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1 Project brief
Balancing water needs for human use and for the protection of freshwater and coastal ecosystems 
remains one of society’s great challenges. This is reflected in the Sustainable Development Goal 
for Water (SDG6)1, which is no longer solely focused on sanitation and hygiene but includes targets 
to ‘protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers, 
aquifers and lakes’ (SDG6.6), to ‘improve water quality by reducing pollution’ (SDG6.3) and to 
‘substantially increase water-use efficiency across all sectors and ensure sustainable withdrawals’ 
(SDG6.4). SDG Goal 15 (Life on Land)2 also includes specific targets to ‘ensure the conservation, 
restoration and sustainable use of terrestrial and inland freshwater ecosystems and their services’ 
(SDG15.1), including wetlands. Key policy recommendations and actions for the 2030 Agenda to 
achieve these targets were outlined at the recent Budapest Water Summit3. 

Australia has a strong international reputation in environmental water planning and policy, underpinned 
by a solid foundation of hydroecological science. Australian researchers have also played a significant 
role in the development of practical guidelines for river rehabilitation, and the development and 
implementation of innovative tools for monitoring and reporting on river ecosystem health. There is 
clearly international interest in our approaches to address environmental water quality and quantity 
challenges (e.g. the Australia China Environment Development Partnership programme on river health 
and environmental flows in China4). Growing concerns about the environmental and social costs of water 
pollution and over-allocation, reflected in the SDG goals, will undoubtedly stimulate further demand for 
Australian expertise over the coming decade.

Australia’s experience and expertise in environmental water policy and management forms an integral 
component of the four core water reform themes championed by the Australian Water Partnership 
(AWP). Environmental water quantity and quality is also one of the four water use domains in which 
AWP seeks to build economic, environmental and societal value. However, the full potential for adoption, 
especially within the Indo-Pacific region, has yet to be realised. This is important because the region 
has outstanding freshwater biodiversity values, high societal dependence on environmental services 
(e.g. fisheries) provided by healthy freshwater systems, and increasing threats to these values due to 
rapidly increasing population growth, infrastructure development and demand for water. 

This scoping project explores opportunities to build AWP’s work portfolio (and ultimately Australia’s 
impact) on environmental water issues, with a particular focus on aid-eligible countries in South Asia, 
South-East Asia, East Asia and the Pacific (Figure 1). The aim is to understand the level, nature 
and locations of demand in the Indo-Pacific. This will include mapping locations of emerging need, 
where AWP may seek to raise awareness and build capacity where current demand is weak. 

This report includes:

• a review of current status and threats to freshwater ecosystems, and the essential ecosystem services 
they sustain, across each region;

• an assessment of the demand and awareness across a range of environment water quality and 
quantity issues and challenges, in terms of data and information gaps, capacity and training; and

• a summary of key environmental water quality and quantity issues or challenges, mapped against 
each region/country.

1   https://www.un.org/sustainabledevelopment/water-and-sanitation/ 
2   https://www.un.org/sustainabledevelopment/biodiversity/ 
3   http://www.budapestwatersummit.hu/data/images/Kepek_2016/BWS2016_Messages_Policy_Recommendations.pdf 
4   https://watercentre.org/projects/case-studies/river-health-and-environmental-flow-in-china/

https://www.un.org/sustainabledevelopment/water-and-sanitation/
https://www.un.org/sustainabledevelopment/biodiversity/
http://www.budapestwatersummit.hu/data/images/Kepek_2016/BWS2016_Messages_Policy_Recommendations.pdf
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Figure 1. Map of countries in each Indo-Pacific region included in this assessment

1.  Subsistence fishing on the Li River, China 
(Credit: Vadim Petrakov/Adobe Stock)

3.  Pollution in Shuhada Lake, Kabul, Afghanistan 
(Credit: SHAH MARAI/AFP/Getty Images)

4.  Flock of cranes in flight, South Asia 
(Credit: Uryadnikov Sergey/Adobe Stock)

2.  Xayaburi Hydroelectric Dam along the Lower Mekong River, 
Laos (Credit: The Laotian Times)
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2 Approach and Methods

2.1 Framework – key environmental water challenges

The review considers four key environmental water quantity and quality challenges:

1. Environmental flows. Defined as “… the quantity, timing and quality of freshwater flows and levels 
necessary to sustain aquatic ecosystems, which in turn support human culture, economies, sustainable 
livelihoods and well-being” (Arthington et al., 2018). Provision of environmental flows is a key action 
to meet SDG targets 6.6 and 15.1.

 We evaluated how environmental water needs are currently considered in water infrastructure 
planning and the operation of dams (if at all). A particular focus was on the flow needs for floodplain 
and coastal wetlands, which are often of great significance for fisheries and international agreements 
for waterbirds. Attention was also given to the flow dependencies and needs of vulnerable 
communities, women and subsistence fishers.

2. Fragmentation and connectivity. In addition to altering flow regimes, water infrastructure significantly 
affects important longitudinal and lateral connections in river ecosystems. This includes the trapping 
of sediment and associated impacts of shrinking deltas (Vörösmarty et al., 2003; Syvitski & Milliman, 
2007), and the loss of river-wetland connections as river beds downstream degrade. In-channel 
barriers have a major impact on migratory species, including important fisheries, while levees 
reduce important floodplain subsidies that sustain the high production in many lowland rivers 
(Bunn & Arthington, 2002).

 We reviewed current and proposed major dams in the region, assessed the significance of likely 
fragmentation impacts and explored opportunities for improved planning and the remediation 
of existing barrier effects.

3. Water pollution and river health. Addressing water pollution (SDG 6.3) is essential to protecting 
aquatic ecosystems and freshwater biodiversity (SDG 6.6 and 15.1) and also is a key action to achieve 
safe drinking water (SDG 6.1). Point source pollution from industry and urban sources is a significant 
problem in many developing countries in the region. Many countries are also dealing with similar 
land-based pollution problems to those in Australia and improving catchment resilience in the face 
of increasing extreme weather events is a key challenge.

