded by donors and managed by communities.

Vanuatu is working with the World Bank to develop policies and strategies to better manage disaster 
risks, including climate risks. The World Bank states that these reforms are helping shift Vanuatu’s 
disaster risk management system from a ‘focus on response/emergency management, to a greater 
emphasis on risk reduction, climate adaptation and longer-term recovery’ (World Bank, 2020). 
This support led to a new disaster risk management act, taking a multiscalar and comprehensive 
approach to risk reduction and climate adaption.

Lessons from responses to past climate disasters have also helped inform Vanuatu’s current 
approach. For example, lessons from cyclone Pam in 2015 showed that (Pacific Community, 2016):

• risk communication, including early warning systems, need to be strengthened

• some form of traditional knowledge, such as ‘cyclone chasing’, may increase risk

• disaster response materials and kits distributed by aid agencies should include a container for 
emergency water storage and information on water and sewage hygiene. 

These lessons are key to adapting the expected increase in cyclone intensity under climate change. 

Managing water security in urban centres like Port Vila is an important aspect of water security in 
Vanuatu. Shallow aquifers are the main source of water for urban areas, while bores, wells, springs, 
and rivers and rainwater catchments supply water to rural areas.

The Department of Public Works and the Department of Geology, Mines and Water Resources are 
responsible for urban and rural water supply, respectively. A French company is engaged to deliver 
water in Port Vila. 

The National Water Resource Advisory Committee aims to promote IWRM. The National Water 
Strategy 2008–2018 supported water reforms using IWRM. 

Given the nature of the island, water security is low (see Section 2.2.5). Possible solutions to 
improve water security include increasing rainwater storage capacity, enhancing the quality 
of surface water and groundwater resources, and improving water supplies in urban areas. 
However, Vanuatu does not have any water quality data, making it difficult to identify and monitor 
changes in water supplies and possible climate impacts on water security.

A collaborative project by the United States Agency for International Development (USAID), CARE 
and Save the Children in Vanuatu has produced a report on CBA, highlighting several lessons on how 
it can be improved (Schoch et al., 2017). Key lessons identified include the need to: 

• link climate resilience efforts to deal with the fundamental causes of poverty and vulnerability 

• strengthen local organisations such as community disaster and climate change committees 

• strengthen collaborative links between local communities and local technical government 
departments for sustainable change

• support cross-learning across communities 
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• develop and disseminate information and tools that can be used by communities 

• strengthen gender inclusivity using more transformative thinking.

3.5.2 Case study 11: Papua New Guinea (East Sepik province)

This case study focuses on emerging responses in PNG, with a local-level example from the East 
Sepik province. East Sepik is a coastal province that covers 2,284 km2 and has annual rainfall of 
1,800–2,200 mm. The majority of people (71 percent) live in rural areas and farming and livestock 
support their livelihoods. 

As part of the Pacific region, PNG, shares some ecological characteristics of Vanuatu and other 
small Pacific islands. Nonetheless, it is part of a larger land mass, so has different vulnerability 
characteristics. PNG’s social and institutional capability to handle climate risks is similar to other 
island states and countries across the Pacific, however, its responses to climate risks to water 
security vary from other islands.

Climate change risks to water security in PNG are largely around impacts to water quality and 
sanitation. Only 89 percent of people in urban areas and 33 percent in rural areas have access to 
safe water. The United Nations Children’s Fund (UNICEF) states that PNG is ranked at the bottom 
of all Pacific countries in water and sanitation, with more than 6,000 diarrhoeal deaths per year 
(UNICEF, n.d.). 

The government’s Development Strategic Plan 2010–2030 recognises climate change as a cross-
sectoral issue. It also prepared the Climate Compatible Development Strategy in 2010 but there was 
not enough policy attention to explore climate risks to water security. 

A 2017 report by the United Nations Development Programme suggests that sea level rise, tropical 
cyclones and extreme rainfall are the key risks to water security (UNDP, 2017). The report also 
suggested a range of responses to these risks, including:

• building a stronger meteorological and early warning information system

• increasing investment in knowledge generation around current and future risks

• developing community-based disaster risk reduction strategies 

• considering district-, provincial- and national-level adaptation

• ensuring well-maintained drainage systems in urban areas to mitigate flood risks

•  strengthening emergency response capacity

• improving awareness, risk communication and local institutional capacity to mitigate coastal and 
inland flooding

• risk mapping methodology using spatial and attribute data 

• measuring a composite risk from multiple hazards and vulnerabilities, encompassing physical, 
social, economic and political dimensions. 

The government has also identified possible options for mitigating climate risks to water security.

Mitigation options for coastal flooding include infrastructure (such as dykes, levees, seawalls, 
break waters, beach nourishment, elevating infrastructure, reef revivals, mangrove restoration and 
expansion), technology (such as home adaptation and flood detection systems), systemic measures 
(such as disaster response and integrated coastal zone management) and financial measures (such 
as insurance schemes). 
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Options to adapt to inland flooding, include infrastructure (such as dykes, levees, flood storage, river 
training, diversions and drainage), technology (flood monitoring), systemic measures (flood warning, 
awareness, local reporting, monitoring of buffer zones, capacity building) and financial measures 
(such as insurance and financing).

Two main options to protect drinking water and sanitation include upgrading or developing reliable 
and environmentally friendly water and sanitation in 19 provincial towns, and increasing water 
service coverage to rural areas.

A World Bank report notes that lack of infrastructure, weak sector institutions, accountability 
and monitoring have severely constrained developments in water and sanitation, and the goal of 
achieving access to clean water and adequate sanitation for each and every Papua New Guinean 
(World Bank, 2016b).

The Asian Development Bank has prioritised supporting PNG’s institutional capacity to deal with 
climate risks by building the resilience of island and atoll communities—this includes protecting 
water security through augmenting water supply (ADB, 2021). 

International partnerships have been a crucial source of technical knowledge and financial resources 
for PNG. The Papua New Guinea – Australia Climate Change Action Plan, a ministerial agreement 
between both countries, is an example of such a bilateral initiative. Australia’s support aims to 
enhance the resilience of PNG communities to climate change impacts, and improve critical social 
and economic infrastructure in several sectors of development (DFAT, 2019). The World Bank 
support in the water and sanitation sector has supported the WASH policy, supporting provincial, 
district and local governments as well as water institutions to plan, manage and deliver WASH 
services (World Bank, 2017).

In the East Sepik province, Wewak’s 5-year WASH plan is an example of an attempt to build water 
resilience. It aims to improve the WASH status of communities, schools, healthcare facilities and 
other institutions in the Wewak district. 

The plan was prepared by the Wewak District WASH Coordination body, under the guidance of the 
District Development Authority, and supported by WaterAid. The main purpose of the plan is to 
guide development for water supply, sanitation and hygiene in the district over the period 2019–
2023. In doing this, it also indirectly addresses climate risk and vulnerability to some extent. 

The district WASH plan is the result of a detailed baseline assessment of WASH conditions 
throughout the district, a study on gender equality and social inclusion, and several workshops to 
review data and develop plans. Each local-level government has identified their own priorities for 
the next 5 years. Although some of the priorities need further defining and clarification, they are a 
starting point for the district planning process.

The plan identifies priority projects where WASH investment is critical. It takes an integrative 
approach to promote gender equality, disability rights and social inclusion. This inclusion of diverse 
voices is essential for effectively managing water security.

There are some key challenges in delivering the plan, such as social and economic factors restricting 
community engagement, and direct impacts of climate change causing increased hazards such as 
flooding, seawater intrusion and heavy rainfall contributing to landslides—these impacts affect the 
ability to reach and engage with communities, and pose further threats to water security. To make 
sure the plan is effective, it will be regularly monitored by the District WASH Coordination body.
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3.6 Gaps and areas to improve

Across the Indo-Pacific region, national policy responses are increasingly recognising climate risks; 
however, they do not necessarily provide a basis for actions to protect water security under climate 
change and rapid socioeconomic growth. There is a lack of more pragmatic water management 
systems and innovative pathways that could be adapted and supported at different scales and contexts. 
Water management must be treated as cross-scalar and cross-sectoral. This means management needs 
to consider the broader region and related sectors such as agriculture, infrastructure and energy. 

There is a need for a more context-based approach to risk management, partnership development and 
policy solutions, to cater to the region’s diversity in climate risks and adaptive capacities. These localised 
approaches must be simultaneously connected to higher-scale processes of risk management planning 
and policy at national, transboundary and regional levels. 

Federal countries such as India and Pakistan have delegated some water management powers to the 
provincial level, but devolved authority remains underutilised due to insufficient institutional clarity in 
implementation roles and responsibilities. In many countries in the region, increasing basin-level work 
suffers from the lack of anchoring institutions. 

One of the reasons for inadequacies in policy is the lack of recognition given to the grounded and 
reflexive knowledge of policy practitioners. Policy development and implementation are also weakened 
by limited collaboration between the community, researchers and policy makers.

Technical responses are emerging across the region, but technical knowledge alone is not an adequate 
response to climate risks to water security. Community knowledge and engagement in solutions need 
to increase. For example, in Jakarta, studies show that community knowledge and voice have not found 
their way into large infrastructure planning, withfisherfolk and informal settlements particularly affected 
After the Chennai flood of November and December 2015, the response focused on a technoscientific 
approach and expert-driven plans, ignoring the socio-political dimensions (Arabindoo, 2016). 

Other areas lack even the most basic physical infrastructure. Many larger areas such as Myanmar and 
South Asia contain plentiful water but sparse infrastructure, and the high costs of pumping limits access. 
Pacific island countries are also facing similar challenges in creating basic infrastructure as a defence 
against rising sea levels. Inadequate infrastructure also leaves these countries relatively unprepared 
for floods and droughts, despite having climate change adaptation and disaster risk reduction policy 
frameworks (Dahan, 2018).

Integrated and action-oriented knowledge is needed. Several countries have science agencies to measure 
risks—such as those monitoring climate change and measuring water flows. International science 
agencies and development partners have also provided significant technical assistance to countries in the 
region. However, there are barriers to integrating this knowledge, including:

• a lack of recognition of practitioner and indigenous knowledge

• a lack of direction in transboundary cooperation 

• a lack of incentives for academic researchers to collaborate with local water actors in undertaking 
problem-solving and innovation development research. 

Multiple approaches to resilience—social, technological and natural—need to be integrated to 
form holistic policies. A proactive and deliberate institutional learning strategy is needed to ensure 
risk management is adaptive and responsive. More investment is needed to develop context-based 
sociotechnical and nature-based solutions informed by risk analysis and scenarios.
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A key finding from this review is that there is a need to support collaborative work to explore and 
promote water systems innovation that could evolve at different scales and contexts to tackle water 
insecurity risks. Moreover, the water and climate change sectors can learn from longstanding research 
on innovation systems and urban sustainability transition, relevant in the context of ‘research for 
development’. Community–researcher–policy maker co-learning could be a better pathway to climate 
change adaptation and a more pertinent measure of achieving water security and sustainability. 
The value of partnerships and collaboration is generally recognised in water management, yet risk 
management requires taking partnerships to new levels and forms to support adaptive governance.

There is often limited knowledge partnership among policy actors, researchers and practitioners within 
countries. The pathway from policy to implementation and anticipated change needs to be strengthened 
through greater collaboration and co-learning between community, researchers, water managers, utility 
providers and policy makers. 

No single country has the strengths on all these robust policy attributes, which means partnerships and 
cooperation at subregional and regional scales can benefit all. That said, countries in the Pacific can 
particularly benefit from partnerships with countries that have further advanced in developing policies 
and their implementation.

There is also a need for downscaled data on water and climate across the region. For example, limited 
local-level data on WASH services in PNG is a barrier for decision makers to make evidence-informed 
decisions. This lack of data also contributes to the politicisation of planning and low accountability for the 
delivery of water services (Davis, 2019). 

Data constraints hamper efforts to tackle water insecurity at all levels, from city level to river basin and 
higher (ADB, 2016). In some countries such as India, national-level water portal and monitoring systems 
have been developed. Active monitoring and updating of databases are crucial to manage water security 
under a changing climate, and monitoring needs to be organised with ongoing emphasis on prediction 
and scenario analysis. 

Climate risk management must also cover water planning and infrastructure development in the short, 
medium and long term. Policy provisions can encourage some experimental space (including space to 
fail) to champions and leaders who are committed to translate and experiment with new ideas. Financial 
cover can be provided for extra efforts, especially when the benefit of risk management is difficult to 
internalise (and levy a fee to beneficiaries). Revised valuing and pricing of water and related services 
could help recover the cost of innovation and development. 

National policy decision makers also face the challenge of deciding water allocations across sectors.  
As a result, disagreements continue around water allocation between sectors—such as agriculture versus 
other sectors in Pakistan. Pakistan allocates 95 percent of its water to agriculture (Ahmed, 2016). 

3.7 Australian examples

Australia has an extremely variable climate, and its history of recurrent droughts is punctuated by floods. 
Rainfall is often irregular and evaporation rates are high, resulting in limited reliable surface flows in 
streams—the smallest volumes of runoff of all the inhabited continents. As a result, Australia depends 
on water storage more than other developed countries, and stores more water per capita than anywhere 
else in the world. 
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Figure 3-5. Lake Hume during drought in 2007 in Victoria, south- eastern Australia (source: Flickr)

Australia, the average temperature has risen by 1 °C from 1910 to 2018. In the southeast, the April–
October rainfall has fallen by around 11 percent since the late 1990s, while rainfall in parts of northern 
Australia has increased since the 1970s (CSIRO & BoM, 2018). 

Australia’s experience with reduced available water offers lessons in how to cope with the increasing 
global water stress (Kendall, 2013). It experienced one of its most severe droughts—the millennium 
drought—from 1997 to 2009, and a more extreme drought in New South Wales in 2019–2020, resulting 
in numerous rural towns running out of water. This latter drought, combined with an especially hot year 
(1.52 °C anomaly), contributed to one of the world’s worst bushfires in 2019–2020. 

Australia’s total annual rainfall in 2018–2019 was 351 mm, the lowest in almost 50 years (BoM, 2020). 
Water usage across the whole of Australia in 2018–2019 was 15,100 GL, of which agriculture, urban-
use and industry proportions were 70 percent, 20 percent and 10 percent, respectively (BoM, 2020). 
Australia’s population is ~25 million, of which ~90 percent live in urban areas and ~60 percent live 
in cities that have more than 1 million people. Nearly 85 percent of the population lives in coastal 
areas (within 50 km from the coast), relying heavily on either upstream water storage or desalination 
(Clark & Johnston, 2017). 

Australia is a federation of 6 states and 2 territories, and under the Australian constitution state 
governments have responsibility for land and water management. Territory governments have assumed 
responsibility for land and water management through Australian Government legislation. The Australian 
Government has an oversight, facilitation and funding role, ensuring that the national interest is served, 
particularly in the transboundary Murray–Darling Basin and other trans-state river and groundwater 
basins. Accordingly, undertaking national water reform required the agreement of the Australian and 
state and territory governments. 

Although water sector reforms started in the 1990s, the slow pace of progress and the 2000 millennium 
drought triggered more aggressive reforms in 2004, when the Council of Australian Governments 
agreed to establish the National Water Initiative. The success of the initiative hinged on getting states, 
experts and communities to work and learn together, using financial incentives of different types to 
encourage progress.
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One of the country’s successful responses to water scarcity has been to integrate education and demand 
management programs with the development of physical infrastructure, such as desalination plants 
and water pipeline grids. Sociotechnical approaches like this also need to be adaptive because climate 
risks are complex, uncertain and dynamic. These solutions also demand more effective partnerships for 
knowledge sharing, resource pooling, innovation development and burden sharing. 

Australia’s response to climate-related risks to water security has evolved through decades of reform, 
experimentation and development. The latest wave of water sector reform in Australia started in the 
1990s, aiming to build a water sector that is economically and environmentally sustainable. This water 
reform has involved transforming water allocation, developing trading water entitlements, providing 
water for the environment and dealing with overcommitment, reforming urban water and irrigation 
management, separating water regulation from water management, and incorporating effective 
stakeholder engagement in water planning. 

Water reform required a shift from an old, administrative method of water allocation that assumed no 
environmental limits to the resource to a new system that is market based, works within sustainable 
resource-use limits, and provides economic value to individual water entitlement holders and the nation 
overall (Doolan, 2016). These reforms can be briefly summarised as: 

• modernising irrigation with on-farm and off-farm water efficiency programs 

• increasing consideration of environmental watering and ecosystem health, including formation of a 
basin plan (Murray–Darling Basin Plan) to return water to the environment

• ensuring water quality, including development of a national water quality management strategy 

• improving groundwater management; with 20–30 percent of water use now sourced from 
groundwater, it is vital for water security that we manage groundwater and surface water in an 
integrated manner

• promoting and regulating water markets to ensure optimisation of water use, enable adaptation 
to droughts, trading to higher-value water uses and government purchases for maintaining aquatic 
ecosystems

• integrating river basin planning (focused in the Murray–Darling Basin) to optimise water allocation 
between critical human water needs, urban, environment, irrigated agriculture, hydropower and 
manufacturing

• transitioning to water-sensitive cities from initial situations of cities focusing on the supply of water. 

Australia’s response to the millennium drought has generated important lessons. Overall, Australia 
survived the millennium drought, demonstrating innovation and infrastructure investments driven by 
crisis. The crisis not only forced governments to implement quick responses, it also prompted new 
policies and approaches. Governments made investment and policy decisions that consolidated and 
embedded the existing water reform directions and built greater resilience to drought over the long term 
(Doolan, 2016). A synthesis report on Australian drought management identified a number of lessons—
highlighting the importance of demand-side measures to reduce the impact of drought, and achieving 
urban water efficiency, clear drought communication and public engagement, as well as good data and 
robust monitoring of sociohydrological change (Turner et al., 2016).

Australia invested heavily in new water supply infrastructure during the millennium drought and activated 
strong and successful demand management. The new investments were focused on:

• Australia’s first large ocean desalination plants, serving the major coastal cities of Sydney, Brisbane, 
Melbourne, Adelaide and Perth
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• ‘water-gridding’, where existing storages are connected by pipes to increase storage and improve 
efficiency

• irrigation modernisation, whereby government funding was used to both dramatically improve water 
distribution systems and to support farmers to upgrade on-farm water application systems

• urban wastewater and stormwater recycling, long known for its climate-proofing ability—for example, 
Perth is treating effluent for managed aquifer recharge that is later used in the domestic water supply. 

Throughout the millennium drought, only 1 new dam was constructed—the new Cotter Dam, built 
downstream from the existing dam, to increase water supply for Australia’s inland capital, Canberra.

Australia was also successful in reducing water consumption by demand management. This involved 
adopting domestic and industry water efficiency technologies (including rainwater tanks, onsite 
greywater treatment and use, low-pressure inhouse systems, water-efficient appliances and toilets), and 
implementing water-use restrictions (especially for garden use and external/car cleaning) and public 
education campaigns. Water demand decreased in all urban areas by up to 50 percent, and this has 
persisted to a significant extent well beyond the drought.

Australia’s catastrophic bushfires in 2019–2020 exposed new intensities of climate risks in relation to 
forest landscapes, which are important for water storage. The fire itself, which burned through 10 million 
hectares, was much larger than the 2018 Amazonian fire. It caused the death of 34 people directly and 
many more from smoke inhalation, destroyed more than 3,000 houses and killed or injured an estimated 
3 billion native fauna. The fires were exacerbated by extreme weather conditions such as heat and 
drought associated with climate change (Di Virgilio et al., 2019). The bushfire burned vegetation around 
Australia’s water reservoirs supplying water to the cities, creating issues related to water quality, flood, 
infiltration and water availability. Several of the drinking water catchments ravaged by bushfire saw a 
decline in water quality—for example, about 30 percent of Sydney’s Warragamba Dam’s 905,000 ha 
bush area was burnt (Wright & Reynolds, 2020). The decline in water quality following the bushfires was 
caused by damage to water infrastructure, and rainwater washing ash and exposed soil into reservoirs 
that created conditions for contamination (Khan, 2020). Bushfire ash contains nutrients such as nitrogen 
and phosphorus, which lead to algal growth. Several towns on the southeast coast of Australia will 
face these water quality problems in the aftermath of the bushfire for a prolonged period, until the 
forest regenerates.

