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World’s Water Crises 34 

The propor�on of people with access to safe drinking water globally has approximately doubled over 35 
the past 40 years (see Supplementary Informa�on) but the current rate of progress is insufficient to 36 
deliver Sustainable Development Goal (SDG) 6 by 2030: ‘Ensure availability and sustainable 37 
management of water and sanita�on for all’ (United Na�ons 2023). SDG 6 is unatainable unless: (i) 38 
drinking water monitoring becomes holis�c risk- and process-based to ensure access to safe water 39 
(Charles et al. 2020); (ii) governments and u�li�es invest much more in decentralized urban water 40 
supply systems, especially in rural and remote areas, that are fit for purpose, people and place; iii) 41 
urgent ac�on is taken to prevent the degrada�on of rivers, aquifers and other water sources from 42 
unsustainable withdrawals and pollu�on (Vörösmarty et al. 2010); (iv) water is reallocated to ensure 43 
more just and sustainable water access for the disadvantaged; and (v) water planning effec�vely 44 
accounts for the adverse impacts on water supply and quality from climate change. 45 

The crisis in household access to water for drinking, sanita�on, and hygiene (WASH) is as much about 46 
water governance (United Na�ons 2006, pp. 43-85) as it is about physical water scarcity and quality. 47 
Gaps in WASH are compounded by deteriora�ng riparian environments and increasing water 48 
pollu�on in many regions (Damania et al. 2019). Since 1970, the global area of wetlands has declined 49 
by about a third (Fluet-Chouinard et al. 2023). Water stress, defined as the ra�o of total water 50 
withdrawals to available renewable fresh water supplies, exceeds 80% in large parts of India, China, 51 
Middle East and North Africa, Southern Europe, Western United States, South-east Australia, and 52 
South Africa (World Resources Ins�tute 2023). While water stress and scarcity are mi�gated by 53 
effec�ve water planning, investments, and water realloca�on, if measures of water quality are 54 
included, the number of sub-basins suffering from quan�ty and quality-induced water scarcity 55 
doubles (Wang et al. 2024). 56 

Global water extrac�ons have quadrupled over the past 50 years and are increasing such that even in 57 
the absence of climate change there would s�ll be water crises (see Supplementary Informa�on). 58 
Nevertheless, regional paterns of over-extrac�on will worsen with climate change (Zhang et al., 59 
2023) and under moderate Greenhouse Gas (GHG) emissions projec�ons, about one third of the 60 
world’s popula�on should experience either weter or drier condi�ons by 2100 (Trancoso et al. 61 
2024). The frequency of unprecedented regional droughts is also projected to increase substan�ally 62 
in South America, South-western North America, Mediterranean Europe, and North Africa (Satoh et 63 
al. 2022).  64 

Agriculture accounts for 70% of the world’s water extrac�ons and in some water-stressed regions 65 
extrac�ons for irriga�on are unsustainable (Scanlon et al. 2023). Business as usual will increase the 66 
frequency of low stream flows and exacerbate ground water deple�on (Jasechko et al. 2024) while 67 
climate change is projected to increase irriga�on water extrac�ons in key water-stressed regions 68 
(Bhatarai et al. 2023).  69 

Past, Current and Emerging Framings of the World’s Water Crises 70 

Effec�ve responses to the world’s water crises are influenced by worldviews or framings - the ways 71 
that decision-makers and socie�es perceive, act, and communicate about the world. We consider 72 
three framings and their implied responses to four key water crises and their associated SDG 6 73 
Targets. These water crises include: (1) water pollu�on (SDG Target 6.3) and environmental 74 
degrada�on, including deteriora�ng wetlands (SDG Target 6.6); (2) water overextrac�on from both 75 
rivers and  aquifers (SDG Target 6.4); (3) unsafe and/or unaffordable access to safe drinking water 76 
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(SDG Target 6.1) and sanita�on (SDG Target 6.2) for all; and (4) unmi�gated social-economic-77 
ecological system vulnerabili�es to shocks, such as to floods and droughts (SDG Target 6.6).  78 

We review these four water crises based on three growth framings: i) Economic Growth that 79 
dominated 20th-century thinking; ii) Green Growth, arguably the dominant policy paradigm of the 80 
21st century (OECD 2011); and iii) Beyond Growth, an emerging but not yet mainstreamed framing 81 
that has developed as a response to increasing global environmental degrada�on (Widuto et al. 82 
2023).  83 

