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Abstract: The water situation in Southeast Asia has changed from one of relative abundance to
one of relative scarcity. Conventional water management that strategized around the provision
of adequate water supply to users has limited sustainability. Though nations in this region have
adopted the United Nations Sustainable Development Plan into their water management framework,
successful outcomes are limited thus far. Water literacy has a growing importance for improving
water sustainability, especially in developing countries. A literature search was employed to extract
data on the different dimensions of water literacy in Southeast Asia including the sources and
consumption patterns, water governance and management, and sociodemographic elements as well
as the various aspects of water related challenges faced. Results from the review and analysis show
that a large proportion of Southeast Asian populations are not part of a water sustainable society,
and this presents a major hurdle for the countries to meet United Nations Sustainable Development
Goal 6 by 2030. Therefore, active cognitive engagement through the creation of a water literate
environment is critical for breaking the chain of water illiteracy and to achieve long-term water
sustainability in Southeast Asia countries. Overall, this paper provides a critical analysis on lessons
learnt from the region that can be mirrored in other parts of the world.

Keywords: Southeast Asia; water literacy; water management; water security; water sustainability

1. Introduction

Water finds its application across different areas such as agriculture, industrial, do-
mestic use, and recreation. Water literacy includes a combination of critical and active
understanding of water sources, water management, and water security issues, which
overall encompasses water knowledge, attitude, and behavior as shown in Figure 1 [1–4].
It has a pronounced role to play in all aspects of the health, social, management, and
economic growth of a country. Conventional water conservation, which is focused around
ensuring that consumers have enough water by mainly tapping into the depleting good
quality freshwater sources through centralized systems, has a small role to play in long-
term sustainability. As the population grows and rapid urbanization occurs, the challenges
to manage water and its resources will continue to increase. Moreover, climate change
is negatively disturbing water availability and quality, leading to the exacerbation of the
existing anthropogenic water challenges [5]. In response to these, governments around
the world are incorporating innovative water management embodiments that are more
sustainable than conventional water management. Such paradigms include integrated
urban water management, sustainable cities, or total water cycle management, combined
with the facilitation of technologies like geo mapping and cybernetics [6,7]. Implementa-
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tion of these frameworks involves many stakeholders from the federal government to the
general public.
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veloped regions including Northern Europe, Canada, and most of Latin America are cur-
rently facing low to medium water stress, whereas East Asia, the United States, much of 
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revealed that, in 2018, almost 2.3 billion people were living in high water-stressed coun-
tries [10]. The majority of countries from Sub-Saharan African, Asia, and Oceania suffer 
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tinued progress in improving drinking water would yield positive results that could be 
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The United Nations (UN) Millennium Development Goals were established in 2000
as a 15-year framework that calls for global action in reducing inequalities to end poverty
and other deprivations with eight development goals. That vision was translated into
the 2030 Agenda for Sustainable Development. Since 2015, Southeast Asian countries
including Malaysia, Brunei, Cambodia, East Timor, Indonesia, Laos, Myanmar, Philippines,
Singapore, Thailand, and Vietnam, being part of the UN Member States, have been com-
mitted to supporting the 17 Sustainable Development Goals (SDG). The importance of
water being one of the core environmental elements is reflected in UN SDG 6, which aims
to “ensure availability and sustainable management of water and sanitation for all” with
sub-goals addressing various water challenges [8]. Multiple international, national, and
regional schemes and initiatives have been formulated in accordance with the SDG since
then [8].

In fact, water related issues are not unique to the Southeast Asian region. Many
developed regions including Northern Europe, Canada, and most of Latin America are
currently facing low to medium water stress, whereas East Asia, the United States, much
of Southern Europe and Eastern Europe have medium to high water stress [9]. Countries
experiencing very high water stress include most countries in the Middle East, North
Africa, and South Asia [9]. The United Nations Sustainable Development Goals report
(2021) revealed that, in 2018, almost 2.3 billion people were living in high water-stressed
countries [10]. The majority of countries from Sub-Saharan African, Asia, and Oceania
suffer from either physical water scarcity or economical water scarcity. Water scarcity
would jeopardize access to sufficient water to meet basic human and environmental needs.
Continued progress in improving drinking water would yield positive results that could
be leveraged to improve health, education, gender equality, and subsequently combating
poverty. Data on access to clean water are more widely available in comparison to other
SDG 6 indicators. Thus, it will be used as a water literacy benchmark tool.
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Globally, the percentage of people using safely managed drinking water services
has increased from 61.7% in 2000 to 74.3% in 2020, as shown in Table 1 [10]. However,
the proportion changes significantly according to regions. North America and Europe
have the highest share of population with access to safely managed drinking water at
95.6%, followed by Western Asia and Northern Africa (78.7%), and Latin America and
the Caribbean (75.4%) [11]. Central and Southern Asia together with Sub-Saharan Africa
are lagging behind the global average with proportions of 62.4% and 30.0% [11]. The
disaggregated data further showed the inequalities in terms of nation’s income. The
gap in access to clean water between high-income countries and low-income countries is
68.8%, reduced by only 9.9% over 20 years. Despite all the efforts and initiatives, globally,
129 out of 193 UN member states are not on track to achieve sustainable water resource
management by 2030 [10]. Focusing on the Asia-Pacific region, in 2020, only seven out
of 11 SDG 6 indicators had sufficient data to track the region’s progress, which reflects
the possibility of under-reporting and the inability to generate disaggregated data to spot
vulnerable populations [12]. Therefore, a holistic approach to managing water is urgently
required for accelerated progress toward achieving universal access to water.

Table 1. Share of populations with access to safely managed water services by global regions and economies. [dataset]
Ritchie, H. & Roser, M. 2021. Clean Water.

Share of Populations with Access to Safely Managed Water Services

Global regions Year 2000 (%) Year 2020 (%) Relative change (%)
World 61.73 74.27 20

North America and Europe 90.06 95.57 6
Latin Americas and Caribbean 71.74 75.38 5

Western Asia and Northern
Africa 67.91 78.69 16

Central and Southern Asia 46.06 62.36 35
Sub-Saharan Africa 17.06 30.03 76

Economies Year 2000 (%) Year 2020 (%) Relative change (%)
High income 95.15 97.57 3

Upper-middle income 68.82 76.83 12
Lower-middle income 43.08 58.08 35

Low income 18.78 28.08 50

The key element in creating sustainable water management is the active participation
of the people. Public participation in water management is an amalgamation of (i) the
understanding of water science, resources and ecology environment; (ii) water attitude,
which is a fusion of water appreciation, responsibility, and ethics; and last but not least,
(iii) adoption of the pro-environmental behavior [2]. A hurdle that remains invisible in
building an engaged community to support the water initiatives is water illiteracy. It is a
general perception of the public that adequate provision of quality water is an outcome
of good governance and solid management efforts by the higher authority and the water
system is an isolated entity from human activities. While water is considered a renewable
energy, polluted water is not suitable for potable use or even irrigation, depending on
pollution level, and water treatment is a very costly, dynamic, and complex effort. The
culprits responsible for polluting the water sources could be anyone from society. River
pollution from the dumping of chemical waste to solid waste, point source, or nonpoint
source pollution is happening on a regular basis, and consequently leads to water shortages
and rationing across Southeast Asia, even amid the wreckage of COVID-19. The current
scenarios in this region might create a debate that most, if not all, of the citizens are not
part of a water sustainable society, which could be due to uninformed citizenry. To this end,
this paper will review the current outlook on water literacy in a Southeast Asian context,
and what we can learn from the situation.

Different components of water literacy will be discussed, which include water sources,
consumption, governance, management, sociodemographic factors, water security obsta-



Water 2021, 13, 2311 4 of 18

cles, and water footprint in Southeast Asia. These elements will provide a benchmark to
assess whether Southeast Asian countries are on track to deliver the objectives of SGD 6.
The COVID-19 pandemic might exacerbate the risk of progress setbacks and increase our
vulnerability to future water security issues. Secretary-General of the UN, Antonio Guter-
res said, “The Sustainable Development Goals are more important now than ever. Now is
the time to secure the well-being of people, economies, societies and our planet” [10]. Thus,
the review presents crucial evidence for the scientific community and the stakeholders
regarding water-related concerns in this part of the world. Data for different aspects of
water literacy focusing on Southeast Asia were drawn from a vast literature search of both
the academic and grey literature from 2000 to 2021. First, a custom Google search was
carried out to identify relevant organizations, websites publishing documents, and articles
on water literacy. Next, each interest organization, website, and paper were searched
for potentially relevant documents by skimming and scanning of executive summaries,
abstract, and/or table of contents. The screening of articles, reports, or websites was
followed by a full text run for data extraction, analysis, results reporting, and discussion
presented below.