A new debate has emerged about water quality and storage and the need to mitigate the consequences 
of bushfires on water availability and quality. A recent study has shown that climate change increased the 
risk of bushfires by at least 30 percent (van Oldenborgh et al., 2020).

Australia’s environmental water debate has inspired other countries to look critically into the issue of 
environment in relation to agricultural use of water, such as in California (Bolorinos, 2019). There are, 
however, significant differences in underlying political, institutional, cultural and biophysical contexts 
between the Americas, Asia, the Pacific and Australia, which need to be considered when contemplating 
the exchange of experiences and policy lessons (Poddar et al., 2014). 

This report looks at water management case studies from 2 Australian locations: the Murray–Darling 
Basin in eastern Australian and Perth in Western Australia. In the Murray–Darling irrigation districts, 
water markets were an important contribution to the survival of industry and in maintaining agricultural 
productivity. Perhaps the most notable example of work on mitigating climate risks in a more explicit way 
is the urban water management plan for Perth in Western Australia.
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3.7.1 Case study 12: Murray–Darling Basin

Much of Australia’s rural water reform has occurred in the Murray–Darling Basin, the country’s 
largest and most complex river basin.

Australia’s water reform, while national in approach, has had a special focus on the Murray–Darling 
Basin because of the high value of the water for this region, the number of stakeholders and the 
complexity of management across state and territory borders. 

The National Water Initiative was announced in 2004, outlining a detailed program of reform around 
water regulations and management. The National Water Commission was constituted in the same 
year to implement the initiative, playing an important role in building wider support for it. The 
Water Act 2007 provides support for the initiative. This paved the way for the formation of the 
Murray–Darling Basin Authority (MDBA) in 2008 as the federal government agency to regulate the 
Basin’s water resources. 

The Murray–Darling Basin Plan was legislated in 2012 following several years of negotiation, and 
it specified a Basin-scale reduction in the average annual level of surface water extractions of 
2,759 GL per year, which was about a 25 percent reduction compared with long-term historical 
diversions (Grafton, 2019). The Basin Plan is an instrument of the Australian Parliament, and Basin 
governments have committed to implement the plan through intergovernmental agreements. 
Constitutional responsibility for water resource management in the Basin resides with the Basin 
states. It is their role to ensure that their own state-based arrangements reflect and are consistent 
with the Basin Plan. The Basin Plan was designed to be adaptive, and regularly reviewed and 
updated with the best available science and emerging knowledge about climate change (MDBA, 
2019). 

Basin governments agreed that the MDBA would be responsible for preparing and implementing 
the Basin Plan, enforcing compliance with it, and monitoring and evaluating the outcomes. The 
MDBA also works on behalf of state governments in the Basin on certain aspects, such as resource 
management and river operations, funded and directed by the Basin Officials Committee. The 
change of government in 2008 led to an increased budgetary commitment to the plan over a 
10-year period, including funding to buy water entitlements from willing sellers and to subsidise 
infrastructure (Grafton, 2019). 

Management of water in the Murray–Darling Basin is an evolving process, with a recent review by 
the Australian Productivity Commission indicating the need for clarifying the links between state 
governments and the MDBA (Productivity Commission, 2018). It has also suggested to differentiate 
the regulating and implementing roles of the MDBA by creating a separate entity for regulation.
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3.7.2 Case study 13: Perth

The water security through diversity approach adopted in Perth in the early 2000s paved the way 
for developing robust water security measures in Australia. The approach was in response to a 
drying climate, and included new rainfall-independent water sources such as large-scale seawater 
desalination, community engagement programs and demand management (Huntjens et al., 2012). 

Perth’s rainfall has been declining steadily since the 1970s. This downward trend is attributed to 
climate change to a significant degree (Power et al., 2005). Western Australia used to get 420 GL 
of water running into dams each year, but with climate change significantly reducing rainfall since 
the mid-1970s, Perth can now expect just 25 GL. The risk of drying climate was factored into Perth’s 
Water Future 1995 (Huntjens et al., 2012).

In the mid-1970s Perth relied primarily on forested surface water catchments in the nearby Darling 
Ranges. Over time, Perth’s population and water demand grew, while surface water flows from the 
supply catchments dropped at a faster rate than the decline in rainfall (McFarlane et al., 2012). 
Perth’s water managers increased supply from the abundant local groundwater and initiated water 
conservation measures in the 1980s. 

However, the groundwater levels soon began declining and threatened sensitive ecosystems. 
Subsequently, 2 ocean desalination plants were built, which now supply 40 percent of Perth’s urban 
water supply. At the same time, demand management through education and domestic water 
technology efficiencies was enhanced. By 2020, the original major surface water supplies had 
reduced significantly, and desalination became a major source. Groundwater supply was operated at 
a sustainable level, and urban effluent was treated for aquifer recharge and subsequent potable use.

The Waterwise Perth Action Plan (2018–2030) sets the direction for transitioning Perth to be a 
leading waterwise city by 2030. The plan was drawn from the ideas and actions of more than 
200 stakeholders from all sectors, provided through consultation during 2018 (Government of 
Western Australia, 2019). The 12-year plan sets the groundwork to respond to the impacts of 
climate change on Perth’s water supplies and meet the water needs of a growing population.

This action plan calls on everyone in the community to play a role. The state government, councils, 
industry, individual businesses and households are all required to help secure the city’s water future 
and reduce per person water use in Perth from 126 KL to 110 KL per year, saving 32 GL of water per 
year (Government of Western Australia, 2019).

It outlines the actions the city will take in the first 2 years of this journey and establishes a solid 
foundation for the successive plans needed to achieve the 2030 targets. The actions in the plan are 
set out at different scales: from household to precinct, suburb and city. It also includes actions that 
the government will take as a driver and leader for change. Each scale lists several actions that will 
contribute to achieving change.
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4 A framework for action: Principles, policy 
priorities and promising responses

Key points

• Risk management approaches need rethinking in relation to engineering, water management, 
community engagement, policy, partnership and solution design philosophy.

• For climate risk management, water should not be treated as a separate sector, but a cross-
sectoral system underpinned by the water cycle.

• The combined impact of multiple risks must be considered during risk assessments and 
management (e.g. COVID and climate change, multiple hazards occurring at the same time 
caused by climate change).

• Climate risk management needs to be based on experience-informed principles to be effective 
and adaptable in different contexts.

• Focus on context-based solutions—for example, nature-based solutions are emerging as 
effective ways to mitigate climate risks to water security. 

• Shift the focus from either political and administrative boundary socioecological zones where 
climate impacts are felt and where actions can be orgnanised locally.

• Actions to combat climate risks to water security must be supported by policy to be effective—a 
shift in policy is needed to support effective change, including ensuring adequate financing for 
managing climate risks to water security.

• Individual project actions need to be coordinated with long-term innovations for effective 
change.

This chapter offers a framework for action to effectively manage climate risks to water security in 
the Indo-Pacific region (Figure 4-1). This framework is based on a review of local-level experiences 
(Chapter 3) and an assessment of promising response options (identified from emerging responses 
across the region and a review of literature). To develop a robust and practical framework, a combination 
of high-level and tangible guidance is provided:

• 8 principles for effective management to guide all stages of managing climate risks to water security; 
these embody the overarching shifts in thinking and approaches that are needed to drive change

• 8 policy priorities to direct focus where it is needed, including ideas for procedural shifts and several 
substantive policy options; these provide a key link between principles and responses, to ensure 
principles are translated into action

• 12 effective responses that show promise for the Indo-Pacific region; these cover different levels 
from governance and planning to infrastructure and technology to environmental, community and 
industry options

• 4 actionable entry points and pathways for effective long-term change.

Effective climate risk management depends on new mindsets, enthusiasm, energy and visions, and how 
they emerge in practice, policy making and organisational management. This includes thinking differently 
about water management, engineering solutions, community engagement, policy, partnership and 
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solution design philosophy. Given the diversity of the region, a context-based approach to climate risk 
management is essential—this framework helps to scope and identify actions that need to be taken in 
specific contexts.

This framework provides information and guidance to support the necessary shifts in mindsets as 
well as the development of sociotechnical and nature-based solutions (NBS) and how they can be 
supported by policy. For example, policy solutions based on a current understanding of risk will 
have to change when a new understanding occurs; Principle 1 outlines an anticipatory and adaptive 
approach to risk management, to help align current actions to mitigate risks under known, predicted 
or unknown scenarios. High degrees of uncertainty around the relationships between water, society 
and the climate also mean that investments should be made to build an integrated knowledge base to 
reduce uncertainty; Policy priorities 2 and 6 highlight the need for knowledge partnership and effective 
resourcing, respectively. Sometimes sociotechnical solutions and governance structure can co-evolve (or 
solutions emerge first and policy second), but in most situations, a conducive and anticipatory policy can 
facilitate the emergence of sociotechnical and NBS in practice; Response 12 outlines how NBS can be 
effectively implemented. 

Figure 4-1. Framework offered in this chapter for effectively managing climate risks to water security 
(source: authors)

4.1 Principles for effectively managing climate risks to water security

No policy blueprint is available for managing climate risks to water security. The use of principles is a 
more effective way to guide management under the uncertainties of climate change. To advance this 
review from analysis to practical recommendations, this section presents a set of 8 principles for effective 
climate risk management. These guide actions across different levels (policy, strategic and operational), as 
well as across diverse social and ecological situations.

Climate risks are manifested in different ways across various socioecological zones (Chapter 2), and 
various social groups and ecosystems experience risks in different ways. However, a common theme 
across the region is that many responses are not effectively managing climate risks to water security 
(Chapter 3). 

All situations of risk management involve making decisions under uncertainty. A principled approach 
to risk management can help accelerate actions, coordinate responses across scales and increase 
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knowledge sharing, while still recognising the contextual nature of climate risks. Robust principles also 
guide the transition through systems-wide change that is required to make water systems resilient to 
climate change. There is no quick fix to complex environmental problems such as climate change risks 
to water security—an adaptive and anticipatory approach is needed to manage change in a dynamic, 
multiscalar way over time (Geels et al., 2017). Principles also inform small actions in the system, which all 
add up to make a large difference.

The 8 principles are based on the analysis of experiences across socioecological zones (Chapter 3) and a 
review of literature:

1. Take an anticipatory and adaptive approach 

2. Iterate and integrate risk management

3. Focus on context 

4. Integrate targeted projects with high-level planning and policy 

5. Recognise and work across the 5 dimensions of water security 

6. Be inclusive and co-design solutions with stakeholders

7. Share knowledge and build partnerships

8. Link policy and actions across scales.

4.1.1 Principle 1: Take an anticipatory and adaptive approach

An anticipatory approach is about ‘governing in the present to adapt to or shape uncertain futures’ 
(Muiderman et al., 2020). This approach helps manage water security under uncertain future climates 
by investing in solutions that are robust and flexible to withstand the future changes in both climate and 
socioeconomic risks. This helps align current actions to mitigate risks under known, predicted or unknown 
scenarios. An anticipatory and adaptive approach to risk management needs to be adopted at all levels of 
water governance and cross-cutting sectors, such as agriculture, infrastructure and energy. 

This approach also recognises the risks of multiple pressures or extreme events occurring at the same 
time, or cumulatively, because the impacts of climate change will be compounded by socioeconomic 
challenges—existing and known, and future and unknown. The impacts of the COVID-19 pandemic have 
clearly shown that separate events can compound other pressures to water security.

This approach can also increase the pace and scale of adaptation that societies are already doing 
(Woetzel et al., 2020). 

Instead of reacting to the events of risks, this approach focuses on understanding, acknowledging and 
responding to risks (Hall et al., 2019).

A greater understanding of risks is needed because we can no longer understand the future based 
entirely on historical records. Current methods and human capacities are also inadequate to account 
for climate uncertainty, meaning we are unable to make ‘intelligent modifications’ to projects to reduce 
their vulnerabilities to failure (Ray & Brown, 2015). Climate risk models need to account for uncertainty 
by allowing for a constant state of change in the climate (Woetzel et al., 2020), as well as consider how 
societal factors interact with the changing climate. However, even with these considerations, climate 
models are limited in their ability to represent future conditions at the scale and precision needed to 
guide local and practical adaptation actions. 

Given these limitations, an adaptive and anticipatory approach focuses on characterising the relative 
importance of various risks and system vulnerabilities, followed by deciding how to best manage those 
risks to improve system robustness and flexibility (Ray & Brown, 2015). 
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Applying this approach to managing responses to climate risks involves at least 3 considerations:

• A practical strategy to manage uncertainty, such as considering a longer-term planning horizon. 
Singapore and Melbourne (which also has a 50-year water supply strategy; see Box 4-1) set good 
examples of forward-looking and long-term planning. Many cities and subnational entities in the 
region are yet to formulate such forward-looking and long-term strategies for securing their water 
future. The strategy should not only consider robustness and flexibility in planned solutions, but also 
avoid possible ‘maladaptation’ and ensure ‘no regret’ investment in infrastructure. 

• The ability of the socioecological system to reflect and learn beyond past mistakes while 
acknowledging the future. The importance of this is highlighted through uncertainty. studies of 
adaptation failure (e.g. Westoby et al., 2019), enabling and constraining factors (McNamara et al., 
2020) and identifying when adaptation work worsens vulnerability (Eriksen et al., 2021). 

• Prioritisation of work on high-potential risk areas to flow onto the wider innovation systems 
through specific cases of success. For example, creating a seawall to mitigate seawater intrusion is 
a priority in a high-risk coastal area. This can be supplemented by building longer-term institutional 
capacity to monitor, design and respond to coastal risks. This approach of working from ‘whole to 
part’ and ‘part to whole’ can increase resilience to risks. 

Box 41. Melbourne Water prepares water strategy for the next 50 years

In the foreword of Melbourne Water system strategy (Melbourne Water, 2017), the chair and 
managing director of Melbourne Water, a public company owned by the state of Victoria, recognise 
both socioeconomic and climate change risks: ‘Our growing city and changing climate present 
challenges for managing water resources across Melbourne and the surrounding region.’ 

The company takes a long-term view in planning, considering the water resource management 
challenges and opportunities across the Greater Melbourne region over the next 50 years.

This Melbourne Water System Strategy describes how Melbourne Water will continue to work with 
partners, customers and the community to ‘make Melbourne a great place to live in the face of 
these challenges’. 

The strategy outlines an adaptive portfolio approach, encompassing efforts to strengthen the supply 
system, support the community to use water even more efficiently, diversify the sources of water we 
use, and optimise the water grid and market.

Source:	Melbourne	Water	(2017)

4.1.2 Principle 2: Iterate and integrate risk management

Climate risk management should follow an iterative and integrative approach, since risks to water 
security cannot be identified and addressed in a single instance. An iterative risk management approach 
addresses the need to handle large uncertainties, long timeframes, the potential for learning over time, 
and the influence of both climate as well as other socioeconomic and biophysical changes (Jones et al., 
2014). Managing climate risks requires a longer than usual management cycle; however, current water 
management programs tend to be shorter than the period required to tackle the complex issues. For 
example, in the international development context, a 2018 United Kingdom Parliamentary Review of a 
Department for International Development program suggested that programs of bilateral and multilateral 
cooperation have been too short (International Development Committee, 2019). 
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From national- to local-level decision making, there is still a lack of understanding about the 
nature of risk. 

Simply calculating or predicting the risk is not enough to help decision makers in adaptation planning. 
Many decisions are made based on the view of a stable climate, and decision makers may not yet be 
planning for a world of changing climates (MGI, 2020). To effectively integrate climate risk into decision 
making, changes are needed in mindsets, operating models, tools and processes. 

To keep risk assessments up to date, water managers and decision makers must be aware of the latest 
and evolving evidence on the impact of climate risks to water security across different scenarios. 
Depending on global political and economic shifts, emissions scenarios could change in the future, 
altering climate change trajectories and impacts on water. In such situations, iterative risk assessments 
will be a key strategy to support robust risk management. 

Three key aspects of risk management support iterative and integrated risk management, regardless of 
future scenarios:

• invest more in hydro-meteorological data to integrate it into risk assessments

• strengthen the power of community in adaptation to integrate diverse views into the risk 
management process

• build institutional capability to undertake risk-integrated water management. 

Risk assessments should integrate all characteristics of hazard, exposure and vulnerability. Too often, 
focus is only on assessing climatic hazards while ignoring conditions of exposure and vulnerability. Risks 
assessments are also not often conducted at local levels. There is a need to offer guidance through 
implementation, and to assist decision makers, researchers and communities in the learning journey to 
improve their adaptation resources, systematically increase their climate change knowledge base and 
develop targeted engagement strategies (Tonmoy et al., 2019). Climate risk advisory services, such as 
those found in climate-smart agriculture initiatives (CGIAR, 2021), can also provide important knowledge 
to integrate into management approaches. 

A lack of integrated information makes climate risk management challenging. India did not appear to be 
prepared for a large flood in 2021, despite experiencing a flood in the same area in 2013 (Khandekar, 
2021; Mashal & Kumar, 2021). In the Pacific, it is even harder to find basic information about water, the 
impact of cyclones, recovery stories and lessons learned. A data analysis from the World Bank shows 
that Pacific islands Countries and Territories lag behind other developing states in their capacity to 
manage data and statistics (Cangiano, 2018). Reactive ‘crisis management’ still seems to be the dominant 
approach to risk management across the region. Integrated management approaches are even lacking in 
developed countries. For example, Australia struggled to prepare for the devastating bushfires of 2019–
2020 and their impacts on water security, despite the scientific predictions and warnings being made 
very clear to policy makers. 

Current risk assessments use conventional climate prediction techniques and probabilities; however, 
assessments need to consider more diverse future scenarios (Adger et al., 2018). To better understand 
and reduce risks to water security, local-level contexts need to be integrated with the assessment of 
climate risks (Aksha et al., 2020). Integrated climate risk management also involves tackling risks rooted 
in socioeconomic development pathways (Ray & Brown, 2015). Localising risk assessments to specific 
socioecological zones and then integrating risks assessment and management is crucial to protect water 
security from climate risks. 
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4.1.3 Principle 3: Focus on context

A contextual approach to risk management is essential to build resilience, because no single approach 
to managing climate risks to water security works for all parts of the region. This means approaching 
risk from the context of socioecological zones, which consider the underlying political economy and 
opportunities for catalysing change. Focusing on context also targets the specific risks that result from 
each zone’s hazards, exposure and vulnerability conditions. For example, the mountain towns of the 
Himalayas face very different risks to Pacific islands, and both have different public and community 
water institutions to respond to risks. However, both have problems in managing water security (Singh 
& Pandey, 2019). Reconfiguring these institutions to reflect their unique socioecological characteristics 
is central to climate risk management. Across all socioecological zones, there are gaps in institutional 
capacity, infrastructure, planning and policy making. However, the individual situations are highly variable.

Focusing on context, involves understanding the capacity that already exists, and has existed, through 
times of stress and uncertainty (Clarke et al., 2019). Various local socioecological case studies (Chapter 3) 
highlight the importance of a context-based approach to water security against all sources of risks, 
including climate change. 

Pacific islands generally have limitations in institutional capacity to manage intensifying risks of cyclones 
and saltwater intrusion in groundwater systems. In this case, the best entry point could be to assess 
opportunities for capacity building. The culture and faith in this region also needs to be considered 
in risk management, to connect adaptation projects with culture to effectively promote solutions 
(L. Kumar et al., 2020). 

Singapore’s water security achievements are the result of a contextual approach that evolved through 
its leaders’ political will, and a commitment to research-based planning. Singapore also translated policy 
ideas into effective public sector institutions that built partnerships with research groups, communities 
and industry. Singapore’s success is an outlier in the region, but its focus on context has important 
elements that can be replicated in other emerging economies (Tortajada, 2019). 

Other large cities like Jakarta need a contextual approach to tackling climate risks to help integrate their 
institutional and infrastructure measures (Costa et al., 2016). Jakarta is struggling to ensure that water 
management is informed by scientific insights and community voices from marginal and risk-prone 
locations. In Myanmar’s dry zones, the lack of local information means that the area still lacks basic state 
regulation around groundwater (Drury, 2017). Focusing on context will help each zone identify relevant 
entry points for action. 