The three growth framings are visualized in Fig. 1 (as ‘keywords’ and ‘key publica�ons’, see 84 
Supplementary Informa�on) through textual analyses of United Na�ons publica�ons and conference 85 
proceedings, informed by an historical and environment perspec�ve (Warde et al. 2018). Fig. 1 is 86 
illustra�ve only of the rela�ve importance of the three growth framings because there are lags 87 
between the principles espoused in UN publica�ons and agreements and their implementa�on at 88 
na�onal (Araral and Ratra 2016) and sub-na�onal (Pandit and Biswas 2019) levels.  89 

[FIG. 1 HERE] 90 

Economic Growth Framing 91 

Economic growth is a measure of the change in the total market value of goods and services, the 92 
Gross Domes�c Product (GDP), produced in an economy over �me. Economic growth was the 93 
predominant prescrip�on for socio-economic development and, un�l at least the 1990s, was widely 94 
held to be the pathway towards progress and prosperity.  95 

Economic Growth is underpinned by ‘growth theory’ (Solow 1969) that includes four key findings: i) 96 
low-income economies can converge to the levels of per capita income in high-income countries by 97 
increasing their produced capital (e.g. machines that make goods) per worker through private and 98 
public investments; ii) sustained economic growth, in the long-run, requires technological progress; 99 
iii) higher-income countries, typically, have much higher per capita levels of produced and human 100 
capital (Lucas Jr. 1990); and iv) technological progress can be increased by investments in research 101 
and development (Romer 1990). 102 

While higher levels of GDP since 1950 have contributed to very large improvements in global health 103 
(e.g. reduced mortality), historical paterns of economic growth have also caused large and nega�ve 104 
environmental consequences (Steffen et al. 2007) and contributed to increased income inequality 105 
(Milanovic 2005). As early as the 1950s, John Kenneth Galbraith observed that even for an ‘affluent 106 
society’ there were unresolved socio-economic-environmental problems coincident with economic 107 
growth including wealth inequality, inadequate public services, and environmental costs (Galbraith 108 
1958). In the 21st century, economic orthodoxy accepts that the level (and growth) in GDP is a flawed 109 
welfare measure (S�glitz et al. 2009). 110 

Green Growth Framing  111 

In the 21st century, and partly in response to climate change, Green Growth has challenged 112 
Economic Growth as the dominant policy framing, especially in high-income countries (e.g. European 113 
Union). Green Growth encompasses the policy goal of sustainable development, mee�ng the needs 114 
of the present without compromising the needs of the future (World Commission on Environment 115 
and Development 1987). The Organiza�on for Economic Coopera�on and Development (OECD) 116 
defines Green Growth as “…fostering economic growth and development while ensuring that natural 117 
assets con�nue to provide the resources and environmental services on which well-being relies” 118 
(OECD 2011, p. 9). Ac�ons in support of Green Growth include: i) pricing environmental costs and 119 
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benefits not ‘internalized’ in market transac�ons; ii) removing barriers to investments; and iii) 120 
promo�ng innova�on and ‘green’ technologies that increase economic produc�vity and reduce 121 
environmental degrada�on. 122 

Importantly, Green Growth seeks to retain per capita GDP growth as a key policy goal to s�mulate 123 
efficient technologies and to improve living standards. The important difference between Green 124 
Growth and Economic Growth is that, over �me with Green Growth, economies should be 125 
decoupling from resource deple�on and environmental impacts. Some middle to high-income 126 
countries have had declining resource use per dollar of GDP, and a few countries have had absolute 127 
declines in some material throughputs but there has not yet been a global absolute decline in the 128 
total material footprint, global GHG emissions or total water extrac�ons (Wiedmann et al. 2015). 129 
Given the cri�cal need to rapidly reduce some key environmental impacts (e.g. global GHG 130 
emissions) to avoid poten�ally catastrophic climate risks (Tollefson 2023), there is increasing 131 
skep�cism that Green Growth, as currently prac�ced, can deliver a sustainable future (Hickel and 132 
Kallis 2020).  133 

Beyond Growth Framing 134 

Beyond Growth responds to complex social-environmental systems and systems dynamics (Forrester 135 
2001) by recognizing that economies are embedded within socie�es and the biosphere. That is, 136 
economies are constrained by absolute bio-physical limits (O’Neill 2020). Beyond Growth framing 137 
was first popularized by Daly (1996), but its antecedents include early global projec�ons of the 138 
consequences of unrestrained economic growth (Meadows et al. 1972).  139 