2. Different Dimensions of Water Literacy in Southeast Asian Countries
2.1. Water Sources and Consumption

The world’s main water sources consist of both saltwater and freshwater. Coming
from the oceans, salt water contributes 97.5% of the world’s water. On the other hand,
freshwater is made up of groundwater and surface water, contributing to 2.5% of the
world’s water [13]. Home to almost 670 million people, Southeast Asia accounts for 9%
of the world’s population, where they rely mainly on surface water and groundwater.
Rainfall is the main contributor to surface water. This is attributable to many parts of
Southeast Asia receiving an average annual rainfall of more than 60 inches, which also
contributes to groundwater recharge and evapotranspiration. Two dominant air currents
that influence rainfall patterns are the northeast monsoon and the southwest monsoon [14].
It is estimated that 30% of the largest groundwater bodies are being depleted [15,16].
The use of the rapid provision of good quality groundwater as a potable water source
is more evident in low-income regions such as developing countries or rural areas of
Asia, Africa, and the Pacific [17]. Southeast Asia reported high rates of rural household
groundwater consumption including Indonesia (90%), East Timor (81%), and Myanmar
(78%) [17]. In countries like Malaysia, groundwater is not commonly used as the main
water source. This is due to the higher cost involved in drawing groundwater, caused
by its lack of accessibility, along with the easy reach of abundant surface runoff sources
such as rivers. Furthermore, over-abstraction of groundwater could disturb water geology,
though it is still being harnessed when there is a shortage of surface water, especially for
agricultural sectors [17,18]. On the other hand, Singapore lacks natural aquifers and lakes.
The four main water sources of this densely populated land are water from local catchment,
imported water, desalinated water, and high-grade reclaimed wastewater. As a large part
of Southeast Asian countries are located near the Equator line, the occasional prolonged dry
weather with no rainfall affects the water supply in these countries. When water demand
and usage exceeds the supply, water shortage occurs and puts the country under stress.

Current worldwide water withdrawal is escalating at a rate of about 1% annually
and global water demand is estimated to increase by 20–30% by 2050 [16,19]. Fresh water
demand in Southeast Asia is on the rise due to contributing factors of population growth,
rapid urbanization, and industrialization with increasing irrigated agriculture to meet
the demand of staple food production. The water withdrawal pattern of each country
in Southeast Asia is strongly dependent on its socioeconomic construction. Agriculture
accounts for 69% of global water withdrawal, which in turn contributes to only an average
4% of the worldwide gross domestic product (GDP) [10]. Indonesia is the largest agricul-
tural water consumer in Southeast Asia, at nearly 92.76 billion m3, followed by Vietnam
and the Philippines [9]. For many developing countries, agriculture contributes a smaller
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share of income compared to other sectors; however, it consumes the largest quantity
of water, where more than 90% water resources of developing countries are allotted to
agriculture [20,21]. For industrial water, Indonesia again is the biggest consumer at nearly
24.65 billion m3, more than three-times that of other countries in the region [9]. In terms of
household water withdrawal, Indonesia, with the highest population number, dominated
the chart, followed by the Philippines and Malaysia [9]. In many nations, especially in
developing countries, population growth and urbanization intensify the pressure on many
water resources, causing rapid depletion of supply. In the last century, water consumption
has been escalating at more than twice the rate of population growth [10]. These challenges
introduce further complexities in Southeast Asia’s water governance and management.

2.2. Water Governance and Management

Water governance involves a set of political, social, economic, and administrative
structures that are in place to establish and maintain water supplies as well as water
services at different levels of society. Effective water resource management is dependent
on good water governance as it lays down the principles under which water management
works [22]. Proper regulation of water sources at different organizational levels in the
nation and international transboundary are necessary to ensure that water is being used
safely and efficiently [23]. Integrated water resources management (IWRM) is a component
of water governance, defined by the Global Water Partnership as “a process which promotes
the coordinated development and management of water, land and related resources, in
order to maximize the resultant economic and social welfare in an equitable manner without
compromising the sustainability of vital ecosystems” [24]. It is a concept established based
on the four Dublin principles introduced at The Earth Summit in 1992 [25]. IWRM provides
a very feasible path forward for sustainable use and control of water, and allows for an
integrated partnership system and adaptation to changing circumstances. It incorporates
the three “E’s”, namely environmental sustainability, equity, and economic efficiency,
in order to build an enabling environment in which institutions can be developed and
empowered to fulfil the role of water resource management [26]. Different countries in
Southeast Asia have different strategies to implement the IWRM to suit their national
challenges in water resource management, where a few are discussed below.

In Malaysia, the National IWRM Strategies Implementation Road Map was developed
to guide and accelerate the nation’s water sector transformation to overcome the following
challenges: protecting water resources, especially from pollution; need for more cost-
efficient water treatment for potable use; minimization of water wastage in the distribution
network; and water conservation for the short-, medium-, and long-term [26]. The National
Water Services Commission’s role is to regulate matters regarding the water services
industry. The Malaysian Water Vision was conceptualized in 2000 in support of Vision
2020. The key principles are water for people, water for food and rural development, water
for economic development, and water for the environment [24]. As the way forward to
realize the national water vision, the National Water Resources Council formulated the
National Water Resources Policy to refine current policies and regulations to ensure more
structured water resource conservation and management [27].

In the Philippines, the National Water Resources Board is the government agency
responsible for all water resources and services. The National Economic and Development
Authority is responsible for policy-making and the current Water Code, Environmental
Code, and Clean Water Act are part of the constitution of the Philippines [28]. The dominant
water problems include an increasing number of water stressed cities, declining water
quality, depleting watersheds and effects of climate change [28]. The development of the
Philippine Eco-Efficient Water Infrastructure Strategic Roadmap is an instrument to execute
the IWRM. The vision of this roadmap is to achieve efficient and sustainable water resource
management within the next 25 years through eco-efficient approaches [28]. The green
strategies emphasize (i) sustainable urban water management; (ii) alternative water source
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development; (iii) agricultural water resources management; and (iv) economic zone water
management [28].

Singapore, being a country with a limited natural supply of freshwater sources, has
a unique IWRM work plan. Its national water authority, the Public Utilities Board, plays
a role in supervising the entire water cycle comprising water services, sewerage, and
drainage [29]. Three central strategies steering Singapore’s approach to managing water
are (i) maximizing water collection by capturing every drop of rain that falls on the
land; (ii) converting seawater into drinking water; and (iii) rendering water an endlessly
renewable resource through wastewater reclamation, in order to close the water loop for
better sustainability [29]. Gardens by the Bay, a nature park covering 101 hectares of the
Central Region of Singapore is an initiative to create a city in a garden. The Supertrees
towering the garden are made up of solar photovoltaic systems and function to capture solar
energy as a cooling tower and rainwater harvester, which provides alternative water sources
for irrigation to support the growth of almost 162,900 plants on them [30]. Furthermore,
Singapore’s approach of Whole-of-Government allows collaboration with transparency
between public agencies [31]. This provides opportunities to develop strategies based on
ideas from multiple perspectives and allows for close monitoring of the spill-over effects of
the policy actions of various agencies.

Overlaps of water management responsibilities across several organizations are com-
monly observed in many countries including Myanmar. To ensure long-term economic
development and poverty reduction, it is important to develop an entity with capacities at
all levels of water resource management. Starting from 2013, stakeholder participation in
the Myanmar Water Sector has been promoted through the establishment of the National
Water Resources Committee of Myanmar to provide high-level coordination of the water
services industry [32].

2.3. Sociodemographic Factors

Water literacy is intertwined with sociodemographic factors, predominantly age, ed-
ucation level, socio-economic status, ethnicity, and gender. There are currently limited
studies in Southeast Asia assessing the relationship between these factors and water illit-
eracy. Age is traditionally correlated with world experience, which will affect the water
literacy level. Older populations are found to have higher water-related awareness due
to the cumulative knowledge and experiences acquired throughout their lives [33]. On
the other hand, younger groups are reported to be at the other end of the spectrum due
to the lack of exposure to information and experiences in relation to the environment [33].
Afroz et al. (2015) reported that age significantly influences risk perception of water pollu-
tion [34]. Moreover, the adaptation of water sustainability is effortful and time-consuming.
The current roadmap for implementation of Malaysia’s IWRM Strategies Implementation
Road Map itself is planned over a 15-year period, while the IWRM policy has been in place
since the late 90s [26]. The same goes for behavioral change among the citizens to be more
water literate—it is a long-winded commute. Thus, young people with longer future years
should be the target audience in water literacy programs for better impact as they are the
young advocates of tomorrow who will be in the position to devise water management
policies. In Singapore, the Public Utilities Board collaborates with the Ministry of Educa-
tion and schools to organize water-related programs at various levels [35]. The Myanmar
National Water Policy is the country’s first integrated water policy approved in 2014 and
under Chapter 16—Research and Capacity Development Needs. The policy stated the
need for a national campaign on water literacy that is in line with Myanmar’s education
sector reform, further reiterating the importance of educating the young minds about water
governance regardless of a country’s progress in achieving water sustainability [32].