Across the region, mitigating climate risks to water security requires going beyond infrastructure-focused 
solutions to consider the local context of environmental and industrial systems of water services (ADB, 
2016). Along with considering the local political, cultural and environmental contexts, the economic 
context must also be considered—climate risk planning should also be supported by macroeconomic 
analysis to justify economic action (World Bank, 2019a, p. 6).

Table 4-1 summarises various risks and some possible broad management strategies across various 
socioecological zones.
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Table 4-1. Context-based risk management solutions for socioecological zones

Socioecological zone Key climate risks to water 
security 

Possible context-based strategies to 
mitigate risks 

Mountain towns Flood in the wet season and 
drought in the dry season; 
drying up mountain springs 

Effective risk assessment and integration 
in water planning and governance; water 
storage through nature-based solutions; 
cross-sectoral coordination

Coastal cities Sea level rise, subsidence, 
drought, groundwater 
depletion, stormwater flood 

Urban water cycle management; blended 
solutions comprising desalination and 
wastewater recycling

Dry zones Limited groundwater 
recharge, groundwater 
depletion and poor water 
quality 

Managed groundwater recharge; 
strengthened community-based water 
sources management; technological and 
energy efficiency solutions for abstracting 
water; groundwater regulations

Delta zones Sea level rise, saltwater 
intrusion, floods

Integration of infrastructure with 
community voices 

Pacific islands Tropical cyclones, saltwater 
intrusion

Capacity building, risk communication, 
cross-sectoral coordination

4.1.4 Principle 4: Integrate targeted projects with high-level planning and policy

A local context-based approach alone is not enough—local actions need to be connected to higher-
scale processes of risk management planning and policy at national, transboundary and regional levels. 
Climate risk management must cover short-, medium- and long-term water planning and infrastructure 
development.

In recent years, there has been more focus at policy and strategic levels to integrate and coordinate 
across sectors, scales, risk types and water security dimensions. However, there are challenges to 
integrating the targeted and high-level aspects of water management. 

Examples of targeting key risks include the early warning system for flood in South Asia, the creation 
of a seawall on the Jakarta coast, and dykes in the Mekong Delta to prevent saltwater intrusion. 
Although these targeted approaches tackle immediate risks, they are less useful for building resilience 
against broader risks.

Many scholarly debates emphasise system-wide and long-term approaches; however, communities and 
decision makers are more concerned with targeting the most serious and recurrent risks. While high-level 
approaches are needed, they may reduce the attention to specific and prominent risks. 

There are 2 main ways to effectively integrate targeted and high-level approaches:

• High-level resilience-building strategies that require coordination across sectors and scales should 
include targeted risk mitigation to support investments in risk management. 

• Targeted risk management must acknowledge the broader, system-wide dynamics.
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4.1.5 Principle 5: Recognise and work within and across the 5 dimensions of water security

Water is always in motion in its hydrological cycle—through natural, infrastructure and social systems. 
To build resilience to climate risks, it must be recognised that water cuts across all sectors (Timboe et al., 
2020). This dynamic nature of water is summed up by the 5 dimensions of water security (ADB, 2020): 
household (rural), urban, economic, environmental and risk resilience. These are influenced by the 
2 cross-cutting areas of governance and financing.

Recognising the 5 dimensions of water security helps build resilience in in all parts of the water system to 
support sectoral, regional and institutional goals. 

Clearly formulated national- and basin-scale water security strategies are needed to ensure water 
security for human use across domestic, urban and economic dimensions, while also ensuring 
environmental health and building resilience to water-related risks. Mitigating climate risks in a small 
springshed or in a large river basin requires cross-sectoral coordination in the national systems of 
governance. This is already recognised; however, climate change is increasing the need to effectively 
integrate management across the 5 dimensions. 

Climate risk management across the 5 dimensions should be integrated with water systems innovation 
pathways in each socioecological zone. International investments can target priority socioecological 
zones to stimulate water sector actors to identify, design and promote climate risk management that is 
integrated across the 5 dimensions.

The 2020 World Water Development Report highlights the importance of combining climate change 
adaptation and mitigation, through water (UNESCO & UN-Water, 2020). Because water cuts across all 
sectors, a water-focused approach improves the provision of water supply and sanitation services, helps 
tackle both the causes and impacts of climate change (including disaster risks), and contributes towards 
meeting several Sustainable Development Goals, including water, hunger, poverty, health, energy, 
industry and climate action. Strengthening cross-sectoral coordination in water management can deliver 
multiple benefits and help build system-wide resilience.

Across the region, there is more focus on integrated urban water cycle management, which means more 
sectors are linked to water management space and more stakeholders are involved in decision making 
and planning. However, there is a frequent lack of integration and coordination within water management 
(Dahan, 2018). New ways of coordinated planning and decision making are required to ensure system-
wide water planning and mitigating climate risks across the 5 dimensions (Howells et al., 2013).

4.1.6 Principle 6: Be inclusive and co-design solutions with stakeholders

To design effective solutions and policies, more effective strategies are needed to integrate diverse forms 
of knowledge and stakeholder voices (based on gender, disability and other forms of socioeconomic 
differences). An inclusive approach can be achieved by supporting champions of change and their 
networks at local, national and socioecological scales. 

Despite efforts to improve gender equality, disability and social inclusion (GEDSI) in water management, 
challenges remain. Those involved in water and sanitation have been particularly sensitive to this 
social challenge. 

To foster GEDSI in water resources and climate risk management, it is critical to define and target the 
mindsets that restrict change (Bhattarai, 2018). Alliances among critical water and climate change 
researchers and gender and social inclusion champions should be supported, because critical research 
speaks to champions of change as well as to policy makers (Fischer, 2017). Critical studies of GEDSI 
implications of various water management and supply models need to be promoted to develop evidence 
on GEDSI impact and drivers. 
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Water quality is a challenge for poor and marginalised people, and water quality–focused initiatives need 
to be targeted to these regions and communities. Inclusive approaches help ensure access to water 
and sanitation as forms of basic human rights—this should be a critical part of the agenda in highly 
disadvantaged societies (WWAP & UN-Water, 2019). Financing models should explicitly consider GEDSI 
aspects in delivering water supply, particularly at the household level. These include subsidies and tariffs, 
and rules and practices about them. 

As well as 1-way translation of science into policy and decisions, inclusive approaches require an 
interactive process of learning, deliberation and adaptive management. Incorporating nonscientific 
knowledge and the voices of marginalised people are also critical. Evidence suggests that much 
of the current efforts to manage climate risks are overly technical and science-driven, and often 
ignore the voices of the community and knowledges of the practitioners. For example, Srinivasan 
(2017) argues that India’s water sector has good-quality research, but this isn’t necessarily leading to 
solving water problems. In Jakarta, community dissatisfaction and displacement has affected its flood 
management strategy. 

In Pacific island countries, engaging local communities in designing and implementing adaptation 
activities led to better prospects for success (McNamara et al., 2020). A community-based approach to 
adaptation and climate risk management has emerged over the past 2 decades; however, there are still 
challenges in genuinely involving the community and various subgroups (Clarke et al., 2019).

Investing in building a diverse and integrated knowledge base can help reduce the uncertainties around 
the relationships between water, society and climate, although there can never be enough knowledge 
to ensure total certainty (Sheaves et al., 2016). Management responses should involve all affected 
stakeholders, moving away from merely informing or holding consultations to genuinely co-designing 
solutions with stakeholders. 

Methods for linking community knowledge in infrastructure responses are still emerging. For example, 
Poff et al. (2016) have proposed a stakeholder-defined tool for engineering and ecological assessments, 
to help determine possible management actions under unknown future hydrological and climate states—
this tool aims to provide a transparent process for integrating socioenvironmental objectives into a 
decision-oriented vulnerability assessment framework. 

This principle requires various shifts towards genuine interaction and deliberation. Multiple aspects of 
social disadvantage need to be recognised in managing climate risks, because the impacts affect people 
differently. Proactive and deliberate participation of women and gender-discriminated people is needed 
at all stages of water management (Grant et al., 2017). This is because social and cultural factors in many 
parts of the region influence which genders have access to knowledge and water—this creates further 
differences in how people are exposed to climate risks.

4.1.7 Principle 7: Share knowledge and build partnerships

Most countries in the region can benefit from increased capacity to create knowledge and design 
solutions uniquely tailored to differentsocioecological contexts. To effectively manage water security, 
knowledge sharing and partnerships need to extend across all sectors, scales and stakeholder interests. 
Climate risk management involves transboundary basin cooperation; however, there are often situations 
of conflict between communities or states within water basins, typically related to water sharing. 
Therefore, there is also a need to strengthen mechanisms for cross-border and regional information 
sharing and cooperative risk management between countries, institutions and sectors. There is an 
opportunity to improve learning across borders on climate data sharing to maximise learning in an 
uncertain climate, and to improve dialogue on risk and benefit sharing. Not sharing data, such as those 
related to flood warning, can cost lives, especially in downstream regions. 
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Partnership processes should be improved to strengthen existing and establish new partnerships. 
For example, to manage water security under a changing climate, water engineers and community 
leaders need to increase their discussions and knowledge sharing. Singapore’s success in containing 
climate risks to water security is partly attributed to a functioning partnership among its people and the 
public and private sectors (Chen et al., 2011). The ongoing collaboration between academic research 
institutions and Singapore’s national water agency also demonstrates a replicable model for other 
countries and large cities in the region. 

Countries can learn from one another as experiences on types and levels of technological and 
institutional solutions vary greatly among the countries in the region. For example, Australia can share 
lessons as part of its international development partnership (Chapter 3). Key areas of Australian expertise 
and experience that are relevant to the region include integrated river basin planning, water-sensitive 
cities, environmental water flows and ecosystem health, managing water quality, improving groundwater 
management, water accounting and allocation, and promotion and regulation of water markets. Australia 
can also benefit from the region’s lessons in stakeholder engagement, public communication and cross-
scale (state–province) management of climate risks. 

International partnerships should promote experiential and practice-based knowledge linked to 
problem-solving, decision making and policy processes in real-world contexts. Developing and emerging 
economies need help to downscale climate science to local and subnational levels. Building local capacity 
to deal with climate uncertainties is also important. 

For example, Pacific island countries have limited technical and institutional capacity to manage the 
increased climate risks to water security. Despite the past 2 decades of international cooperation, this 
capacity issue remains (Falkland & White, 2020). A senior official of the Pacific Community recently 
noted: ‘We fully encourage the utilisation of capacity that exists in the region, and oftentimes the 
availability of that capacity can be challenging, but we recognise that there is an importance to utilise 
the regional capacity where it exists, regionally and nationally. Well intentioned technical assistance that 
comes in and out every so often is welcome and there’s a place for that, but really building long term 
commitment, trust and relationships with local actors that allow us to build that capacity over the long 
term is really important, and that takes time and that takes commitment’ (AWP, 2021a).

Even within advanced countries, water-related insecurities need special efforts to build partnerships 
across sectors and among multiple stakeholders within the country. When Australia faced the millennium 
drought, new modes and forms of partnerships emerged among the government, private sector 
and community organisations (Turner et al., 2016). Dedicated investment in partnerships between 
government agencies, utilities, industries and communities led to successful water-saving programs. 
These partnerships also: 

• stimulated a multimillion-dollar water efficiency industry during the drought years

• signalled a collective spirit to work towards water efficiency, garnering public support

• involved the formation of cross-organisational drought response teams, some of which continued to 
work beyond the crisis

• fostered sharing information within and between states

• led water companies and state governments to support applied, water-related research on climate 
variability, seasonal forecasts, pricing, conservation and efficiency programs, institutional analysis, 
systems modelling, and environmental water needs

• led to documenting and sharing knowledge at industry events and conferences contributing to 
strengthened responses, supported by research that received millions of dollars. 
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Perhaps the most challenging situation for building partnerships is across the transboundary water 
space. In all transboundary situations, managing climate change risks to water security requires cross-
border sharing of data and information, as well as extensive cooperation among states to manage 
rivers and aquifers impacted by climate change (GWP, 2018a). The United Nations High-Level Panel on 
Water emphasised evidence-based planning and cooperation to strengthen water data (HLPW, 2018). 
Knowledge generation and exchange, including how knowledge circulates among people who make 
or implement decisions is a crucial part of managing climate risk to water security. There is also an 
opportunity for cooperation among developing countries (south-south cooperation) as shown by the 
Malaysia–UNESCO Cooperation Programme (Camkin, 2019) and the weather insurance index work of 
CGIAR (Vyas et al., 2019). Since developing countries have similar technical capacities for policy analysis, 
development and implementation, south-south cooperation is a key opportunity to increase knowledge 
sharing and partnerships

Establishing international partnerships is important to launch flagship water security initiatives in 
the 5 socioecological zones. Initiatives focused at these scales can generate actionable solutions to 
climate risks to water security that are based on local environmental, social and political contexts. 
These initiatives are best delivered by strengthening local partnerships to stimulate action by water 
actors and organisations rather than replacing their role through a program. 

Advanced economies in the Asia-Pacific (Australia, New Zealand, Singapore, Japan and South Korea) have 
the opportunity to work collectively to promote region-wide water research and development. However, 
more support is needed to boost Australian water research and development to build self-sustaining 
partnerships with regional governments and water and climate agencies. This includes supporting 
targeted learning opportunities for policy makers and champions of change from across the region.

4.1.8 Principle 8: Link policy and actions across scales

Responses to climate risks cannot occur just at local or national levels—they have to be considered at all 
levels of planning and decision making. Actors from households and communities through to subnational 
and national governments all need to act together to contain climate risks. 

Risk governance is currently most common at the state level, but needs to be linked to local-scale 
processes of risk management and planning. Mega infrastructure–based solutions proposed by 
higher-level governments generally do not take into account the different needs of communities and 
households. Linking risk governance across scales helps to integrate local needs and contexts to create 
effective solutions. 

4.2 Policy priorities to support actions

The findings of this report suggest that policy remains a critical gap between climate risk management 
and water security. This section identifies key policy priorities to support risk management solutions. 
These priorities are linked to the 8 principles to support policy makers in developing effective 
policy responses. 

Along with principles, policy solutions must also recognise unclear and highly variable climate risk 
situations across time and space, and emerging sociotechnical and NBS in practice. Some climate-smart 
responses have already emerged, such as the water reuse systems, infrastructure solutions and NBS 
(see Section 4.3). When choosing a response, it is important to consider how policy systems and larger 
political economies can support, incentivise and sustain the solution. Independent studies show that 
programs supporting solutions often fail. Recognising and learning from these failures is the key to 
improving policy. More effort is needed to improve policy through action learning, co-designing solutions 
with affected communities, and incorporating all forms of available knowledge.
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This report shows that countries have begun to frame their climate policies by taking an anticipatory 
approach—by creating specific climate policies or incorporating climate risk into water policies. 
For example, Pakistan’s water policy explicitly recognises climate change as a risk to water security in the 
context of the country’s limited regulation and rapid growth in population and urbanisation (Ministry of 
Water Resources, 2018). For work already underway, it is important to critically examine context-based 
dynamics to identify what is working, and how operational-level improvements can be linked more 
effectively to national policy change.

Below is a discussion of some strategic policy solutions, which include both procedural and substantive 
ideas. The first 4 policy priorities are related to the procedure of policy making itself. The next 4 are 
related to policy implementation.

4.2.1 Priority 1: Rethinking policy approaches

An adaptive approach to planning and policy making (Principle 1) means continually updating policies as 
new information becomes available. This helps manage the uncertainty of future climate risks. A strong 
policy-oriented monitoring and information system is also important.

As climate risks increase, several shifts in thinking about policy have been proposed—for example, 
decisions should embrace stakeholder values, diversity of knowledge, and deliberation (Principle 6), 
instead of being determined through modelling-based prescriptions (Workman et al., 2020). Modelling 
and predictive analysis should be closely aligned with questions of decision making and work with 
alternative forms of knowledge and wisdom. 

A wider issue is that policy is not well informed by research, and research is not being adequately guided 
by the needs of policy makers. For example, critiques say that Pakistan’s climate policy is not adequately 
informed by research around the specific climate risks that the country is facing or likely to face (Mumtaz, 
2018). As water security and climate risks affect all sectors, adaptive learning across policy areas such as 
food, energy and infrastructure should also be part of the adaptive policy approach (Allan et al., 2013; 
see Principle 5). 

To address the gap between research and climate policy, some researchers have suggested adopting what 
they call ‘dynamic adaptive policy pathways’ (DAPP), to integrate ideas of adaptive planning and pathways 
(Haasnoot et al., 2019). The DAPP approach has been adopted by, and further co-developed with, the 
Dutch Delta Programme. The DAPP concept aligns with the suggestion of the Intergovernmental Panel 
on Climate Change to adopt an iterative approach to risk management (IPCC, 2014) (see Principle 2). 
Following this approach, policy makers should develop new policies to guide institutions, strategies, 
planning and investment, as the climate continues to change (Smith et al., 2019). 

4.2.2 Priority 2: Knowledge partnership for policy

Policy-relevant knowledge partnerships need to be strengthened. Knowledge partnerships need 
to encourage new and disruptive knowledge and policy approaches that can better respond to the 
uncertainties of climate change (see Principle 7). 

Currently, the increase in climate risks is not matched by the production and sharing of actionable 
and policy-relevant knowledge. This knowledge remains limited despite the recent growth in technical 
research and water management experiences across the region. Current policy responses such 
as integrated water management, community-based adaptation (CBA), adaptive governance and 
transboundary river basin governance should be critically reviewed and updated. 
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Climate risks impact water security in all sectors (such as agriculture, aquaculture, urban water and 
energy production), which means that policy, implementation and accountability need to be informed by 
risks that affect all dimensions of water security. This cannot be achieved through state-level and sector-
based policy management alone. 

To deliver effective innovation and policy, partnerships and dialogues need to be strengthened across 
science, practice, communities, and networks of change agents. More knowledge partnerships also 
need to be connected across local, national and socioecological scales, as well as across the Indo-Pacific 
region. Knowledge sharing from Australia can benefit regional communities in managing climate stress 
across multiple dimensions of water security. Partnerships between the private sector and national 
and international public agencies could also provide a boost towards transitioning to more effective 
risk mitigation.

Developing countries are often challenged in their institutional capacity to govern and have limited 
resources to generate and manage information. They can benefit from partnerships with countries that 
have more robust systems of research, monitoring, information analysis, science–policy interface and 
participatory decision making. These knowledge partnerships and cooperations help build local capacity 
to improve the design and implementation of effective policy.

Drawing on unique lessons of different countries in managing climate risks to water security across 
diverse socio-ecological zones, international policy dialogues and scholarly debates can also build 
momentum for more inclusive and resilient policy making. Community voices and traditional knowledge 
must also be supported and strengthened in policy. 

There is also now a need for knowledge sharing to integrate responses to other societal risks such as 
COVID-19 with climate risk management. Continuous monitoring of risks and emerging responses at 
national and subnational levels can provide important insights into how COVID-19 responses can be 
transitioned to manage climate risks to water security. Sharing knowledge and learning from failures can 
be prioritised in times of the pandemic, and this can be the best entry point for international agencies 
with resources and capacity to support governments in the region. 

4.2.3 Priority 3: Policy across the water cycle

Traditionally, water has been governed through sectorbased policies and legislations. Since water crosses 
multiple sectors—from agriculture to energy and infrastructure—policy must cover all dimensions of 
water security and the entire cycle of water (see Principles 5 and 8). For example:

• Singapore’s efforts to recycle wastewater has been supported by a policy approach covering the 
entire water cycle

• Australia’s regulations around environmental water flow offers examples into treating the water cycle 
beyond managing it as a natural resource

• city-level works in Australia have translated the water cycle approach into policy. 

Policy should not transfer risk from one part of the water cycle or dimension of water security to another, 
but should encourage managing risk through the entire water system. 

4.2.4 Priority 4: Policy in the transboundary space

Without effective transboundary cooperation, water management solutions are less likely to be 
implemented even when they are integrated in national policy (see Principle 7). Transboundary 
cooperation will benefit all parts pf the region. For example, Jakarta’s water insecurity could be 
overcome by fostering cooperation between the authorities of upstream regions and Jakarta’s municipal 
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government. Everywhere in the region, more transboundary cooperation is required, from data sharing to 
water allocations and reallocations. However, there are some promising transboundary policy responses 
throughout the region and Australia. 