Beyond Growth is not nega�ve economic growth (Widuto et al. 2023). Rather, its key policy goals are: 140 
i) rapid and absolute decoupling of economic growth from cri�cal environmental impacts (e.g. 141 
climate change, biodiversity loss, groundwater deple�on) and the global material footprint 142 
(Wiedmann et al. 2015) and ii) reduced inequali�es associated with environmental degrada�on and 143 
economic growth (Rammelt et al. 2022).  144 

Beyond Growth ac�ons, at mul�ple scales (local, na�onal, regional, and global), seek: i) absolute 145 
reduc�ons in environmental degrada�on (e.g. rapidly declining GHG emissions rather than declining 146 
emissions intensity); ii) rising well-being (e.g. higher quality and longevity of life); iii) falling absolute 147 
inequality (e.g. declining poverty rates); iv) system resilience (e.g. a ‘bounce back beter’ to nega�ve 148 
shocks) (OECD 2019, p. 7); and v) ac�ve democracy (e.g. ci�zens assemblies) (Costanza 2024).  149 

Fig. 2 provides a �meline of the rela�ve importance of the three growth framings as manifest in key 150 
UN publica�ons and conference proceedings. The upper level includes key publica�ons and events 151 
that have shaped the three framings since 1950. The middle level is the �meline for the period 1950-152 
2023. The lower level shows the percentage of the world human popula�on with access to safe 153 
drinking water (see Supplementary Informa�on for further details).  154 

[FIG. 2 HERE] 155 

Responses to the World’s Water Crises 156 

The preferred responses to the world’s water crises depend on an understanding of the causes and 157 
consequences of market failures and government failures. For the world’s water crises, the two 158 
principal market failures include: i) technological externali�es in both produc�on and consump�on 159 
for common-pool resources such that the costs of ac�ons imposed on others (e.g. deple�on of 160 
groundwater in a common aquifer and riparian water pollu�on) are not fully accounted for by those 161 
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causing the harm; and ii) inadequate provision of public goods (e.g. flood protec�on) because the 162 
benefits are non-rival such that while everyone benefits from its provision, some choose to ‘free ride’ 163 
and not pay for the costs.  164 

Government failures in the water sector include: i) provision of water services by governments that 165 
may have been provided at lower cost by the private sector and/or public-private partnerships (e.g. 166 
water supply infrastructure); ii) inadequate technical and/or financial government capaci�es to 167 
support effec�ve water planning and collec�ve ac�on (e.g. the provision and monitoring of drinking 168 
water services); iii) regulatory capture whereby private actors redirect government expenditures  169 
(e.g. size and loca�on of water infrastructure) for their personal gain; iv) misaligned incen�ves that 170 
result in unintended consequences (e.g. water pricing that discourages water conserva�on or that 171 
provides propor�onately greater benefits to the well-off than the poor); v) ‘Crowding Out’ of self-172 
organized collec�ve ac�ons (e.g. sustainable, locally managed aquifers) by externally-imposed rules 173 
(Ostrom 2000); and vi) failures of omission, including monitoring and enforcing of  government 174 
regula�ons and standards in rela�on to water, as well as a lack of accessible informa�on and data 175 
(e.g. flood risks, sea-level rise). 176 

Economic Growth has priori�zed the efficient alloca�on of market goods and services with ‘free’ 177 
markets and capital accumula�on with infrastructure-led development. In this framing, infrastructure 178 
gaps and the water crises are overcome by on-going and targeted public and private investments.  179 

Green Growth priori�zes market failures that create environmental costs. It also recognizes both 180 
organiza�onal and infrastructure gaps that can be mi�gated by improved management of water-181 
related financial risks and the mobiliza�on of finance (e.g. direct expenditures by governments and 182 
alterna�ve financing) for ‘bankable’ investments. In Green Growth, finance for innova�on seeks 183 
changes to the composi�on of economic growth by ‘internalizing’ nega�ve environmental impacts 184 
and by providing economic incen�ves for ‘green’ technologies.  185 

Beyond Growth priori�zes risk mi�ga�on (Hall and Borgomeo 2013), and a reduc�on in income and 186 
wealth inequali�es, by responding to both market and government failures and to the insufficient 187 
aten�on paid to water risks by both Economic Growth and Green Growth. Both Beyond Growth and 188 
Green Growth recognize the importance of economic incen�ves and regula�ons to allocate and 189 
reallocate water (United Na�ons 2006) and to deliver both food and water security (Gra�on et al. 190 
2017). Beyond Growth differs to Economic Growth and Green Growth in that it is explicit about who 191 
has power and influence, and ‘voice’. It highlights the need for innova�ons in ins�tu�onal 192 
arrangements (e.g. how water is managed and used), and that may contribute to changes in the 193 
ins�tu�onal environment (Saleth and Dinar 2004, p. 25), to: i) improve environmental quality; and ii) 194 
deliver intra-genera�onal, inter-genera�onal and inter-species jus�ce (Gupta et al. 2023).  195 

