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INTRODUCTION

We live on a blue planet and, although much of the water is in the oceans, it can be argued that there is abundant freshwater to sustain human society: some 93,000 km3 is in lakes and rivers alone and much more is stored in groundwater or as ice1. However, freshwater is not distributed uniformly in space or time across the globe, nor often in relation to patterns of human settlement. To compound this problem, intensive human activities have further diminished available water supplies through overuse and pollution from point and non-point sources. As a consequence, 80% of the world's population is exposed to high levels of threat to water security (Vörösmarty et al., 2010).

In the developed world, massive investments in water infrastructure have been made to offset the threat to human water security (Vörösmarty et al., 2010). However, these technical and primarily “end-of-pipe” solutions have come at considerable cost to the natural environment and there has been no similar level of investment to protect aquatic ecosystems. As a result, the threat to freshwater biodiversity remains high in much of the developed and developing world. Declining water quality and quantity, habitat modification, overfishing, and biological invasions pose major threats across the globe (Dudgeon et al., 2006).

These human pressures continue to grow with no sign of abating (Vörösmarty et al., 2013) and are likely to dominate the threats to most freshwater ecosystems over the next three decades (Settele et al., 2014). Climate change will compound these problems and is already affecting freshwater ecosystems in regions that until now have been relatively unimpaired by human activity. Rising water temperatures are driving shifts in freshwater species distributions and will worsen water quality problems, especially in systems with high loading of nutrients (Settele et al., 2014). Changes in precipitation will substantially alter ecologically important attributes of flow regimes in many rivers and wetlands (Döll and Bunn, 2014). Many of these environmental changes impact on important goods and services provided by freshwater ecosystems (e.g., clean water, fisheries) and will further compound the challenges for human water security.

There is little dispute that we have entered the Anthropocene for freshwater ecosystems. Reference to “water shortages” began to rise in English publications at the start of the last century but declined in prevalence in the 1970's, associated with an increase in the use of the term “water crisis” (Figure 1). Throughout this period, the term “water demand” has continued to increase in prevalence and “global water crisis” has emerged as a new moniker for the twenty-first century. Our past approach to water management is unlikely to meet growing human water needs in the face of accelerated change to our freshwater ecosystems, let alone address the consequences of continuing environmental decline.
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FIGURE 1. Google NGram2 view of the relative prevalence of the terms “water shortage,” “water demand,” “water crisis,” and “global water crisis” in books published in English from 1900–2015 (5 year smoothing).



The aim of this “grand challenge” article is to highlight what can be done to address these problems, from global scale governance initiatives to local-scale on-ground actions, aimed at tackling problems at their source. I also wish to explore what more we can do to improve engagement among the scientific and technical disciplines with interests in freshwater management, and more effectively communicate the cause and consequence of these problems, and possible solutions to them, to decision makers and the broader community.

GLOBAL INITIATIVES

Although water management has been traditionally viewed as a local- or regional-scale problem, there are compelling arguments to also take a global perspective. Water scarcity can be driven not only by the variable and changing climate but also by the movement of water through global trade (Vörösmarty et al., 2015). Such trade can exacerbate the problem by externalizing water pollution from agriculture or industry to countries with lax environmental regulation. International agreements on water stewardship will be required to ensure social equity and sustainability of our freshwater systems (Vörösmarty et al., 2015). Understanding and quantifying these externalities is a role for science.

The setting of Millennium Development Goals provided an initial global commitment to environmental sustainability (Goal 7) but the only target for freshwater (7C) was focused on safe drinking water and sanitation, while the target to reduce biodiversity loss (7B) dealt primarily with terrestrial and marine ecosystems. The omission of freshwater ecosystems from the latter was a significant oversight, given that rivers and lakes sustain nearly10% of all described animal species, including 40% of the world's fish diversity and a third of all vertebrate species (Balian et al., 2008).

Early working drafts for the Post-2015 Development Agenda took a similar perspective on freshwater3, prompting the following statement from the Budapest Water Summit in October 2013:4 “Safeguarding and rehabilitating ecosystems in 21st Century water resources development approaches will be an important shift toward sustainability. Unintended impacts to ecosystems in the name of water uses are contrary to the aspirations of a sustainable water future.”

It is pleasing to note that the agreed Sustainable Development Goals (SDGs) include targets to improve water quality by 2030 by reducing pollution (6.3) and to protect and restore water-related ecosystems by 2020 (6.6)5. The ecosystems goal (15) also now includes specific mention of freshwater ecosystems and wetlands (Target 15.1).

The effectiveness of these targets, however, will ultimately depend on the robustness of the agreed indicators to assess progress, and the commitment of governments to achieve them. The proposed indicator for Target 6.6, wetland extent, is unlikely to provide an adequate measure of the state of freshwater ecosystems. Development of more appropriate indicators and transparent reporting of progress will be required. Several other SDGs, including those addressing hunger (Goal 2), health (Goal 3), and affordable clean energy (Goal 7), are intimately linked to water and a key challenge will be to understand these interdependencies and avoid perverse outcomes for freshwater ecosystems.