 There is likely to be interest in cost-effective technologies to treat wastewater (including stormwater), 
and in novel methods to assess the risks of contaminants of emerging concern. There is also clearly 
strong interest in the development of innovative methods for assessment and reporting of river health, 
including the use of report cards as a means of demonstrating transparency, raising public awareness 
and potentially involving civil society groups.

4. Biodiversity assessment and conservation planning. The Asia-Pacific region is known for its high 
freshwater biodiversity (Abell et al., 2008), and includes important significant floodplain wetlands 
and lakes for migratory waterbirds. Australia has developed innovative tools for modelling species 
distributions and in conservation planning and prioritisation.

 We explored demand for improved tools to guide future water infrastructure investment, to minimise 
risks to freshwater biodiversity, fisheries production and other flow-dependent values such as 
cultural heritage.
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2.2 Review of in-country demand and need

We used data from the 2016 Asian Water Development Outlook (AWDO)5 to assess how water 
infrastructure has changed natural flow regimes. This indicator represents the percentage of undisturbed 
pixels where disturbed flow is defined as monthly discharge being within a 20% difference from natural 
discharge, at least once per year. We used the fragmentation index from Vörösmarty et al. (2010) to 
assess threats from dams and barriers to connectivity. We also used the indicators from the pollution 
theme from this study, to assess threats to water quality. These data are publicly available6 and were 
scaled to a country score. The river health index from KD4 of the AWDO (1 - river threat) was used as 
an indicator of the overall threat to aquatic biodiversity.

These indicators, together with published information on threats to river health and freshwater 
biodiversity in the region were used to assess the need for information or capacity building for each 
of these dimensions of environmental water. We then adjusted these scores based on the level of 
institutional capacity and awareness in each country to reduce and prevent environmental degradation. 
This is based on the Yale Environmental Performance Index (2014)7, which was used as the governance 
sub-indicator of the AWDO. This was used to prioritise each country on the basis of ‘risk’ for each of the 
four environmental water issues. 

We also drew on several qualitative lines of evidence to assess in-country interest and/or concern about 
each of these environmental water issues, including:

• Formal survey of 60 water professionals in the region;

• AWP partner experience in the region, including ARI networks; and

• Technical publications (scientific journals, ADB and NGO reports).

2.3 Analysis

We summarised the need to address threats to environmental integrity in five categories 
(urgent, major, moderate, minor, insignificant) for each of the four environmental water issues, 
in each country. We assume that countries with high threats to environmental integrity are those 
with the highest need for support. We multiplied these priority scores by the AWDO governance 
sub -indicator (also 5 categories: very low, low, moderate, high, very high) to produce a priority 
ranking of environmental risk (Table 1). This matrix was used to prioritise countries on the basis of risk 
(threat vs environmental performance). Countries with high to medium levels of threat and low to 
medium levels of environmental governance were given the highest risk. Those with low to medium 
threat and medium to high levels of environmental governance were assigned the lowest priority. 

Table 1. Risk assessment matrix

 Need Urgent Major Moderate Minor Insignificant
Governance Score 5 4 3 2 1
Very low 5 25 20 15 10 5
Low 4 20 16 12 8 4 Risk ranking Scores
Moderate 3 15 12 9 6 3 High 13–25
High 2 10 8 6 6 2 Medium 4–12
Very high 1 5 4 3 2 1 Low 1–3

5   https://www.adb.org/sites/default/files/publication/189411/awdo-2016.pdf 
6   www.riverthreat.net  
7   http://epi.yale.edu/ 

https://www.adb.org/sites/default/files/publication/189411/awdo-2016.pdf
http://www.riverthreat.net
http://epi.yale.edu/
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3 Assessment of threats to freshwater ecosystems

3.1 Regional summaries

Geographic variation in indicators of environmental water integrity (hydrologic integrity, connectivity, 
water quality, biodiversity integrity) is shown in Table 2 and Figure 2. Recent global and regional mapping 
work (Vörösmarty et al., 2010; AWDO 2016, KD4) highlights the significant threats to freshwater 
biodiversity and river health within the region. More recent analyses (Vörösmarty et al., 2018), 
show these threats will intensify in the face of rising population and GDP, and changing climate. 
Key issues for each region are briefly reviewed below.

3.1.1 Central Asia

Most countries show high levels of flow alteration and loss of connectivity and many countries have low 
environmental integrity across all indicators. Kazakhstan has comparatively low flow alteration, but as 
in many Central Asian countries poor agricultural practices, as well as pollution from heavy industry, 
have resulted in significant land and water resource degradation8 (Hamidov et al., 2016).

3.1.2 South Asia

With the exception of Nepal and Bhutan, most countries show high levels of flow alteration (Table 2). 
The proposed boom in hydropower development in the region (Zarfl et al., 2015) will mean that impacts 
from flow alteration and fragmentation are likely to increase. For example, ~450 new hydropower 
projects are currently being developed in the Indian state of Uttarakhand (Buechler et al., 2016), 
and 12 are under construction in Nepal (Alam et al., 2017). Poor water quality is a major threat 
across the region and overall river health is poor and declining in countries like Bangladesh and Nepal9.