Table 1. summarizes 40 key responses across the three growth framings in rela�on to the world’s 196 
water crises. The responses are ‘nested’ in that the responses listed for Economic Growth and Green 197 
Growth are on the ‘menu’ of op�ons in Beyond Growth. That is, Beyond Growth op�ons include all 198 
40 responses, but how they would be implemented may be radically different to Economic Growth 199 
and Green Growth. For example, inter-catchment water transfers as a response to groundwater 200 
deple�on in Economic Growth could only be considered a desirable response for Beyond Growth 201 
a�er full and proper engagement with all stakeholders and with full considera�on of: i) system risks; 202 
ii) all economic costs and benefits (e.g. social-economic-ecological); and iii) compensa�on to mi�gate 203 
distribu�onal and inter-temporal impacts. Some Beyond Growth responses are compa�ble with 204 
Green Growth and include: i) alloca�on and realloca�on of water as a response to degraded riparian 205 
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systems; ii) science-prac��oner-community partnerships; and iii) independent regulatory oversight. 206 
A summary of the key responses under each framing is provided in Table 1. 207 

Economic Growth Responses 208 

Built or grey infrastructure (e.g. dams, piped infrastructure, water treatment and desalina�on plants) 209 
has been the primary method of Economic Growth to respond to inadequate access to safe water 210 
and sanita�on. A ‘build and grow’ approach has been successful in providing improved water quality 211 
in urban areas in most regions of the world. Investments in water storage infrastructure have also 212 
provided mul�ple benefits, including improved water availability and public goods (e.g. flood 213 
control). Nevertheless, large-scale built water storages have created unintended consequences (e.g. 214 
reduced stream flows, displacement of people).  215 

To achieve SDG Targets 6.1 and 6.2, built infrastructure must be complemented by other approaches, 216 
especially in rural areas where the number of households without access to safe water and 217 
sanita�on is five �mes greater than for the urban poor (UNESCO and UNESCO i-WSSM 2019, p. 29). 218 
In rural and remote loca�ons, off-grid investments and ‘fit for purpose, people and place’ (Hall et al. 219 
2022) communal solu�ons need to be priori�zed, along with green infrastructure and nature-based 220 
solu�ons (e.g. forest conserva�on, riverbank repairs) (United Na�ons 2018).  221 

Delivery of SDG Targets 6.3 and 6.6 must also go beyond the presump�on that investments and 222 
economic growth are sufficient to deliver improved environmental outcomes such that increases in 223 
per capita GDP eventually result in a peak in environmental degrada�on and then a decline, a so-224 
called Environmental Kuznets Curve (EKC). Empirical tests of EKC rela�onships have suffered from 225 
misspecifica�on and misinterpreta�on (Stern et al. 2006) and have not yet been observed at a global 226 
scale for key pollutants (e.g. GHG emissions). Importantly, where rising GDP per capita is associated 227 
with reduced environmental degrada�on (e.g. river water pollu�on) at a local level, this has occurred 228 
because of effec�ve water planning and ac�ve government interven�ons. For example, US Clean 229 
Water Grants since 1972 have provided USD 650 billion for US municipal wastewater treatment 230 
plants that have contributed to reduced riparian water pollu�on concentra�ons (Keiser and Shapiro 231 
2019).  232 

[Put Table 1 here] 233 

Green Growth Responses 234 

An increasing recogni�on of the need to ac�vely respond to market failures, especially in rela�on to 235 
environmental degrada�on, has encouraged a series of market-based approaches to achieve SDG 6. 236 
Market-based approaches include: i) charges imposed on point sources of water pollu�on intended 237 
to reduce discharges (e.g. China and Colombia); ii) a very limited number of ‘cap-and-trade’ systems 238 
that constrain overall level of water discharges but allow point sources to trade their permited 239 
allowances; and iii) the use of payments for watershed services that have, in some cases, proved 240 
effec�ve at improving water quality (Olmstead and Zheng 2021).  241 