The water sharing agreement between Singapore and Malaysia is a good example of transboundary 
cooperation to protect water security. The Indus Water Treaty has survived cross-border wars and 
geopolitical tensions, demonstrating the power of cross-border cooperation to reduce water insecurity. 
At a national level, Australia’s Murray–Darling Basin presents useful governance lessons in Basin-level 
water management involving the interaction among 4 state governments and the federal government in 
experimenting institutional and market based solutions across the political boundaries. 

The need for transboundary corporation has also been recognised among the Pacific island countries, 
with the Pacific Resilience Partnership being established by Pacific leaders in 2017 (Pacific Resilience 
Partnership, n.d.).

4.2.5 Priority 5: Effective implementation

Limited capacity to implement policy is a challenge in developing countries in the Indo-Pacific region 
(Sovacool et al., 2017). Recent policy initiatives have covered languages of climate change and recognised 
the importance of longer-term resilience building. These policies have also outlined more promising 
solutions such as integrated water resources management (IWRM), but the legal instruments and 
mechanisms for implementation do not exist. For example, Pakistan’s water policy recognises IWRM, but 
the institutions required to implement it are disconnected (Young et al., 2019). India suffers from the 
same problem (Pandit & Biswas, 2019). 

Policy design needs to address barriers to implementation, such as those related to capacity and 
resources. Policy implementation needs much more attention than it is currently receiving, and this 
should be a priority in international partnership initiatives. A new wave of transforming policy into 
practice needs to be adopted (see Principles 4 and 8) to shift the predominant view of policy as ideas on 
paper. Lessons from Australia’s experience of policy implementation and compliance (see Section 3.7) 
can help guide other countries to effectively design and implement policies in the context of their own 
political culture. Singapore’s successful approach to implementing policy around wastewater recycling 
and increasing public acceptance involved a combination of incentives, rules and public engagement 
(see Principle 6). 

4.2.6 Priority 6: Effective resourcing

Climate risk management requires a considerable amount of financing beyond the level that developing 
countries can afford. Investment is needed to support the scale and intensity of reforms and build and 
renovate infrastructure; however, financing remains disconnected from climate and water policy and 
planning. Currently, less than 5 percent of all climate change investments worldwide goes to adaptation; 
more than 95 percent goes to mitigation. Investments in risk management and adaptation are 
essential for both climate resilience and creating stability to attract the capital flows necessary to boost 
socioeconomic development (GWP, 2018a). 

There are established systems of climate finance such as the Green Climate Fund; however, they provide 
limited support for water projects (Hedger, 2018). In Indonesia, reaching universal access to water will 
require an investment into the sector of more than US$4.7B per year for water supply and US$2.8B per 
year for sanitation (World Bank, 2015). City-level water utilities in developing countries have been unable 
to generate revenue and finance to cover the cost of water services. 
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A key issue is that water continues to be seen as a free natural service, and communities and 
governments still tend to underallocate resources to secure water, let alone account for current and 
future climate risks. Demonstrating the value of water for economic and environmental functioning is 
necessary to raise awareness of the need to pay more for water infrastructure. 

Views on water pricing are polarised: some see water as a free public resource and others see 
the opportunity for water pricing to bring efficiency and competitiveness to the water industry. 
Although water pricing is an effective means of resourcing, developing cost-effective solutions and 
keeping service fees affordable should also be a priority. 

Models of financially self-sustaining water governance are still rare. Cities are struggling to finance their 
water supply systems, and, with more intense climate change impacts, the lack of financing will worsen 
the problem. Pricing of water is also seen as a contentious or sensitive issue—even Singapore did not 
increase its water price from 2000 to 2016. 

Further exploration of financing strategies is required to ensure security of water for households, cities, 
economies and the environment. Innovative financing models need to be promoted. For example, private 
sector philanthropy can be stimulated to serve the poorest, most vulnerable, women, children and 
elderly by providing sustainable and climate-resilient access to water and sanitation services. Over the 
past decade, a few conventional and innovative financing models have emerged. Australia’s experience 
in regional-level planning, water management initiatives and urban water financing can inform similar 
initiatives across the region. 

4.2.7 Priority 7: Filling the regulatory gap

Several policy areas within the water and climate space are yet to be regulated. Current policy responses 
lack the integrated approach to managing climate risks to water security across sectors, the 5 dimensions 
of water security and levels of decision making. Policy responses are slow, uneven and largely inadequate 
to address the nature and scale of climate change challenges (Hope & Rouse, 2013). 

There are many examples across the region where policies fail to account for all aspects of water security. 
In Pakistan, the 2018 national water policy is quite comprehensive, yet it doesn’t consider environmental 
and water quality aspects (Abubakar,	2018). Papua New Guinea has a national water and sanitation 
policy (2018) but policy enables for water climate risks are not adequate, nor is there a strong link 
with other climate policies. Water policy in India is also slow to respond to the issues of water security 
(Pandit & Biswas, 2019). Jakarta’s current policies are not adequate to manage the scale of flood and 
land subsidence that it is experiencing. If irrigation in Myanmar’s dry zones become more reliant on 
groundwater, new regulatory and institutional mechanisms will be needed; however, the challenge is 
to develop locally adapted forms of groundwater governance that include community participation 
in managing the resource (Johnston et al., 2015). Across the region, water rights and market-related 
mechanisms remain under-regulated except in Australia, where regulation has had a degree of success 
despite ongoing challenges. 

4.2.8 Priority 8: Clear authority and accountability

Building climate resilience requires adopting measures to address climate risks and opportunities at 
every level of policy planning, investment design, implementation and evaluation (World Bank, 2019a). 
Identifying and managing climate risks to water security requires effective coordination at different scales 
of governance, as well as across different cross-cutting sectors (Pahl-Wostl, 2019; see Principles 4 and 
5). For example, water utility management in India is at the level of city governments, whereas water 
management authority rests with provincial departments. This creates a disconnect between the 2 levels 
of governance—better coordination across these levels is crucial to protect water security from climate 
change impacts. 
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Because the authority across levels of governance is unclear, especially in the federal states, there needs 
to be an institutional structure with clear authorities, roles and accountabilities. For example, India’s 
constitution lists water governance as a state-level responsibility, and national water policy is viewed as 
not substantive enough to protect water security from the impacts of climate change (Pandit & Biswas, 
2019). However, the federal government still exercises great authority. 

To be effective, climate risk integration in water governance and water supply systems must be a 
multiscale process, with clear responsibilities and functions for national, provincial (in federal countries) 
and local governments (see Principles 5, 6, 7 and 8).

4.3 Effective responses to choose from 

At the most basic level, climate risk management requires some change or adjustment in physical 
systems, technology or social practices. New water management and climate resilience solutions have 
evolved in the region—especially in the past 2 decades—but there needs to be a more thorough critical 
review and discussions on current ideas and practices. Most of the current responses align with ideas and 
solutions that are advocated widely within and beyond the region, in both academia and policy. 

This section identifies and discusses old and new solutions around water management, risk reduction, 
climate change adaptation and resilience building that can be upscaled, adapted, refined or revisited to 
inform improved policies, strategies and practices for managing climate risks to water security. Of the 
current management responses reviewed in this report (see Chapter 3) and wider literature, 12 stand 
out as the most promising responses to manage the key climate risks to water security in the region 
(Table 4-2). These responses involve shifting away from what is accepted as a business-as-usual approach 
and targeting different facets of water security. They also advocate for a wide range of strategies across 
governance, infrastructure, community and industry. These responses highlight the need to integrate 
social, technical and environmental factors into the climate risk management process.

These responses can be enacted at different levels (policy, operational and strategic), by households and 
communities, to local and national governments, to international partnerships:

• Governance and planning responses—for governance-level action

• Infrastructure and technical responses—for operational-level action

• Environmental, community and industry options—for strategic-level action.
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Table 4-2. Summary of promising responses to climate risks, their use in management, and gaps to 
be addressed

Response Use in climate risks 
management 

Gaps to be addressed

Integrated 
water resources 
management (IWRM)

• Flood control

• Managing risks across 
space

• Managing risk across time 
(e.g. storage)

Weak implementation, inadequate 
attention to underlying political economy 
and vulnerability conditions, limited 
integration of climate risks to water 
security

Key elements underpinning IWRM need to 
be strengthened

Integrated water cycle 
management (IWCM)

• Comprehensive 
assessment of and 
response to risks

• Longer-term risk 
management planning 

• Integrating wastewater 
into climate risk 
management

Lack of explicit integration of climate risks 

Integrated catchment 
management

• Reduce runoff from heavy 
rainfall

• In-channel storage

• Reduce supply disruptions

• Reduce flood risks

• Floodplains replenishment

Weak associated institutions and authentic 
public institutions to plan and enforce 
actions 

Groundwater 
management and 
managed aquifer 
recharge (MAR)

• Reduced 
evapotranspiration loss

• Storage

Limited monitoring, slow development of 
recharge solutions, saline water intrusion 
in the coastal zone

Water-use efficiency • Clearer and more 
equitable rights to help 
build social resilience to 
risks

• Reduce social pressure on 
resources (and therefore 
reduce vulnerability) 
through effective demand 
management

• Financial sustainability

Deep cultural change involved; governance 
systems weak in many countries to ensure 
effective use and demand management 

Flexible but robust 
infrastructure 

• Disrupt physical risks of 
flood, cyclone and saline 
water intrusion

• Enhance storage 

Climate risks and flexibility still not 
considered in infrastructure design 
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Response Use in climate risks 
management 

Gaps to be addressed

Reservoirs and 
storage

• Minimise impact of 
extreme and short 
duration rainfall

• Storage of water for 
supply when needed 

Issues of dam safety, downstream 
ecological impact, upstream social and 
ecological impact

Not feasible in small Pacific islands

Desalination plants • Create new sources of 
water in areas without 
fresh water

Vulnerability to technical failure or natural 
disasters, costly, and high technical 
capacity needed to maintain

Climate-smart 
agriculture 

• Help tackle agricultural 
water security

• Reduce greenhouse gas 
emissions to help limit 
further climate risks

Scalable sociotechnical solutions are still 
lacking

Climate risk insurance • Spread the risk of climate 
across different time and 
spatial scales

• Contribute to building 
resilience 

Scalable sociotechnical solutions are still 
lacking

Community-based 
solutions 

• Identify and manage 
risks early, before the 
government or other 
stakeholders

Risks beyond community capacity to 
mitigate (e.g. flood and cyclone)

Nature-based 
solutions 

• Provide a ‘no regret’ 
solution (reduce 
emissions, build 
resilience, and support 
development)

• Optimise restorative and 
regenerative capability 
of natural systems in risk 
mitigation

• Enhance resilience 
through multifunctional 
landscapes

Inadequate recognition of limits under 
tipping point scenarios and climate 
extremes, lack clarity on presenting causal 
pathways from investments to results 

4.3.1 Governance and planning responses

A variety of governance responses, including global and regional policy initiatives, have emerged to tackle 
climate risks to water security. Water has also become a key agenda of international and regional policy 
negotiations in the Indo-Pacific region. Transboundary water institutions have emerged and become 
functional, such as the Indus Waters Treaty between India, Pakistan, Singapore, Malaysia and the Mekong 
River Commission. The number of water-focused international networks and forums has increased in 
the region—for example, Singapore International Water Week, Asia International Water Week, Korea 
International Water Week and the Asia-Pacific Water Forum. 
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Alongside these, discussions and events around water and climate are being initiated by regional United 
Nations offices, such as the United Nations Economic and Social Commission for Asia and the Pacific. 
For example, the Asia-Pacific Climate Week brings together governments and the private sector to 
upscale climate action (United Nations Climate Change, 2017). 

Bilateral initiatives on climate change have become more common, with several Organisation for 
Economic Co-operation and Development countries and nontraditional donors such as China engaging 
in water and climate change in the region. Novel attempts to undertake scientific assessments of 
climate and water systems have started at a subregional level—for example, the Hindu Kush Himalayan 
Monitoring and Assessment Programme, led by the International Centre for Integrated Mountain 
Development, recently published the first comprehensive report of the Himalayan region in 2019 (Wester 
et al., 2019). Similarly, a Pacific climate change assessment was undertaken with support from the 
Australian Government, led by the Australian Bureau of Meteorology and CSIRO (BoM & CSIRO, 2011). A 
review of national water policies shows that many countries have also prioritised water as a key sector for 
climate change action (Figure 4-2).

Figure 4-2. Key water-related responses in national responses to climate change (source: UNESCO & 
UN-Water, 2020, p. 42)

Global financing has increased for work related to climate risks to water security, including the 
management of water infrastructure and building and strengthening climate resilience. 

Since 2014, the World Bank’s global investment in water resources management has shown rapid 
growth—increasing from 23 percent to 30 percent, and rising to 41 percent of the new pipeline in the 
fiscal year 2017. Another 15 percent of activities in the portfolio were related to water and agriculture 
(World Bank, 2019a). The World Bank supports at least 100 river basins with climate-informed 
management plans and improved river basin management governance. It also assists at least 15 million 
people with improved flood and drought risk management infrastructure (World Bank, 2019a). 

In the Indo-Pacific region, the Asian Development Bank (ADB) committed to doubling its climate finance 
in September 2015 to $6 billion by 2020, including $2 billion for adaptation (ADB, 2017). 
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This review identifies 5 promising governance responses to water security in the Indo-Pacific region:

• IWRM

• integrated water cycle management (IWCM)

• integrated catchment management

• groundwater management and managed aquifer recharge (MAR)

• water rights, water-use efficacy and demand management.

Integrated water resources management

IWRM has dominated the water management and development debate in the past 2 decades. 
Thomas and Durham (2003) define IWRM as ‘a sustainable approach of water management that 
recognises its multidimensional character—time, space, multidiscipline (science/technology) and 
stakeholders (regulators/users/providers/neighbours)—and the necessity to address, embrace and 
relate these dimensions holistically so that sustainable solutions can be brought about’. This definition 
recognises that water management is a cross-sectoral issue involving many stakeholders, requiring an 
integrative and inclusive approach. Because of this, IWRM is a promising response for mitigating climate 
risks to water security—at least in theory. 

The IWRM concept became an attractive option for international development, although critical 
scrutiny of its impacts was lacking (Biswas & Tortajada, 2018). The 2012 World Water Development 
Report (WWAP, 2012) mentioned that ‘while important developments have been made around the 
world, the preparation by governments of national IWRM plans and the actual implementation of 
these plans remain unsatisfactory and well behind targets’. IWRM’s limited success is also linked to its 
unrealistic expectations—it was based on sustained investment in co-learning among policy, research 
and community. 

The IWRM concept has not been implemented as effectively as expected across the region (Petit, 2016). 
This is partly because the concept’s ideals of integration and inclusion are too challenging for the complex 
water governance systems of developing countries (and to some extent developed countries). 

Various aspects of IWRM have been implemented in the socioecological zone case studies in this report 
(see Chapter 3). Karachi was supported by the Global Water Partnership through an activity called the 
Karachi Water Partnership over 2007–2013, which sought to create a platform for collective action among 
water stakeholders in the city to improve water service delivery. In Myanmar, IWRM is being incorporated 
into national policy, but this often is not enough to ensure adequate participatory water governance 
(Götz & Middleton, 2020). In India, IWRM has not adequately considered the informal water economy, 
and has not helped secure India’s water future in its rapidly growing economy (Shah & van Koppen, 
2016). Indonesia and Vietnam have embraced IWRM in national policies, but the problem of ineffective 
implementation remains. 

Recent experience suggests that to be effective in practice, IWRM needs to improve its functional 
elements, such as capacity building, preparedness programs, planning, and national and policy interface 
(ADB, 2017). There is also a suggestion that IWRM needs to be translated from an abstract idea to 
a more problem-focused and adaptive strategy that recognises genuine dialogues and co-design 
among the actors involved (Allouche, 2016). Links between IWRM and water security also need to be 
established and monitored in specific contexts, so that actions are relevant to managing water security in 
socioecological zones. 
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Despite problems in implementation, IWRM principles still offer a holistic lens to identify and mitigate 
climate risks in all dimensions of water security. In particular, IWRM can enhance the adaptive capacity 
of water systems; however, this needs a co-designed, contextual strategy for implementation. IWRM 
can offer specific ways to manage climate risks (Figure 4-3) by assessing risk, consolidating stakeholder 
knowledge on risk management, reducing risk transfer across time and space, and co-designing solutions 
with fairer distribution of burden and benefits. 

IWRM=integrated water resource management

Figure 4-3. Potential of integrated water resource management (IWRM) to contribute to climate risk 
management (source: authors)

IWRM can also play a role in water-related disaster risk management. IWRM can help shift traditional 
flood control to integrated flood risk management. IWRM can also help in areas where drought affects 
groundwater recharge, by informing watershed management on integrating land, vegetation and water 
conservation.
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Integrated water cycle management

IWCM focuses on integrated management of the water cycle (IWRM focuses on cross-sectoral 
integration). IWCM covers management of water sources, supply systems, wastewater management and 
environmental flow management. Demand management is also an important component of ensuring 
water security, because demand is ultimately determined by people’s attitudes and behaviours towards 
water use (Brears, 2018). 

The idea of the circular economy is becoming popular in the water sector as well as in wider development 
practice, and this is being used to stimulate end-to-end water cycle management (Nika et al., 2020; 
Voulvoulis, 2018). This idea is being translated in urban water management (Figure 4-4). 

Figure 4-4. Water circuit through a circular economy model (source: Brînzan et al., 2020)

IWCM can help manage climate risks to water security by assessing risks in the entire water cycle, 
integrating risk awareness and stakeholder knowledge across the water cycle, considering climate risks in 
wastewater and environmental flow, and embedding risk management in a holistic and long-term 
approach to water cycle management (Figure 4-5).
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IWCM=integrated water cycle management

Figure 4-5. Potential contributions of integrated water cycle management in climate risk management 
(source: authors)

As the Indo-Pacific region becomes increasingly urbanised, cities and urban areas need a greater focus on 
water cycle management than is provided by IWRM. Achieving water security in an urban context requires 
managing both freshwater reservoirs and wastewater management and recycling (e.g. in Singapore). 

It is also important to link iterative and participatory approaches with water cycle management to ensure 
diverse voices from all affected stakeholders. In the urban landscape, city-level water forums are an 
effective tool (as found in India and Nepal). These support knowledge co-creation between community 
and scholars, ultimately supporting the development of useful policies and programs with full local 
ownership and sustainability. This approach can be repeated by other similar cities to help decision 
makers frame policies and interventions (Shrestha & Neupane, 2016). 

In Australia, Wyndham City Council in the state of Victoria shows the use of city-level planning and 
implementation of water cycle management. Here, IWCM is used as a comprehensive and long-term risk 
management approach (Box 4-2). 
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Box 4-2. Integrated urban water cycle management plan—an example from Wyndham City 
Council, Australia (source: Roberts et al., 2017)

Wyndham is a growing municipality in the state of Victoria, Australia, with a diverse range of 
built and natural environments. In 2017, it formulated a comprehensive Integrated Water Cycle 
Management (IWCM) Plan, with 3 objectives: 

• Create a resilient and liveable city.

• Improve the health of waterways and coastal environments.

• Improve collaboration and engagement with all stakeholders to be achieved by 2040.

The plan focuses on long-term actions that will bring about significant change in Wyndham by 2040. 
The impact of growth, climate change and council investment have all been analysed to test the 
resilience of this IWCM Plan to a variety of future scenarios. The findings indicate that in terms of 
growth, Wyndham is predicted to experience high levels of sustained urban development under all 
scenarios. Wyndham is already experiencing a prolonged period of below-average rainfall, and lower 
rainfall is set to become the norm under the median climate scenario. 

The plan includes roadmaps that consist of targets and actions that can be used to track the 
council’s progress towards its visions and objectives. Three roadmaps have been prepared as part of 
the plan to guide implementation over the short term (i.e. next 5 years). Each roadmap includes a 
series of targets and actions designed to help Wyndham Council deliver on its vision. 

This IWCM Plan sits above the council’s existing Water Action Plan and Stormwater Management 
Plan. It also has strong linkages with the council’s strategies, including the Environment and 
Sustainability Strategy, Open Space Strategy, Climate Change Adaptation Strategy, and the Litter 
Reduction and Prevention Plan. It is a unifying document that is designed to bring departments 
across Wyndham Council together to collaborate better on water-related projects.

