Abstract
Water scarcity is a global issue, affecting in excess of four billion people. Interbasin Water Transfer (IBWT) is an established method for increasing water supply by transferring excess water from one catchment to another, water-scarce catchment. The implementation of IBWT peaked in the 1980s and was accompanied by a robust academic debate of its impacts. A recent resurgence in the popularity of IBWT, and particularly the promotion of mega-scale schemes, warrants revisiting this technology. This paper provides an updated review, building on previously published work, but also incorporates learning from schemes developed since the 1980s. We examine the spatial and temporal distribution of schemes and their drivers, review the arguments for and against the implementation of IBWT schemes and examine conceptual models for assessing IBWT schemes. Our analysis suggests that IBWT is growing in popularity as a supply-side solution for water scarcity and is likely to represent a key tool for water managers into the future. However, we argue that IBWT cannot continue to be delivered through current approaches, which prioritise water-centric policies and practices at the expense of social and environmental concerns. We critically examine the Socio-Ecological Systems and Water-Energy-Food (WEF) Nexus models as new conceptual models for conceptualising and assessing IBWT. We conclude that neither model offers a comprehensive solution. Instead, we propose an enhanced-WEF model (eWEF) to facilitate a more holistic assessment of how these mega-scale engineering interventions are integrated into water management strategies. The proposed model will help water managers, decision-makers, IBWT funders, and communities create more sustainable IBWT schemes.
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Introduction
Estimates suggest that four billion people are currently affected by severe water scarcity (Junguo Liu et al., 2017; Mekonnen and Hoekstra, 2011), driven by an increasing demand caused by population growth and economic development (Best, 2019; Parish et al., 2012). Water scarcity is becoming such a challenge that the UN has established the Water Action Decade (Guterres, 2016), the World Economic Forum lists water crises in its top five global risks by impact (World Economic Forum, 2020) and universal access to sustainable fresh water is specified within the UN Sustainable Development Goals (Griggs et al., 2013).
To address current and projected future water stresses, policies are being implemented globally to either reduce water demand, termed ‘demand side strategies’, or increase the availability of fresh water, known as ‘supply-side strategies’ (Katz, 2016). One such approach to augmenting the availability of fresh water in water-scarce regions is Interbasin Water Transfer (IBWT). IBWT moves surplus water from hydrologically separate water-surplus basins to water-deficit basins (Davies et al., 1992) using engineering structures (Snaddon and Davies, 2006) to address water scarcity and assure water supply in areas with water deficits (Gohari et al., 2013). 
IBWT has a long history, with the majority of schemes implemented in the early 1900s rising to a peak in the 1970s and 1980s (Gupta and van der Zaag, 2008). The large number of schemes developed in the 1980s prompted a surge of academic interest in the planning and delivery of these projects, exploring a diverse range of topics spanning ecology, hydrology, economics, and socio-cultural impacts (Ghassemi and White, 2007; Micklin, 1984; Sewell, 1984; Thatte, 2009). This research reflects both the broad impacts of IBWT, and also that schemes are often portrayed as a solution to multiple issues in the region of interest (UNESCO, 1999). Increasingly ambitious projects have been developed more recently, transferring larger volumes of water over longer distances, for example the North-South Water Transfer Project in China and the Interlinking Rivers Project in India. Further mega-scale projects are planned across the world (McDonald et al., 2014; Shumilova et al., 2018) to address the emerging water security crisis. Common across all IBWT planning is that it has largely been water-centric, arguably revolving around Integrated Water Resource Management (IWRM) (Gupta and van der Zaag, 2008), despite water being a common-pool resource (Ostrom, 2009). 
Relatively little scholarship has explored IBWT schemes using a holistic perspective; previous project evaluations have tended to focus on individual schemes or on narrow impact evaluations. There is an urgent need for a renewed holistic evaluation of IBWT as political and environmental interest grows because: firstly, there is increasing recognition that the impacts of anthropogenic climate change on the availability of fresh water are subject to high levels of uncertainty (Kundzewicz et al., 2018) making long-term planning and impact assessment challenging; secondly, IBWT is increasingly seen as a readily deployable technological solution to address large-scale challenges of water scarcity, rather than trying to change socio-cultural behaviours that determine patterns of water use (Warner and Turton, 2000); and lastly there have been major changes in the economies and technologies of water conservation and management which may heavily influence the external drivers and evaluation of IBWT.  
In this paper we undertake an up-to-date evaluation of IBWT, building on previously published work, but incorporating learning from schemes developed since the peak of construction of schemes in the 1970s and 1980s. We frame this evaluation specifically within the context of global social and environmental change, asking whether these changes challenge the popularity and viability of IBWT as a solution for water scarcity, or whether these projects are now more important than ever. We explore two potential conceptual models, the Social-Ecological Systems (SES) model and the Water-Energy-Food Security (WEF) Nexus model, that can drive evaluation of IBWT schemes from a more holistic foundation to evolve planning from using a water first conceptualisation. We find that neither model represents an off-the-shelf solution to evaluating IBWT schemes, but that blending key components of each model through an enhanced WEF model can provide a valuable tool for decision-makers in examining the role of IBWT in a changing world.
A systematic review of Interbasin Water Management 
Identifying a core body of research
This study adopted a scholastic approach to the review of the IBWT literature following Hart (2018). The scholastic approach involves an in-depth review of different contributions to the field compared with other review types and is ideally suited to the exploration of policy problems such as IBWT (Victor, 2008). The adoption of a scholastic approach allows the exploration of critical underlying themes which cut across the diverse IBWT literature. 
Relevant literature was initially identified using keyword searches of scientific databases. The subscription–based scientific citation indexing service ‘Web of Science’ was used to identify the scientific, peer-reviewed literature, whilst the freely accessible web search engine ‘Google Scholar’ facilitated coverage of reports and grey literature not typically included within Web of Science. The bibliographies of key articles on IBWT including Micklin (1984), UNESCO (1999), Ghassemi and White (2007), Gupta and van der Zaag (2008), and Pittock et al. (2009) were also reviewed to ensure that previously cited material had been included.
Initial keyword searches and bibliographic review identified 453 relevant documents. This initial pool of literature was refined to remove publications where sources were not verified, could not readily be identified, or which did not have relevance to IBWT. Highest priority was given to peer-reviewed literature, followed by reports from government institutions and major international organisations (e.g. United Nations, WWF, and World Commission of Dams), and then the proceedings of major international conferences, for example those organised by UNESCO (UNESCO, 1999). A small sub-set of literature was comprised of trusted websites (government), academic theses (masters and doctoral) and other grey literature. Refinement of the literature resulted in a final set of 243 sources which form the basis of this review (Table 1). We do not presume to have collected all the literature available on IBWT projects in this refined set, however, in light of the approach adopted, we are confident of identifying a representative set of works in the field. 
Table 1 - Breakdown of literature types used in this review (a complete list can be found in supplementary information)
	Type
	Number
	Percentage (%)*
	Notes