8   https://www.adb.org/sites/default/files/linked-documents/cps-kaz-2012-2016-ena.pdf 
9   https://www.adb.org/sites/default/files/publication/189411/awdo-2016.pdf 

Tehri Hydroelectric Dam on the Bhagirathi River, Uttarakhand, India.

https://www.adb.org/sites/default/files/linked-documents/cps-kaz-2012-2016-ena.pdf
https://www.adb.org/sites/default/files/publication/189411/awdo-2016.pdf
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Table 2. Geographic variation in indicators of environmental water integrity (hydrologic integrity, 
connectivity, water quality, biodiversity integrity) and environmental governance. Indicator scores 
range from low (1) to high (5)

Country Hydrologic 
integrity

Connectivity Water 
quality

Biodiversity 
integrity

Environmental 
Governance

Central Asia
Afghanistan 1 2 2 2 1
Armenia 1 1 1 1 5
Azerbaijan 1 3 1 1 3
Georgia 3 2 1 2 2
Kazakhstan 4 3 1 3 2
Kyrgyz Republic 1 1 2 2 2
Tajikistan 4 2 2 3 2
Turkmenistan 2 2 1 3 1
Uzbekistan 3 2 1 2 1
South Asia
Bangladesh 1 3 1 1 2
Bhutan 4 2 2 2 2
India 1 2 1 1 2
Nepal 3 2 2 1 4
Pakistan 1 1 1 1 3
Sri Lanka 1 5 1 1 4
East Asia 
China People’s Republic of 2 2 2 2 2
Hong Kong, China * 1
Japan 2 4 1 2 5
Korea Republic of (South) 1 2 1 1 4
Mongolia 3 3 2 4 2
Taiwan, China 2 5 1 1 4
South-east Asia
Brunei Darussalam 5 5 3 2 4
Cambodia 2 4 2 2 2
Indonesia 4 5 3 3 3
Lao People’s Dem.Republic 2 3 2 2 2
Malaysia 5 5 3 2 3
Myanmar 3 3 3 3 2
Philippines 2 5 2 1 3
Singapore 5 5 1 1 5
Thailand 1 3 1 1 4
Viet Nam 1 4 1 1 2
South-west Pacific
Australia 3 4 3 4 5
Cook Islands * 4
Fed.States of Micronesia *#
Fiji 5 4 4 2
Kiribati *# 2
Maldives *#
Marshall Islands, Republic of *#
Nauru *#
New Zealand 5 5 3 3 5
Palau * 3 3
Papua New Guinea 5 5 4 4 1
Samoa * 2
Solomon Islands 5 5 5 1
Timor-Leste 2 5 2 1 2
Tonga * 2 2
Tuvalu *#
Vanuatu 5 5 4 2
*island nation, # minimal flowing surface water
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Figure 2. Maps of geographic variation in indicators of environmental water integrity (hydrologic 
integrity, connectivity, water quality, biodiversity). Indicator scores range from low (1) to high (5)

3.1.3 East Asia

With the exception of Mongolia, threats to freshwater ecosystems are high across the region for all 
indicators. Mongolia is experiencing a significant modification of herding practices leading to increasing 
impacts of grazing with major consequences for water quality.

Over-abstraction, pollution, mining and structural modifications of the river corridor, as well as a loss 
of connectivity with floodplains, have changed the character and function of rivers in China to the extent 
that many are no longer ecologically or physically recognisable (Speed et al., 2016). China has exceptional 
riverine fish diversity and endemism (Tedesco et al., 2012); however, by the beginning of the millennium, 
c. 80% of the major rivers in China had become too polluted to sustain commercial fisheries, and fishes 
had been entirely eliminated from at least 5% of the total river length (Dudgeon 2010). Water pollution is 
also a major threat to human health and is associated with a high incidence of liver and stomach cancers, 
the leading causes of cancer mortality in rural China (WHO UNDP, 2001). 

Dams have not only significantly altered flow regimes and disrupted connectivity in most rivers but also 
reduced sediment delivery to the sea. Delta shrinkage and reductions in the rate of aggradation have 
been reported from the Yellow River, Zhujiang (Pearl River) and Yangtze (Syvitiski et al., 2009). 

Recent projections indicate these threats will intensify over the next few decades, especially in the middle 
Yangtze (Vörösmarty et al., 2018).
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3.1.4 South East Asia 

The AWDO (2016) assessment highlights poor water quality as a significant and widespread issue 
across the region; more so than fragmentation and hydrological alteration. Vietnam and Thailand 
are clear exceptions, with both already showing high levels of flow alteration at the country scale 
(Table 2, Figure 2).

There are clearly emerging issues with dams and loss of connectivity in the Mekong (Dugan et al., 2010; 
Grumbine et al., 2012), Ayeyarwady and Salween (Dudgeon 2010). As in the larger rivers of South and 
East Asia, dam building has also led to delta shrinkage in Southeast Asian rivers such as the Chao Phraya 
(Thailand) and Mekong (Syvitiski et al., 2009).

Pittock et al. (2017) report there are proposals for 88 hydropower dams in the Mekong River Basin 
by 2030. There are 135 migratory fish species in the Mekong River, many of which are important to 
the fishery or have conservation significance (Baran, 2006). Current best evidence suggests significant 
and rapid loss of natural ecosystems and their services will ensue in the Mekong basin, leading to major 
social and economic impacts (Dugan et al., 2010). Up to 50% of the annual fisheries yield could be 
compromised if uncontrolled development continues in the basin (DHI and HDR, 2015). Replacing this 
lost food base may lead to further degradation of the river environment already stressed by external 
pressures and may intensify poverty (Lynch et al., 2017). 

The Ayeyarwady Basin (and SE Asia more broadly) is recognised as a global hotspot of freshwater fish 
biodiversity and endemism (Abell et al., 2008), and also supports a productive fishery (Baran et al., 2017). 
Many species of commercial and subsistence importance in the Ayeyarwady are migratory. Ecological 
assets in the Ayeyarwady Basin are facing increasing threats from a range of processes related to 
water resource development, including hydrologic alteration, river impoundment, and longitudinal 
fragmentation (Kennard et al., 2017).

Analysis of projected future threats in the Indo-Burma region suggests that, should current plans for 
construction of hydroelectric dams proceed as proposed, over the next decade the proportion of fish 

High sediment loads at the mouth of the Yellow River, China, Oct 1999 (Credit: NASA Earth Observatory)
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species threatened by dams will increase from 19% to 28%, and the proportion of mollusc species 
impacted by dams will increase from 24% to 39% (Allen et al., 2012).