Interestingly, parents have an important role as an educator at home to impart a great
deal of positive water conservation behaviors in their children. Abdullah et al. (2018)
reported that parents who had higher education levels and income were likely to positively
impact their children’s level of environmental awareness [36]. This is because these parents
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can easily obtain information about the environment, making them more reactive toward
environmental concerns. Thus, parents would be able to instill the tenets of conscientious
pro-environment attitudes in their children, resulting in increased water literacy. A case
study in Indonesia by Febriani (2017) showed a positive correlation between education
level and level of water literacy, indicating that individuals with higher education levels
tend to have better water literacy [1]. However, the relationship between lack of education
and poor water literacy is a difficult problem. Providing education to an individual
is not a straightforward solution to water illiteracy. There is no clear cut strategy, and
each water illiteracy hurdle is linked to other issues. For example, lack of education
could be due to lower household income and poverty. Differences in household income
could be a reflection of socioeconomic gap between rural and urban populations, where
rural areas have a strong relationship with poverty [37]. In general, the dimensions of
inequality in water, sanitation, and hygiene (WASH) services include socio-economic
status, underreported data from very remote geographical locations, or even individual
characteristics such as intra-household gender roles, which are always related to specific
contexts such as indigenous communities [38].

Poverty is one of the main issues encountered by lower income countries, especially
among the rural communities of Southeast Asia. Despite the UN Millennium Declaration
in 2000, a report in 2020 still showed that almost 2.1 billion people, accounting for 26%
of the world, still lack access to safely managed drinking water services [11]. In 2017,
almost 2 billion people were living in high water stress facing countries [39]. By 2030, it
is estimated that water scarcity could displace 700 million people [39]. This situation is
further compounded by the huge disparity between urban and rural populations, where
the gap in accessing safely managed drinking water is at about 32% in most countries
across the world [38]. There are 3.4 billion people in the world who live in rural areas and
three quarters of the Southeast Asian population lives in rural localities. In Southeast Asia,
East Timor and Laos reported the highest percentages of extreme poverty (living on less
than $1.90 per day) at 30.30% (2014) and 22.70% (2012), respectively [40]. The disparity
and stability in monthly income of urban and rural households has led to the megatrend
of the internal migration of rural communities to the metropolitan cities. According to
UNESCO (2018), internal migration significantly outweighed the international migration,
especially in low and middle income nations [41]. Worldwide, there are 763 million
internal migrants, which is almost three times that of 258 million foreign migrants [41].
For example, in Indonesia and Thailand, almost 50% of the population reside in urban
areas, where rural–urban migration is at the top of the chart [42]. In 2010, urban areas of
the Philippines were home to almost 45% of its population and from 2010–2015, 36.2% of
migration that happened in Vietnam was rural–urban [42]. In Southeast Asia, currently,
there is an immense need to provide the basic amenities such as clean water for the
growing number of internal migrant populations. This has led to other complications,
where rapid urbanization leads to water pollution, environmental degradation, congestion,
and inappropriate management of waste and sanitation services in Southeast Asia [43].

Local comprehension of water knowledge often does not intersect with the scientific
understanding [3]. Indigenous people tend to exhibit a special bond with nature and
practice unique knowledge and beliefs, especially in the sustainable management of envi-
ronmental elements [44]. Sustainable Development Solutions Network Southeast Asia’s
foremost annual project, the Happiness Festival aims to encourage public engagement
to learn about the social issues as well as sustainable growth and strategies that can be
adopted together [45]. The Happiness Festival is rooted in a Balinese belief, Tri Hita Karana,
which stresses human-to-human, human-to nature, and human-to-spiritual harmonies [45].
This traditional doctrine further highlights the importance of local knowledge in water
sustainability. Given that the UN explicitly recognized rights of indigenous peoples to
safe drinking water and sanitation, disproportionate access to WASH among many remote
indigenous communities compared to non-indigenous population is a major contributor
to the poorer quality of life and cycle of poverty [46,47]. There are ongoing health and
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social challenges such as poor drinking water quality, incompetently built sanitation in-
frastructure, and hygiene-related disease burden faced by many indigenous communities
regardless of the countries’ development status globally. These include remote Torres Strait
Islanders and Aboriginal people of Australia, Native American and Alaskan communi-
ties of the USA, Canada’s First Nations people, or even indigenous people of Southeast
Asia [47,48].

Different challenges exist among various communities. The indigenous people of
Peninsular Malaysia, known as the Orang Asli, are particularly affected by unsustainable
water services. A total of 38% of the Orang Asli dwellers live in remote areas, 61% in the
outskirts of Malay villages, and remaining 1% in towns [49]. The Malaysian Ministry of
Rural Development reported that about 82% of Orang Asli villages have access to water
supply [50]. As reported by the Special Rapporteur in 2019, water services provided to
these indigenous communities lack sustainability due to incompatibility with their cultural
value [50]. He observed the non-functionality of the water supply facilities, thus the local
communities’ reliance on self-fetched surface water and self-made unsustainable gravity-
fed water systems [50]. The numbers might not be statistically representative, however,
from the human rights perspective, they cannot be rendered unseen [50]. In terms of disease
burden, childhood diarrhea and malnutrition are often correlated with poor sanitation,
poor hygiene, or unsafe drinking water [38]. Childhood malnutrition remains relatively
higher in the Orang Asli population compared to other Malaysian rural communities.
This is attributable to the economic inaccessibility to WASH services by the indigenous
people, who are reportedly among the most socio-economically disadvantaged population
groups in Malaysia [48]. The local people in East Timor are affected by the lack of impact
assessment of megaproject developments. Tasi Mane is a project that is part of East Timor’s
Strategic Development Plan (2011–2030), which aims to build offshore and onshore oil
and gas pipelines, refinery, and other development accessories including highways, ports,
and airports along the south coast of East Timor. During the Special Rapporteur’s visit
in April 2019, the local communities expressed their dissatisfaction with their lack of
involvement in decision-making and planning stages and their concerns about pollution to
water and land resources, which will have a negative consequence on community health
and biodiversity [51]. The Special Rapporteur urged the relevant authority be guided by
the United Nations Declaration on the Rights of Indigenous Peoples [51]. These challenges
are a timely reminder that working in partnership with the indigenous people who are
the local stakeholders, through intercultural dialogue and adaptation of their local water
literacy system, will ensure long-term water sustainability in remote areas.

In rural parts of Southeast Asia, especially in remote areas, some females are in charge
of collecting water for domestic use [50]. Spending a colossal portion of their time in
fetching water could lead to females missing out opportunities, especially in education [52].
In general, females play a significant role in managing water-related activities in households
such as cooking, watering the plants, and nourishing a hygienic home environment. They
are the primary water decision makers at home, and manage water-related issues on a daily
basis. However, their participation in the planning, decision-making, and implementation
of water initiatives even at community levels is dismal, and this shows the gender gap
in water-related leadership [53]. Many countries are adopting gender equity in water
management bodies such as Uganda and South Africa in accordance with the UNICEF
Mission Statement [54]. The World Bank reported that water projects had a 6- to 7-fold
increase in efficacy when women were part of the projects [55]. However, according to the
World Bank Utility Survey 2018/19, the recruitment rate of women in water utilities was as
low as 20% [56]. In the Association of Southeast Asian Nations (ASEAN) Strategic Plan of
Action on Water Resources Management Report 2005, the role of women in community
level decision-making in water resource management had been discussed [57]. Nonetheless,
the realization of equal gender representation in water governance depends heavily on the
implementation of such a framework for action. The framework should not be confined to
upper management levels as the scarcity of female water professionals could be easily used
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as an excuse for the unbroken gender disparities [53]. Before 2009, in Laos, the average
share of women in water utilities for senior staff positions and engineering graduates was
around 4.2% and 13%, respectively [58]. In 2009, water supply and sanitation projects
in 13 small towns of Laos were started and a gender sensitive stakeholder covenant was
part of their action plans. Over a 10-year period, various technical training programs for
female staff and engineering scholarships for female high school graduates have been
provided [58]. By the end of 2018, the project achieved their target of a minimum 30% of
female involvement in village development committees, consultations, and meetings at
community levels [58]. In order to break the gender gap in water literacy, at the very early
stage during schooling, gender stereotyping of specific subjects such as technology and
engineering should be demolished [53]. This would help to produce a higher number of
female graduates from the science, technology, engineering and mathematics fields, who
will later participate in water resource management to make constructive changes.