The city’s IWCM Plan is informed by the desire to become a fully water-sensitive city. The plan is 
informed by an analysis of: 

• key land use, catchment, waterway and climatic conditions that impact water management 
across the municipality

• recent trends in water usage from a council, community and agricultural perspective 

• local litter management challenges, and the identification of key litter hotspots and priority 
areas for action 

• current stormwater treatment across the municipality and planned improvements 

• current and future water balances for the municipality that examine the import, generation, use 
and disposal of water from a variety of sources, including an examination of the implications of 
population growth, climate change and council investment on future conditions 

• opportunities to help guide council action and investment.
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Integrated catchment management

Management of water catchments, or basins, has been a popular strategy for water quality control, 
protection of source areas and maintaining functional ecosystems. This approach recognises the 
importance of community and stakeholder engagement to establish the vision of sustainable and 
equitable water use. Basin planning sets the framework for negotiating trade-offs between water 
uses, including the conservation of natural resources (Williams, 2012). Basin-level planning can also 
trigger works on institutional development and governance—shifting from a local small-scale water 
management to catchment-level interventions can help manage water security.

An emphasis on the ‘water catchment scale’ or ‘basin scale’ has been the central focus of water 
management in Australia. Catchment management is an evolving system that is developed differently in 
each state and territory in Australia (Williams, 2012). The entity established to coordinate cooperative 
relationships at the water catchment scale is commonly a catchment management authority (known 
as a CMA). Various tools have also been developed to aid catchment management. The Catchment 
Assessment Framework can enable catchment managers and technical experts to assess risks and 
analyse various management options (Lukasiewicz et al., 2016). Another tool by eWater facilitates 
the application of a whole-of-catchment approach to water management, including measuring the 
effectiveness of management activities (eWater, 2021). Water-focused catchment management can 
offer benefits in terms of retaining water and hence reducing supply-side climate risks. A simple concept 
to ‘keep rain where it falls’ has been developed to inform catchment-based water conservation and 
flood risk management (Collentine & Futter, 2018). This method includes a multifunctional form of 
green infrastructure to retain water in the catchment and reduce flood risk downstream by enhancing 
or restoring natural hydrological processes, including interception, evapotranspiration, infiltration and 
ponding (Collentine & Futter, 2018). However, implementing this solution can involve trade-offs among 
various land-use practices such as agriculture and forestry, and proper institutional integration and 
mutual compensation may be needed. 

Groundwater management and managed aquifer recharge

Groundwater management solutions are becoming more and important, including in urbanising regions.

Groundwater is generally less susceptible to climate change impacts compared with surface water. 
However, climate hazards such as more variable precipitation and changes in land use have impacted 
groundwater recharge, and the situation varies across socioecological zones. In dry zones such as Gujarat 
and Myanmar, groundwater is used by subsistence farmers, whereas in large cities like Karachi, Chennai 
and Jakarta, groundwater is heavily extracted and these cities are facing a serious water crisis. 

One type of MAR is aquifer storage and recovery (ASR). ASR is a solution to create a freshwater bubble 
in saline aquifers, which is later recovered. In Bangladesh, several ASR units, where excess rainwater 
and fresh pond water are injected into the subsurface, have been operating for the past 3 years (Sultana 
et al., 2015), and each unit is supporting a small coastal community (~50 households) throughout the 
dry season (Hoque et al., 2016). Community-based aquifer recharge in India’s Rajasthan shows the 
potential of small-scale, community participatory work being upscaled by the Government of India 
(Box 4-3) (AWP, 2019). 

In heavily urbanised areas where groundwater extraction is having serious consequences (such as land 
subsidence in Jakarta), more sustainable approaches to ensuring water insecurity are needed, such as 
regulatory restrictions on water withdrawal and searching for alternative sources of supply. 
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Box 4-3. Managing aquifer recharge though village-level collective action in India (source: 
Maheshwari & Mehta, 2019)

Managing Aquifer Recharge and Sustaining Groundwater Use through Village-level Intervention 
(MARVI), is a transdisciplinary project that commenced in India in February 2012. It involves 
close cooperation among 7 core partners and 2 associated partners, and collaboration among 30 
researchers from a range of disciplines and local villagers from the 2 watersheds: one in Gujarat and 
one in Rajasthan. In both watersheds, groundwater is the main source of irrigation water supply and 
plays an important role in agriculture and the livelihood of people. Both districts are in hard rock 
aquifer areas, and groundwater levels have dropped significantly due to excessive pumping.

The MARVI project is focused on developing a village-level participatory approach through the 
direct involvement of farmers and other affected stakeholders. It also focuses on developing 
models and tools to assist in improving groundwater supplies and reducing its demand on 
groundwater. A unique feature of MARVI is the use of scientific measurements by citizens through 
the engagement of Bhujal Jankaars (BJs), a Hindi word meaning ‘groundwater informed’ volunteers. 
With appropriate training and capacity building, BJs monitor groundwater levels and quality, making 
sense of what is happening to groundwater availability from a villager’s perspective. BJs convey this 
information to farmers and others in their own language. 

The level of groundwater represents the integration of recharge, pumping and flow processes. It is a 
direct measure of groundwater availability and the success of any collective management practices. 
BJs are an effective, trusted and valuable interface between village communities and government 
agencies, nongovernment organisations and researchers. 

The project team worked with 2 communities in the ‘Dharta’ and ‘Meghraj’ watersheds in Rajasthan 
and Gujarat to develop various tools and processes. They gained insights that have helped monitor 
groundwater, leading to effective groundwater management. MARVI is helping communities and 
other stakeholders to improve their decision making about groundwater use, crop selection, 
agronomy, recharge strategies and other aspects of sustainable groundwater management. 

The Australian Water Partnership (AWP) has recently out-scaled MARVI to multiple villages with 
successful outcomes. The next step is for the AWP to support the MARVI team to help upscale to 
25,000 villages across 7 states with funding and support from the joint Government of India and 
World Bank Groundwater Improvement Management Program.
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Water-use efficiency

Optimising the use of available water is an important area of risks management and resilience building—
especially with the combined pressures of climate change impacts on water and increased demand from 
growing populations. Important reforms are being made on water-use efficiency, demand management 
and water rights, and there are important opportunities for reform. 

For example, household water efficiency can be increased by a adding a ‘water-free’ male urinal that 
saves around 6 litres of water compared with a traditional flush toilet—this can add up to a saving of 
more than 25,000 litres of water per home per year (Chakrabarty & Bhardwaj, 2019)

Demand management techniques can help increase urban water security by (Brears, 2014): 

• reducing loss and misuse in various water sectors (intrasector efficiency) 

• optimising water use by ensuring reasonable allocation between various users (cross-sectoral 
efficiency) while taking into account the supply needs of downstream ecosystems and other water 
users and uses 

• facilitating major financial and infrastructural savings for cities by minimising the need to meet 
increasing demand with new water supplies 

• reducing the stress on water resources by reducing or halting unsustainable exploitation of 
water resources.

A key aspect of demand management is the valuation of water. The United Nations High-Level Panel 
on Water has recommended that water values be assessed and used to sustainably, efficiently and 
inclusively allocate and manage water resources and deliver and price water services accordingly 
(HLPW, 2018). Across the Indo-Pacific region, water remains an undervalued and underpriced resource 
(and service), with important opportunities to advance innovation on this front. Some efforts around 
monetising watershed ecosystem services have emerged over the past decade, but they are limited, small 
scale and localised.

Water rights are an important part of building water management efficiency and resilience to 
climate shocks (World Bank, 2016a). Water rights could be viewed and used not as a form of water 
ownership, but as a flexible instrument to resolve water conflicts at the community, basin, regional, 
national and global levels, while still protecting the needs of the poor (World Bank, 2016a). This is 
especially important for governing groundwater across many locations, and can be supported by water 
monitoring technologies. 

4.3.2 Infrastructure and technical responses

Infrastructure-based solutions need to be informed by a more dynamic understanding of climate change 
impact and hydrology under uncertain future climate scenarios. 

Technology and physical infrastructure have become integral components of sociotechnical solutions. 
To be effective they require better community participation and consideration of social resilience. 
For example, there is an increasing level of recognition among the Mekong Delta policy community that 
the challenges to effective flood risk management in the delta lie within governance and institutional 
settings (Hoang et al., 2018).

Across the region, various types of infrastructure and technical responses (sociotechnical solutions) have 
been implemented, such as: 

• pumping water in Mussoorie and diverting water from the Narmada River to Gujarat in India

• renovation of water infrastructure in Chennai following the flood
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•  management of tube wells and community reservoirs in Myanmar’s dry zone

• creation of a large coastal infrastructure project called Garuda in Jakarta

• construction of sluice gates in the Mekong Delta

• construction of a cross-border water channel from Malaysia to Singapore

• construction of a desalination plant and water recycling system in Singapore.

These responses demonstrate the diversity of sociotechnical solutions used to mitigate risks to water 
security in the region. However, for these responses to be effective, they need to embrace commuinty 
vocies and knowledge at all stages, be flexible to accommodate future risks, envision a ‘plan B’ in case of 
failures, and consider financing and investment as essential components of sustainability. 

Three promosing infrastructure and technical responses are discussed below:

• flexible but robust infrastructure

• reservoirs and storage

• desalination plants.

Flexible but robust infrastructure

Conventional water management infrastructure has been designed on past trends in water, climate 
and human use. With increasing uncertainty of climate risks and likelihoods of extreme events, water 
management solutions need to incorporate more robust design principles and be flexible to allow for 
unforeseen changes in the climate system (Smith et al., 2019).

Climate risks also need to be considered in the social and economic aspects of infrastructure design. 
Climate change models can help predict the physical damage to infrastructure; however, the actual level 
of damage is uncertain (Gardoni & Murphy, 2020). 

The uncertainties of climate change impact assessments in the region call for flexible structural and 
nonstructural measures (ADB, 2017). Several of the climate risks to water systems require creating 
physical structural systems that can withstand the effects of climate extremes such as winds, flood 
and sea level rise. In the context of climate risks, infrastructure needs to have properties of resilience 
beyond the conventional design criteria of strength, stiffness, service and ability (Lounis & McAlister 
2016). Climate-resilient infrastructure is planned, designed, built and operated in a way that anticipates, 
prepares for and adapts to changing climate conditions, with a built-in property to withstand and 
recover rapidly from disruptions caused by climate conditions and their impacts on society (OECD, 2018). 
Infrastructure resilience needs to be embedded at both project and strategic levels, and infrastructure 
resilience can come from both structural measures or managerial measures, such as changing the timing 
of maintenance (OECD, 2018).

Risk management in infrastructure must also consider trade-offs between risk minimisation and cost, 
and calculations of risk probability and likely impact. In particular, the cost needs to be weighed against 
consequences of damage. 

Reservoirs and storage

A regional-scale study conducted in the northeastern United States shows that increasing the water 
storage capacity of the region by building more dams can reduce the impact of climate change on 
water resources (Ehsani et al., 2017). However, building dams and reservoirs has several environmental, 
economic and social challenges. The option is also becoming increasingly limited by a decline in available 
runoff and an increase in sedimentation, driven by development activities and climate change (WWAP 

90 Climate Change and Water Security



& UN-Water, 2018). However, planned dam building, driven primarily by hydropower, is common across 
the world. As available reservoir spaces have already been taken up in many countries, more ecosystem-
friendly forms of water storage (e.g. natural wetlands, improvements in soil moisture and more 
efficient recharge of groundwater) could be sustainable and more cost-effective than traditional hard 
infrastructure such as dams (WWAP & UN-Water, 2018). 

Some parts of the region have low water-holding capacity compared with the amount of surface water 
that flows through their river basins, such as in Himalayan South Asia (Hirji et al., 2017), although 
water storage dams in this area have increased over the past 2 decades for hydropower and irrigation. 
Reservoirs like these can be impacted by climate change–induced extreme rainfall and flood, as shown by 
the 2021 flood in India’s Uttarakhand state in the western Himalayas (Agarwal, 2021).

Pacific island countries with limited surface water and groundwater have limited potential for large-
scale water storage, and much of the water storage attempts have been small-scale storage to cover 
dry periods. The construction of small-scale storage has been a critical solution for water security. For 
example, in the Cook Islands, large open buildings have been constructed solely to harvest rainwater and 
store it in 45,000 L concrete storage tanks (Falkland & White, 2020). Rainwater harvesting from larger 
public buildings in the Marshall Islands is common (Blaik, S., [ADB] 2020, pers. comm., 8 December), 
where rainfall is collected from a concrete runway and pumped to large above-ground storages that are 
major contributors to the water supply (Falkland & White. 2020). 

Climate change is making interannual rainfall and surface flow more variable in a number of locations 
in the Indo-Pacific region. This will increase the need for water storage even in areas where the surface 
flow has provided consistent water in the past. In Pakistan, there is now a growing debate about 
building reservoirs to store water, considering the climate risks impacting the flow of the Indus River. 
Surface water storage needs to be increased in large cities like Karachi and Chennai to secure water 
under the likely increase in precipitation variability. However, a more environmentally sustainable and 
socially inclusive approach needs to be taken. In Perth, Western Australia, surface water reservoirs 
once comprised nearly 70 percent of the city’s total water supply, but due to diminishing rainfall and 
runoff since the 1970s, surface water supply has been replaced by ocean desalination, groundwater and 
recycling through MAR (see Section 3.7). In Indonesia, most large cities and much of the rice-growing 
areas (rice is a staple food in the region) depend on large water reservoirs such as dams and barrages for 
water supply. 

Desalinisation plants

Desalinisation is an option to produce fresh water from saline or brackish water, but the cost and need 
for electricity is a major obstacle in resource-poor locations. Although the technology of desalination is 
effective and continues to improve, issues need to be addressed surrounding cost, energy consumption 
and environmental impacts. In Australia, however, an integrated analysis of economic, social and scientific 
variables (including sensitivity analysis) suggests that desalination is a more viable, cost-effective and 
secure bulk water supply alternative in coastal cities compared with building large rain-dependent 
dams over a long time (Scarborough et al., 2015). Desalination technology is also advancing rapidly in 
areas such as use of solar energy and efficiency of filtration, bringing down both costs and reducing 
environmental impacts.

As with other infrastructure options, some redundancy is inevitable in realising water security. 
Desalination facilities risk being abandoned when other water sources are plentiful, as is the case in 
Australia and the United States. Australia invested US$15B to create ocean desalination plants before, 
during and after the millennium drought. The plants were built to ensure the water security of Australia’s 
major coastal cities when other water sources were running low. When the drought broke, and rain 
filled city reservoirs, some of the desalination plants were abandoned until required in the next drought. 
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Intermittent infrastructure use (whether dams, recycling systems or desalination plants) is becoming 
a necessary and important optimisation issue for water managers to build ongoing resilience in water 
systems and communities. 

The vulnerability of desalination infrastructure to technical failures or other natural disasters is a critical 
issue (Tahir et al., 2020). To become a resilient water source, desalination infrastructure must consider 
the projected impacts of climate change in their design.

4.3.3 Environmental, community and industry responses

Environmental, community and industry responses (sociotechnical and NBS) provide context-focused 
solutions to work across the diverse socioecological zones of the Indo-Pacific region. These responses 
support transitions from focusing on conventional responses such as physical infrastructure, and heading 
towards more flexible social and environmental responses.

Four promising environmental, community and industry responses are discussed below:

• climate-smart agriculture

• climate risk insurance

• CBA

• NBS.

Climate-smart agriculture

Agriculture makes up 70 percent of the world’s total water use, making it highly vulnerable to the 
impacts of climate change. Climate-smart agriculture facilitates agricultural adaptation to climate risks by 
improving water management practices, as well as by suggesting institutional measures to support this. 

According to the Food and Agricultural Organization of the United Nations (FAO), nearly 40 percent of the 
world’s rural population live in water-scarce river basins. Climate-smart agriculture has emerged as a ‘no 
regret’ solution to increase agricultural productivity, build resilience of rural agricultural communities and 
industries to climate change, and reduce greenhouse emissions (FAO, 2021). 

This approach recognises water as the key vehicle through which climate change impacts agriculture and 
has evolved to mitigate risks related to both drought and flood. Climate-smart agriculture measures to 
mitigate against drought include (Bhattacharyya et al., 2020): 

• in situ soil moisture conservation

• mulching

• raised beds and furrows 

• ridges and furrows 

• farm ponds

• conservation agriculture (GWP, 2018b)

• recharging wells 

• percolation tanks

• contingency crop planning 

• modified planting techniques

• crops residue recycling. 
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For flood and excess rainfall conditions, suggested measures include (Bhattacharyya et al., 2020): 

• land shaping in vulnerable coastal tracks

• efficient drainage/conveyance systems

• introduction of flood-tolerant species

• integrated farming systems. 

Governments and international agencies such as the FAO, the Consultative Group on International 
Agricultural Research and the World Bank have recognised the importance of climate-smart agriculture. 
As a result, they have increased efforts in developing the technological aspect, catalysing investment and 
creating enabling policy. However, the effectiveness of climate-smart agriculture is not yet at a level to 
enable upscaling across different contexts, and there is also a need to clarify more operational principles 
beyond goals (Vernooy & Bouroncle, 2019). 

Climate risk insurance

Over the past decade, climate risk insurance has emerged as an important approach to mitigate climate 
risks, including in the water sector. The actual experience on the ground is still emerging, and current 
lessons suggest that it can be promoted as part of the overall adaptive capacity and resilience-building 
strategy (Cashman et al., 2018). Two major global environmental agreements—the Sendai Framework for 
Disaster Risk Reduction and the Paris Climate Agreement—both strongly support the idea of insurance-
oriented risk management. The InsuResilience Solutions Fund is a global initiative supported by G7 
countries and led by the German Government, with a goal to identify and support climate risk insurance 
solutions (InsuResilience Solutions Fund, 2021). It was launched at COP23 in Bonn, in 2017. The vision 
of this global partnership is to strengthen the resilience of developing countries and protect the lives 
and livelihoods of poor and vulnerable people against the impacts of disasters and other climate risks 
(InsuResilience Global Partnership, 2018). For example, under the partnership, Tonga is insured against 
tropical cyclones and received US$3.5M from the Pacific Catastrophe Risk Insurance Company, to aid its 
recovery from cyclone Gita (Pacific Catastrophe Risk Insurance Company, 2018). 

In 2019, InsuResilience reviewed disaster risk insurance in the Indo-Pacific, focusing on 22 countries: 
Afghanistan, Bangladesh, Bhutan, Brunei, Cambodia, East Timor, Fiji, India, Indonesia, Laos, Malaysia, 
Maldives, Mongolia, Myanmar, Nepal, Pakistan, Philippines, Singapore, Sri Lanka, Thailand, Vietnam 
and the Marshall Islands. It found that insurance-based solutions to disasters and climate change are 
still at an early stage (InsuResilience Global Partnership, 2019). It also identified 25 interventions that 
qualify as Climate and Disaster Risk Insurance that cover more than 212 million people (directly or 
indirectly). The study also revealed 5 large-scale state-sponsored and subsidised agriculture insurance 
programs in India, Indonesia, the Philippines, Sri Lanka and Thailand; these cover 40 million farmers for 
43 million hectares of agricultural land against negative weather events. The study concludes that: 

• countries have various disaster management frameworks but none of these include 
insurance-based mechanism

• although disaster contingency funds exist, these are not used to access insurance solutions

• there are no identified regulatory frameworks that work towards index-based or similar specialised 
weather index or disaster insurance products

• most losses caused by disasters are uninsured in the region; this means that there are several 
challenges in the path of upscaling insurance-based solutions. 
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Community-based adaptation

CBA occurs at small scales. Schipper et al. (2014) describe CBA as an ‘adaptation practice that is small-
scale, place based and often grassroots-driven, engages development practitioners and development 
approaches, and most importantly is community based’.

CBA to climate change has a long history in the Indo-Pacific region, with some of the community-led 
initiatives occurring before policy responses to climate change. This has received significant international 
support and research. From coastal flood management in the Pacific to springshed conservation in the 
Himalayan region, community-based collective action has tackled all kinds of risks to local-level water 
management. A Noble laureate, Ostrom, showed that communities can self-organise water management 
systems against all forms of internal and external risks (Ostrom & Gardner, 1993). 