Forest land conversion to agriculture and other uses, and deforestation by legal and illegal logging 
have caused serious erosion and sedimentation problems and pollution in the downstream portions 
of catchments in Indonesia (Pawitan & Hariyani, 2011). These threats are then exacerbated by population 
pressures as people move into new areas. The number of critical watersheds in Indonesia increased 
from 22 in 1984 to 62 by 2005, with an on-going deforestation rate of 1.09 million ha year-1 (during the 
period 2000 – 2006) (Pawitan & Hariyani, 2011).

3.1.5 South West Pacific

The AWDO (2016) data on river health and threats for many island countries is incomplete. Generally, 
the risks to the environment are relatively low; however, deforestation and associated water quality 
changes represent a significant threat to freshwater fish diversity and downstream coastal areas 
(e.g. Fiji; Lin et al., 2017). Deforestation of catchments in volcanically young and rugged high islands 
has led to massive soil erosion and impacts upon wetlands (SPREP, 2011). Conversion of tropical 
rainforest to oil palm plantations is also an emerging issue, in countries like Papua New Guinea 
(Shearman et al., 2009). Water quality impacts from mining on freshwater fisheries have also been 
recorded (e.g. Swales et al., 1998).

3.2 Significance of the region for freshwater biodiversity

The normalised map of threatened freshwater species (from Collen et al., 2014 – Figure 3), illustrates 
why the Indo-Pacific Region is so important from a global biodiversity perspective, especially given the 
intensity and spatial extent of threats.

(Fig. 5). Of these, habitat loss/degradation was by far the most

prevalent, affecting more than 80% of threatened species. The

main proximate drivers of habitat loss and degradation were

agriculture, urbanization, infrastructure development (particu-

larly the building of dams) and logging. Any simplistic conclu-

sions are complicated by the interactions between different

threat processes (for example, water pollution can be caused by

a variety of factors, including chemical run-off from intensive

agriculture, sedimentation resulting from logged riparian

habitat, and domestic waste water from urban expansion). The

relative importance of threat drivers shows wide variation

among the taxa studied: 98% of threatened crabs and 74% of

Figure 1 Global richness maps for freshwater species: (a) total non-normalized species richness; (b) total normalized species richness; (c)
threatened species; (d) restricted-range species; and (e) data-deficient species.

B. Collen et al.

Global Ecology and Biogeography, 23, 40–51, © 2013 The Authors.
Global Ecology and Biogeography published by John Wiley & Sons Ltd

44

Figure 3. Global map of threatened freshwater species (Source: Collen et al., 2014)
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3.3 Importance of fisheries and other resource dependent livelihoods

As noted above, rivers and wetlands of the Asian region support large human populations, many of 
whom are dependent upon water resources for a large part of their diet and subsistence. In many regions 
rice is the major source of carbohydrate and fish the major, if not the only, source of animal protein 
(Campbell, 2016) and a major source of minerals (Dugan et al., 2006). 

Freshwater fisheries are a crucially important source of nutrition for poor rural families, playing 
a particularly important role in the development of bones, nervous system and brain in children 
(Dugan et al., 2006). In addition, fish often represents an affordable source of animal protein that may 
not only be cheaper than other protein sources, but a preferred part of local and traditional recipes 
(FAO, 2016).The low cost of the technologies required in freshwater fisheries makes them widely available 
to millions of people, including to women and children who frequently harvest small, but nutritionally 
important quantities from the aquatic ecosystems proximate to their homes. These and other 
socio -economic aspects of inland fisheries support the case that inland fisheries have disproportionate 
importance for impoverished countries and can contribute to the SDGs (Lynch et al., 2017). In Asian 
countries, fish make up a larger proportion of household expenditures in low income households 
(Lynch et al., 2017)

A recent FAO (2016) assessment of the state of the world’s fisheries noted that ‘water management 
plans often ignore the needs of these fisheries. Demands on freshwater systems from hydropower, 
irrigation and industry feature more prominently in policy discussions, especially in developing regions 
where people’s dependence on fisheries is greatest’ (p. 114).

Although dams can generate renewable energy and jobs, and may contribute to better flood 
control in the wet season and a greater water supply in the dry season, river regulation and 
fragmentation represents a particular risk to inland fisheries, making this an important consideration 
in dam assessments. 

3.4 Other associated social impacts

The gendered impact of flow alteration from hydro-electricity programs is also a noted feature of the 
socio-ecological changes underway in South Asia, particularly the Himalayas. The benefits of energy 
projects are skewed in favour of urban populations over the rural communities in which women labour 
in agriculture. 

Buechler et al. (2016) argues that women in India bear an unequal burden within their rural communities 
when irrigation and household water, land, and forest resources are reduced due to hydropower, 
and from climate and land intensification-induced changes such as erosion. Hydro schemes are 
contributing to environmental degradation that, when combined with low returns from agriculture, 
drives migration of rural men and youth to urban areas. This migration is adding to urban energy 
demand and adding to rural women’s work. This study calls for greater involvement of women in 
participatory governance and clear guidelines and mechanisms for benefits sharing at the local, basin, 
and transboundary scales.
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4 Assessment of awareness or demand 

4.1 Environmental governance

The Yale Environmental Performance Index (2014)10 provides an initial crude measure of the level of each 
nation state’s institutional capacity and willingness to reduce and prevent environmental degradation 
(Table 2, Figure 4). Key issues for each region are briefly reviewed below.

Figure 4. Map of geographic variation in environmental governance

4.2 Regional information on demand and/or awareness

4.2.1 Central Asia

With the exception of Armenia, environmental governance in the AWDO 2016 was considered to be 
‘Very low’ to ‘Low’ (Table 2, Figure 4). Despite major environmental issues related to land degradation 
and salinisation in Central Asia, there is little published information available on the effects of agricultural 
land use on fauna and flora, and very few papers have addressed the impacts on the societal dimension 
of sustainable development (Hamidov et al., 2016).