	Journal Article
	159
	61
	

	Book Chapter
	28
	11
	

	Book
	20
	8
	

	Conference Paper
	7
	3
	

	Report
	16
	6
	13 from major international organisations and 3 from governments

	Academic theses
	4
	2
	

	Website
	3
	1
	The government websites of the UK, China, and India

	Grey literature
	6
	2
	Magazine and newspaper articles

	* Percentages are rounded to the nearest whole number. As a result, this column does not sum to 100%.


The temporal distribution of the literature shows significant growth in publication frequency in the last two decades (Figure 1). The earliest publication dates from 1957, with publication rates not exceeding 20 until post 2000. 87% (212 items) of the surveyed literature was published after 2000; 142 of which were published after 2010. Publications in 2020 alone constitute 23% (55 items) of the total number of publications reviewed. 
[INSERT FIGURE 1 HERE]
Figure 1 - Temporal distribution of publications included within the review
The review process
The compiled body of literature was reviewed to identify recurring topics and to establish a thematic structure for detailed analysis. Three overarching themes were identified, similar to those previously suggested by Khosla (2006) and Sinha (2017): (i) socio-economic development, (ii) ecological and environmental impacts, and (iii) strategic issues with planning and delivery (Figure 2). Adopting a thematic approach allowed the consideration of trends around different perspectives on the role of IBWT in addressing different water stressors and of differing assessments of the multiple benefits and costs of implementing IBWT. 
[INSERT FIGURE 2 HERE]
Figure 2 - The thematic structure adopted for detailed analysis of the IBWT literature
Understanding IBWT 
In this section we present a summative assessment of the status of IBWT research. We discuss temporal trends in the historical development of IBWT schemes as well as projections into the future. We deliberate on different purposes for which these schemes have been planned, as well as examine their spatial distribution to understand the relationship between IBWT and water-scarcity. Subsequently, we present the debate around IBWT through the three overarching themes identified in Figure 2 and summarise the principal arguments presented for and against implementation of IBWT schemes as a solution to water scarcity. 
IBWT development through time
Water diversion projects have been employed for centuries (Gichuki and McCornick, 2008). Two of the earliest examples include the canal intended to transfer water from the River Tigris to the Euphrates constructed in 2500 BC (Meador, 1992), and the Lingqu Canal connecting the Yangtze and Pearl River basins built in 214 BC (UNESCO World Heritage Centre, 2016). However, large-scale development of IBWT can be traced to the industrialisation of the 19th Century, with further development in the 20th Century (Ghassemi and White, 2007; Howe and Easter, 1971; Shumilova et al., 2018). Both developing and developed countries are involved in the implementation of IBWT schemes, although distinct patterns of their use and water transfer capacity can be seen (Figure 3). A complete list of projects considered in this analysis can be found in the supplementary information.
[INSERT FIGURE 3 HERE]
Figure 3 - Trends in IBWT scheme construction and transfer capacity through time
Figure 3 demonstrates that the number of IBWT projects constructed peaked in the 1970s, with a 100% increase in the number of schemes compared to previous decades. This increase is explained predominantly by the construction of a greater number of schemes in developed countries supplemented by dramatic growth in the number is schemes built in developing countries in the 1970 and 1980s. The growth in schemes in developing countries is likely to have been caused by periods of sustained economic development (Shiklomanov, 1999), supported by the availability of finance from external funding organisations (Pasi, 2012), and encouraged by initiatives such as the International Drinking Water Supply and Sanitation Decade (Najlis and Edwards, 1991). Although the number of schemes constructed has fallen since the 1980s, developing countries have dominated the construction of new schemes, with no schemes promoted in Developed Countries in the 1990s and early 2000s. Analysis of the literature indicates that the period up to 2050 is projected to see a revitalisation in the number of schemes constructed, with an increasing number situated in developing countries, coupled with a return to construction in developed nations as well (Shumilova et al., 2018; Sinha, 2017). The United States of America is the only developed country to propose new IBWT schemes between now and 2050. 
Although the number of schemes constructed has fallen since 1980, global cumulative transfer capacity has risen sharply since 2010. Currently developed countries have a greater water transfer capacity than developing countries; however, developing nations are not far behind and their IBWT capacity is projected to exceed that in developed countries by 2050 (Shumilova et al., 2018). This spike in cumulative transfer capacity reflects the promotion of increasingly larger schemes, with average capacity per project increasing from 3.56 km3 per year up to 1980 to a projected 12.7 km3 per year in 2050. Much of this increase is related to promotion of a small number of mega-scale projects, such as the Chinese North-South Water Transfer Project and the Indian Interlinking Rivers (ILR) Project. The North-South Water Transfer Project, currently partially completed, has a total transfer capacity currently of 27.8 km3/year (Wang and Li, 2019), with a further route projected for completion by 2050 which will add 17-20 km3/year to this capacity (Wilson et al., 2017). In India, the planning of several IBWT projects under the umbrella of the ILR Project is under way which, when completed, will transfer a total water volume of 178 km3 per year (Shah et al., 2008). 
Where are schemes being constructed?
IBWT schemes have been constructed, or are proposed, on every continent in the world except Antarctica (Figure 4). 
[INSERT FIGURE 4 HERE]
Figure 4 - Spatial distribution of countries with existing and proposed IBWT schemes, and areas affected by water stress or climate conditions associated with water stress (Climate and water stress data adapted from Kottek et al., 2006 and World Resources Institute, 2019 - refer to supplementary information for IBWT scheme sources)
The spatial pattern of IBWT development reflects different hydro-meteorological and socio-economic characteristics between developed and developing countries. Developing countries are more frequently affected by arid or monsoonal conditions which, combined with their often rapid urban and industrial development, is a major driver of IBWT. In contrast, schemes in developed nations are either situated in locations with extreme climates, such as Australia and the USA, or reflect smaller-scale, more localised drivers of water stress. One such example being the Rhine-Danube Canal in Germany, which connects the Rhine and Danube basins to facilitate the transport of goods as well as water (Leuven et al., 2009). Construction of this scheme was driven by the need to facilitate trade, as well as to enhance the water supply to the city of Nuremburg (Seeger, 2014). 
How long do schemes take to be constructed?
Start and completion dates can be identified for 47 IBWT projects, with another seven where completion dates alone can be identified or where planning is continuing with no current construction. Of these 47, 26 are in developing countries and 21 are in developed nations. Although, size and design may vary, on average, the length of time between the start of construction and completion for all schemes studied here is 14.6 years, with little variation between developed (16 years to completion) and developing countries (13 years). However, the majority of projects are completed in five years. 