2.4. Water Security Challenges
2.4.1. Health

The World Health Organization (WHO) has listed safe water supply, improved hy-
giene, sanitation, and water management as essential factors to maintain good health.
Water pollution is one of the major contributors to various preventable diseases around the
world. In 2017, global deaths due to poor WASH was recorded at 2.2%, which is equivalent
to 1.2 million people, while low income countries reported a higher percentage of 6% [11].
Worldwide consumption of untreated and contaminated water due to unsanitary waste
disposal has resulted in 1.7 billion diarrheal diseases in children under five years old and
Dadonaite et al. (2019) reported that 533,768 children died from diarrheal diseases globally
in 2017 [59,60]. In Southeast Asia, 59% of childhood diarrheal deaths happened in Indone-
sia, followed by the Philippines (21%), and Myanmar (11%) and the major contributing
factors include unsafe water source, unsafe sanitation, and no access to handwashing
facilities [61]. Aside from WASH-related issues, water illiterate anthropogenic activities
have also impacted public health. This was seen in the incident of Malaysia’s Kim Kim
River pollution in 2019, where chemical waste was dumped illegally into the river [62].
The waste was later identified as marine oil waste, which radiated methane and benzene
fumes, acrylonitrile, and acrolein [63]. These chemicals possess toxicity, carcinogenicity,
and mutagenicity properties that can cause health problems. Benzene is classified under
Schedule II (2) of the Occupational Safety and Health’s Use and Standards of Exposure
of Chemicals Hazardous to Health Regulations 2000, which has the potential to cause
cancer depending on the exposure period [64]. The pollution had led to 6000 people with
breathing difficulties as a result of inhaling toxic substances [65]. The series of unfortunate
events is uncalled for, especially if proper waste disposal practice had been followed for
chemical waste dumping.

2.4.2. Access to Safely Managed Water Services

Improved water sources encompass safely managed, basic, and limited drinking water
services. A safely managed drinking water service is one that is located on the premises,
available when needed, and free from contamination. The limited drinking water category
misses an aforementioned safely managed criteria and involves over 30-min roundtrip
to collect water [11]. While all the Southeast Asian countries showed either no change or
increased access to improved water sources in urban and rural areas since 2000, Malaysia
is the only nation with a negative growth rate in improving access to at least limited water
services with −0.16% (urban) and −2.9% (rural) [11]. Lower middle income countries
such as Laos, Cambodia, and Vietnam reported the highest growth rate in expanding
access to improved water sources in rural localities by 120%, 72%, and 69%, respectively,
over a period of 20 years [11]. Figure 2 shows the percentage of urban population with
access to improved water sources versus the rural population of Southeast Asia in 2020.
Thailand has reached 100% access to at least limited water services in both urban and rural
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areas. However, in the majority of the countries, especially Cambodia, Laos, Myanmar,
and East Timor, an urban–rural gap is still observed (Figure 2). In 2020, Cambodia and
the Philippines’s percentages of the population using safely managed drinking water
were significantly below the global average (74.27%), which was only 27.76% and 47.46%,
respectively, with Malaysia and Singapore at 93.82% and 100%, respectively [11]. Data for
other countries were not available, which presumably would account for low percentages,
except Brunei. Of the 24.82% of Cambodians, there is also a huge disparity between urban
and rural communities, where only 55.29% of urban and 15.95% of rural populations had
safely managed water services in 2015 [11]. In 2000, 5% of Malaysian rural dwellers relied
on surface and unimproved water for domestic consumption compared to only 1% of
urban people [11]. This inequality was further aggravated by the widened urban–rural gap
from 4% in 2000 to 9% in 2017 [38]. Infrastructural complexities pose a crucial challenge in
low income countries in the efforts to improve public water services to rural localities. The
reasons for the lack of a public centralized water treatment facility include a (i) location that
is far from major treatment centers; (ii) huge investment required for centralized systems
in remote locations [66]; and (iii) lack of financial resources and funding support. In fact,
some countries experience a funding gap of 61% to achieve the SDG water and sanitation
targets, and only less than 15% of nations worldwide have the financial capacity to execute
their water development plans [67]. According to the UN-Water Global Analysis and
Assessment of Sanitation and Drinking Water 2019 Report, Indonesia, Laos, Myanmar, the
Philippines, Thailand, and East Timor have less than 50% financial resources needed to
implement drinking water provision plans, especially in rural areas [67].
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Meeting growing demand by developing new water supplies only has limited poten-
tial and focus is increasingly being placed on exploring non-conventional water sources.
Currently, the abundantly available annual precipitation is not being tapped effectively for
good use. As discussed by the UN World Water Development Report (2021), one of the
adaptation strategies to tackle water scarcity is to enhance water supply through improving
the efficiency of water use such as natural infrastructure for water management—rainwater
harvesting and water recycling and reuse [16]. In this regard, Singapore has shown great
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success where, given its lack of fresh water source, it is the only nation in Southeast Asia
with more than half of the country’s water supply coming from reclaimed rain and wastew-
ater and desalinated water. Currently, the high-grade reclaimed water called NEWater,
which is generated from wastewater, contributes to 40% of the nation’s water needs [29].
On the other hand, half of the nation’s water needs are fulfilled by imported water from
the Johor State of Malaysia. However, this international transboundary is constantly chal-
lenged by water pollution and climate change. In 2016, the water level of Linggiu Reservoir
in Johor River fell to a worrying level of 20% after almost 20 years [68]. Recently, in 2021,
though the water level has risen back to a healthy level of 80%, it was reported to be
due to monsoon surge [68]. The dependency on weather changes puts the reservoir at
risk of drying out in the current volatile weather patterns, and will affect both Johor and
Singapore’s water supply, which could result in political conflict.

3. Water Footprint—A Foreign or an Ignored Concept among Southeast Asians?

Carbon footprint is a commonly discussed topic, but not many are aware of yet another
concerning concept—water footprint. Water footprint measures the amount of water
required to produce all the goods and services consumed by an individual, community,
nation, or the world [69]. This includes direct use such as for drinking and cleaning as
well as indirect use, which is the water required to produce goods and services. It consists
of three components: green, blue, and grey, as illustrated in Figure 3. The green water
footprint is the amount of rainwater evaporated or consumed that is usually used in the
production of agricultural products. The blue water footprint is the amount of surface
water and groundwater that is generally used for domestic purposes, while the grey water
footprint is the amount of freshwater used to assimilate wastewater according to fixed
water quality standards [69,70]. Water footprint can be further divided into internal and
external water footprints, where the internal water footprint is the amount of water that is
used to make local products or provide services within the country, and the external water
footprint is the amount of water used by another country to make a product or service that
is imported [71].
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The three main sectors contributing to water footprint include the agricultural, indus-
trial, and domestic sectors and the total water footprint in each country takes into account



Water 2021, 13, 2311 12 of 18

the green, grey, and blue water footprints. Similar to water withdrawal, the total water
footprint of each country is heavily dependent on its economic structure. Between 1996 and
2005, Indonesia had the highest total water footprint, which was 332,156 Mm3/year, fol-
lowed by Thailand (144,746 Mm3/year), the Philippines (129,199 Mm3/year), and Vietnam
(109,493 Mm3/year) [72]. This is not unexpected as the pattern corresponds to the total
population of Southeast Asia, where Indonesia has the largest population size followed
by the Philippines, Vietnam, and Thailand. Singapore recorded the smallest total water
footprint of 20 Mm3/year, accompanied by Brunei at 163 Mm3/year [72]. For most South-
east Asian countries, water withdrawal is concentrated on the agricultural sector with
the average agricultural water footprint for these countries at 95%, except for Singapore
(37%) [72]. The agrarian economy acts as a significant GDP contributor in some Southeast
Asian countries such as Myanmar (26.18%—2017), Cambodia (23.38%—2017), Indonesia
(19.93%—2019), Vietnam (16.63%—2019) and Laos (16.20%—2017) [42,73,74]. Singapore, as
a developed and high income country, the industrial sector forms a bigger share of total
GDP and provides a larger allotment of employment, and thus explains the smallest water
footprint for agricultural activities.