The ADB has recently proposed $220m project in Afghanistan (Integrated Water Resources Development 
Investment Program11), aligned with ‘Environmentally sustainable growth’ and ‘Inclusive economic 

10   http://epi.yale.edu/
11   https://www.adb.org/projects/48096-001/main 

http://epi.yale.edu/
https://www.adb.org/projects/48096-001/main
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growth’ agendas. In Kyrgyzstan, the Water Code includes provisions that establish the minimal ecological 
river flow, which require government water authorities to define minimal water flow level for certain 
rivers and water bodies in order to conserve fish reserves and water ecosystems12. 

4.2.2 South Asia

Overall environmental governance is ranked ‘Very low’ to ‘Low’ for most countries, though exceptions are 
Sri Lanka and Nepal (Table 2, Figure 4). All South Asian countries have policies related to different water 
uses and in most there is a national water policy that refers to IWRM and addressing environmental 
concerns, however, none has a well-defined policy for providing flows to maintain the ecological integrity 
of rivers and associated aquatic ecosystems (Gopal 2013). At best, some countries (e.g. Nepal) recognise 
downstream water requirements as a water right, and recommend that minimum flow requirements 
be established. Nepali government standards currently include scientifically negligible requirements 
for e-flows. The Hydropower Development Policy (2001) requires that only 10 percent of the minimum 
monthly downstream flow be discharged by a project. Currently, it is not clear which Nepali government 
agency has the legal authority to either set e-flows or ensure compliance with e-flows.

Environmental flows have yet to be main-streamed into water resources planning, development 
and management decision making in India. The Government has not developed a clear policy or 
technical guidelines or operational procedures for conducting reconnaissance level or comprehensive 
environmental flow assessments or to support their implementation or enforce compliance 
(Acremen & Hirji, 2015). However, there has been interest in environmental (ecological) flows13, 
especially from civil society in relation to hydropower projects in the Himalayan region. The few 
detailed studies of environmental flows to date in India have concentrated on the upper reaches 
of the River Ganga (O’Keefe et al., 2012; Lokgariwar et al., 2014). A recent workshop in Kathmandu 
has highlighted that current water policies in Nepal do not adequately address the needs of sustainable 
river management and adoption of e-flows can help14. 

It is worth noting that other agents, particularly international banks, can also be influential. For example, 
development planning for the Poonch River Gulpur Hydro scheme in Pakistan initially proceeded without 
an environmental flow assessment. With two endangered fish species at risk, the developer could not 
get funding (from the ADB and IFC) without consideration of the environmental water requirements, 
and consultants were engaged (Harwood et al., 2017). A second environmental flow assessment 
was completed to satisfy the funders’ compliance criteria, which included an e-flow assessment, 
extensive stakeholder engagement, review of the project design, and development of a biodiversity 
action plan. NGOs and the environmental protection agency were then involved in reviewing 
documentation prior to approval.

The World Bank recently supported a workshop on Environmental Flows for Strategic Planning for 
the Ganga Basin, which provided a score-card on progress towards implementation of environmental 
flows15 (see Figure 5). Proposed short-term actions from the workshop included the development 
of an environmental flow technical guide, and the initiation of research projects and trial applications 
of environmental flow methods. Medium term actions included to embed environmental flows in all 
water training courses, and produce environmental flow operational guidelines (procedures) from 
case study applications.

12   https://www.loc.gov/law/help/water-law/central-asian-states.php 
13   https://waterpartnership.org.au/wp-content/uploads/2017/12/India-Water-Updates-12-December-2017.pdf 
14   http://djb.iwmi.org/2018/02/15/importance-environmental-flows-integrating-nepals-water-policy/ 
15   http://documents.worldbank.org/curated/en/748241468191044192/pdf/103883-WP-Delhi-workshop-on-environmental-flows-8Jun2015-

PUBLIC.pdf 

https://www.loc.gov/law/help/water-law/central-asian-states.php
https://waterpartnership.org.au/wp-content/uploads/2017/12/India-Water-Updates-12-December-2017.pdf
http://djb.iwmi.org/2018/02/15/importance-environmental-flows-integrating-nepals-water-policy/
http://documents.worldbank.org/curated/en/748241468191044192/pdf/103883-WP-Delhi-workshop-on-environmental-flows-8Jun2015-PUBLIC.pdf
http://documents.worldbank.org/curated/en/748241468191044192/pdf/103883-WP-Delhi-workshop-on-environmental-flows-8Jun2015-PUBLIC.pdf
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20

Report of the Workshop on Environmental Flows for Strategic Planning for the Ganga Basin

Scoring progress and prioritising future activities in Ganga environmental flows

1) Delegates placed green dots to show how much progress has been made in the environmental flows
2) Delegates placed gold dots to show where priorities should be in developing environmental flows in the 

future

Future 
priorities

themes

Progress

Not yet 
considered

initial 
thinking 
completed

Practical 
aspects 
considered

Some 
aspects in 
place

Fully 
operational

Definetion of e-flows for 
India
Options analysis and 
planning to include 
e-flows
Aims and objectives of 
e-flows
Centralised coordination 
of e-flows
Public engagemet on 
e-flows
Training in e-flows 
methods
Research, date 
collection on e-flows
Centralised e-flows 
knowledge base
Preliminary e-flows 
assessments using 
desktop methods
Implementation of 
e-flows
Monitoring e-flows 
outcomes

River Ganga - Environmental flow Scorecard

Figure 5. Outcome of environmental flow workshop on the River Ganga 
(Source: Acremen & Hirji, 2015)

Socio-cultural factors are growing in importance in e-flows work in India. For example, the state 
government of Uttar Pradesh recognised the cultural significance of rivers and in 2013 made the decision 
to implement e-flows during the religious festival of Kumbh at Allahabad to ensure “desired flows 
and adequate water levels” (Harwood et al., 2017). With support from WWF, Lokgariwa et al., (2014) 
conducted a study of flows required to support other local religious practices in the Ganga. The IUCN 
has also been active in promoting environmental flows in South and SE Asia under its Water and 
Nature Initiative16.