Shorter completion times are associated with smaller average project capacity. However, consideration of average project capacity per time period disguises sizeable variability in both project capacity and project completion times; there is no relationship between capacity and completion time when evaluating all projects (Figure 5a). The pattern is replicated when differentiating between developed (Figure 5b) and developing countries (Figure 5c), with no relationship observed between capacity and completion time in either case. Several very large capacity projects, for example The James Bay Programme (52.9 km3 per year capacity) and Churchill Diversion Scheme (24.4 km3 per year capacity) were delivered in under ten years, and five projects with annual capacities below 0.5 km3 year took over 20 years to complete. It must also be acknowledged that the results do not reflect all of the projects, with some very large projects, such as the Indian ILR, not reporting a completion date; this scheme is therefore not included within the figures presented.
[INSERT FIGURE 5 HERE]
Figure 5 - Relationship between IBWT capacity and project completion time for reviewed projects (a) worldwide, (b) in Developed Countries, and (c) in Developing Countries
Based on the data available, we suggest that the results reflect the high levels of complexity associated with the completion of any IBWT scheme, but also that very large projects, typically driven by national or regional government agencies, can proceed very quickly. 
Why are schemes being constructed?
The overarching aim of IBWT schemes is securing water supplies for areas affected by water stress by transferring water from catchments of relative water abundance (Amarasinghe and Sharma, 2008). However, such a broad statement disguises underlying trends in the drivers for, and justification of, IBWT. Our analysis has been able to explore the specific purpose of schemes, which helps to shed light on the likely beneficiaries and broader trends in IBWT drivers. 
The majority of studies included within the review identify a primary and secondary purpose for implementing IBWT, with some specifically highlighting the multi-purpose nature of the project with as many as five stated aims. The documented purposes of schemes can be summarised into six primary groups: irrigation, municipal, industrial, hydropower, environmental, and flood control. Of this list, Environmental aims are the most diverse category, covering a range of sub-aims such as improvements to water quality, enhancing ecological sustainability, and supplementing flows to meet environmental minimum flow requirements (Berkoff, 2003; Fu and Yang, 2019; Lund and Israel, 1995). Other usages are identified in the literature, for example recreation, but the number of schemes which identify these are small, and they have a low priority when cited, so these have not been included here. 
Previous studies have highlighted irrigation as a primary driver of IBWT (Kumar and Verma, 2020; Micklin, 1984; Shumilova et al., 2018). However, this review indicates that municipal usage is by far the most commonly stated primary driver for schemes, with irrigation second (Figure 6a). For schemes which indicate a different primary driver, Municipal is the most quoted secondary driver (Figure 6b) alongside Irrigation, followed by Industrial and hydropower, with environmental and flood control identified by only a small proportion of projects. 
[INSERT FIGURE 6 HERE]
Figure 6 - Change in IBWT drivers through time, (a) comparing primary and (b) secondary drivers of all schemes, and between (c) developed  and (d) developing countries.
Considering the results through time, patterns also emerge. Municipal usage has always been the primary driver for IBWT, except in the 1900s. Irrigation, Industrial, and hydropower emerge as drivers post 1940s, although the number of schemes identifying these as a primary driver is much lower than Municipal drivers. Flood control and environmental purposes emerge as drivers only post 1980s and are cited by only a very small numbers of schemes. The pattern for secondary drivers is similar, with the main difference being the strong growth of irrigation as a secondary driver for schemes.
Patterns are similar in developed and developing countries to those seen for all schemes combined (Figure 6c and d). In developed countries, Municipal and Industrial drivers are initially dominant, with Irrigation emerging strongly post 1940s, whilst Industrial as a cited driver plateaus post 1960s. There is a short period of hydropower development between the 1940s and 1980s. In developing countries the literature includes few schemes until the 1960s, when schemes driven by Municipal and Irrigation usages dominate. Hydropower emerges strongly as a driver post 1980s, along with Industrial. Across both subsets very few schemes identify Environmental or Flood Control as drivers.
These trends in IBWT drivers broadly reflect wider trends in development across the world. For example the drive for municipal water supply likely reflects rises in urban population in the early 1900s (Roser et al., 2013), whilst the intensification and modernisation of farming post 1940s (Martin, 2000) explains the rise of Irrigation as a driver. Both these developments increased water demand, either through increased municipal usage, or through demands for irrigation (Edwards and Smith, 2018). The rising trend in hydropower as both a primary or secondary purpose for IBWT, first in developed and then developing countries, reflects global trends in hydropower development, with hydropower increasingly implemented in developing countries in tandem with other water supply projects (Oud, 2002). Environmental and flood control emerge as drivers for IBWT only in the 1980s, likely reflecting increasing environmental awareness, although very few schemes identify these as primary or secondary drivers.
The disparity between this study and earlier findings for the drivers of IBWT is likely to result from this review bringing together a more comprehensive database of existing schemes than has been undertaken previously, providing a more comprehensive analysis. Review of the data through time and between developed and developing countries shows that irrigation has been the most-stated purpose for IBWT, although the results are sensitive to the time period chosen and the selection of case studies.
Debating the case for IBWT
IBWT projects involve the management of water resources across two or more basins acting as donor and recipient (Tyralis et al., 2017) which necessitates an understanding of the intertwined components of water availability and demand in both catchments (Asiliev, 1977). Determining the balance between excess water and water shortage is a ‘hybrid’ challenge and is a product of natural and social factors (Swyngedouw, 1999), which encompasses multiple objectives and stakeholders (Zhang et al., 2012) with different requirements and often contradictory desires (Lach et al., 2005). The IBWT decision-making process is thus multi-disciplinary and complicated (Pasi and Smardon, 2012) and highly controversial in nature (Kibiiy and Ndambuki, 2015). 
Consequently, the IBWT literature on the benefits and concerns surrounding IBWT is extensive and diverse. Review of the literature indicates that a number of key themes can be identified (Table 2).
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Table 2 - Summary of benefits and concerns for IBWT implementation worldwide
	Theme
	Benefits
	Key Sources
	Concerns 
	Key Sources