Awareness of Water Footprint

The water footprint is considered to be a valuable technique for analyzing and enforc-
ing new strategies in the face of water shortages. It is evident from the water footprint data
that the agricultural sector is one of the biggest contributors of Southeast Asian countries’
water consumption. Agriculture and water shortages are in a closed loop where agriculture
is both a cause of water shortages and a victim of it. The Water Footprint Assessment that
was discussed in the United Nations Economic and Social Commission for Asia and the
Pacific Task Force on Innovation and Competitiveness in 2015 is increasingly being adopted
to find innovative solutions to reduce inefficient local water use [75]. However, translation
of the research findings into language that shows their relevance to create policies for
virtual water trade, adaptation of agriculture to changing climate, and hotspot identifica-
tion for quantitative target framing still require optimization, especially for lower income
countries. Awareness of water footprint is critical for one to be more conscious of water
usage and wastage. In few Southeast Asian countries including Malaysia, Indonesia, and
Singapore, water footprint reduction initiatives are incorporated into industry production,
government policy, and consumer products. The Water Efficient Product Labelling Scheme
(WEPLS) is an initiative to educate the public about the level of water-efficiency of certain
products such as water taps, flush toilets, urinal equipment, showerheads, and washing
machines [76,77]. Products are rated according to the level of water-efficiency with one
star being the least efficient and three stars being the most efficient. Although it is not
compulsory for companies to comply with this policy, consumers and suppliers of water
efficient products are encouraged to adhere to this policy because these products can reduce
the water footprint in the long run [76]. Singapore has also implemented several programs
to further support water stewardship in the industrial sector such as the Mandatory Water
Efficiency Management Plan, Water Efficiency Awards, and Water Efficiency Fund [78].
There are currently no published studies conducted to determine water footprint awareness
among Southeast Asians on an individual level. This does not rule out the possibilities of
some local small-scale surveys that have not been published or made accessible. Thus, it is
difficult to gauge the level of water footprint awareness among people from this region,
which could act as a barrier for future water literacy campaigns.

4. Are Southeast Asians on the Right Track to Meet Their National SDG 6 Targets?

United Nations Water defined water security as “the capacity of a population to safe-
guard sustainable access to adequate quantities of acceptable quality water for sustaining
livelihoods, human well-being, 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” [79]. This should be the starting point for a
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discussion on whether the current IWRM in Southeast Asia is actually achieving the desired
outcomes. In all Southeast Asian countries, the governments support policies for WASH
service delivery under the SDG, where formally approved National WASH policies for
drinking water are in place, except for Laos (undergoing revision) and East Timor (under
development) at the time of writing [67]. However, in most lower income countries, the
plans are either partially implemented, not implemented, or still under development in
both urban and rural areas [67].

Based on the Southeast Asian countries that took part in the 2019 UN-Water Global
Analysis and Assessment of Sanitation and Drinking Water, 60% of the countries conducted
a human resource assessment to carry out the implementation plans for urban areas, and
the value was reduced to 29% for rural localities (Figure 4). The implication of this poor
practice is that only 40% and 29% of countries have at least 50% of human resources needed
to execute the WASH plans in urban and rural areas, respectively. A similar pattern was
observed with insufficient financial resources (Figure 4). Lack of financial and human
resources affects the progress toward national WASH targets. An example is the reduced
frequency of surveillance in practice compared to the requirement that affects the progress
monitoring (Figure 4). While most countries have regulatory authorities in place, only a
small percentage of Southeast Asian countries’ authorities have fully published publicly
accessible reports on drinking-water quality and the quality of service delivery in urban
areas, with 13% recorded for urban areas, and almost 0% for rural areas (Figure 4). While
community participation procedures are defined in law or policy of almost all Southeast
Asian countries, lack of readily available information might hinder public participation in
water sustainability practice.
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Water security issues faced by most Southeast Asian countries are multifactorial and
can be categorized into three overlapping segments, namely environment, economic, and
social factors (Figure 5). Freshwater scarcity, water withdrawal exceeding water supply,
poor implementation of IWRM policies, funding gap, widening urban–rural gap, poverty,
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lack of inclusivity of vulnerable population, water pollution, and climate change further
perplexed the problem. These can impede a country’s progress toward achieving SDG 6
In this regard, each country has to focus on their capacity building in terms of acquiring
and improving the necessary skills, knowledge, tools, equipment, and other resources
to achieve water sustainability. While the time required to reach potential capacity to
self-sustain IWRM might vary between countries, there is a need to adopt organizational
hybridity to ensure access to safely managed water services in recognition of human rights
to clean water and to leave no one behind.
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Organizational hybridity can take different forms including technology exchange
expertise mobilization, joint programs, or even joint sourcing for external funding. The
Southeast Asian countries have formed the ASEAN with the motto of “one vision, one
identity, one community” for collaborative development of the countries. In facing and
responding to water security issues, the ASEAN is committed to further promoting in-
formation sharing on the latest technology and local wisdom by adopting the ASEAN
Socio-Cultural Community Blueprint 2025. The blueprint functions as a supervising com-
mission of the ASEAN Working Group on Water Resources Management, which advocates
for water sustainability among its members [80]. Following the Thailand flood disaster in
2011, the ASEAN Hydroinformatics Data Center (AHC) was established under the support
of the ASEAN Committee on Science, Technology, and Innovation in 2017 [81]. AHC
functions to create a centralized database with input on the hydroclimate from ASEAN
countries for better water management, especially water-related disaster risk reduction [81].
The successful implementation of the AHC is a role model of joint efforts between neigh-
boring countries to address the mutual problems faced. This framework can be replicated
in other parts of the world, where countries in close vicinity can form an alliance to better
manage water related issues in that region for the benefit of parallel progress and develop-
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ment. The partnership should not be limited to inter-governments, but across all levels
including private companies, NGOs, and educational institutions to deliver greater impact.

5. Conclusions

Southeast Asia is undergoing rapid development, urbanization, and population
growth. The high water demand has exceeded the water supply, resulting in water stress
in many parts of the region. Depleting freshwater sources and non-productive high water
withdrawal in agriculture producing countries further perpetuate the situation. While
each country has their IWRM policies in place, implementation of the proposed plans is
still far behind in the majority of countries, mainly due to a funding inadequacy. On the
other hand, poor water management, a widening urban–rural gap, and water poverty
are adversely affecting the vulnerable populations in their access to clean water. High
water footprint, climate change, along with anthropogenic activities that are causing water
pollution, further impede Southeast Asian countries’ progress toward achieving SDG 6.

Water security is a global concern and a difficult problem to solve. Southeast Asian
nations will be trapped in this ongoing battle in years to come, unless drastic measures are
in place. The important role of water literacy in producing responsible water users cannot
be overlooked. Therefore, active cognitive engagement is critical for breaking the chain of
water illiteracy. Literate environments are necessary in the pursuit of water management
sustainability and should start as early as possible. Holistic water management can be
achieved through continuous interactive water education to encourage public participa-
tion in supporting the government’s water sustainability efforts reflected in the annual
reduction in water consumption per capita per day. In addition to that, extensive and
in-depth research and development is important to upscale technologies to help a country
overcome water security challenges. NEWater, the high-grade reclaimed water, is one
of the prominent technologies that helped Singapore advance to achieve their vision of
closing the urban water loop. Good transparency and accountability in the government’s
policy and planning implementation as well as data availability to the public all play
important roles in producing a water literate society in Southeast Asia and globally. A
water literate society will provide citizens with a voice and role in decision-making. A
participatory approach is necessary to conserve water and its resources sustainably. In this
regard, everyone is a stakeholder including the public. At an individual level, water can
be managed efficiently by either reducing, reusing, or recycling water, and by taking part
in water resource preservation and conservation initiatives. In short, one needs to be a
water literate citizen to make progress every day toward achieving SDG 6—clean water
and sanitation for all.

Author Contributions: Conceptualization, G.M. and L.H.C.; Writing—original draft preparation,
G.M.; Writing—review and editing, G.M. and L.H.C.; Visualization, G.M.; Funding acquisition,
L.H.C.; Review and critical insights, P.E.P., T.T.H. and W.C.P. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Monash University Malaysia-ASEAN Sustainable Develop-
ment Research Grant Scheme, grant number ASEAN-2019-02-PHA.

Data Availability Statement: Publicly available datasets were analyzed in this study. These data
can be found here: [https://washdata.org/data/household#!/] (accessed on 8 August 2021); [https:
//apps.who.int/iris/bitstream/handle/10665/326444/9789241516297-eng.pdf?ua=1/] (accessed
on 8 August 2021); [https://ourworldindata.org/water-access] (accessed on 8 August 2021).