16   https://sites.google.com/site/asianeflownet/home 

https://sites.google.com/site/asianeflownet/home
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4.2.3 East Asia

Environmental governance indicators are ‘Low’ for China and Mongolia (Table 2, Figure 4). 
In 2015, the Chinese State Council issued the ‘Water Pollution Prevention and Control Action Plan’ 
(“Water Ten Plan”). This includes objectives to reduce the percentage of badly polluted water bodies 
so that over 70% of water in 7 key rivers reaches Grade III or above, and to reduce groundwater 
over extraction and control groundwater pollution. The goal is that by 2030, the overall quality of 
the ecological environment will be improved, and by the middle of 21 century, “the quality of the 
ecological environment should be fully improved and the ecosystem should realise a virtuous cycle”17. 

Since 2005, there has been increased interest in river restoration in China, especially in urban areas 
(Speed et al., 2016). The objectives vary with location – in the north of the country, where water 
resources are scarce, most projects have focused on environmental flows and restoring aquatic habitat, 
in the south the focus is more on improving water quality and river health. A number of government 
directives are now in place to facilitate this investment – including the release of new guidelines for 
river restoration planning in 2015 by MWR (Speed et al., 2016).

At the same time, the government is also moving to establish ‘ecological redlines’ (Chinese Ministry 
of Environmental Protection, 2015), which will identify and protect the spatial limits of key ecosystems. 
New guidelines issued by the Ministry of Environmental Protection set out techniques for selecting and 
defining those areas where industrialisation and urbanisation are prohibited, in an effort to protect rare, 
endangered and iconic species and to maintain key ecosystem functions. Given the current condition 
of Chinese rivers, these ‘redlines’ will represent not only limits on future development, but also targets 
for restorative action for those rivers where redlines have been already exceeded (Chinese Ministry of 
Environmental Protection, 2015).

In January 2018, the Chinese government announced new laws to strengthen the management and 
protection of lakes18. These aim to designate lakes and their ecological buffer zones as priority protected 
areas and prohibit further reclamation. They also seek to strengthen the protection of lake water 
resources and water pollution prevention and control, and to implement lake ecological management 
and repair, and lake health assessment.

Australia and China have a long history of collaboration on water management issues. The Water 
Entitlements and Trading project included one of the first pilot studies on e-flows and the development 
of national guidelines19. The Australia China Environment Development Program was a five-year 
$25m Australian Government funded initiative in collaboration with the Ministry of Environmental 
Protection (MEP) and Ministry of Water Resources (MWR) that aimed to connect Australia’s 
world -recognised knowledge and expertise in water management with some of China’s immediate 
water management challenges. This led to the development of a national pilot for river health 
assessment and reporting by the Ministry of Environmental Protection and development of similar 
indicators and methods for river health assessment by MWR20.

Significant investment in environmental water management in the Yangtze Basin has been discussed by 
the ADB, with priorities including Ecosystem restoration, sustainable forest management, environmental 
protection and integrated water resource management. Other objectives include national policy dialogue 
and reform mechanisms (with MEP), strengthening provincial planning and implementation, establishing 
trans-provincial watershed Eco-compensation for integrated river basin management (IRBM), and support 
to the Yangtze River Commission to establish a water ecosystem and water security monitoring and 
supervision system.

17   http://www.chinawaterrisk.org/notices/new-water-ten-plan-to-safeguard-Chinas-waters/ 
18   Xinhua News Agency, Beijing, January 1,
19   Australian Government and Ministry of Water Resources China (2007) Water entitlements and trading project.
20   MWR (2010) Indicators, Standards and Methods for River Health Assessment (For pilot work) (Version 1.0) Ministry of Water Resources, 

National Technical Working Group for the Health Assessment of Rivers and Lakes

http://www.chinawaterrisk.org/notices/new-water-ten-plan-to-safeguard-Chinas-waters/
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4.2.4 South East Asia

Environmental governance scored mostly ‘Low’ to ‘Moderate’ across the region: exceptions are Singapore 
(Very high) and Brunei and Thailand (High) (Table 2, Figure 4). Campbell (2016) notes that all six Mekong 
states are also ranked poorly in the Transparency International corruption perceptions index in 2014. 

Given the importance of the region’s inland fisheries in many countries, there is broad interest in 
improving understanding of environmental water issues. In 2000 the World Bank provided funding to 
the Mekong River Commission for a Water Utilization Project, with a major aim to develop and calibrate 
hydrologic, environmental and decision support models and their use to evaluate different management 
alternatives (Campbell, 2016). Only the hydrologic component of the modelling exercise was completed, 
but the models were subsequently used to support an environmental flow investigation funded by the 
Netherlands Government. However, the project was terminated before completion when it became 
evident that most of the modelled development scenarios would have substantial negative environmental 
impacts (Campbell, 2016). The models were used again in 2015 to support a renewed environmental 
flows study as part of a Council initiated basin planning exercise.

Campbell (2016) argues there is still a very poor level of understanding of the ecohydrological 
environment of the Mekong Basin, and still very limited capacity within the Mekong riparian countries 
to improve that understanding. Available knowledge on fish ecology, on fish catch, on river ecology, 
on sediment transport and on human use of aquatic resources is very limited (Campbell, 2016).

Myanmar’s National Water Resources Committee (NWRC) has recently initiated the Ayeyarwady 
Integrated River Basin Management Project21, and the country’s Hydro-Informatics Centre has designed 
and managed the implementation of the Ayeyarwady State of the Basin Assessment (SOBA)22. This is a 
multi-disciplinary, integrated environmental, social, and economic assessment of the Ayeyarwady Basin, 
with inputs from 25 international and Myanmar organisations, companies, universities, and institutes. 
As part of this study, a short ecohydrology assessment was undertaken to characterise the status and 
trends of the key attributes of the Ayeyarwady Basin’s flow regime that are likely to be of importance 
to biodiversity and fisheries. In addition, the assessment explored the associated risks to these 
environmental assets from water infrastructure (e.g., through the loss of connectivity due to in-stream 
barriers or the impoundment of key habitats) (Kennard et al., 2017).