Since the 1990s, CBA has become a buzzword in international development and climate change, and 
lessons have been learnt on the potential and limits of communities in managing climate risks. One of 
the criticisms of CBA is that genuine engagement and recognition of the community as the leader of the 
process are limited (Westoby et al., 2019). The way CBA is used also presents challenges in both upscaling 
and downscaling (Forsyth, 2013):

• CBA is less relevant for higher-scale challenges associated with climate risks, such as the changing 
reliability of monsoons that requires national and provincial water resource planning adaptation. 
For example, water insecurity in the town of Dharan needs larger cooperative efforts involving local 
governments in upstream areas where water is sourced. Urban flood risk reduction in Jakarta is 
not entirely under the control of the city of Jakarta—it requires larger cooperative efforts with the 
provincial authorities that regulate upstream areas.

• CBA is difficult to downscale enough to be internally inclusive and accommodate the interests of 
the poor and the most vulnerable households. While more effective CBA implementation is needed, 
there is also a need for socioecological zone–based action to tackle climate risks in a way that 
considers all groups, especially the poor and vulnerable. These actions must also be supported by 
enabling policies.

One of the criticisms of CBA is that there is a lack of genuine engagement and recognition of the 
community as the leader of the process (Westoby et al., 2019). CBA effectively reduced risks to 
water security in western India when communities were involved and their power was recognised in 
groundwater management. A lack of CBA led to concerns for not considering the potential of community-
based flood risk infrastructure in Jakarta and the Mekong Delta. Approaches to CBA need to be improved 
to overcome barriers to effective practice (Box 4-4).
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Box 4-4. Barriers to community-based adaptation: findings from a review of grey literature 
(source: Piggott-McKellar et al., 2019)

A recent study by Piggott-McKellar et al. (2019) explored the grey literature of community-based 
adaptation (CBA), consisting of evaluation reports of development projects undertaken between 
2006 and 2016. They sought to provide an overview of the current state of CBA and identify barriers 
to achieving successful CBA. 

They selected 69 projects, most of which were implemented by multilateral agencies and focused 
in Asia. They had some difficulty in locating documents on public websites—one of the report’s 
findings was that the information on this topic is not readily available in the public domain in a 
transparent way. 

CBA projects mainly concentrated on addressing food security issues or agriculture (or both) and 
were aimed at helping communities adapt to changes in rainfall patterns. Three barrier themes were 
identified: sociopolitical, resource, and physical systems and processes. 

They found that cognitive and behavioural barriers were the most common, noted in 76 percent of 
reports. Human resource barriers and financial barriers were also reported in more than 50 percent 
of reports.

They also found that there is a lack of communication between academic analysis and practice, 
despite some useful academic analysis of challenges associated with CBA. They suggest future 
research into barriers from the perspective of recipient communities would improve understanding 
of CBA barriers. This would also allow for a more holistic and deep understanding of how CBA 
barriers can be addressed. 

Nature-based solutions

The resilience of socioecological zones depends on the performance of engineered infrastructure and 
functions of ecosystems, as well as institutions and decisions made locally and at higher levels (Smith 
et al., 2019). NBS consider these aspects to provide innovative, holistic responses to managing water 
security. NBS in water management aims to contain or mitigate climate risks through using nature’s 
way of functioning. However, despite the optimism about following the law of nature, progress and 
effectiveness are limited.

The 2018 World Water Development Report presented NBS as being ‘inspired and supported by nature 
and use, or mimic, natural processes to contribute to the improved management of water. A NBS can 
involve conserving or rehabilitating natural ecosystems and/or the enhancement or creation of natural 
processes in modified or artificial ecosystems. They can be applied at micro (e.g. a dry toilet) or macro 
(e.g. landscape) scales’ (WWAP & UN-Water, 2018).

The report also explains that by applying the laws of nature, NBS bring new solutions beyond business 
as usual to increase efficiency in water resources management. NBS can deliver ‘no regrets’ solutions 
(reduced emissions, enhanced resilience, development co-benefits) towards resilience. In recent years, a 
range of NBS have emerged, emphasising a shift from engineering solutions to ones that better use and 
harness natural systems. Some examples of NBS include:

• ecological restoration, such as degraded forests, wetlands

• ecological engineering, using nature’s rules and design as much as possible 

• ecosystem-based adaptation 
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• ecosystem-based disaster risk reduction 

• natural infrastructure 

• green infrastructure

• area-based conservation approaches 

• forest conservation in water catchments

• green roofs and walls in cities 

• flexible management of marine protected areas  
(e.g. Vanuatu [Nature-based Solutions Initiative, 2020])

• rangeland rehabilitation 

• restoring ancient water supply 

• urban greenery

• rainwater harvesting practices

• rewilding rivers

• making ‘room for the river’ to reconnect floodplains and mitigate flooding.

The effectiveness of NBS is measured by a set of indicators based on integrated environmental 
performance, human health and wellbeing, transferability and monitoring, and citizen’s involvement 
(Figure 4-6). 

NbS = Nature-based solutions

Figure 4-6. Potential indicators of effectiveness of nature-based solutions (source: Kabisch et al., 2016)
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NBS supports a circular economy that is restorative and regenerative, including through water reuse and 
recycling. Investment in NBS are growing rapidly but it is still below 1 percent of the total investment in 
water resources management infrastructure. 

NBS have been suggested for augmenting water availability (such as modifying storage and infiltration), 
managing water quality (e.g. protecting water sources), managing water-related risks (e.g. green 
infrastructure) and reducing multiple risks to water security (WWAP & UN-Water, 2018).  
However, a recent review of global adaptation projects showed that despite acknowledging NBS, there 
are no clear pathways from investments to results, and progress is often not able to keep pace with the 
increasing levels of climate risks (UNEP, 2021). 

NBS offer sustainable options for a range of water problems across the region. They can help Asia’s large 
cities transition to more sustainable water and wastewater management, to ultimately become a water-
sensitive cities. They can also help Jakarta reduce its reliance on limited surface water and groundwater—
improving urban water supply systems, reducing the health issues of nonsewered wastewater and 
reducing pressure on the river system.

Pacific coastal cities and the urbanising Mekong Delta would also benefit from a clear framework to 
sustainable water use and climate risk management (Figure 4-7). The use of NBS as part of the water-
sensitive city approach has shown significant promise through demonstration cases in Australia and Asia. 
This approach is underpinned by 3 key principles: 

• using cities as water supply catchments

• provisioning ecosystem services from within the city ecosystems

• crating water-sensitive communities and institutions (Wong et al., 2020). 

A similar solution has also emerged in China, called ‘sponge cities’ (Zevenbergen et al., 2018). Risks to 
different water sectors and where they intersect can be mitigated by promoting NBS or nature-oriented 
solutions such as wetland management, climate-smart agriculture, conservation agriculture and 
bioengineering. The potential of these approaches should be judged in specific contexts. 

Figure 4-7. Urban water management transition framework (source: de Haan et al., 2015; 
Brown et al., 2009)
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5 Coda: Putting change into action
The analysis in this report presents a complex picture, requiring cross-sectoral and regional collaboration, 
and a highly integrative approach. In this Coda section the authors put forward a series of ‘action tracks’, 
which are actionable entry points and pathways to transition to more effective management of climate 
risks to water security in the Indo-Pacific region. Each action track consists of ‘entry points’ and ‘pathways 
of change’. Entry points are immediately actionable spaces. Pathways of change are a medium- to longer-
term (3–7 years) processes of change that can follow the entry point actions. 

Three key action tracks are identified in this report:

• mitigating climate risks by socioecological zones

• mitigating climate risks by water security dimensions

• innovating sociotechnical solutions and enabling policy.

A fourth requirement for action is also identified in the enabling action track ‘Using knowledge 
integration and partnerships for change’.

Action tracks provide different approaches to start, improve and coordinate management. 
Decision makers can determine the best action track based on their own priorities and needs, such as 
addressing risks based on the characteristics of their area (Action Track 1) or addressing climate risks to a 
certain industry (Action Track 2). They may choose to focus on a single action track, multiple action tracks 
or all action tracks.

5.1 Action Track 1: Mitigating climate risks specific to socioecological zones

As different parts of the Indo-Pacific region experience climate risks in different ways, climate risk 
management needs to be treated based on specific socioecological zones (see Principle 3). These zones 
are high-impact areas for international investments, which can help a large number of highly vulnerable 
communities ensure their water security in a changing climate. A socioecological zone–based approach 
can help strengthen institutions, share knowledge, and create a critical mass of change agents for 
climate-resilient water management and policy. 

For agencies concerned with water security in the Indo-Pacific region, actions based on socioecological 
zones are important to build context-based but regionally interconnected climate and water security 
knowledge bases to drive innovation in practice, policy and strategy. The 5 socioecological zones defined 
in this report offer contexts for action. Australia’s experience of managing drought and water scarcity 
in urban and rural contexts has the potential to inform other countries in the region. Context-based 
innovations and best practices need to be harnessed for informing policy and programs at national and 
regional levels. 

Targeted and programmatic support is needed to help socioecological zones ensure water security as 
climate risks increase. Local and district planning activities such as city water plans, delta management 
plans and river basin planning are examples of Action Track 1. This action track emphasises efforts and 
investments to advance integrated solutions to water insecurity in specific socioecological contexts  
(Table 5-1).
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Table 5-1. Action tracks by socioecological zones

Socioecological zone Climate risks and 
socioeconomic 
vulnerabilities

Entry points Pathways for change 

Mountain towns (and 
connected downstream 
areas)

Increasing risks of 
flood and drought, 
groundwater depletion, 
poor governance, lack 
of risks assessment at 
lower scales such as 
small catchments and 
groundwater regime 

Water information 
systems, water budget 
analysis, strengthening 
hydro-meteorological 
monitoring, 
groundwater 
monitoring, community-
based risk monitoring 
and adaptation

Transboundary 
water cooperation 
and governance, 
groundwater 
regulation, effective 
implementation of 
integrated water 
resources management, 
application of nature-
based solutions 

Coastal cities Sea level rise, coastal 
flood, saltwater 
intrusion, groundwater 
decline, poor planning 
and governance system

Diagnostic studies 
of water insecurity 
problems, monitoring 
of water sources, 
flow, quantity and 
quality; city-level water 
dialogues informed by 
risk assessments 

Coastal city water 
security alliance for 
shared learning and 
innovation, balanced 
sociotechnical solution 
with community 
participation and 
infrastructure 
development 

Dry zones Groundwater depletion, 
increasing water stress, 
poor monitoring and 
governance capacity

Groundwater 
recharge, water-use 
efficiency, equitable 
access, participatory 
assessments, review and 
upscaling of community-
based groundwater 
management practices 

Integrated 
natural resource 
management—
water, agriculture, 
horticulture, forests, 
pastures; participatory 
groundwater 
management; 
community-science 
partnership in risks 
assessment and 
monitoring
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Socioecological zone Climate risks and 
socioeconomic 
vulnerabilities

Entry points Pathways for change 

Delta zones Saltwater intrusion, 
freshwater decline, 
fragmented governance, 
weak system of critical 
assessment of plans and 
programs 

Mekong Delta plan 
review and impact 
evaluation, integrated 
water and climate 
information systems, 
subregional stakeholder 
dialogues informed by 
an assessment of delta 
plan 

Incorporating learning 
into the new delta plan, 
governance reform to 
foster collaboration and 
coordination among 
multiple subnational 
governance units, 
co-design approach to 
development and refine 
sociotechnical solutions 

Pacific islands Sea level rise, tropical 
cyclones, weak 
institutional capacity, 
ineffective partnership 
and program 
implementation 

Capacity building, 
information system, 
community participation 
and infrastructure 
planning and 
development 

Institutional integration 
and capacity building, 
community participation 
in infrastructure 
planning and 
development, regional-
scale risk assessment 
and dialogues, improved 
data and information 
system.

(source: authors)
A socioecological zone–based approach considers all dimensions of water security within a zone, and all 
current and expected climate risks. In this approach, a system of continual risks assessment is needed 
covering the socioecological zone, going across scales—beyond the national or provincial levels. Models 
and projections should address scales and time horizons as needed by decision makers, and spatial scales 
of the socioecological zone. This approach can also help build collaboration among all players active in a 
particular river basin or location, as they share common concerns or may need to resolve conflicts over 
water management and risk sharing. 

5.2 Action Track 2: Mitigating climate risks by water security dimensions

Water security encompasses all sectors, so development agencies and governments need to unpack 
it into actionable dimensions. This action track supports that need by dividing water security into 
5 dimensions: household (rural), urban, economic, environmental and risk resilience (ADB, 2020). 
These 5 dimensions require different approaches to mitigate climate risks. Although each dimension is 
connected, it is still useful to view them as individual areas for climate risk management (Principle 5). 
These dimensions are highly influenced by 2 cross-cutting areas: governance and finance.

Examples of mitigating climate risks to water by dimension include:

• making investment decisions according to dimensions

• prioritising household water security in rapidly urbanising regions and growing economies, especially 
among vulnerable communities such as those in the Indo-Pacific

• consolidating national and local policies and programs according to dimensions, aligned with their 
national Sustainable Development Goals
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• building on the Asian Development Bank’s (ADB’s) 2016 and 2020 Asia Water Development Outlook 
(ADB, 2016; ADB, 2020) and drawing on in-country data to formulate integrated water security 
planning that meets the future water demand for household, urban, economic and environmental 
needs; this approach can also foster thematic collaboration among stakeholders at local, national, 
regional and international levels. 

This action track can help manage water security and build climate resilience at a national level, while 
also providing a specific dimension to forge international and interagency partnerships (Table 5-2). 

Table 5-2. Action tracks for the 5 dimensions of water security 

Water security 
dimension 

Key climate risks Entry points Pathways for change 

Household 
water security 
(rural) 

Drying of springs, 
decline of groundwater, 
increased water demand 
in extreme weather 
events

Revival of community 
actions, water 
source conservation, 
groundwater 
management, rainwater 
harvesting 

Technological upgrades, 
sustained community 
action, community–local 
government partnership, 
water user associations 
augmenting voices, 
water-efficient household 
technologies

Urban water 
security 

Groundwater decline, 
interannual variation 
in supply, increasing 
urban flood events and 
intensities

Stormwater 
management, rainwater 
harvesting, water-
sensitive urban design, 
water-use efficiency 

Collaborative governance 
among communities, 
private sector and 
city water authorities; 
downscaling climate 
science to city level; 
urban water catchment 
conservation and 
management 

Economic water 
security 

Water loss through 
evaporation, high 
water footprints of the 
economy, competition 
for scarce resources, 
increased risks to 
water and related 
infrastructure due to 
floods

Water-use efficiency, 
water accounting, 
water allocations, 
water valuation, water 
footprint assessment

Economy supporting water 
source conservation, 
market-based water 
trading, water inputs 
fully compensated by the 
economy 
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Water security 
dimension 

Key climate risks Entry points Pathways for change 

Environmental 
water security 

Low dry season flow, 
water temperature 
regime changes 
affecting water quality, 
flood, pollution effects 
exacerbated, biodiversity 
loss

Wastewater treatment 
and recycling, 
environmental 
flow awareness 
and monitoring, 
demonstration of 
positive feedback 
between environmental 
flow and water security 
in the medium to long 
term 

Economic valuation 
of environmental 
water services, basin-
level planning and 
management, water-
smart cities, agricultural 
water management and 
regulation 

Resilience to 
water-related 
risks 

Flood, cyclone, slow 
onset risk from droughts 

Multihazard risks 
assessment system, 
increased investment in 
preparedness, building 
back better in disaster-
affected areas 

Disaster-resilient housing 
and infrastructure, nature-
based solutions, integrated 
disaster risk management 
and planning 

(source: authors)
Mitigating climate risks by specific dimensions has a range of benefits. For example, the combination 
of climate change and rapid urbanisation is increasing risks to urban water security, such as reduced 
water access and quality. A targeted urban water security initiative involving national, provincial (where 
relevant) and municipal governments helps tackle these risks.

This action track also helps identify relevant partnerships and alliances based on aligning the dimension 
with conventional development expertise and engagements. For example, the risk resilience dimension 
supports partnerships between existing disaster risk agencies and partners. Likewise, the urban water 
security space involves quite specialised agencies (such as wastewater recycling specialists), technologies 
and partnerships that can continue to focus on efforts to advance urban water security. 

To support a consistent approach with this action track, nationally focused water security strategies 
and initiatives are needed. These should then be scaled down to subnational and municipal levels, 
while also building horizontal partnerships to help share knowledge and build capacity. Mitigating risks 
by water security dimension also helps focus efforts where they are most needed. For example, urban 
water security needs special attention as a result of COVID-19, because low access to quality water and 
sanitation is putting a large proportion of the urban poor and disadvantaged groups at risk. 

5.3 Action Track 3: Innovating sociotechnical solutions and enabling policy

The importance of sociotechnical solutions and enabling policy has been highlighted by both the water 
sector and the broader field of sustainable development. These solutions can help facilitate a transition 
to more sustainable and resilient systems of environmental management and economy. Different types 
of sociotechnical solutions, such as IWRM and NBS, have been used across the region and the world with 
varying degrees of success. While these solutions are promising, they need to be critically reviewed and 
continually updated to fit changing climates and contexts (Principles 1, 2 and 3). More focus is needed 
on envisioning, reviewing, re-examining, adapting and upscaling sociotechnical solutions in different 
contexts. NBS and water-sensitive urban planning are emerging and receiving wider support. However, 
these ideas need a critical assessment of their weaknesses and barriers to adaptive application before 
they can be upscaled. 
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In general, climate risk management becomes effective when water systems are managed in an 
integrated way, considering the likely impact of climate change in the medium and long terms 
(Principle 4). Solutions such as IWRM, NBS, robust infrastructure and catchment management need to be 
designed and implemented based on context to make them fit for purpose.

A key lesson from IWRM application is that there has not been adequate scrutiny and critical assessment 
of the approach, which could have helped improve its outcomes. 

This action track identifies key sociotechnical solutions and the questions that should be asked to improve 
them (Table 5-3). These solutions can strongly complement works done under Action Tracks 1 and 2. 

Table 5-3. Action tracks of sociotechnical solutions

Sociotechnical solution Entry points Pathways for change

Climate risk–focused IWRM 
(Question: How can IWRM 
more effectively manage 
climate risks to water 
security?) 

Critical review of IWRM from 
climate risk perspectives, 
independently written case 
studies of IWRM and climate 
risks management practices, 
structured policy–practice 
dialogues to identify lessons 
and success factors 

Climate-smart, integrated, adaptive, 
inclusive water management 
approaches and practices for a 
variety of contexts; development 
and application of context-specific 
tools and methods of integration 

Urban water resilience to 
climate change

(Question: How can we 
reframe urban planning, 
collaborative learning and 
technology development 
actions to manage climate 
risks to water security?) 

Socioecological diagnostic 
studies, participatory review 
of planning practices, 
institutional analysis, climate 
risk audit of existing urban 
water management practices 

Mechanisms for ongoing sharing and 
learning among cities; comparative 
and robust science to support 
resilience building, encouraging 
climate resilience and equitable 
water technologies innovation; 
developing tools, methods and 
metrics for urban water resilience

NBS to climate risks 
management

(Questions: What NBS work 
in a variety of rural and 
urban contexts and how 
can these be co-designed 
with local communities and 
governments?) 

Encouraging case studies and 
best practices documentation 
and sharing, building tools 
and resources, participatory 
and co-design initiatives, 
infrastructure safety analysis 
and monitoring

Applied research upscaling, 
upscaling best practices, creating 
community of practices, influencing 
academic curricula.

Responsive and adaptive 
water policy to enable climate 
risks integration in water 
management (Question: 
How can policy be made 
more responsive to emerging 
practices, evidence and 
innovation in managing 
climate risks to water 
security?)

Policy implementation 
capacity enhancement, policy 
monitoring, effective learning 
systems, policy process 
documentation and case 
studies

Policy upgrades (e.g. water, climate, 
irrigation, urban water)

Institutional reform for effective 
policy management, encouraging 
policy transformation (systems, 
attitudes, behaviours)
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Sociotechnical solution Entry points Pathways for change

Science, technology and 
knowledge partnership 

(Question: How can cross-
scalar knowledge partnerships 
be developed and 
implemented to effectively 
understand, foresee, manage 
and respond to climate risks 
to water security?) 