Conflicts of Interest: The authors declare no conflict of interest.

https://washdata.org/data/household#!/
https://apps.who.int/iris/bitstream/handle/10665/326444/9789241516297-eng.pdf?ua=1/
https://apps.who.int/iris/bitstream/handle/10665/326444/9789241516297-eng.pdf?ua=1/
https://ourworldindata.org/water-access


Water 2021, 13, 2311 16 of 18

References
1. Febriani, A. Water Literacy in Developing Country: A Case Study for Indonesia. Master’s Thesis, Lund University, Lund, Sweden,

2017. Available online: http://lup.lub.lu.se/student-papers/record/8919360 (accessed on 30 May 2021).
2. He, H.S. Construction of the index system of water literacy and application in a case study of four Chinese communities. J. Discret.

Math. Sci. Cryptogr. 2018, 21, 485–491. [CrossRef]
3. McCarroll, M.; Hamann, H. What we know about water: A water literacy review. Water 2020, 12, 2803. [CrossRef]
4. Roncoli, C.; Orlove, B.; Ungemach, C.; Dowd-Uribe, B.; West, C.T.; Milch, K.; Sanon, M. Enough is enough: How West African

farmers judge water sufficiency. Reg. Environ. Chang. 2019, 19, 573–585. [CrossRef]
5. He, C.; Liu, Z.; Wu, J.; Pan, X.; Fang, Z.; Li, J.; Bryan, B.A. Future global urban water scarcity and potential solutions. Nat.

Commun. 2021, 12, 4667. [CrossRef]
6. Caparrós-Martínez, J.L.; Milán-García, J.; Rueda-López, N.; de Pablo-Valenciano, J. Green infrastructure and water: An analysis

of global research. Water 2020, 12, 1760. [CrossRef]
7. Chen, B.; Liu, Z.; He, C.; Peng, H.; Xia, P.; Nie, Y. The regional hydro-ecological simulation system for 30 years: A systematic

review. Water 2020, 12, 2878. [CrossRef]
8. Economic Planning Unit. Malaysia Sustainable Development Goals Voluntary National Review 2017: High-Level Political Forum;

Economic Planning Unit: Putrajaya, Malaysia, 2017; pp. 1–82. Available online: https://sustainabledevelopment.un.org/content/
documents/15881Malaysia.pdf (accessed on 8 August 2021).

9. Ritchie, H.; Roser, M. Water Use and Stress. 2017. Available online: https://ourworldindata.org/water-use-stress (accessed on
8 August 2021).

10. UN. The Sustainable Development Goals Report 2021; United Nations: New York, NY, USA, 2021.
11. Ritchie, H.; Roser, M. Clean Water. 2021. Available online: https://ourworldindata.org/water-access (accessed on 2 July 2021).
12. United Nations. Asia and the Pacific SDG Progress Report 2021; United Nations: New York, NY, USA, 2021.
13. The United Nations World Water Development Report: Water and Climate Change; United Nations Educational, Scientific and Cultural

Organization: Paris, France, 2020; pp. 1–235. Available online: https://unesdoc.unesco.org/ark:/48223/pf0000372985.locale=en
(accessed on 8 August 2021).

14. Frederick, W.H.; Leinbach, T.R. Southeast Asia. Encycl. Br. 2020. Available online: https://www.britannica.com/place/Southeast-
Asia (accessed on 7 June 2021).

15. Richey, A.S.; Thomas, B.F.; Lo, M.; Reager, J.T.; Famiglietti, J.S.; Voss, K.; Swenson, S.; Rodell, M. Quantifying renewable
groundwater stress with GRACE. Water Resour. Res. 2015, 51, 5217–5238. [CrossRef]

16. UNESCO. The United Nations World Water Development Report 2021: Valuing Water; United Nations Educational, Scientific and
Cultural Organization: Paris, France, 2021.

17. Carrard, N.; Foster, T.; Willetts, J. Groundwater as a source of drinking water in Southeast Asia and the Pacific: A multi-country
review of current reliance and resource concerns. Water 2019, 11, 1605. [CrossRef]

18. Ya-Koh, A. An Analysis of Law on Groundwater Pollution in Thailand and Malaysia. Master’s Thesis, International Islamic
University Malaysia, Selangor, Malaysia, 2017. Available online: https://lib.iium.edu.my/mom/services/mom/document/
getFile/f38s5XAj7YZNYfkIfk0gdWs8SM8VzpSN20170525113629651 (accessed on 8 August 2021).

19. Burek, P.; Satoh, Y.; Fischer, G.; Kahil, M.T.; Scherzer, A.; Tramberend, S.; Nava, L.F.; Wada, Y.; Eisner, S.; Flörke, M.; et al. Water
Futures and Solution: Fast Track Initiative (Final Report); International Institute for Applied Systems Analysis: Laxenburg, Austria,
2016. Available online: http://pure.iiasa.ac.at/id/eprint/13872/1/Proceedings_extended_abstract_IDRiM%202016%2032.pdf
(accessed on 8 August 2021).

20. Doungmanee, P. The nexus of agricultural water use and economic development level. Katsetsart J. Soc. Sci. 2016, 37, 38–45.
[CrossRef]

21. UNESCO World Water Assessment Programme. The United Nations World Water Development Report, 2017: Wastewater: The
Untapped Resource; United Nations Educational, Scientific and Cultural Organization: Paris, France, 2017.

22. Knieper, C.; Pahl-Wostl, C. A comparative analysis of water governance, water management, and environmental performance in
river basins. Water Resour. Manag. 2016, 30, 2161–2177. [CrossRef]

23. Grigg, N.S. IWRM & Water Governance. In Integrated Water Resource Management: An Interdisciplinary Approach, 1st ed.; Palgrave
Macmillan: London, UK, 2016; pp. 99–118. [CrossRef]

24. Ti, L.H.; Facon, T. The FAO-ESCAP Pilot Project on National Water Visions—From Vision to Action—A Synthesis of Experiences
in Southeast Asia. FAO/ESCAP 2001. Available online: http://www.fao.org/3/AB776E/ab776e00.htm#Contents (accessed on
8 August 2021).

25. Dublin-Rio Principles. Global Water Partnership: Stockholm, Sweden. Available online: https://www.gwp.org/contentassets/05
190d0c938f47d1b254d6606ec6bb04/dublin-rio-principles.pdf (accessed on 8 August 2021).

26. Abdullah, S.; Chand, F.; Zakaria, S.; Loganathan, P. Transforming the Water Sector: National Integrated Water Resources Management
Plan Strategies and Road Map; Academy of Sciences Malaysia: Kuala Lumpur, Malaysia, 2016; Volume 1, pp. 1–174.

27. Review of the National Water Resources Study (2000–2050) and Formulation of National Water Resources Policy: Final Report,
Volume 2—Water Resources Governance. August 2011. Available online: https://www.water.gov.my/jps/resources/PDF/
Hydrology%20Publication/Vol2WaterGovernance.pdf (accessed on 8 August 2021).

http://lup.lub.lu.se/student-papers/record/8919360
http://doi.org/10.1080/09720529.2018.1449330
http://doi.org/10.3390/w12102803
http://doi.org/10.1007/s10113-018-1426-3
http://doi.org/10.1038/s41467-021-25026-3
http://doi.org/10.3390/w12061760
http://doi.org/10.3390/w12102878
https://sustainabledevelopment.un.org/content/documents/15881Malaysia.pdf
https://sustainabledevelopment.un.org/content/documents/15881Malaysia.pdf
https://ourworldindata.org/water-use-stress
https://ourworldindata.org/water-access
https://unesdoc.unesco.org/ark:/48223/pf0000372985.locale=en
https://www.britannica.com/place/Southeast-Asia
https://www.britannica.com/place/Southeast-Asia
http://doi.org/10.1002/2015WR017349
http://doi.org/10.3390/w11081605
https://lib.iium.edu.my/mom/services/mom/document/getFile/f38s5XAj7YZNYfkIfk0gdWs8SM8VzpSN20170525113629651
https://lib.iium.edu.my/mom/services/mom/document/getFile/f38s5XAj7YZNYfkIfk0gdWs8SM8VzpSN20170525113629651
http://pure.iiasa.ac.at/id/eprint/13872/1/Proceedings_extended_abstract_IDRiM%202016%2032.pdf
http://doi.org/10.1016/j.kjss.2016.01.008
http://doi.org/10.1007/s11269-016-1276-z
http://doi.org/10.1057/978-1-137-57615-6_5
http://www.fao.org/3/AB776E/ab776e00.htm#Contents
https://www.gwp.org/contentassets/05190d0c938f47d1b254d6606ec6bb04/dublin-rio-principles.pdf
https://www.gwp.org/contentassets/05190d0c938f47d1b254d6606ec6bb04/dublin-rio-principles.pdf
https://www.water.gov.my/jps/resources/PDF/Hydrology%20Publication/Vol2WaterGovernance.pdf
https://www.water.gov.my/jps/resources/PDF/Hydrology%20Publication/Vol2WaterGovernance.pdf


Water 2021, 13, 2311 17 of 18

28. Balisacan, A.M. Philippine Eco-Efficient Water Infrastructure (EEWIN) Strategy Roadmap, Thailand: United Nations Economic
and Social Commission for Asia and the Pacific. 2013. Available online: https://www.unescap.org/sites/default/d8files/
EEWIN%20Roadmap_Philippines.pdf (accessed on 6 August 2021).