Vietnam’s first environmental flow assessment was undertaken by the International Water Management 
Institute (IWMI) and the Huong River Projects Management Board in central Vietnam in 2004 
(IUCN Vietnam 2005). This rapid assessment was designed to build local capacity in environmental 
flow assessments (EFA) and institutionalise the practice as a normal one in IWRM. In addition, 
the IUCN wanted to see local water managers gain experience in environmental flow assessments. 
The Environmental Impact Assessment for two major dams (planned with the assistance of the 
Japanese government) had not included EFAs. Social impacts were considered in the rapid assessment 
facilitated by IUCN. This assessment built on a previous recommendation arising from infrastructure 
studies for a single minimum flow through a barrage, one that had been set through a hydrology-based 
formulaic process (IUCN 2005).

4.2.5 South West Pacific

With the exception of Australia and New Zealand, environmental governance across the region scored 
‘Low’ to ‘Very low’, though noting that information is not available for many countries. (Table 2, Figure 4)

There is generally insufficient baseline data on freshwater quality to evaluate the impacts of 
developments or land use practices in many of the Pacific Islands, and little data available on the physical, 
chemical and biological processes in island watersheds, including soil erosion, loss of biodiversity 

21   https://www.airbm.org/ 
22   http://www.airbm.org/the-ayeyarwady-state-of-the-basin-assessment-soba/ 

https://www.airbm.org/
http://www.airbm.org/the-ayeyarwady-state-of-the-basin-assessment-soba/
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and land clearance (SPREP 2011). None of the Pacific Island governments have a Wetland Policy 
(includes rivers). Furthermore, few Pacific Islands have specific legislation that centrally addresses 
wetland issues (Ellison, 2009). Although there are some legislations relevant to various wetland issues 
from the perspectives of various individual government sectors, their enforcement is either limited or 
not coordinated in a cross -sectoral manner (SPREP 2011).

4.3 Stakeholder survey to evaluate demand, capacity and constraints

An online survey of 60 relevant stakeholders was conducted to evaluate demand, capacity and 
constraints in environmental water management in the Indo-Pacific region. The overall response rate 
was 30% (18 out of 60 people surveyed) with most survey respondents from Vietnam and Fiji and the 
majority (14 of 18) representing Government agencies and NGO’s (Figure 5).

Figure 6. Number of survey respondents by country and organisation (total = 18 respondents)

Respondents indicated a broad concern across the region about the need to address pollution and 
improve river health. Environmental flow assessments and prioritising conservation actions were 
also assessed as high to medium priority. The level of concern about fragmentation and impacts on 
vulnerable communities was more variable across the region. Responses from Vietnam indicated a high 
interest in water pollution and biodiversity/conservation, and a high-medium interest in environmental 
flows, and fragmentation or connectivity issues. Most respondents indicated that the most important 
motivation for environmental water management activities was from international finance mandates 
and sustainable development drivers. Many also felt that a key concern was the improvement of local 
livelihoods. Responses related to social and cultural issues were more variable. The greatest in -country 
capacity to undertake environmental water management projects was related to water quality and 
pollution. Most countries appear to have limited capacity to address fragmentation issues and to 
undertake conservation planning. Capacity was medium to high for other areas. In Vietnam, the response 
for e-flows and fragmentation/connectivity capacity was variable across respondents but medium to high 
for water pollution. One respondent included a specific request to partner with AWP on e-flow issues. 
The major constraints to undertaking environmental water management projects identified for most 
countries was funding, followed by local capacity and training and the availability of data. Security/safety 
and on-ground access were less important constraints. 
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5 Assessment of environmental water risk 
Priority ranking of environmental risk was undertaking by multiplying scores for threats to 
environmental integrity by scores for environmental governance (for scoring methodology, see Table 1). 
Geographic variation in risks from hydrologic alteration, fragmentation, water pollution and biodiversity 
loss are shown in Table 3 and Figure 7. Risk was calculated by multiplying the respective environmental 
water indicator score by environmental governance score for each country. Level of risk for each indicator 
is colour coded as per the Risk Assessment matrix (Table 1). The data clearly shows that most countries 
in central and south Asia are assessed as being at moderate to high risk from all four environmental 
water threats. China, in eastern Asia, is also at high risk whereas most other countries in this region are 
at low to moderate risk. In south-east Asia, Cambodia, Lao and Vietnam are at high risk from three of 
the four threats and at moderate risk from fragmentation. The other countries in this region are at low 
to moderate risk. In the south-west Pacific, Timor-Leste stands out as being at highest risk, particularly 
from threats posed by hydrologic alteration, water pollution and biodiversity loss. 

Figure 7. Geographic variation in risks to hydrologic integrity, connectivity, water quality, 
and biodiversity
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Table 3. Geographic variation in risks from hydrologic alteration, fragmentation, water pollution 
and biodiversity loss

Country Hydrologic 
alteration

Fragmentation Water 
pollution

Biodiversity 
loss

Central Asia
Afghanistan 25 20 20 20
Armenia 5 5 5 5
Azerbaijan 15 9 15 15
Georgia 12 16 20 16
Kazakhstan 8 12 20 12
Kyrgyz Republic 20 20 16 16
Tajikistan 8 16 16 12
Turkmenistan 20 20 25 15
Uzbekistan 15 20 25 20
South Asia
Bangladesh 20 12 16 20
Bhutan 8 16 12 16
India 20 16 16 20
Nepal 6 8 6 10
Pakistan 15 15 12 15
Sri Lanka 10 2 8 10
East Asia 
China People’s Republic of 16 16 16 16
Hong Kong, China *
Japan 4 2 5 4
Korea Republic of (South) 10 8 10 10
Mongolia 12 12 16 8
Taiwan, China 8 2 10 10
South-east Asia
Brunei Darussalam 2 2 6 8
Cambodia 16 8 16 16
Indonesia 6 3 9 9
Lao People’s Dem. Republic 16 12 16 16
Malaysia 3 3 9 12
Myanmar 12 12 12 12
Philippines 12 3 12 15
Singapore 1 1 5 5
Thailand 10 6 10 10
Viet Nam 20 8 20 20
South-west Pacific
Australia 3 2 3 2
Cook Islands *
Federated States of Micronesia *#
Fiji 4 8 8
Kiribati *#
Maldives *#
Marshall Islands, Republic of *#
Nauru *#
New Zealand 1 1 3 3
Palau * 9
Papua New Guinea 5 5 10 10
Samoa *
Solomon Islands 2 2 2
Timor-Leste 16 4 16 20
Tonga * 16
Tuvalu *#
Vanuatu 4 4 8
*island nation, # minimal flowing surface water
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Conclusions and recommendations

