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1. Introduction  
The SUSTAIN EU-ASEAN project aims at facilitating academic cooperation between researchers from the EU 
and the Southeast Asia on research topics that are of common concern. This paper identifies trends in water 
consumption and outlines a roadmap for future research between Europe and the Southeast Asian region .  

The paper is based on the outcomes of a SUSTAIN EU ASEAN foresight workshop series. Workshops were held 
in Berlin and Bangkok in October 2015 and January 2016 respectively. They brought together experts and 
scientists in the areas climate and energy, resources and waste, biodiversity, and water from the EU and 
Southeast Asia. Participants’ list is in Annex. The issues on specific research roadmaps were derived in thematic 
working groups.  

2. Environmental Analysis  
Concepts for assessing water consumption  

The availability and accessibility of affordable good quality of freshwater, mainly in ASEAN countries, are 
influenced by trends/drivers such as population dynamics, increased urbanisation, and the availability of water 
infrastructure, industrialisation, land use change, or the impact of climate change.Water is a key topic for 
research on sustainable cities, mitigation/adaptation to climate change or sustainable agriculture. Although water 
is a renewable resource, its availability is limited - as just 2.5% of the world’s water resources are freshwater of 
which only 0.4% are available and accessible for use (SEA-EU-NET 2016). A discussion paper published by the 
CEO Water Mandate (2014) distinguishes between water scarcity that refers to the physical availability of water, 
and water stress that in addition comprises water quality and accessibility. Accessibility relates to water 
infrastructure and the affordability of water.  

 
                                         Water Scarcity and Water Stress (source: CEO Water Mandate 2014, modified) 

South East Asia in general is water-rich and water exploitation is low compared to renewable water resources 
(UNEP and CSIRO 2011, 97). While overall physical availability of water is high, pressures on freshwater 
resources occur mainly on the local level, and seasonal water scarcity e.g. in Cambodia and Vietnam (SEA-EU-
NET 2016). Some countries, such as Cambodia and Laos, use hardly 1% of their total available water resources 
(WWAP 2012, 193). Water stress in terms of sustainable water supply and sanitation are major issues in ASEAN 
region. The ASEAN Strategic plan of Water Resources and Management also focus on “the attainment of 
sustainability of water resources to ensure sufficient water quantity of acceptable quality to meet the needs of the 
people of Southeast Asia in terms of health, food security, economy, and environment” by 2025 (ASEAN 
Secretariat 2005). 
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Water consumption comprises both the use of water as input factor and the deterioration of water quality through 
pollution or interference with water bodies. Many household and productive purposes require good quality of 
drinking water and ecosystem services that depend on healthy water ecosystems. Thus, pollution ultimately 
reduces water quality and availability. In order to assess all sorts of water consumption, different concepts have 
been introduced:  

Consumptive and degradative use 

Consumptive use means the withdrawal of freshwater from a water body without returning the total amount of 
water to the original watershed. Losses might occur through long-distance transport of water, water physically 
embodied in products, evaporation from irrigation canals, evapotranspiration from plantations, or evaporated 
cooling water from industries and power plants.  

Degradative use of water relates to the sink function of water for emissions. It means the pollution of water bodies 
e.g. from the use of pesticides and fertilisers in agriculture, interference with water bodies through mining 
activities, or untreated industrial and urban wastewater. Water quality may also be altered through land-use 
change: building of large dam reservoirs or conversion of forests and wetlands into agricultural land, for example 
can compromise their function for groundwater recharge; or the clearance of riparian forests or wetlands 
eliminates their ability to regulate water levels or to mitigate nonpoint source pollution. 

Water footprint 

The water footprint indicates the amount of water required per unit of production. It is an indicator of water 
efficiency and considers both direct and indirect freshwater use (UNEP 2012, 70). In order to cover different 
forms of water consumption, the Water Footprint Network distinguishes between blue water, green water and 
grey water. Blue water refers to extracted surface and ground water that not returned to the same water body 
after use. Green water means the amount of water that is ‘lost’ in agricultural processes. It relates to rain 
evaporating from soils or plants without recharging ground waters or running off into surface water bodies. Grey 
water relates to freshwater pollution. It signifies the volume of water that is required to dilute water pollutants to a 
harmless level (Hoekstra et al. 2011).  