29. PUB, Singapore’s National Water Agency. Singapore Water Story. 2021. Available online: https://www.pub.gov.sg/watersupply/
singaporewaterstory (accessed on 30 May 2021).

30. Solaripedia. Project Solar Trees in City Gardens (Singapore). 2014. Available online: https://www.solaripedia.com/13/416/662
9/solar_supertrees_cellular_paving_photo.html (accessed on 30 May 2021).

31. PUB, Singapore’s National Water Agency. About Us. 2021. Available online: https://www.pub.gov.sg/about (accessed on
30 May 2021).

32. National Water Resources Committee. National Water Resources Committee (NWRC). 2021. Available online: https://www.
myanmarofficialwaterportal.gov.mm/about-nwrc/nwrc/ (accessed on 30 May 2021).

33. Dean, A.J.; Fielding, K.S.; Newton, F.J. Community knowledge about water: Who has better knowledge and is this associated
with water-related behaviors and support for water-related policies? PLoS ONE 2016, 11, e0159063. [CrossRef]

34. Afroz, R.; Banna, H.; Masud, M.M.; Akhtar, R.; Yahaya, S.R. Household’s perception of water pollution and its economic impact
on human health in Malaysia. Desalin. Water Treat. 2016, 57, 115–123. [CrossRef]

35. PUB, Singapore’s National Water Agency. Schools. 2021. Available online: https://www.pub.gov.sg/getinvolved/schools
(accessed on 30 May 2021).

36. Abdullah, A.; Syed Zakaria, S.Z.; Razman, M.R. Environmental education through outdoor education for primary school children.
ATMA 2018, 6, 27–34. [CrossRef]

37. Ritchie, H.; Roser, M. Urbanization. 2019. Available online: https://ourworldindata.org/urbanization (accessed on
8 August 2021).

38. UNICEF; WHO. Progress on Household Drinking Water, Sanitation and Hygiene 2000–2017: Special Focus on Inequalities; United
Nations Children’s Fund (UNICEF): New York, NY, USA, 2019.

39. UN. The Sustainable Development Goals Report 2020; United Nations: New York, NY, USA, 2020.
40. Roser, M.; Ottiz-Ospina, E. Global Extreme Poverty. 2019. Available online: https://ourworldindata.org/extreme-poverty

(accessed on 30 May 2021).
41. UNESCO. Global Education Monitoring Report 2019: Migration, Displacement and Education—Building Bridges, not Walls; UNESCO:

Paris, France, 2018.
42. UNESCO. Policy Briefs on Internal Migration in Southeast Asia; UNESCO: Bangkok, Thailand, 2018. Available online: https:

//bangkok.unesco.org/index.php/content/policy-briefs-internal-migration-southeast-asia (accessed on 30 May 2021).
43. Siwar, C.; Ahmed, F.; Bashawir, A.; Mia, M.S. Urbanization and urban poverty in Malaysia: Consequences and vulnerability. J.

Appl. Sci. 2016, 16, 154–160. [CrossRef]
44. Awume, O.; Patrick, R.; Baijius, W. Indigenous perspectives on water security in Saskatchewan, Canada. Water 2020, 12, 810.

[CrossRef]
45. SDSN. Regional Network Southeast Asia. 2021. Available online: https://www.unsdsn.org/southeastasia (accessed on

30 May 2021).
46. Bartram, J.; Cairncross, S. Hygiene, sanitation, and water: Forgotten foundations of health. PLoS Med. 2010, 7, 1–9. [CrossRef]

[PubMed]
47. Hall, N.L. Challenges of wash in remote Australian indigenous communities. J. Water Sanit. Hyg. Dev. 2019, 9, 429–437. [CrossRef]
48. Wong, C.Y.; Zalilah, M.S.; Chua, E.Y.; Norhasmah, S.; Chin, Y.S.; Nur’Asyura, A.S. Double-burden of malnutrition among the

indigenous people (orang asli) of peninsular Malaysia. BMC Public Health 2015, 15, 1–9. [CrossRef]
49. SyedHussain, T.P.R.; Krishnasamy, D.S.; Hassan, A.A.G. Distribution and demography of the Orang Asli in Malaysia. Int. J.

Humanit. Soc. Sci. Invent. 2017, 6, 40–45.
50. Heller, L. Visit to Malaysia: Report of the Special Rapporteur on the Human Rights to Safe Drinking Water and Sanitation (Report No.

A/HRC/42/47/Add.2); Human Rights Council: Geneva, Switzerland, 2019. Available online: https://digitallibrary.un.org/record/
3823792?ln=en (accessed on 30 May 2021).

51. Tauli-Corpuz, V. Visit to Timor-Leste: Report of the Special Rapporteur on the Rights of Indigenous Peoples (Report No. A/HRC/42/37/Add.2);
Human Rights Council: Geneva, Switzerland, 2019. Available online: https://www.ohchr.org/Documents/Countries/Asia/
Report_SR_IP_visit_Timor_Leste.pdf (accessed on 30 May 2021).

52. UNICEF: Collecting Water is Often a Colossal Waste of Time for Women and Girls. Press Release-Unicef for Every Child. 29
August 2016. Available online: https://www.unicef.org/press-releases/unicef-collecting-water-often-colossal-waste-time-
women-and-girls (accessed on 8 August 2021).

53. Jalal, I. Women, water, and leadership. ADB Briefs 2014, 24, 1–8.
54. Water, Sanitation and Hygiene. UNICEF, 2021. Available online: https://www.unicef.org/wash/index_womenandgirls.html

(accessed on 15 July 2021).
55. Thompson, K.; O’Dell, K.; Syed, S.; Kemp, H. Thirsty for change: The untapped potential of women in urban water management.

Deloitte Rev. 2017, 20, 154–167.
56. World Bank. Women in Water Utilities: Breaking Barriers; World Bank: Washington, DC, USA, 2019.
57. ASEAN Secretariat. ASEAN Strategic Plan of Action on Water Resources Management; ASEAN Secretariat: Jakarta, Indonesia, 2005.

https://www.unescap.org/sites/default/d8files/EEWIN%20Roadmap_Philippines.pdf
https://www.unescap.org/sites/default/d8files/EEWIN%20Roadmap_Philippines.pdf
https://www.pub.gov.sg/watersupply/singaporewaterstory
https://www.pub.gov.sg/watersupply/singaporewaterstory
https://www.solaripedia.com/13/416/6629/solar_supertrees_cellular_paving_photo.html
https://www.solaripedia.com/13/416/6629/solar_supertrees_cellular_paving_photo.html
https://www.pub.gov.sg/about
https://www.myanmarofficialwaterportal.gov.mm/about-nwrc/nwrc/
https://www.myanmarofficialwaterportal.gov.mm/about-nwrc/nwrc/
http://doi.org/10.1371/journal.pone.0159063
http://doi.org/10.1080/19443994.2015.1006822
https://www.pub.gov.sg/getinvolved/schools
http://doi.org/10.17576/jatma-2018-06SI1-05
https://ourworldindata.org/urbanization
https://ourworldindata.org/extreme-poverty
https://bangkok.unesco.org/index.php/content/policy-briefs-internal-migration-southeast-asia
https://bangkok.unesco.org/index.php/content/policy-briefs-internal-migration-southeast-asia
http://doi.org/10.3923/jas.2016.154.160
http://doi.org/10.3390/w12030810
https://www.unsdsn.org/southeastasia
http://doi.org/10.1371/journal.pmed.1000367
http://www.ncbi.nlm.nih.gov/pubmed/21085694
http://doi.org/10.2166/washdev.2019.154
http://doi.org/10.1186/s12889-015-2058-x
https://digitallibrary.un.org/record/3823792?ln=en
https://digitallibrary.un.org/record/3823792?ln=en
https://www.ohchr.org/Documents/Countries/Asia/Report_SR_IP_visit_Timor_Leste.pdf
https://www.ohchr.org/Documents/Countries/Asia/Report_SR_IP_visit_Timor_Leste.pdf
https://www.unicef.org/press-releases/unicef-collecting-water-often-colossal-waste-time-women-and-girls
https://www.unicef.org/press-releases/unicef-collecting-water-often-colossal-waste-time-women-and-girls
https://www.unicef.org/wash/index_womenandgirls.html


Water 2021, 13, 2311 18 of 18

58. ADB. Lao People’s Democratic Republic: Small Towns Water Supply and Sanitation Sector Project (Project Number: 36339-022, Grant
Number: 0143); Asian Development Bank: Mandaluyong, Philippines, 2020.