	Socio-economic
	Enhancing regional equality; socio-economic development of water stressed areas; Economic development of water stressed areas.
	(Chitale, 1992; Gichuki and McCornick, 2008; Hirji, 1998; Khatebasreh and Gholami, 2019; Lopez et al., 2019; Matete and Hassan, 2006; Rogers et al., 2020; Vedanayagam, 1965; WWF, 2007; Xu et al., 2020; Zhang et al., 2018)
	Displaced population, resettlement and rehabilitation, submerged land and property, health, compensation, public awareness, any other disturbance to society; Cost related issues including social and environmental, economic evaluation of projects, cost-benefit calculation and distribution, cost recovery, pricing and funding.
	(Albiac-Murillo et al., 2003; Bandyopadhyay, 2012; Berkoff, 2003; Bhattarai et al., 2005; Chen et al., 2020; Cosens, 2010; Crow-Miller and Webber, 2017; Dong et al., 2011; Fraj et al., 2019; Ghassemi and White, 2007; Gohari et al., 2013; Kirchherr and Charles, 2016; Matete and Hassan, 2006; McCully, 2001; Micklin, 1984; Muller, 1999; Pasi, 2012; Patekar and Parekh, 2006; Pohlner, 2016; Richter et al., 2010; Sheng et al., 2020; Singh, 2002; World Commission on Dams (WCD), 2000; Yang and Zehnder, 2005)