Virtual Water 

A related concept to assess water consumption from an international perspective is virtual water: Water-intensive 
commodities such as palm oil (Mekonnen and Hoekstra 2011) are increasingly traded across borders and world 
regions. The water that is physically contained in goods or that was consumed for their production is called virtual 
water (UNEP 2012, 70). 

3. Issue specific scenarios 
3.1 Challenges for water management  

The degradation of water bodies in ASEAN countries through unsustainable agricultural practices, deforestation, 
or increasing urbanisation and industrialisation endangers river health, reduces the amount of usable freshwater 
and threatens ecosystem services. A great share of rural population directly depends on water availability for their 
livelihood and food security. The SUSTAIN workshop series identified the following aspects as most critical 
issues related to water supply, demand, conservation and quality in South East Asia:   
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Urbanisation 

Reliable and affordable access to drinking water and sanitation is crucial for social development and human 
health. Increasing urbanisation contributes to a local concentration of freshwater demand and discharge of 
pollutants into water bodies. According to the Asian Water Development Outlook 2013 (AWDO), most ASEAN 
cities lack adequate water distribution and sanitation systems. Access to good quality water and sanitation differs 
significantly among ASEAN countries, ranging from Cambodia at the bottom of the AWDO household water 
security index to Singapore and Brunei in the top group of Asian countries. It carries not only social/health and 
environmental cost, but also economic losses in the countries. The World Bank research (2008a, 2008b) 
estimated that Indonesia lost US$6.3 billion (2.3% of GDP) in 2006 from poor sanitation and hygiene, while the 
loss in the Philippines amounted to US$41.4 billion or 1.5% of GDP. The case is worst in Cambodia rising over 
7%  (WWAP 2012, 280). 

Main sources of urban water pollution comprise untreated wastewater from industry and households or 
insufficient waste management. Spatial concentration of water withdrawal and waste water spills can lead to 
declining groundwater levels and contamination of ground water (WWAP 2015, 5). Groundwater extraction in 
coastal regions can also result in the intrusion of salt water into aquifers. Bangkok, for example, faces increasing 
concentrations of chloride in groundwater (WWAP 2015, 5). Increasing the resilience of water infrastructure 
against impacts of climate change - such as extreme weather events (floods and droughts)– was identified as 
another crucial issue during the workshops. Between 1970 and 2010, the relative average population exposed to 
flood per year is the highest in Cambodia (12%), followed by Vietnam (4%) and Thailand (less than 2%) (WWAP 
2012, 116-117). As a potential pathway towards sustainable water use, workshop participants pointed to a reduce 
– reuse – recycle approach to water consumption in urbanised regions (“zero-water-waste”) with a strict 
enforcement of water related regulations and a focus on water allocation equity.    

Water quality and ecosystem services 

The relative abundance of water in Southeast Asia and the failure to acknowledge the economic value of 
ecosystem services provided have contributed to a widespread degradation of freshwater ecosystems (ADB 
2013, 59). Relatively water-rich countries (such as Malaysia and Indonesia) are facing urban water supply and 
quality constraints (WWAP 2012, 195). Table 1 shows water related problems in many ASEAN countries. Many 
water bodies are affected by human activities; besides the lack of sanitation and sewage treatment, intensification 
of agricultural production is one main source of water pollution. Deforestation and degradation of forests can 
compromise water-related ecosystem services such as water purification, water storage or flood regulation. 
Hydropower is changing runoff-characteristics of rivers and blocks migration routes of fish.  