Market-based approaches require effec�ve monitoring, compliance, and enforcement and are not a 242 
‘set and forget’ response to polluted waterways. Thus, cost-effec�ve spa�al-scale measurements of 243 
water use, consump�on, and water quality via remote sensing along with open access data and the 244 
use of social media are complementary ac�ons. As with ‘command-and-control’ approaches that 245 
directly regulate point discharges, prac�ces and technologies, there is also a cri�cal need to assess 246 
the benefits of improved environmental water quality when making trade-offs. This can be facilitated 247 
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by non-market valua�on of the benefits of improved water quality (Manero et al. 2024) and riparian 248 
environments (United Na�ons 2021).  249 

Volumetric water pricing, when complemented by water price communica�on to households 250 
(Mar�ns and Sá 2020) and effec�ve water metering, monitoring, and compliance, incen�vizes water 251 
conserva�on. Full economic water cost recovery provides incen�ves for water u�li�es to maintain 252 
and/or improve water services and supply (e.g. reduce non-revenue water). Water pricing, however, 253 
must be fit for purpose and must consider water affordability, especially in loca�ons where the costs 254 
of treatment and distribu�on are high but the ability to pay is low (e.g. informal urban setlements, 255 
remote areas). Mechanisms to assist the disadvantaged to access water include: i) a subsidised 256 
connec�on fee or a ‘lifeline’ rate; ii) a free basic water volumetric allowance; and iii) a water bill 257 
rebate. Whatever the selected subsidiza�on approach, free or subsidized water should target those 258 
most in need (Andrés et al. 2019). This involves either higher-income water users paying more for 259 
their water to cross-subsidize the poor and/or transfers from general revenues to ensure the 260 
economic costs of water supply are fully covered.  261 

Formal and informal water markets provide another way to allocate and reallocate water across 262 
users and uses. For example, formal water markets in the Murray-Darling Basin (MDB), Australia have 263 
placed a ‘cap’ on ground and surface water use. Formal water markets proven to be valuable for 264 
irrigators when responding to droughts in Australia, and elsewhere (Wheeler 2021) but are not 265 
suitable where appropriate ins�tu�onal arrangements are absent (Wheeler 2021) or if there is 266 
inadequate built infrastructure (e.g. water storages). In the MDB, formal water markets have 267 
facilitated the purchases of water rights by governments from irrigators. These government 268 
purchases of water rights have increased stream flows (Gra�on et al. 2022) but have, to date, failed 269 
to resolve past injus�ces whereby those dispossessed of their land and water (e.g. Indigenous 270 
Australians) were not allocated water rights (O’Donnell et al. 2023).  271 

A key goal with Green Growth is to facilitate efficient technologies through ‘green finance’, which 272 
links to SDG Target 6.4: “…substan�ally increase water-use efficiency across all sectors and ensure 273 
sustainable withdrawals and supply of freshwater to address water scarcity”. The challenge is that 274 
increased water-use efficiency, measured by the United Na�ons as USD per cubic meter of water, 275 
only accounts for the market value add of water such that ‘efficiency’ increases can be 276 
contemporaneous with greater water stress and/or reduced water quality.  277 

Policies (e.g. preferen�al alloca�on of water rights to higher efficiency irrigators) to promote 278 
increases in water produc�vity and adop�on of higher technical efficiency can also exacerbate 279 
inequali�es. Importantly, policy-induced increases in water-use efficiency must account for: i) the 280 
overall water consumed via evapora�on and transpira�on and return flows to riparian systems and 281 
aquifers (Evans and Sadler 2008) no�ng that farm-level water ‘savings’ from increases in irriga�on 282 
efficiency are much less or non-existent at a catchment or basin scale (Gra�on et al. 2018) and ii) 283 
‘rebound effects’ whereby increases in irriga�on efficiency incen�vize further water use (Wheeler et 284 
al. 2020).  285 

Beyond Growth Responses 286 

Beyond Growth highlights the importance of responding to government failures, especially in terms 287 
of procedural jus�ce (e.g. who gets listened to and how?) (Ruano-Chamorro et al. 2022) and 288 
epistemic jus�ce (e.g. what knowledge gets accepted and acted on?) (Byskov 2020). This is of cri�cal 289 
importance when responding to the world’s water crises because if decision-makers ignore or do not 290 
priori�ze (Mathews et al. 2023) the voices of the most disadvantaged with respect to safe water 291 
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access, and/or those without legal rights to water (O’Donnell et al. 2023), then SDG 6 will not be 292 
achieved, including in the wealthiest countries (Manero et al. 2024).  293 