	Ecological and Environmental
	Alleviation of drought or environmental degradation; Flow restoration or supplementation; improvements in water quality; flood control 
	(Aishan et al., 2015; Berhanu and Bisrat, 2020; Ghassemi and White, 2007; Gichuki and McCornick, 2008; Murcia, 2020; Nagler et al., 2016; Qu et al., 2020; Zhang et al., 2018; Zhou et al., 2020)
	Ecological disturbances, bio-diversity alterations, invasion of alien species, ecosystem functioning, water-quality issues, environmental changes, morphological changes, flow related concerns, climate change (CC), environmental degradation (e.g. soil, forest, water).
	(Albiac-Murillo et al., 2003; Annys et al., 2019; Baggett, 2009; Daniels, 2004; Das, 2006; Fraj et al., 2019; Guo et al., 2020; Higgins et al., 2018; Iyer, 1998; Kibiiy and Ndambuki, 2015; H Liu et al., 2020; J Liu et al., 2020; McCully, 2001; Meador, 1992; Micklin, 1984; Pittock et al., 2009; Quinn, 1968; Richter et al., 2010; Rogers et al., 2020; Schmidt et al., 2020; Singh, 2002; Snaddon and Davies, 2006; Zhang, 2009; Zhao et al., 2021; Zhuang et al., 2019)