Table 1. Water related issues in ASEAN countries 

 Water related issues KH ID LA PH MM TH MY VN 
1 Increasing water scarcity threat                
2 High water utilization                 
3 Deteriorating water quality             
4 Poor water quality and low water endowment                
5 Flood-prone countries         
6 Cyclone-prone countries         
7 Drought-prone countries         8 Elevated ecosystem/Climate change risk          
9 Poor access to drinking water               
10 Poor access to sanitation         
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Sources: generated from WWAP 2012, 195 

Land use, agriculture and food security 

Water availability is crucial for agriculture, aquaculture and food security. Within the available freshwater in 
ASEAN countries, 80% is withgrawn for irrigated agriculture by 2005 and the more water will be needed in order 
to meet the increasing demands of food and energy (biofuels). The condition is worsed in those countries where 
freshwater availability for agriculture is already limited and uncertain (WWAP 2012, 46). In the lower Mekong 
Basin, most of the inahbitants (more than 60 million) live on agriculture and fisheries and are directly dependent 
on the Mekong river (ADB 2013). Fish and aquatic sources are a main source of protein intake for the population. 
Thus, the local population is highly vulnerable to changes in the condition of the river (Wong and Lewis 2013). In 
order to reconcile food security and water use, workshop participants stressed the need for the establishment and 
implementation of integrated watershed management plans. Participants also noted that agricultural practices 
that avoid the contamination of water bodies should be established in order to enhance water quality.  

Transboundary Water Management – the Mekong example  

Main challenges for the integrated management of water resources is the 
alignment of activities that are related to water bodies, both domestic and 
transboundary. The Mekong is one of the largest rivers in the world by 
discharge. From its source in the Tibetan Plateau, the Mekong passes through 
China, Myanmar, Laos, Thailand, and Cambodia to its Delta in Viet Nam. The 
lower Mekong Basin has more than 60 million inhabitants; most of which live 
on agriculture and fisheries and thus directly depend on the Mekong river 
(ADB 2013). Fish and aquatic sources are a main source of protein intake for 
the population. Thus, the local population is highly vulnerable to changes in 
the condition of the river (Wong and Lewis 2013). 

The Mekong Delta is a hotspot of Vietnam’s agricultural production. Water 
related pressures stem from population growth, the expansion of hydropower, 
intensification of agriculture and the impacts of climate change. The 
Intergovernmental Panel on Climate Change (IPCC) expects the Mekong 
Delta to most likely be severely affected by climate change (IPCC 2007). 

Transboundary water bodies often are sources of inter-state conflict over 
water use and the allocation of water. Changing patterns of upstream water consumption for example for 
agriculture or hydropower generation or impacts of climate change such as alterations in run-off characteristics or 
the intensification of extreme events can increase the perceived level of conflict among riparian states (De 
Stefano et al. 2012). 

In order “to promote and co-ordinate sustainable management and development of water and related resources”, 
Cambodia, Lao, Thailand and Viet Nam established the Mekong River Commission (MRC) in 1995; in 2011 an 
Integrated Water Resources Management-based Basin Development Strategy for the Mekong was established.  

 

Figure 1. Mekong River Basin 
(source: Mekong River 
Commission 2015, ii) 
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3.2 Water management scenarios from the workshop 

For the water management in future, the workshop in Bangkok used backcasting scenario approach. 
Backcasting, a reverse-forcasting technique, begins with a 
specific future outcome and then works backwards to identify 
policies and programmes that will connect to the current 
conditions (WWAP 2012, 371). Its process includes the 
formulation of (un)desirable future(s), identification of policy 
interventions, actions and events, feasibility evaluation, and 
adjusting original future(s). The workshop participants 
developed three scenarios for water management in 2035– 
Best case, Business-as-usual and Worst case, which further 
assist in policy goals development on water management.   

 

Best case scenario   

 Typical headline in newspaper: Clean water and food available for all 

This week, the leaders of ASEAN member states reviewed progress of the implementation of the regionally 
agreed and integrated water resources management plan. Though still at mid-term implementation, the results 
are extremely positive with regard to making the water resources restored in the sub-region and available for all. 