Overcoming Policy Capture and Iner�a 294 

‘Ac�ve Democracy’, where ci�zens effec�vely engage in posi�ve change for their communi�es, is 295 
lacking in many countries, including in some representa�ve democracies. In the USA, for example, 296 
federal lobbyists have overwhelming influence on lawmakers (Gilens and Page 2014). Consequently, 297 
decision-makers favour narrow and influen�al interests rather than diffuse interests such that their 298 
decisions may be contrary to na�onal economic welfare (Hasen 2012). This is policy capture that 299 
causes: “… important biases in policy responses and hampers effec�ve public policy making.” (OECD 300 
2021, p. 25). 301 

In its most extreme form, policy capture involves pety and grand corrup�on that is illegal and/or 302 
legal corrup�on mediated through dona�ons and ‘sliding doors’ of decision-makers between the 303 
public and private sectors. According to Transparency Interna�onal’s Corrup�on Percep�ons Index (a 304 
higher score is preferred), the global average index of corrup�on has remained unchanged for more 305 
than a decade at less than 50 out of 100. Two-thirds of countries score below 50 while 155 out of 306 
180 countries have made minimal progress against corrup�on, or corrup�on has become worse since 307 
2012 (Transparency Interna�onal 2023). This maters because of the nega�ve associa�on between 308 
increased corrup�on and delivery of SDG 6 (Gomez et al. 2019).  309 

The water sector, especially in rela�on to large-scale water projects, is at risk of corrupt decision-310 
making that benefits the few at the cost of the public good. Despite long-standing evidence of 311 
corrupt prac�ces in the water sector, there is frequently a ‘hear no evil, see no evil, speak no evil’ 312 
response by decision-makers (Huppert 2013), including when there is the� of state water resources 313 
(Loch et al. 2020).  314 

Effec�ve responses to policy capture that advantages the privileged few at the expense of the many 315 
are central to Beyond Growth. Four ways to mi�gate policy capture, in general, include: i) ‘level the 316 
playing field’ to ensure fair and equitable access to decision-makers; ii) transparency about and 317 
access to data and informa�on; iii) accountability through the use of disclosure rules and 318 
independent audits of decision-making; and iv) clear guidelines and rules for decision-makers 319 
complemented by �mely and effec�ve monitoring, compliance and enforcement (OECD 2017, p. 54). 320 

Fostering Innova�ons in Ins�tu�onal Arrangements 321 

From a Beyond Growth perspec�ve, innova�ons in ins�tu�onal arrangements are about promo�ng a 322 
sustainable social-economic-environmental trajectory at mul�ple geographical and ins�tu�onal 323 
scales. As responses to the world’s water crises, Beyond Growth innova�ons in ins�tu�onal 324 
arrangements seek: i) ‘fair equality of opportunity’ (e.g. intra-genera�onal jus�ce) and ‘just savings 325 
principle’ (e.g. inter-genera�onal and interspecies jus�ce) (Rawls 1999 [1971]) and ii) ‘good’ or 326 
ethical rela�onships (Mathews et al. 2023) whereby all decision-makers fully consider the 327 
consequences of their ac�ons on the environment and people. Together, jus�ce principles and good 328 
rela�onships guide ways to overcome longstanding, unequal and unsustainable water alloca�ons.   329 

Innova�ons in ins�tu�onal arrangements consistent with Beyond Growth need the inclusion of all 330 
relevant stakeholders, considera�on of ‘who gets, what water and when’, a recogni�on of current 331 
and historical property rights arrangements (e.g. land and water), and an awareness of the barriers 332 
to water alloca�on and realloca�on (Hellegers and Leflaive 2015). Innova�ons in ins�tu�onal 333 
arrangements can be both ‘botom up’ and ‘top down’, may be nested spa�ally and/or ins�tu�onally 334 
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and are supported by horizontal coordina�on given the close connec�ons between social, economic, 335 
and environmental injus�ces (Brown et al. 2023). Ac�ve democracy promotes innova�ons in 336 
ins�tu�onal arrangements by eleva�ng the voice of the marginalized that, in turn, can be facilitated 337 
by randomly selected membership in ci�zen delibera�on on key water decisions (Lázaro et al. 2021) 338 
and delibera�ve polling, among other approaches.  339 