Other international agreements, such as the UN Watercourses Convention and the UNECE Water Convention, could play a significant role in strengthening international laws for freshwater conservation and, in particular, address transboundary water challenges (Rieu-Clarke and Kinna, 2014). Improved collaboration and coordination among these and other intergovernmental initiatives, (e.g., the 5th Joint Work Plan between the Convention on Biological Diversity and the Ramsar Convention on Wetlands6) will undoubtedly be important to achieve the water SDGs and improve biodiversity conservation for freshwaters.

LOCAL AND REGIONAL SCALE ACTIONS

There is much that can be done to reduce the threat to freshwater ecosystems at the local and regional scales, both in terms of quantity and quality, but it is clear that management is often more a social, political and financial challenge rather than a purely technical one. Improving water-use efficiency in agriculture—growing more food with less water—is a critical strategy for environmental and economic reasons. Australia halved water use per ha irrigated in the decade to 2003 (OECD, 2008), prior to the “Millennium” drought, and further reduced irrigation use from 2003 to 2011, while increasing gross value of production at the same time (National Sustainability Council, 2013). Most Australian cities also significantly reduced per capita water use during this period, through a range of demand management initiatives, and have maintained per capita consumption at about half that recorded prior to the drought.

Growing energy demand and a Rio+20 commitment to the use of Kyoto-compliant energy resources has triggered a new era of dam construction, with over 3700 hydroelectric dams currently planned or under construction (Zarfl et al., 2015). This has the potential to significantly fragment many of the planet's remaining free-flowing large rivers. Freshwater scientists have an essential role to play in guiding the location, design, and operation of future dams, to ensure aquatic ecosystems are protected. Improved systematic planning tools are needed (see Hermoso et al., 2015a) that can assist water managers and decision makers to explore outcomes that are not only cost-effective but also socially and environmentally acceptable. There is also a need to continue to improve our understanding of important flow-ecology relationships (Bunn and Arthington, 2002), and the development of practical tools for determining environmental flow requirements (Poff et al., 2010; Pahl-Wostl et al., 2013).

Reducing pollution is a key target under the water SDG. With respect to point source pollution from urban and industrial waste, this is more an economic and political issue, rather than a technical one. Developed countries have invested billions of dollars in wastewater treatment to reduce the threat to human water security and to meet environmental regulations, and developing countries will need to follow suit to achieve this goal. For example, China recently has committed two trillion RMB to tackle water pollution under its ambitious “Water Ten Plan7.”

Tackling non-point (diffuse) pollution remains a greater challenge in both the developed and developing world. This is often a consequence of degraded or poorly managed riparian lands (Allan, 2004). Riparian management guidelines are available for many biomes, providing detailed technical advice for the protection and rehabilitation of streams and rivers. However, most restoration efforts have been ineffective to date: they are often poorly targeted or undertaken at the wrong spatial scale and, more importantly, do not consider social or economic aspects of the problem (Hermoso et al., 2012).

More research is required to fully understand the spatial pattern and scale of riparian influence on stream health (e.g., Sheldon et al., 2012) and a more systematic approach to rehabilitation planning is needed (e.g., Hermoso et al., 2015b). However, large-scale implementation of river and catchment rehabilitation is unlikely if there are impediments to funding or if governance arrangements preclude a coordinated and targeted approach.

FUTURE DIRECTIONS

It is clear that freshwater science, governance and management have entered an era where we need to analyze and act across local and global scales (Vörösmarty et al., 2015). There is much we can do to meet human demands for water, food and energy, yet also protect biodiversity and other important assets of freshwater ecosystems at the same time. This will require adequate recognition of the environment as a user of water and overcoming the barrier effects of dams and levees to maintain or restore connectivity. It will also require a significant shift in investment to tackle pollution at its source, eliminating point source inputs and reducing diffuse pollution though more targeted riparian protection. A more integrated and systematic approach is needed, that embraces the social and economic dimensions of these problems and not just the biophysical. This is likely to require changes in governance, drawing on experiences in water-stressed systems from around the world (e.g., Grafton et al., 2012).

These local, regional, and global scale initiatives will require more effective engagement and collaboration between those traditionally involved in the water resource industry (engineers and hydrologists) and ecologists and social scientists. The professional societies supporting these groups hold separate meetings and publish their own specialist journals, with little interaction. We need to overcome these “cultural” barriers to develop a shared understanding of the challenges facing our freshwater systems and to seek more sustainable solutions.

There is also a compelling need to more effectively communicate the cause and consequence of these freshwater problems, and their possible solutions to the broader community. We over-estimate the level of “water literacy” of the general public (and politicians) and there is a need to raise awareness and dispel popular myths. We also need to get much better at quantifying the full costs and benefits of management actions—and the grave consequences of inaction.
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FOOTNOTES

1http://water.usgs.gov/edu/earthhowmuch.html

2https://books.google.com/ngrams

3https://sustainabledevelopment.un.org/

4http://www.budapestwatersummit.hu/budapest-water-summit/budapest-statement/

5https://sustainabledevelopment.un.org/sdgs

6http://www.ramsar.org/sites/default/files/documents/pdf/moc/CBD-Ramsar5thJWP_2011-2020.pdf

7http://chinawaterrisk.org/notices/new-water-ten-plan-to-safeguard-chinas-waters/
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