59. Dadonaite, B.; Ritchie, H.; Roser, M. Diarrheal Diseases. 2019. Available online: https://ourworldindata.org/diarrheal-diseases
(accessed on 8 August 2021).

60. WHO. Diarrhoeal Disease: Key Facts. 2017. Available online: https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-
disease (accessed on 8 August 2021).

61. Roser, M.; Ritchie, H.; Dadonaite, B. Child and Infant Mortality. 2019. Available online: https://ourworldindata.org/child-
mortality (accessed on 30 May 2021).

62. Yap, C.K.; Peng, S.H.T.; Leow, C.S. Contamination in Pasir Gudang area, peninsular Malaysia: What can we learn from Kim Kim
River chemical waste contamination? JHED 2019, 1, 84–87. [CrossRef]

63. Pasir Gudang Chemical Spill: 6 Things You Need to Know. The Straits Times. 14 March 2019. Available online: https://www.
straitstimes.com/asia/se-asia/johor-toxic-chemical-dumping-6-things-you-need-to-know (accessed on 8 August 2021).

64. Federal Subsidiary Legislation. Occupational Safety and Health Act 1994 [Act 514] P.U. (A) 131/2000 Occupational Safety
and Health (Use and Standards of Exposure of Chemicals Hazardous to Health) Regulations 2000. Available online:
https://www.dosh.gov.my/index.php/legislation/regulations/regulations-under-occupational-safety-and-health-act-1994
-act-514/522-pua-131-2000-1/file (accessed on 8 August 2021).

65. Noh, M.F. 111 Pasir Gudang Schools Reopen After Sg Kim Kim Pollution Disaster. New Straits Time. 31 March 2019. Avail-
able online: https://www.nst.com.my/news/nation/2019/03/474577/111-pasir-gudang-schools-reopen-after-sg-kim-kim-
pollution-disaster-nsttv (accessed on 8 August 2021).

66. Peter-Varbanets, M.; Zurbrugg, C.; Swartz, C.; Pronk, W. Decentralized systems for potable water and the potential of membrane
technology. Water Res. 2009, 43, 245–265. [CrossRef]

67. WHO. National Systems to Support Drinking-Water, Sanitation and Hygiene: Global Status Report 2019. UN-Water Global Analysis and
Assessment of Sanitation and Drinking-Water (GLAAS) 2019 Report; World Health Organization: Geneva, Switzerland, 2019. Available
online: https://apps.who.int/iris/bitstream/handle/10665/326444/9789241516297-eng.pdf?ua=1 (accessed on 2 July 2021).

68. Tan, A.; Gene, N.K.; Ang, P. Linggiu Reservoir, Singapore’s Main Water Source in Malaysia, Back at Healthy Levels for First
Time Since 2016. The Straits Times. 4 February 2021. Available online: https://www.straitstimes.com/singapore/environment/
singapores-main-water-source-in-malaysia-now-full-due-to-recent-rains-pm-lee (accessed on 7 August 2021).

69. Hoekstra, A.Y.; Hung, P.Q. Virtual water trade: A quantification of virtual water flows between nations in relation to international
crop trade. In Virtual Water Trade, Proceedings of the International Expert Meeting on Virtual Water Trade; Value of Water Research
Report Series; Hoesktra, A.Y., Ed.; IHE: Delft, The Netherlands, 2003; Volume 12, pp. 25–47.

70. Hoekstra, A.Y. Virtual water: An introduction. In Virtual Water Trade, Proceedings of the International Expert Meeting on Virtual Water
Trade; Value of Water Research Report Series; Hoesktra, A.Y., Ed.; IHE: Delft, The Netherlands, 2003; Volume 12, pp. 13–23.

71. Subramaniam, V.; Muhamad, H.; Hashim, Z.; Choo, Y.M. Water footprint for the oil palm industry. Palm Oil Dev. 2011, 54, 19–23.
72. Mekonnen, M.M.; Hoekstra, A.Y. National Water Footprint Accounts: The Green, Blue and Grey Water Footprint of Production

and Consumption. In Value of Water Research Report Series No.50, Volume 1: Main Report; UNESCO-IHE Institute for Water
Education: Delft, The Netherlands, 2011; pp. 1–50.

73. Oxford Economics; Food Industry Asia. Executive Summary—The Economic Impact of the Agri-Food Sector in Southeast Asia; Oxford
Economics Ltd.: Oxford, UK, 2021.

74. Roser, M. Employment in Agriculture. 2013. Available online: https://ourworldindata.org/employment-in-agriculture (accessed
on 30 May 2021).

75. Water Footprint Network. Fair & Smart Use of the World’s Fresh Water: Annual Report 2015; Water Footprint Network: Enschede,
The Netherlands, 2015.

76. Development of the Water Services Industry: Achievements and Progress. In Buletin SPAN, Bil 1. 2016; Suruhanjaya Perkhidmatan
Air Negara (SPAN): Selangor, Malaysia, 2016; pp. 1–20.

77. About WEPLS. SPAN—Suruhanjaya Perkhidmatan Air Negara. 2021. Available online: https://www.span.gov.my/article/
view/about-wepls (accessed on 8 August 2021).

78. PUB, Singapore’s National Water Agency. At Work. 2021. Available online: https://www.pub.gov.sg/savewater/atwork
(accessed on 30 May 2021).

79. Water Security & the Global Water Agenda: A UN-Water Analytical Brief. In UN Water Analytical Brief ; United Nations
University-Institute for Water, Environment & Health: Hamilton, ON, Canada, 2013; pp. 1–47.

80. ASEAN. ASEAN 2025: Forging Ahead Together; ASEAN Secretariat: Jakarta, Indonesia, 2015.
81. Hydro-Informatics Institute of Ministry of Higher Education, Science, Research and Innovation. ASEAN Hydroinformatics Data

Centre (AHC). 2020. Available online: https://www.hii.or.th/en/inter_cooperation/asean-hydroinformatics-data-centre-ahc-2/
(accessed on 15 July 2021).

https://ourworldindata.org/diarrheal-diseases
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://ourworldindata.org/child-mortality
https://ourworldindata.org/child-mortality
http://doi.org/10.22161/jhed.1.2.4
https://www.straitstimes.com/asia/se-asia/johor-toxic-chemical-dumping-6-things-you-need-to-know
https://www.straitstimes.com/asia/se-asia/johor-toxic-chemical-dumping-6-things-you-need-to-know
https://www.dosh.gov.my/index.php/legislation/regulations/regulations-under-occupational-safety-and-health-act-1994-act-514/522-pua-131-2000-1/file
https://www.dosh.gov.my/index.php/legislation/regulations/regulations-under-occupational-safety-and-health-act-1994-act-514/522-pua-131-2000-1/file
https://www.nst.com.my/news/nation/2019/03/474577/111-pasir-gudang-schools-reopen-after-sg-kim-kim-pollution-disaster-nsttv
https://www.nst.com.my/news/nation/2019/03/474577/111-pasir-gudang-schools-reopen-after-sg-kim-kim-pollution-disaster-nsttv
http://doi.org/10.1016/j.watres.2008.10.030
https://apps.who.int/iris/bitstream/handle/10665/326444/9789241516297-eng.pdf?ua=1
https://www.straitstimes.com/singapore/environment/singapores-main-water-source-in-malaysia-now-full-due-to-recent-rains-pm-lee
https://www.straitstimes.com/singapore/environment/singapores-main-water-source-in-malaysia-now-full-due-to-recent-rains-pm-lee
https://ourworldindata.org/employment-in-agriculture
https://www.span.gov.my/article/view/about-wepls
https://www.span.gov.my/article/view/about-wepls
https://www.pub.gov.sg/savewater/atwork
https://www.hii.or.th/en/inter_cooperation/asean-hydroinformatics-data-centre-ahc-2/

	Introduction 
	Different Dimensions of Water Literacy in Southeast Asian Countries 
	Water Sources and Consumption 
	Water Governance and Management 
	Sociodemographic Factors 
	Water Security Challenges 
	Health 
	Access to Safely Managed Water Services 


	Water Footprint—A Foreign or an Ignored Concept among Southeast Asians? 
	Are Southeast Asians on the Right Track to Meet Their National SDG 6 Targets? 
	Conclusions 
	References