Promoting science agencies 
for collaborative research on 
climate risk–integrated water 
management, knowledge 
sharing and exchange, 
downscaling climate science, 
encouraging comparative 
assessments across similar 
cases

Research into policy, and research 
into technological innovation and 
practice; institutionalisation of cross-
case learning and sharing

(source: authors)
Sociotechnical solutions are also needed to manage the nexus between water security, food security 
and energy security. While this nexus is outside the scope of this report, issues were identified around 
institutional fragmentation and lack of coherent policy across the entire water system and related sectors.

Capacities for managing sociotechnical solutions in the region vary, and there is a huge opportunity to 
foster cross-learning at the national, provincial, city and community levels. Water sector governance can 
be supported to ensure coordination and strengthen community, urban and private sector involvement 
in water services delivery. Locally based academic institutions and research groups can be involved in 
testing and scrutinising sociotechnical solutions (Principle 6). Policy makers can be engaged in the process 
of co-production of applied solutions—an important way forward to overcome the dominant external 
supply of solutions, ideas and technologies. 

5.4 Enabling action track: Using knowledge integration and partnership 
for change

The 3 action tracks above offer practical ways to start the transition to more effective management of 
climate risks to water security. However, these need to work in partnership to avoid technical and policy 
siloes. This report suggests a cross-cutting action track for integrating knowledge and partnerships for 
change, in ways that support innovation. This action track helps bring Principles 6 and 7 into action.

To secure the region’s water future, risks management solutions must be built on the principles in 
Chapter 4. These principles recognise that action on climate change and water security risk requires 
decision makers, knowledge creators and affected groups of people to work together in better and more 
effective ways. Techniques such as action learning, co-design of solutions with affected communities and 
incorporating all forms of available knowledge can help to bring diverse groups of people together to 
assess and decide responses to water security risks. The context-based socioecological zone approach 
(Principle 3) implies that locally driven solutions are critical to water security—when we work with all 
stakeholders we create better conditions for resilience.

Knowledge production and partnership arrangements exist, but need to be reconfigured to enable 
policy and practice that support cross-sectoral initiatives, continuous innovations of solutions and 
risk management in socioecological zones. Connecting knowledge partnerships across local, national, 
socioecological and regional scales is essential to drive risk management innovation. 
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Appendix A: Summary of global and regional 
climate change observations and projections

The Indo-Pacific region is already experiencing climate change, and these changes are likely to become 
more variable and extreme in the future. This appendix gives a summary of climate change observations 
and projections at a global scale, and for Asia and the Pacific. This gives insights into how climate change 
is affecting—and is likely to affect—the Indo-Pacific region. 

Climate change observations

Some of the most observed changes in our climate include:

• increasing frequency and intensity of heat extremes and marine heatwaves

• increasing frequency of heavy precipitation

• increasing frequency and intensity of agricultural and ecological droughts in some regions

• increasing number of intense tropical cyclones

• declining extent of Arctic sea ice, snow cover and permafrost.

Many of these changes have been clearly linked to human-caused climate change.

Some aspects of climate change may be felt more strongly in cities than in rural areas, including heat 
(since urban areas are usually warmer than their surroundings), flooding from heavy precipitation events 
and sea level rise in coastal cities.

The US National Aeronautics and Space Agency (NASA) collects climate data via their Goddard Institute 
for Space Studies (GISS) (GISTEMP Team, 2020; Lenssen et al. 2019). One of their datasets is the global 
mean land–ocean temperature index from 1880 to 2020. The data show changes in land and sea surface 
temperatures since 1880, relative to a baseline period of 1951–1980. The data show temperatures 
increasing rapidly from 1976 and continuing to the present day. 

This dataset captures some of the key observations of climate change:

• The highest global mean surface temperature rise since 1880 was in 2020—temperatures reached 
1.02 °C above the baseline.

• The 6 warmest years since 1880 have been the last 6 years since 2015. 

• The total increase in temperature over the last decade was 0.21 °C. 

• There has been a constant annual increase in smoothed temperature since 1966. 

Data from the United States National Oceanic and Atmospheric Administration show that the ocean has 
been warming since 1955. This is primarily because the ocean can store a thousand times more heat than 
the atmosphere. This has accounted for more than 90 percent of the increased heat in Earth’s climate 
system. Ocean temperature increased from 1957 to 2020 (Figure A-1). Warming in the top 700 m of the 
ocean is widespread across the globe, with deeper warming occurring in the Atlantic Ocean. 

The heat absorbed by the upper layers of the ocean plays a crucial role in short-term climatic variations 
such as the El Niño–Southern Oscillation (ENSO). These variations are important in determining the 
climates across the Indo-Pacific region. Climate change affects climate variability and climate extremes—
for example, influencing the characteristics of tropical cyclones (Chand et al., 2020), and causing more 
extreme El Niño and La Niña events, which add to existing hazards with drier or wetter conditions in 
several regions across the globe (IPCC, 2019b, p. 68).
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Figure A-1. Change in ocean heat content to 700 m depth and 2000 m depth of the world ocean 
(source: NOAA, n.d.)

Ocean warming is also causing more intense marine heatwaves, ocean acidification, loss of oxygen, 
coastal saltwater intrusion and sea level rise. These are affecting coastal ecosystems, with extra pressure 
from the adverse effects of human activities across water and land (IPCC, 2019).

As global temperatures have increased, sea ice has melted at a faster rate. This is because sea water 
absorbs heat from the sun, making oceans warm faster. Heat from the sun is reflected back into the 
atmosphere by ice and snow; however, as these melt with warmer land and ocean temperatures, they 
reflect less heat, speeding up the warming and melting feedback cycle (NSIDC, 2021). The United States 
National Snow and Ice Data Center (NSIDC) data show that the Arctic sea ice cover has consistently 
declined since 1979. It has declined by 9.6% per decade relative to the 1981 to 2010 average (NASA 
Global Climate Change, 2021). According to the NSIDC, as of October 2022, Arctic sea ice extent stood 
at 3.46 million square kilometres in terms of surface area (Figure A-2). However, this is likely due to the 
unusual season with fairly cool and stormy summer conditions limiting summer melt. The overall trend is 
much worse, with the amount of multiyear ice is still at a record low, roughly one-fourth of the amount 
seen in the early 1980s. Decreasing sea ice has impacts across the globe because sea level rise poses risks 
to water security, including in the Indo-Pacific region.
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Figure A-2. Monthly October ice extent for 1979 to 2022 shows a decline of 9.6 percent per decade. 
(source: National Snow and Ice Data Centre, n.d.)

Satellite altimeter data collected since 1993 have measured a rise in the global mean sea level (GMSL) of 
~3 ± 0.4 mm/yr, resulting in a sea level rise of more than 7 cm over the past 25 years (Nerem et al., 2018). 
GMSL is rising at an increasing rate because faster rates of global ice melt are adding to ocean thermal 
expansion (IPCC, 2019a) . The Intergovernmental Panel on Climate Change (IPCC) report also states that 
sea level rise is not globally uniform and varies regionally (IPCC, 2019a). The acceleration in sea level rise 
since the 1970s has been caused by a combination of thermal expansion of the ocean and increased ice 
mass loss from Greenland (Frederikse et al., 2020). 

In addition, human-caused climate change has increased extreme sea level events (high confidence) 
associated with some tropical cyclones, and the intensity of multiple extreme events (high confidence) 
(IPCC, 2019a). Every year, around 80 tropical cyclones form globally (Chard et al., 2020). Evidence shows 
that tropical cyclone intensity in the north Pacific, Indian and southwest Pacific oceans has increased over 
the past 40 years as the climate has warmed (Webster et al., 2005). There is also evidence of the ENSO 
influencing cyclone characteristics (Chard et al., 2020). 
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Global climate change projections

The IPCC forecasts global climate responses against 5 possible future development scenarios that cover 
the range of known anthropogenic drivers of climate change (IPCC, 2021):

• high and very high greenhouse gas (GHG) emissions (SSP3–7.0 and SSP5–8.5, respectively) and 
carbon dioxide (CO2) emissions that roughly double from current levels by 2050 and again by 2100

• scenarios with intermediate GHG emissions (SSP2–4.5) and CO2 emissions remaining around current 
levels until the middle of the century

• scenarios with very low and low GHG emissions and CO2 emissions declining to net zero around 
or after 2050, followed by varying levels of net negative CO2 emissions (SSP1–1.9 and SSP1–2.6, 
respectively). 

Emissions such as CO2 vary between scenarios depending on socioeconomic assumptions, levels of 
climate change mitigation and other factors. Despite this variation, all scenarios show that the mean 
average global surface temperature is likely to rise by 1.5–1.6 °C by 2040 (IPCC, 2021). 

Using these scenarios in global climate models allows the forecasting of future temperatures. The IPCC 
has developed forecasts for selected 20-year periods: 2021–2040, 2041–2060 and 2081–2100 (IPCC, 
2021). Depending on the GHG emissions scenario, by 2100, temperatures could rise from 1.4 °C to 4.4 
°C. Crossing the 2 °C global warming level in the mid-term period (2041–2060) is more likely than not to 
occur in the intermediate GHG emissions scenario (SSP2–4.5).

The IPCC forecast geographic variation of temperature change, precipitation and soil moisture for 1.5 °C, 
2 °C and 4 °C global warming shows that different regions will see different levels of impact (IPCC, 
2021). Temperature increases are particularly high for the Arctic and substantially higher over the large 
land masses, while the Pacific and East, Southeast and South Asia see smaller temperature increases. 
In terms of precipitation change, significant parts of East and Southeast Asia are forecast to see a drying 
climate, while South Asia becomes wetter. Soil moisture is seen to decline across Australia, and East and 
Southeast Asia, but increase in South Asia. The trends in these parameters generally increase in line with 
global warming. Further details for Asia and the Pacific are provided in subsequent sections.

Although the potential extent of change in global temperature, precipitation and soil moisture this 
century is alarming, people experience climate change most acutely through extreme climate events. 
According to the IPCC, extreme events such as cyclone, floods and droughts will increase in intensity with 
global warming (IPCC, 2021). Each extreme event reduces water security, and the impacts increase with 
the effect of combined and cumulative risks.

Observed GMSL change from 1900 and projections to 2100 show an increasing trend under all emissions 
scenarios (IPCC, 2021). The modelled future changes are consistent with observational constraints but 
only provide likely ranges due to difficulties in estimating the distribution of uncertain processes. There 
is a low likelihood that GMSL will increase to a high-impact level due to ice sheet instability processes—
while this has a low likelihood, it cannot be ruled out.
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Tipping points

Tipping points are thresholds that, if crossed, lead to far-reaching changes. In some cases, these can 
be abrupt and irreversible changes (WMO & IPCC, 2019). Abrupt changes in ecological systems are 
changes that occur quickly relative to their drivers. These changes are occurring across the world and are 
happening more often (Turner et al., 2020). 

Climate change can trigger tipping points of regional and global scales. Regional-scale tipping points 
include changes in monsoon patterns in Asia. Global-scale tipping points include the melting of 
Greenland’s ice sheets, and changes to the ENSO. 

Small shifts in the amplitude or time scale of environmental oscillations such as the ENSO can cause 
abrupt and sometimes irreversible changes (Bathiany et al., 2018). If the tipping point is crossed, the 
resulting trajectory would likely disrupt ecosystems, societies and economies (Steffen et al., 2018). 
Current observations show that Earth’s ocean, ice and temperature balance is already crossing several 
tipping points, with amplifying feedbacks to the climate system. Figure A-3 shows potential tipping 
cascades across the world—the individual tipping elements are colourcoded according to their tipping 
point temperature. Arrows show how these elements may interact with each other once they reach 
their tipping point, potentially causing a cascade effect (Steffen et al., 2018). This means that even a 2 °C 
increase in the mean surface temperature can lead to dangerous climate extremes (Hansen et al., 2016). 

Figure A-3. Some likely tipping points in the global climate system and their potential cascade effects 
(source: Steffen et al., 2018)
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Climate change evidence and projections for Asia and the Pacific

The IPCC has identified key climate change impacts affecting water security across parts of Asia and the 
Pacific. The summary below is drawn extensively from the Asia and Small Islands regional fact sheets 
attachments of the IPCC’s Working Group I report, Climate change 2021: the physical science basis 
(IPCC, 2021). 

Regional Asia climate observations and projections

• Average and heavy precipitation will increase over much of Asia (high to medium confidence).

• Glaciers are declining and permafrost is thawing—seasonal snow duration, glacial mass and 
permafrost area will decline further by the mid-21st century (high confidence).

• Glacier runoff in the Asian high mountains will increase up to the mid-21st century (medium 
confidence), and subsequently runoff may decrease due to the loss of glacier storage.

• Relative sea level around Asia has increased faster than the global average, with coastal area loss and 
shoreline retreat. Regional mean sea level will continue to rise (high confidence).

Asian monsoon regions climate change observations and projections

• The South and Southeast Asian monsoon has weakened in the second half of the 20th century 
(high confidence).

• Change in the dry-north and wet-south pattern of East Asian summer monsoon precipitation results 
from the combined effects of GHGs and aerosols (high confidence). 

• In the near term, South and Southeast Asian monsoon and East Asian summer monsoon precipitation 
will be dominated by the effects of internal variability (medium confidence). 

• In the long term, South and Southeast Asian monsoon and East Asian summer monsoon precipitation 
will increase (medium confidence).

North Asia (West Siberia, East Siberia, Russian Far East) climate change observations and projections

• Permafrost has thawed, its temperature increased, and seasonal snow duration and extent decreased 
while maximal snow depth has increased over the past 3 to 4 decades (high confidence). It is virtually 
certain that permafrost extent and volume will shrink with further global warming. 

• Annual precipitation has increased since the mid-1970s (very high confidence) and rising heavy 
convective showers caused more intense floods (medium confidence). 

• Projected increase in precipitation almost doubles the annual maximum river discharge with 
increased flooded area in major Siberian rivers by mid-21st century (medium confidence). 

• The number of dry days has decreased for much of the region but increased in southwestern parts, 
where total soil moisture will decline and the fire season will lengthen (medium confidence).

Southwest Asia (West Central Asia, Arabian Peninsula) climate change observations and projections

• Anthropogenic warming has amplified droughts since the 1980s (high confidence). An increase in 
extreme precipitation has been observed, mostly in elevated areas. 
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• Mountain permafrost degradation at high altitudes has increased the instability of mountain slopes in 
the past decade (medium confidence). Reduction of the annual maximum amount of snow increases 
with elevation in mountain areas. 

• Annual precipitation totals and intensity, and frequency of heavy precipitation are projected to 
increase with increasing warming levels. Strong spatiotemporal differences with overall decreasing 
precipitation are projected in summer with the opposite tendency in winter.

Tibetan Plateau climate change observations and projections

• Over most of the Hindu Kush Himalayan region, snow cover has reduced since the early 21st century, 
and glaciers have retreated and lost mass since the 1970s. The Karakoram glaciers have remained 
either in a balanced state or slightly gained mass. During the 21st century, snow-covered areas and 
snow volumes will decrease in most of the Hindu Kush Himalayan region, and snowline elevations will 
rise and glacier volumes will decline (high confidence). 

• A general wetting across the whole Tibetan Plateau and the Himalayas is projected, with increases in 
heavy precipitation in the 21st century.

South Asia climate change observations and projections

• Heatwaves and humid heat stress will be more intense and frequent during the 21st century 
(medium confidence). 

• Both annual and summer monsoon precipitation will increase during the 21st century, with enhanced 
interannual variability (medium confidence).

East Asia (East AsiaAS, East Central Asis) climate change observations and projections

• Daily precipitation extremes have increased over parts of the region (high confidence). Heavy 
precipitation will increase in frequency and intensity (high confidence), leading to more frequent 
landslides in some mountain areas. 

• Droughts have become more frequent in much of continental East Asia while arid Eastern Central Asia 
has become wetter (medium confidence). 

• The rate of intensification and number of strong tropical cyclones have increased (medium 
confidence), and tropical cyclone tracks have likely migrated poleward.

Southeast Asia 

• Future warming will be slightly less than the global average (high confidence). 

• Observed mean rainfall trends are not spatially coherent or consistent across datasets and seasons 
(high confidence). Rainfall will increase in northern parts and decrease in the Maritime Continent 
(medium confidence). 

• Compound impacts of climate change, land subsidence and local human activities will lead to higher 
flood levels and prolonged inundation in the Mekong Delta (high confidence). 

• Although there has been no significant long-term trend in the overall number of tropical cyclones, 
fewer but more extreme tropical cyclones have affected the region.
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Pacific climate change observations and projections

• Observed warming (high confidence) in the small islands has been attributed to human influence 
(medium confidence). Warming will continue in the 21st century for all global warming levels and 
future emissions scenarios, further increasing heat extremes and heat stress (high confidence). 

• Ocean acidification has increased globally as have the frequency and intensity of marine heatwaves 
in some areas of the Pacific Ocean, except for a decrease over the eastern Pacific Ocean. Marine 
heatwaves and ocean acidification will increase further with 1.5 °C of global warming (high 
confidence) and with larger increases at 2 °C and higher. 

• Sea levels will very likely continue to rise around small islands, more so with higher emissions and 
over longer time periods (high confidence). 

• Sea level rise coupled with storm surges and waves will exacerbate coastal inundation and the 
potential for increased saltwater intrusion into aquifers (high confidence). 

• Sea level rise will cause shorelines to retreat along sandy coasts of most small islands. 

• Small islands will face more intense but generally fewer tropical cyclones, except in the central north 
Pacific where frequency will increase (medium confidence at a global warming level of 2°C and 
above).

• Trends vary spatially and seasonally over small island regions in the Pacific. Rainfall has decreased in 
parts of the Pacific islands poleward of 20° latitude in both hemispheres (eastern Pacific and southern 
Pacific subtropics). This drying trend will continue in the coming decades, except in parts of western 
and equatorial Pacific. 

• Heavy rainfall events will increase in the western tropical Pacific (high confidence at 2 °C global 
warming and above). 

• Higher evapotranspiration under a warming climate either amplifies or partially offsets, respectively, 
the effect of decreases or increases in rainfall, resulting in increased aridity in parts of the Pacific 
(medium confidence at 2 °C global warming and above).
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Appendix B: Analytical framework
This report is based on a review of literature and analysis of secondary information. More than 
600 documents were reviewed, including peer-reviewed articles, reports from international organisations 
such as the World Bank, the Asian Development Bank and the United Nations, and Australian 
organisations. Relevant documents were also identified and collected from the partners of the Australian 
Water Partnership. 

A 2-step process of scanning and reviewing was adopted. This identified the 300 most relevant references 
for review, and included a small number of references that were added at the advanced stage of the 
review to capture the latest and newly emerging evidence. In addition to these 300 references, several 
more documents were reviewed as they appeared in the public domain during the study period (August 
2019 – June 2020). Analysis was aided by a qualitative data analysis software called NVIVO.

To present an analysis based on geographical context, 5 socioecological zones were identified in the 
Indo-Pacific region, and 11 case study locations were purposefully selected from across these. Two case 
studies from Australian locations are also provided to share experiences of managing droughts and water 
scarcity. This complements the insights coming from the Indo-Pacific region case studies.

This combined approach of literature review and case studies is referred to as the logic of abduction, in 
which conceptual framework and empirical description coevolve in the iterative process of qualitative 
research (Dubois & Gadde, 2002). This process provides a strong evidence base for the management 
framework proposed in Chapter 4. This process 

Assessing climate risks to water security

In this study, we approached risk assessment from the lens of management and policy, which is quite 
different from a theoretical lens. A risk-based approach involves considering the full range of conditions 
to which a system might be exposed, including those that lie beyond the normal design framework. 
The idea of risk provides a direct way to compare and choose between a range of possible water 
management options. Through the risk lens, attention is drawn to the ways systems may fail and the level 
of failure (e.g. modest or catastrophic).

This report defines risk using the definitions outlined in the Intergovernmental Panel on Climate Change 
(IPCC) Fifth Assessment report (IPCC, 2014):

Hazard: The potential occurrence of a natural or human-induced physical event or trend or physical 
impact that may cause loss of life, injury, or other health impacts, as well as damage and loss to 
property, infrastructure, livelihoods, service provision, ecosystems and environmental resources. 
In this report, the term hazard usually refers to climate-related physical events or trends or their 
physical impacts.