	Strategic issues with planning and delivery
	None
	N/A
	Decision-related issues (inputs, methods, analysis, process, output, planning approach), feasibility, limitations, transparency, public participation.



	(Ahmadi et al., 2019; Alagh et al., 2006; Biswas, 2001, 2008; Bozorg-Haddad et al., 2020; de Andrade et al., 2011; Gichuki and McCornick, 2008; Gupta and van der Zaag, 2008; Hirji, 1998; Islar and Boda, 2014; Kibiiy and Ndambuki, 2015; Krueger et al., 2007; Lafreniere et al., 2013; Liu and Ma, 1983; Micklin, 1984; Montoya, 2010; Narain, 2000; Pasi and Smardon, 2012; Reed and Kasprzyk, 2009; Smakhtin et al., 2007a; Sternberg, 2016)

	
	
	
	Rationale of IBWT project (e.g. irrigation requirement, drought, water deficit, high water demand, national interest), alternatives considered; Issues related to governance, institutional requirements and its efficiency, monitoring, jurisdiction, trans-boundary matters, policy, approach, theory, and attitude.
	(Annys et al., 2019; Bhattarai et al., 2002; Biggs et al., 2007; Bruch et al., 2005; Crow-Miller and Webber, 2017; de Andrade et al., 2011; Flyvbjerg, 2014; Gichuki and McCornick, 2008; Gumbo and van der Zaag, 2002; Gupta and van der Zaag, 2008; Islar and Boda, 2014; Kidd and Quinn, 2005; Loucks et al., 2005; Lund, 2012; Ma et al., 2020; Purvis and Dinar, 2020; Rogers et al., 2020; Sayan et al., 2020; Sheng et al., 2020; Sinha et al., 2020; Smakhtin et al., 2007a; Thakkar and Chaturvedi, 2006a; Tyralis et al., 2017; UNESCO, 1999)