Innova�ons in ins�tu�onal arrangements, consistent with Beyond Growth, are responding to a wide 340 
range of local water crises. Such innova�ons are, typically, informal and are especially valuable when 341 
central authori�es lack authority or the capacity to act (Al Naber and Molle 2017). Examples of 342 
Beyond Growth innova�ons in ins�tu�onal arrangements include: i) community-led sanita�on 343 
approaches to reduce open defeca�on, proven effec�ve in about 60 countries (Zuin et al. 2019); ii) 344 
safer drinking water for poor households in Brazil through rainwater harves�ng and the effec�ve 345 
inclusion of women in decision-making (de Moraes and Rocha 2013); iii) improved informa�on 346 
through regular monitoring of water quality in India through the Safe Water Network (Sewak et al. 347 
2023); iv) Indigenous and non-Indigenous partnerships in the Ambato River Basin, Ecuador that have 348 
reduced downstream water user costs (Kauffman and Mar�n 2014); v) devolu�on of powers to US 349 
tribal governments about water quality standards which has supported the inclusion of Indigenous 350 
cultural and spiritual values into decision-making (Diver et al. 2019); vi) managed aquifer recharge, 351 
i.e. the deliberate recharging of aquifers for later use (Seidl et al. 2024), that has slowed and 352 
some�mes reversed groundwater declines (Jasechko et al. 2024); vii) smartphone applica�ons that 353 
regularly report on water services (e.g. disrup�ons, water quality) to Costa Rican community water 354 
management commitees and households (Del Carpio et al. 2021); and viii) mul�ple case-studies of 355 
effec�ve nature-based prac�ces for river flood control (World Bank 2017) and urban flooding (Soz et 356 
al. 2016).  357 

Fostering complementari�es between top-down and botom-up innova�ons in ins�tu�onal 358 
arrangements can overcome informa�on asymmetries between water users, technical capacity gaps, 359 
inadequate funding, and insufficient transparency and accountability (Tomaney 2016), weaknesses 360 
that can be more pronounced at local and informal levels of water management. An example of top-361 
down innova�on in ins�tu�onal arrangements consistent with Beyond Growth is to apply the public 362 
trust doctrine whereby natural resources are held in trust and protected for common use. Specific 363 
examples of Public Trust include Common Asset Trusts (Costanza et al. 2021) such that trustees are 364 
appointed with a fiduciary duty to ensure inter-genera�onal sustainability for common-pool 365 
resources (e.g. wetlands).  366 

Another example of top-down innova�on in ins�tu�onal arrangements is the centralized provision of 367 
water-related informa�on complemented by affordable data access. Digi�zed informa�on (e.g., maps 368 
of flood plain risks and projected sea-level rise) is non-rival and can support locally informed water 369 
management prac�ces. For example, relevant and �mely ‘hydroinforma�cs’ (Biswas and Tortajada 370 
2023) assists water managers, individuals and communi�es to priori�ze the size, loca�on, and �ming 371 
of their ac�ons (e.g. plan�ng of crops) and investments (e.g. construc�on of levee banks). Frequently 372 
missing but valuable informa�on that should be easily accessible at mul�ple ins�tu�onal scales 373 
include: i) measures of the diverse values of nature (IPBES 2022); ii) community water-quality 374 
measures (e.g. Escherichia coli, salinity); and iii) real-�me, spa�al, and low-cost (e.g. remote sensing) 375 
es�mates of water use and consump�on (Allen et al. 2007).   376 

Water data and informa�on are also important when evalua�ng trade-offs, especially in the water-377 
energy-food-environment nexus where risks are connected to the availability and quality of 378 
freshwater (Gra�on et al. 2017). Timely informa�on, at mul�ple ins�tu�onal and spa�al scales, is 379 
needed for: i) climate adapta�on (Anisimov and Magnan 2023), not just mi�ga�on;  ii) risk 380 
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assessments, in collabora�on with those exposed to risks (Hall and Borgomeo 2013); iii) resilience-381 
management ac�ons about the ‘what’ (e.g. catchment scale), ‘for whom’ (e.g. riparian communi�es), 382 
‘to what’ (e.g. floods) responses to water shocks (e.g. heat extremes, droughts) (Gra�on et al. 2019); 383 
and iv) effec�ve policy, regula�ons and planning  (Tortajada et al. 2017) that, in turn, can be 384 
facilitated by water accoun�ng and audi�ng.  385 

Transparency about corrup�on and/or implementa�on failures increases accountability of decision-386 
makers and policy responsiveness when the public can affect a policy response (Kolstad and Wiig 387 
2008). For example, on July 24th, 2017, the Australian Broadcas�ng Corpora�on (ABC) television 388 
program exposed alleged water the� by a few irrigators in the Northern MDB and highlighted the 389 
‘blind eye’ approach taken by the responsible New South Wales (NSW) state regulator to monitor 390 
water extrac�ons. Public outrage about the allega�ons led the Premier of NSW to announce an 391 
independent inquiry within two days of the ABC broadcast. The independent inves�gator found that: 392 
“…water-related compliance and enforcement arrangements in NSW have been ineffectual and 393 
require significant and urgent improvement” (Mathews 2017), and recommended changes in 394 
governance. His recommenda�ons were rapidly implemented such that in 2022-23 in NSW there 395 
were 595 comprehensive water audits and 210 enforcement ac�ons (Natural Resources Assess 396 
Regulator 2023, p. 11). 397 