Exposure: The presence of people, livelihoods, species or ecosystems, environmental functions, 
services, and resources, infrastructure, or economic, social, or cultural assets in places and settings 
that could be adversely affected. 

Vulnerability: The propensity or predisposition to be adversely affected. Vulnerability encompasses 
a variety of concepts and elements, including sensitivity or susceptibility to harm and the lack of 
capacity to cope and adapt.
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From this lens, we see that climate risks are not solely determined by climatic phenomena but through 
the interactions among climate change as a hazard, society as a source of vulnerability, and geographic 
factors as a source of exposure (Figure B-1). 

Figure B-1. Climate risks framework (source: IPCC, 2019b)

Although the science of climate change assessments has become robust, the assessment of climate 
risks to water management is still emerging. Given the complex and multiscalar nature of climate risk 
impacting water systems, assessing risks to water security is not a straightforward task. For this reason, 
it is common to find diverse and contrasting approaches (Cook & Bakker, 2012; Jurgilevich et al., 2017) 
to tackling water insecurity related to climate change. Climate risks to water security is an emergent 
phenomenon and cannot be predicted with certainty, given the multiple and evolving feedback loops 
between climatic, hydrological and social dynamics (Kundzewicz et al., 2018). This creates a situation of 
‘non-stationarity’, which means hydrologic model predictions based only on historical data are no longer 
an accurate guide to water management in the future (GWP, 2018a). 

There is no single set of actions or strategies that any government, city, state, nation or transboundary 
organisation can take to remove climate risks to water security. Societies seek to reduce risks to a level 
at which they are broadly tolerable, rather than aiming to eliminate risks completely (Hall & Borgomeo, 
2013). In the face of uncertainty, climate risk integration and building resilience in water management 
requires integrated and forward-thinking policies to adapt to changing climatic conditions, as well as to 
tap into economic opportunities (Brears, 2018). 

This report considers the relevance of risk assessment to management. As Hall and Borgomeo (2013) 
suggest, the notion of risk highlights water management problems and so focuses on concerns with 
outcomes that we value. In that sense, the risk lens is forward-looking, alerting decision makers to 
anticipate future implications of current actions (or non-action) and then to act towards a desired future 
state by managing water-related risks (Hall & Borgomeo, 2013). 

The IPCC’s Fifth Assessment Report suggests that climate risk management can be an overarching 
approach for research, policy and practice to concurrently tackle climate adaptation and disaster risk 
on the natural environment, human society and economies (Jones et al., 2014). To align with this, 
the framework offered in this report (see Chapter 4) connects climate risks, water security and social 
dynamics with the 5 dimensions of water security. This report also emphasises risk reduction while also 
aiming for longer-term resilience building. 
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To assess future climate risks and possible impacts, this review used future climate projections 
determined by the IPCC.

Understanding future climate change impact involves a high degree of uncertainty. To deal with this 
challenge, the IPCC uses 4 different scenarios of future greenhouse gas (GHG) concentrations, which 
are known as representative concentration pathways (RCPs). Since the RCP reference point of 2005, 
the highest emission scenario under RCP8.5 has matched observed carbon dioxide concentrations. 
This suggests that unless there is radical reduction in emissions, the world is likely to end up with the 
RCP8.5 scenario (MGI, 2020). Under the RCP8.5 scenario, global mean surface temperature will rise 
to between 1.5 °C and 2.4 °C in the near term (2031–2050) and between 3.2 °C and 5.4 °C by the end 
of century (2081–2100), relative to the period 1850–1900. Table B-1 provides an overview of IPCC 
projected temperature increases under the 4 scenarios. 

Table B-1. Projected temperature increases relative to 1850–1900 under 4 climate change scenarios of 
climate change (RCPs)

Scenario Near term (2031–2050) temperature 
increase

End of century (2081–2100) 
temperature increase

Mean (°C) Likely range (°C) Mean (°C) Likely range (°C)

RCP2.6 1.6 1.1–2.0 1.6 0.9–2.4

RCP4.5 1.7 1.3–2.2 2.5 1.7–3.3

RCP6.0 1.6 1.2–2.0 2.9 2.0–3.8

RCP8.5 2.0 1.5–2.4 4.3 3.2–5.4

(source: IPCC, 2019A)

RCP2.6 represents low GHG emissions and a high mitigation future, with a 2 in 3 chance of limiting global 
warming to below 2 °C by 2100. The RCP8.5 scenario is high, based on an absence of policies to combat 
climate change, leading to continued and sustained growth in atmospheric GHG concentrations. This 
scenario reflects the highest GHG emissions pathway. The 2 other scenarios, RCP4.5 and RCP6.0, have 
intermediate levels of GHG emissions and result in intermediate levels of warming (IPCC, 2019a).

Managing climate risks to water security

This report assessed the range of management responses to climate and water security risks across 
the region. These responses are multiscalar and multidimensional processes, and occur at operational, 
strategic and governance levels.

The framework in Chapter 4 is also informed by the IPCC’s risk matrix and definitions (see above), and the 
adaptive capacity of institutions (Gupta et al., 2010). In theory, climate risks to water security could be 
minimised through improved interactions between institutions, knowledge, incentives, infrastructure and 
ecosystems (Smith et al., 2019). A robust risk management framework needs to tackle hazards, exposure 
and vulnerability simultaneously. This means possible options for effectively managing climate risks to 
water security should incorporate interventions in both natural and social sides of the socioecological 
systems. Responses to risks can be approached from 3 levels:

• operational responses as a way to directly react to risks

• strategic responses to reframe operations

• policy or governance-level responses to transform policy and create enabling situations for both 
strategic and operational responses. 
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Risk management should also be seen as a suite of project management actions: knowing the risks, 
formulating strategies, putting strategies into action, ensuring constant monitoring of risks and their 
management at different time scales, and adapting responses to new risks. Risk management also 
becomes a question of governance and transformational choice when risk-based approaches confront 
social values that discount future costs (Hall & Borgomeo, 2013). 

Managing climate risks to water security requires collaboration across sectors, communities and political 
borders (UNU-INWEH, 2013). Generating solutions and creating an enabling policy environment involves 
a process of transition through which operational and policy learning processes lead to a new situation of 
risk management. 

To provide practical guidance, this report also envisions entry points to put change into action, akin to 
the style of Bahadur et al. (2016). These can be taken as an investment opportunity to trigger changes 
towards more effective risk management systems (see Chapter 4). 

Risk management is part of larger strategy to build adaptive capacity and resilience of socioecological 
systems against all forms of risks. In this report, resilience refers broadly to both bouncing back from 
climate impacts and moving forward with transformational shifts in socioecological dynamics following 
the exposure to a hazard (see Rodina 2019 for a recent review of water resilience concepts and debates). 
Following Gupta et al. (2010), we take a broad view of adaptive capacity through which institutions (1) 
encourage the involvement of a variety of perspectives, actors and solutions; (2) enable social actors 
to continuously learn and improve their institutions; (3) allow and motivate social actors to adjust their 
behaviour; (4) can mobilise leadership qualities; (5) can mobilise resources for implementing adaptation 
measures; and (6) support principles of fair governance. 

Climate risks to water security are felt most acutely at socioecological scales. Climate change impacts are 
felt throughout the water cycle, based on the circulation, use, alterations and regulation of water across 
different locations at different times. 

While the focus of this study is on exploring strategies to manage climate risks, how systems evolve in 
relation to other risks is also put in context. For example, how social actors and their institutions become 
capable to identify and respond to risks is an important part of adaptive capacity (see Section 4.3.3). Both 
resilience and adaptive capacity are multiscalar processes and include operational solutions as well as 
strategic and governance measures. Drawing on the analysis of current responses and a review of wider 
solutions, this report identifies both targeted risk management solutions as well as strategies for building 
longer-term resilience (see Chapter 5).
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Appendix C: Responses across broader Himalayan 
South Asia

South Asia’s water future is crucially linked to the flow of transboundary waters from the Himalayas, 
including many mountain towns. As a result, there are many wider responses that influence water 
management, including national-level policy, transboundary cooperation, institutional responses and 
knowledge partnerships.

National policy responses 

In all countries across the broader Himalayan South Asia region, the national water system is fragmented 
along multiple sectoral governance structures, making it difficult to consider and integrate climate risks 
in planning. Over the past 10 years, efforts to integrate climate change risks in the Himalayan South 
Asia region have been initiated through national and subnational policies and action plans. In India, 
national policy has prioritised the water sector for conservation and optimal use as part of its 2008 
National Action Plan on Climate Change. The 2012 Indian Water Policy recognises climate change as 
one of the 3 key risks to water security, suggesting the need for adapting to climate change. However, 
some commentators state that while the policy is a step in the right direction, it does not have enough 
substance to make meaningful changes in the community (Pandit & Biswas, 2019). The National Water 
Mission (as part of the climate action plan) recognises the need for integrated social and technical 
solutions, although some commentators see it still focusing on large-scale supply-side infrastructure, 
ironically using climate change as a rationale (England, 2018). In 2020, the Government of India drafted 
a new water policy amid growing concern that water policy needs a major update to reflect the changing 
contexts of risks to water security.

Similarly, Pakistan’s water policy makers recognised critical water challenges under changing climate and 
the need to meet growing water demand. The Government of Pakistan formulated a comprehensive 
water policy in 2018, identifying key priorities for tackling water insecurity. The policy emphasised 
conservation and efficiency, storage, integrated water resources management (IWRM), technological 
upgrade, managing nexus with energy, and regulatory reform (Ministry of Water Resources, 2018). This is 
considered a significant improvement on the policy front  although critical reviewers say that the policy 
is undermined by poor stakeholder engagement and ineffective climate impact and vulnerability analysis 
(Khalid, 2018). 

Nepal formulated climate policies as early as 2011 and is continuously updating them. A new climate 
policy was launched in 2019, informed by more substantive analysis of vulnerability and climate change 
scenarios (Ministry of Forest and Environment, 2019). In 2020, the country launched a new water policy 
along with major federal political reforms to highlight the need to manage climate risks, but failed to 
outline strategies to deliver.

Bangladesh has a long history of formulating and implementing policies to manage flood risks 
(Chan et al., 2016), and it was also among the first few countries to formulate a national climate change 
adaptation plan with its National Adaptation Plan of Action in 2009. 

Subnational responses to address climate risks in water management have also occurred in federal 
countries like India and Pakistan, where water is primarily a state-level responsibility. The Indian state of 
Uttarakhand launched its State Action Plan on Climate Change in 2016, with water insecurity and natural 
disasters as 2 of the priority areas for action. The State Climate Change Centre was also established in 
2016 to integrate development and climate change actions in the state. 
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In Pakistan, the state of Balochistan took a lead in natural resources conservation, and formulated the 
Balochistan Conservation Strategy in 2002 in partnership with the International Union for Conservation 
of Nature. The Balochistan Integrated Water Resources Management policy was introduced in 2006 
and was the only approved water policy in the country until 2015 (UNDP, 2016). The policy highlighted 
water governance issues, including those related to inefficient water use, wastage of surface water and 
indiscriminate abstraction of groundwater resources.

The state provided a framework for addressing issues of water development at the basin scale, making 
water harvesting and groundwater recharge integral parts of watershed management, while outlining 
measures to tackle droughts and water-related disasters (UNDP, 2016). However, emerging studies show 
that there are issues with coordination and coherence in the interface between state and national-level 
policy responses.

Despite these policy responses, a common concern across South Asia is that these responses are 
usually inadequate to deliver risk reduction goals in view of climate risks and underlying vulnerability 
conditions (Ojha et al., 2016; Rattani, et al, 2018). Policies recognise risks but are inadequate to enable 
effective responses. When country policy responses (except in India) have been driven by international 
development partners, most notably Nepal and Bangladesh (Vij et al., 2018), national political ownership 
of these policies has often remained weak. 

There is an increasing appreciation of the need for implementing IWRM into policy in South Asia, but 
this is rarely seen in practice (Hirji et al., 2017). As irrigation constitutes 90 percent of water use in the 
subregion, more efforts are needed to manage the trade-offs and explore more optimal water allocations. 
Examples of basin-level planning are emerging, supported by policy frameworks, but implementation has 
been weak. India is the only country to date to make climate impact analysis mandatory in basin planning 
(Hirji et al., 2017). Despite increasing political recognition, decision making has not yet been devolved to 
local and basin levels, which hampers local-level risk monitoring and response. Likewise, despite being 
the world’s largest extractor of groundwater resources, South Asia’s groundwater regulations are poorly 
developed compared with surface water regulations.

Transboundary cooperation

Managing transboundary climate risks is critical to ensuring a steady flow of both surface water and 
groundwater resources, at a time when river flows are becoming more variable under changing climate 
(Hirji et al., 2017; Lacombe et al., 2019; Wijngaard et al., 2018). The continent’s 3 largest river systems—
the Indus, Ganges and Brahmaputra—all originate in China and are shared by downstream countries 
in South Asia. This broader downstream region has a variety of surface and groundwater systems 
facing human pressure and climate change risks. As a result, new cross-border management solutions 
are required. 

Cross-border cooperation needs to be improved along the 4 major transboundary river basins in South 
Asia, especially as the interactions between upstream and downstream areas increase. The most notable 
transboundary water cooperation is the Indus Water Treaty between India and Pakistan, which has 
survived cross-border wars of the past and ongoing geopolitical tensions in the region. 

The International Centre for Integrated Mountain Development (ICIMOD) was founded in 1983 as an 
intergovernmental knowledge development and sharing platform for its member countries—Afghanistan, 
Bangladesh, Bhutan, China, India, Myanmar, Nepal and Pakistan. ICIMOD is focused on environmental 
and developmental issues, including transboundary water governance and climate change. ICIMOD has 
also piloted local-level solutions through action research—for example, a cross-border early warning 
system for flood control along the Nepal–India border (Pradhan et al., 2016).
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Oxfam has implemented a program called Transboundary Rivers of South Asia to understand and support 
riverine communities across the Ganges, Brahmaputra, Meghana and Salween basins. The program 
focuses on poverty reduction and policy influence, which indirectly contributes to building system-wide 
resilience to climate risks. A similar program called South Asia Water Initiative (SAWI) is led by the World 
Bank and supported by the United Kingdom, Australia and Norway, with a focus on building technical 
and policy capacity, and supporting dialogue and participatory decision processes. SAWI also informs the 
World Bank investments in the region. 

While attention to transboundary water governance and climate risk management has increased 
in recent years, existing initiatives and efforts are still inadequate. This is due to the uncertainty of 
climate impacts on the water systems and the increasing levels of concerns for water security across 
political borders (Baruwa et al., 2019). Too often, the efforts of transboundary cooperation are being 
driven by economic interests or political bargaining. For example, water management practices among 
the Hindu Kush Himalayan countries are still dominated by economic agenda and hydropower rather 
than the consideration of emerging and future climate and environmental risks (Wester et al., 2019). 
Developing vertical and horizontal linkages and collaboration among intergovernmental, national and 
local institutions is essential in fostering transboundary partnerships and cooperation. A critical challenge 
is how science–policy dialogues engage state and nonstate actors, from local to regional scales, to create 
adaptive and responsive institutions (Ojha et al., 2020).

Institutional responses

Public discussion on climate change has increased across all countries in the region, but efforts directed 
to actual risk assessment and management are limited. Existing water sector institutions across the 
broader Himalayan South Asia region were not designed to tackle climate risks. In some cases, past 
legacies have continued to obstruct policy and institutional innovation. For example, India’s Easement 
Act, 1882, which gives every landowner the right to collect and dispose of groundwater and surface 
water within their own limits, is still in operation. Water inefficiency in Pakistan’s irrigation system is also 
rooted in colonial institutional structures. 

Evidence-based planning is slow to emerge, although research and data on the state of water security 
is appearing across the zone. In a comparative assessment of water security across Asia and the Pacific, 
Afghanistan and Pakistan ranked among the lowest (ADB, 2020), with concerns that poor planning and 
management of climate risks may further reduce water security in this region. The highly variable impact 
of climate change across different locations (e.g mountains, lower-elevation floodplains) makes climate 
risk monitoring even more challenging. A range of local-scale solutions to ensure water security have 
been adopted (Hirji et al., 2017), including: 

• catchment and aquifer-based planning to manage withdrawals and shocks

• conjunctive-use practices to manage seasonal and interannual variability 

• reuse and safe disposal of wastewater and industrial effluents

• better regulation of groundwater

• managed aquifer recharge

• flood risk monitoring and forecasting measures. 

An example of a warning system is from the Koshi basin, Nepal. In this flood risk warning system, 
upstream Nepali communities provide information to downstream communities in Bihar, India  
(Figure C-1). However, limited technical and institutional capacity is a major limiting factor.
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Figure C-1. Community-based early warning system developed by ICIMOD 
(source: Pradhan et al., 2016)

Although warning systems can help mitigate some climate risks, there are often more pressing issues to 
address. Disproportionately high attention has been paid to early warning systems for rare Himalayan 
glacial lake outburst floods, while the slow onset drying of springs and decline of groundwater still get 
limited technical responses and policy-level interventions. 

At the local level, South Asia has a strong system of community-based agricultural water management, 
but this type of management is facing increasing levels of conflict with urbanising areas (Kovács et al., 
2019; Ojha et al., 2020; Singh & Pandey, 2019). Given the diverse forms of climate risks such as drought, 
floods and hailstorms that vary across locations, building evidence and organising at the local level has 
become important in South Asia. Building on community-level institutions, local-level climate change 
adaptation plans have also been developed, such as in parts of Nepal and Pakistan. However, concerns 
have been raised over local institutional ownership, because the initiatives have ignored the local political 
economy and vulnerability contexts (Ensor et al., 2019; Ojha et al., 2016;). 

Institutional changes have been slow despite policies emerging at the national level (Ojha et al., 2019; Vij 
et al., 2018). Too often, current policies and sociotechnical solutions emphasise supply-side infrastructure 
and pay limited attention to demand-side management. Infrastructure such as hydropower dams lack 
adequate climate risk analysis. Flood control has also focused on creating grey infrastructure with limited 
flexibility and integration with nature-based solutions. Water-use efficiency measures have received 
increased attention in the context of growing competition over water, especially in Pakistan and India.

Some countries are prioritising water and climate issues through national-level institutional restructuring. 
The formation of the Ministry of Jal Shakti in India and the National Water Resources Committee in 
Myanmar symbolise the strategic priority the governments have given to ensuring water security. 
Nationwide programs have been launched to improve water services and development, such as those in 
India. For example, Myanmar’s National Water Resources Committee is an apex-level coordinating body 
responsible for formulating regulations and laws. 
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Knowledge partnership

Overall, governments, communities and other actors in the Himalayan South Asia region are responding 
to multiscalar and multifaceted climate risks across complex and varied vulnerability conditions. 
This report identifies 4 key actions that are crucial to undertake more effective climate risk integration in 
the broader Himalayan South Asia region: 

• generating reliable and robust water information systems

• using institutional integration and harmonisation to incorporate risks across the water cycle

• building institutional capacity to identify, monitor and integrate risks in water resources planning, 
management and governance

• catalysing institutional learning on risk-integrated planning and institutional change, building on 
lessons from practices and evidence. 

These actions are informed by the principles and policy priorities in the framework for action (Chapter 4).

As climate risk integration in water management is an emerging field of knowledge and practice, action 
research and policy advisory are also important parts of the response system. The Himalayan South Asia 
region presents a diverse range of knowledge partnerships in water and climate change. These include 
a wide variety of institutions and collective actions—including ICIMOD, international research institutes, 
academic and action research partnerships, and locally based think tanks. ICIMOD’s recent Hindu Kush 
Himalayan Assessment report was a collaboration of 350 leading researchers, and presents risks and 
challenges related to both climate change and socioeconomic transformation (Wester et al., 2019). 
Another key source of climate risk knowledge is bilateral development cooperation and policy-relevant 
analysis supported by countries of the Organisation for Economic Co-operation and Development.

The numbers of locally based research groups and think tanks have increased in the region, to work with 
governments and other stakeholders to support the agenda of climate resilience. These organisations are 
also working to identify and communicate climate risks, working at local and subnational levels. The work 
of the Centre for Science and Environment in India, including its flagship magazine Down To Earth, has 
been influential in shaping public debates around climate change and water policy. 
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