The success is due to laws in place that stimulate an innovative industrial production cycle, producing zero-water 
waste due to reduce, reuse and recycle of water in industry and household. Innovative housing design and 
building renovation makes cities zero-water-waste, capturing, and reusing every drop for urban agriculture. Food 
security has improved and every citizen is engaged in preserving and restoring the precious water cycle and 
making clean water available for all. Awareness is very high and Information is available on the internet. Good 
practices are regularly replicated and lessons are being shared at regional levels, including a regular water-
related dialogue for ASEAN policy makers. ASEAN has become the model region for the world with regard to 
water resources management. 

Business-as-usual scenario   

Typical headline in newspaper: ASEAN countries inability to find ASEAN wide consensus lead to a worsening of 
water pollution problems across the region. 

After years of drought, some countries were no longer able to generate enough food. ASEAN governments 
discussed food trade among themselves but failed to agree on a solution. This resulted in a cascade of problems. 
With a disastrous water resources management plan in urban areas, people started to migrate back to rural 
areas. Consequently, those areas started to experience water scarcity as well as water pollution because the 
people brought their urban lifestyles with them upstream and disturbed the fragile ecosystem there. Imbalances in 
the food production increase. Areas with better water supply produce more but keep the production to 
themselves. The absence of an adequate common understanding of the finite nature of water availability keeps 
the situation from becoming better. 

Figure 2. Backcasting scenario (source: WWAP 2012, 245) 
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Worst case scenario   

Typical headline in newspaper: Massive starvation in ASEAN due to water shortage 

Accelerated population growth combined with poor land-use planning and a lack of water resources management 
or a protection plan resulted in the depletion of the last clean water source. Rivers and seas are polluted by waste 
such as plastic. The aquaculture industry is at the verge of a collapse as the yields contain more plastic than fish. 
At the same time, people have no access to clean drinking water. Different water sectors are fighting for the 
exclusive right to the distribution of clean water. In some areas, water rationing has started - one bucket of clean 
water per household is permitted. Farmers are not getting enough water for their fields, even with the high-tech 
irrigation system. The yield of food is the lowest in years. Thousands of lives are being lost due to massive 
starvation and water scarcity. The global Water War has started and threatens to expanded to ASEAN. 

4. Objectives and policy measures  
Issues & policy goals of water management 

Policy goals and central challenges related to water governance can be derived from a range of high-level policy 
documents and studies, including the 2015 Sustainable Development Goals (SDGs), the ASEAN Strategic Plan 
of Action on Water Resources Management, the Declaration on ASEAN post-2015 environmental sustainability 
and climate change agenda, or the Asian Water Development Outlook 2013. An assessment of these documents 
and the scenario developed in the foresight workshop/ working group on water indicate the following key topics 
for water management in Southeast Asia.  

1. Demand, supply and allocation of water: ensure universal and equitable access to drinking water and 
sanitation, and a reliable supply of water for production, tourism and service sectors (accessibility, 
consumptive & degradative use). This includes the provision of urban water infrastructure and increasing 
its resilience against the impacts of climate change. 

2. Improvement of water quality and protection of water-related ecosystems: reducing pollution through 
wastewater treatment and minimising release of hazardous materials (degradative use). This also includes 
water quality assessment and monitoring.  

3. Increasing water efficiency (consumptive and degradative use) to mitigate locally concentrated pressures 
on water bodies from industrial activities, agricultural activities, and population growth. Beyond increasing 
water efficiency, workshop participants also stressed the importance of water reuse and water recycling in 
urban areas.   

4. Integrated water resource management to protect and restore water-related ecosystems in a multi-level 
approach, including the participation of local communities, transboundary cooperation and research 
cooperation in areas such as water resources management, green cities, and water-related disaster 
resilience. 
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5. Strategic Roadmap for research  
Potential issues for future research collaboration between EU and ASEAN 

Discussions during the Berlin and Bangkok workshops revealed that water is a key concern for many 
sustainability related research areas. Water consumption relates not only to the physical abundance of water, but 
also includes the accessibility of safe freshwater, impacts of human activities on water quality, the health of 
aquatic ecosystems, and food security.  