Conclusions 398 

The world water crises need more effec�ve and mul�-faceted responses across mul�ple scales of 399 
governance and geographies. This is because, despite steady progress in delivering improved WASH 400 
to urban households, most people in rural areas in low-income countries s�ll lack safe access to 401 
drinking water and sanita�on. Further, in most countries there is widespread water pollu�on and on-402 
going degrada�on of both rivers and wetlands while in some key food-growing areas of the world 403 
there is con�nued deple�on by irrigators of the groundwater.  404 

Economic Growth that dominated thinking in the 20th century recognized the importance of private 405 
and public investments to improve prosperity. Its focus on built (grey) water infrastructure provided 406 
mul�ple benefits but also resulted in unintended environmental consequences and contributed to 407 
rising inequality.  408 

Green Growth, arguably the dominant policy paradigm of the 21st century, has highlighted the 409 
importance of mobilizing finance for investments in infrastructure and technical innova�on. It 410 
emphasizes the internaliza�on of the external costs that water polluters and users impose on others. 411 
Green Growth, however, is neither sufficient to deliver ‘Water for All’ by 2030 nor adequate to 412 
respond to water-energy-food-environment risks.   413 

Beyond Growth is an emerging framing, not yet mainstreamed, that seeks to deliver to the most 414 
disadvantaged in rela�on to safe water and sanita�on while decoupling water investments and 415 
economic growth from further environmental degrada�on. It builds on the effec�ve responses of 416 
Economic Growth (e.g. delivery of large-scale and ‘public good’ water infrastructure) and Green 417 
Growth (e.g. fit-for-purpose and place water pricing and ‘polluter pays’ charges).  418 

Beyond Growth is cri�cally needed to fully respond to the world’s water crises. It fosters botom up 419 
and top-down innova�ons in ins�tu�onal arrangements to promote water jus�ce (e.g. intra-420 
genera�onal, inter-genera�onal and inter-species) and good rela�onships between people and their 421 
shared environment. At its core, Beyond Growth seeks to overcome policy capture and iner�a that 422 
are ge�ng in the way of delivering the Sustainable Development Goals and a sustainable water 423 
future for all.    424 
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Fig. 1: Sankey Diagram of Key Words in UN Reports and Documents from 1972 to 2023 Related to 425 
Economic Growth, Green Growth and Beyond Growth  426 

 427 

 428 

Source: The authors. 429 

Notes: 430 

1. The UN conferences-based documents were scanned for concepts linked to: i) value; ii) 431 
pricing (price and pricing); iii) markets; and iv) jus�ce (includes just). References to value and 432 
markets in the context of the subject meaning were coded manually (e.g. simple references 433 
such as just money, or market sales of crops, were not considered if not linked to 434 
water/environment). All references to the four concepts were coded in the respec�ve 435 
documents in the qualita�ve coding so�ware MAXQDA.  436 

2. Further details about the construc�on of Fig. 1 and its data sources are available in the 437 
Supplementary Informa�on. 438 
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Fig 2: Key Reports and Documents, Timeline of Economic Growth, Green Growth and Beyond Growth, and Global Access to Safe Water 1950-2024 439 

 440 

 441 

Source: The authors. 442 
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Notes: 443 

1. The Upper-Level provides a selected list of reports and documents in rela�on to the three growth framings. 444 
2. The Middle-Level is a visualiza�on of the rela�ve importance of the three growth framings from 1950 to 2023. See Supplementary Informa�on for 445 

details. 446 
3. The lower level gives the percentage of the global popula�on with safe drinking water. In 1977, data on drinking water access is only available as 447 

‘access to drinking water’, whether the water was safe or not. From 2001 onwards, drinking water access is available as ‘access to safe drinking 448 
water’ with defined parameters on what cons�tutes ‘safe’.  449 

4. Further details about the construc�on of Fig. 2 and its data sources are available in the Supplementary Informa�on.  450 
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Table 1: Economic Growth, Green Growth and Beyond Growth Responses to the World’s Water Crises 451 

  452 
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