Socio-economic development
The potential to enhance the socio-economic development of water-stressed areas is the most cited argument for implementing IBWT (Khatebasreh and Gholami, 2019). Specifically, projects have developed local economies in recipient basins (Rogers et al., 2020), enhanced regional equality, allocating water for better-value use, and strengthening co-operation between donor and recipient areas (Gichuki and McCornick, 2008), whilst schemes are argued to enhance regional and basin-scale sustainability (Xu et al., 2020). These benefits can be significant, particularly for developing countries. For example, the Lesotho Highlands Water Project (LHWP) transfers water from water abundant Lesotho to alleviate water stress in South Africa. Revenues generated from the water transfer, as well as hydroelectric power generated along the route, are estimated to amount to almost 30% of the total revenues of Lesotho (Matete and Hassan, 2006; WWF, 2007). 
However, socio-economic development from the implementation of IBWT is neither guaranteed, nor necessarily beneficial to donor or recipient basins. IBWT schemes are typically constructed at large scales and require significant engineering works in the form of dams, reservoirs, and canals. These activities often uproot and resettle large populations (Singh, 2002; World Commission on Dams (WCD), 2000), frequently impacting most significantly on marginal communities (Fraj et al., 2019) or those from the lowest income strata (Matete and Hassan, 2006), who are expected to sacrifice their interests in the name of the public good by surrendering their rights to land and water (Crow-Miller and Webber, 2017; McCully, 2001; Patekar and Parekh, 2006). These communities do not tend to have a voice in the decision making process (Pasi, 2012) and are not well compensated (Dong et al., 2011; Pohlner, 2016), especially in developing countries (Crow-Miller and Webber, 2017; World Commission on Dams (WCD), 2000).
Economic impacts are similarly not always equitable or positive. The very high cost of these mega-schemes, which frequently increase as projects progress (Flyvbjerg, 2014), places considerable pressure on the public finances of countries in which they are developed, and the resultant high price of water (Pohlner, 2016; Sheng et al., 2020) can require significant subsidies for beneficiaries in the recipient basin (Berkoff, 2003; Muller, 1999). The long-lead times of projects also means that in some cases future projections of water use have not reflected actual future demand, with central governments forcing recipient areas to buy transferred water even when they do not need it (Chen et al., 2020). By promoting the subsidy of industrial and agricultural beneficiaries over ordinary water users (Micklin, 1984; Muller, 1999), schemes can also enhance inequality and promote the development of inefficient industries, resulting in further increased water demand and requirements for further IBWT in the future (Albiac-Murillo et al., 2003; Bandyopadhyay, 2012; Gohari et al., 2013).
Ecological and Environmental Impacts
Ecological and environmental enhancements resulting from IBWT schemes are highlighted by a range of studies, citing flow restoration, the reversal of abstraction-related environmental degradation, water quality, land use and groundwater recharge (Berhanu and Bisrat, 2020; Murcia, 2020; Qu et al., 2020; Zhou et al., 2020). For example, the Snowy Mountains Hydroelectric Scheme in southern Australia is credited with providing supplementary flow in the Murray-Darling River basin during drought periods (Ghassemi and White, 2007), which  ensures ecological diversity and stimulates forest-growth in the Yanga National Park (Nagler et al., 2016). Some studies suggest that schemes have little or no impact on water quality or discharge following water diversions (Zhao et al., 2020). However, once again the environmental benefits of IBWT are matched and outweighed within the literature by concerns around negative environmental impacts (particularly in the donor basin), many of which are argued to be irreversible (Higgins et al., 2018). 
The removal of flow from donor rivers is the greatest consequence of IBWT, which can have dramatic impacts on the natural flow, leading to changes in downstream morphology (Annys et al., 2019), drying up of wetlands (Richter et al., 2010) and triggering delta retreat leading to sea-water incursion (Pittock et al., 2009; Zhang, 2009). In recipient basins enhanced flows have been linked to promoting wasteful water use, particularly in irrigation (Albiac-Murillo et al., 2003; Liu et al., 2020; Quinn, 1968), resulting in water-logging (Singh, 2002) and salinization (Iyer, 1998; McCully, 2001). The linking of two previously independent basins can also lead to invasive species passing through the transfer system (Daniels, 2004; Das, 2006), alter fish species distributions, richness, and resilience (Guo et al., 2020; Schmidt et al., 2020; Zhao et al., 2021), as well as facilitate the transfer of pollutants to recipient basins (Zhuang et al., 2019). The construction impacts of increasingly large schemes are also highlighted, particularly where productive agricultural land or forest is lost (Liu et al., 2020). Recent studies also highlight the need to consider the longer-term sustainability of projects, underlining their energy usage, carbon emissions, and the displacement of pollution (Y Liu et al., 2020; Rogers et al., 2020).
Strategic issues with planning and delivering IBWT
As well as the tangible impacts of IBWT schemes on the donor and recipient basins the literature highlights a range of high-level issues with the planning and implementation of IBWT projects which frame and shape many of the tangible consequences of schemes. Water is regulated at different scales through various laws and policies (Cullet, 2006) which have achieved a high degree of complexity through time (Pflieger and Bréthaut, 2018). Yet, IBWT schemes, particularly large ones, often operate outside traditional legal structures or are pursued following the establishment of new laws (Gichuki and McCornick, 2008; Montoya, 2010), bringing new stakeholders from different jurisdictions into water management (Ahmadi et al., 2019; Lafreniere et al., 2013). For example, water tends to be subject to local or state jurisdiction (Narain, 2000), however, its transfer from one basin to another is typically planned, promoted and then controlled by National/Federal/Central governments (Gupta and van der Zaag, 2008; Islar and Boda, 2014; Sternberg, 2016). This situation can result in complex top-down negotiations, often water-centric in nature, and make mutually acceptable legal agreements difficult to achieve (Biswas, 2001, 2008). Some studies even highlighted the potential for interregional conflicts in the future associated with changing water availability following water transfers (Bozorg-Haddad et al., 2020).