Key issues

Nowhere else in the world is there a greater need for investment to address environmental water issues 
than the Indo-Pacific region, and especially South East Asia. The region represents the confluence of 
outstanding freshwater biodiversity and endemism, high societal dependence on environmental services 
(e.g. fisheries) that healthy rivers and wetlands provide, and a high level of threat to these values that is 
rapidly intensifying. Meeting SDG targets to protect and restore water-related ecosystems (SDG6.6; 15.1) 
and reducing land-based pollution (SD6.3; 14.1) poses a major challenge. 

The greatest risks to environmental water security are across South and Central Asia (Figure 7), though, 
with the exception of the Himalayan region, the freshwater biodiversity implications are not as high 
as they are in South East and East Asia (Figure 3). China, Cambodia, Lao PDR and Vietnam have 
high biodiversity and ecosystem service values, combined with the highest risks to environmental 
water security.

Water pollution is a critical issue across the region, though the underlying major causes vary between 
regions, from salinisation and land degradation, to nutrient run-off from agriculture, to massive 
point source pollution from urban and industrial centres. Water pollution associated with land use 
(and climate) change, and the effects on coastal ecosystems, appears to be the most significant 
environmental water issue for the South West Pacific islands.

In South Asia, there is an obvious need and emerging demand for information and expertise on 
environmental flow management. Recent workshops in India and Nepal indicate a growing interest 
in achieving improved cultural and environmental outcomes in water management.

The need for environmental flow management is already recognised in South East Asia, as is the issue 
of fragmentation and loss of connectivity, especially in the larger river systems (e.g. Mekong, Ayeyarwady, 
Salween) with important fisheries. Many people in Asia live in relative poverty and are under-nourished 
(FAO, 2016). There is a clear and pressing need for an improved understanding of the role of water in 
supporting food production and sustaining household incomes, particularly flow-catch relationships. 
Government agencies in Vietnam have also expressed interest in addressing environmental water issues.

Like India, China is facing a monumental environmental water challenge, but is investing heavily to 
improve water quality, implement environmental flows, and restore connectivity in rivers and associated 
floodplain wetlands.
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Where can AWP make a difference? 

AWP’s current focus in South and South East Asia is appropriate, given the above, and many 
AWP Partners have experience working in this region compared with others. However, there has been 
relatively little investment in environmental water issues to date. Few AWP Partners have experience in 
Central Asia, though many are likely to be well-placed to provide relevant expertise in water management 
in arid and semi-arid systems, and dealing with the impacts of salinisation.

The AWDO (2016) recommended that monitoring river health, developing sustainable infrastructure, 
and establishment of guiding principles for river health were clear priorities for the broader region. 
They also recommended that countries should work toward identifying synergies between environmental 
and human aspects of water security and mitigate impacts where these relationships are not clear.

Australian Partner expertise in the development and implementation of river health monitoring 
programs and report cards23 is well regarded overseas, with good case studies established in China 
and PNG. Partners have also contributed to the development of the UNEP International Guidelines 
for Water Quality for Ecosystems24. These approaches have proven to be effective in raising awareness 
of water quality issues, and identifying critical environmental (and social and cultural) values. 

There is a compelling need for building capacity and providing tools for environmental flow management 
in South East Asia and addressing issues of fragmentation and loss of connectivity, especially in the larger 
river systems with important fisheries (e.g. Mekong, Ayeyarwady, Salween). While there is adequate 
hydrological information for many of these systems, basic knowledge on fish ecology and fisheries, 
river ecology, sediment transport and on human uses and values of aquatic resources is very limited 
(Campbell, 2016). Such information will be essential to underpin the consultancy-based processes 
deployed by international banks and others.

There also appears to be emerging interest in environmental flow issues in India and Nepal, and AWP 
investment could help to guide the location, design and operation of future infrastructure in the region, 
as well as help to restore degraded systems.

AWP is well positioned to continue to play an influential role in environmental water management 
in China. Mature collaborations are in place, not only between government agencies (e.g. MEP, MWR) 
but also between AWP Partners and key research organisations. There is a clear opportunity to partner 
with them (and the ADB) in a range of project areas, including river health assessment and reporting, 
environmental flow implementation and river and floodplain lake restoration.

China is the region’s most important upstream riparian country, sharing over a hundred rivers and lakes 
with 18 downstream countries (He et al., 2014). Building capacity and developing tools for effective 
environmental water management in China may also lead to improved outcomes in the broader 
region. He et al. (2014) argue that applied ecology can inform the development of a transboundary 
environmental compensation mechanism and regional consultative mechanisms that support informed, 
cooperative decision-making for China and its riparian neighbours.

Several island countries in the South West Pacific are faced with the same challenge of erosion and water 
quality problems from land-use change, affecting rivers and coastal ecosystems. Several AWP Partners are 
working on similar issues in Australia, and there is an opportunity to transfer these learnings to improve 
catchment resilience in the face of climate change.

23   http://hlw.org.au/reportcard/#/overview/2017/condition 
24   http://web.unep.org/sites/default/files/Documents/20160315_iwqges_pd_final.pdf 

http://web.unep.org/sites/default/files/Documents/20160315_iwqges_pd_final.pdf
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