Workshop participants agreed that future research on climate change adaptation and mitigation, sustainable 
cities, agriculture, or the management of natural resources need to take the state of water resources into account. 
In turn, the sustainable management of water resources is a multi-level issue that ranges from agricultural 
practices, freshwater availability and access to water infrastructure on the local level to national water policies 
and transboundary cooperation up to the mitigation of global environmental change and flows of virtual water 
between world regions. These questions combine natural sciences, technology-oriented approaches (technical 
solutions) and social scientific research questions (consumption patterns, urban planning, or international 
cooperation) and thus offer a wide field for interdisciplinary and inter-regional research cooperation.    

For the 2018/19 work programme, participants of the working group on water suggested the development of 
issue specific roadmaps on water sustainability with the participation of all relevant stakeholders (policy 
makers, science, private sector, local communities, cities, civil society, local and regional administration). 
Roadmaps should contribute to integrated water management plans at the regional level and might be prepared 
for the macro-level (South East Asia and regional cooperation) and for specific, relevant sectors such as 
agriculture; industry; spatial planning and urbanisation, etc. They should provide detailed action plans and 
milestones.   

Specific Challenge 

Water availability and water related ecosystem services are crucial for sustainable development. Considering the 
increased competition among different sectors – households, agriculture, and industry – for water both as input 
factor and as sinks, the specific challenge is to contribute to sustainable development, to avoid negative impacts 
on the environment and to increase resilience against extreme weather events. To this end, water sustainability 
aims (1) at ensuring accessibility and affordability water and wastewater treatment including rural regions and 
informal settlements, and (2) at increasing water efficiency in the most relevant sectors. Water efficiency in this 
sense relates to both water consumption and water degradation.  

Responding to these challenges requires an integrated water resources management from the local level to 
transboundary cooperation and a sound evidence base – including scientific and traditional knowledge forms – 
that facilitates water-informed decision-making at all levels. The development of issue specific roadmaps on water 
sustainability aims at facilitating this process and should be based on a strategic participatory process that 
includes a vast array of stakeholders.  

Scope  

Defining a process for the development of a roadmap on water sustainability: Integrated water 
management plans need to take local circumstances and development needs into account. They thus should be 
based on a participatory process and build on a sound knowledge base that combines both scientific as well as 
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traditional local knowledge forms. The integrated management plan should provide concrete targets and timelines 
help to assess progress towards a more sustainable use of water resources and towards a good quality of water 
bodies. Proposals should address the definition of a process for the participation of stakeholders in the 
development of roadmaps on water sustainability.  

Expected Impact 

The development of roadmaps on water sustainability is expected to contribute to the accessibility of drinking 
water and wastewater treatment, to the avoidance of negative impacts of human activities on water quality, on 
preserving or restoring the health of aquatic ecosystems, and to positively contribute to food security and the 
livelihood of rural populations. The roadmapping process will form the basis of an integrated water management 
from the local to the transboundary level.   

- It is expected that critical issues and stakeholders for the development of a roadmap on water 
sustainability on different levels are identified. Roadmaps might be prepared for the macro-level (South 
East Asia and regional cooperation) and for specific, relevant sectors such as agriculture; industry; 
spatial planning and urbanisation, etc. They should provide detailed action plans and milestones.  

- The roadmapping process will assess needs for material, financial and organizational resources to attain 
water sustainability. 

- The roadmap will also contribute to the development of an evidence base, e.g. by fostering the 
development of tools such as earth observation, and indicators such as water footprinting. The 
roadmapping process will also consider traditional knowledge forms. It is expected that the opportunities 
are defined to bring these knowledge forms together, e.g. by the establishment of a joint knowledge 
platform.  
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