Forms of governance can also heavily impact on the planning and implementation of IBWT projects. As major construction enterprises, they are typically promoted by powerful collectives representing engineering, financial, and political groups (Gumbo and van der Zaag, 2002), who may promote projects which knowingly underestimate costs, side-line potentially negative stakeholders and ignore potential negative impacts (Flyvbjerg, 2014; Sinha et al., 2020). Such governance is often aligned with efforts to increase power and influence within affected regions, sometimes drawing on security and developmental arguments to win public support (Sayan et al., 2020). Purvis and Dinar (2020) argue that, through lack of engagement and scrutiny, or consideration of other options, many transfers can be classed as ‘involuntary’ and imposed on affected populations.
The scrutiny, or lack thereof, typically undertaken of large-scale IBWT projects exacerbates this issue, with key data on scheme plans, benefits and costs often obscured to public view, compounded by a lack of public participation in their decision-making process (Biggs et al., 2007; Thakkar and Chaturvedi, 2006b; UNESCO, 1999). This issue impacts both developed and developing countries through institutional inefficiencies (Bhattarai et al., 2002; Gichuki and McCornick, 2008) or prevailing corruption (Gichuki and McCornick, 2008) and makes the promotion of unsustainable and poorly planned schemes more likely. In some cases authoritarian states have used high profile water transfer schemes to solidify their legitimacy amongst the public (Sheng et al., 2020).
The lack of scrutiny exacerbates the complexity of evaluating the potential costs and benefits of IBWT, particularly given the huge scale of many current and proposed projects. The methods for designing and simulating water transfers often rely on significant assumptions (de Andrade et al., 2011), which are often driven by the demands of major stakeholders (Islar and Boda, 2014), data of questionable quality (Sinha et al., 2020), or the use of data which averages out local variability across large spatial and temporal scales (Gupta and van der Zaag, 2008; Smakhtin et al., 2007b). Current studies demonstrate that for existing large schemes, such as Chinas North South Water Transfer, management schemes are evolving, and/or being created, to address unforeseen impacts such as changes in water quality (Rogers et al., 2020). A failure to effectively scrutinise decisions impacted by such issues can have significant impacts for donor and recipient basins, particularly in areas where spatially or temporally variable water availability results in large inter-annual variability in water availability. For example, Sinha et al. (2020) demonstrate how components of the Interlinking Rivers project in India may enhance donor basin water stress by failing to take account of monsoonal rainfall patterns. This scrutiny must also continue long after projects have been implemented (Rogers et al., 2020) because impacts may not arise for many years, or the efficacy of schemes may decrease, requiring additional interventions in the future to maintain water supplies (Ma et al., 2020).
Where now for IBWT in a changing world?
As Shumilova et al (2018) argue, the renewed popularity of IBWT as a solution to water scarcity issues is likely to see major increases in water transfer volume over the next 20-50 years. However, this review has demonstrated that these mega-scale interventions in natural water systems are accompanied by potentially catastrophic and irreversible socio-economic and environmental impacts which may not be fully evaluated until after they have occurred. If IBWT is to become one of the solutions to addressing the global water crisis this situation cannot continue and schemes must be integrated more effectively into a revitalised approach to conceptualising how water is managed across society. 
Our review has identified three main challenges for IBWT in a changing world:
1. Equitability must be a key component of IBWT because the nature and scale of IBWT schemes often dictates an unequal power relationship between states or areas, who develop and implement schemes, and those affected by them. 
2. Schemes must also be robust and transparent about the options which have been considered and how. The evaluation of IBWT schemes is possible using publicly available data and such analysis can identify significant shortcomings in the assumptions and models which have been used to justify schemes (Sinha et al., 2020). 
3. Schemes must be sustainable, able to withstand future changes in water availability and demand without resulting in negative consequences for areas affected and should not place undue socio-economic or environmental burdens on donor basins or countries. 
These challenges arise partly due to weaknesses within IWRM, the framework through which IBWT schemes are typically promoted and evaluated (Rahaman and Varis, 2005). IWRM is broadly defined as a process for the integrated management of land, water, and related resources for maximising socio-economic development and environmental protection (Agarwal et al., 2000). However, IWRM has been criticized for ambitious yet vague and often ambiguous objectives (Petit, 2016), which have often led to restricted integration and water-centred management (Biswas, 2008; Butterworth, 2014; Giordano and Shah, 2014) and a consequent lack of flexibility (Giupponi and Gain, 2017). In practice, despite commitments to IWRM, national water strategies have often seen the centralisation of power and decision-making in the hands of expert water managers and engineers (Mehta and Mehta, 2018), with the construction of engineering-led schemes prioritised (Madrigal et al., 2018).
The exclusion of perspectives and expertise from other disciplinary areas can result in many of the problems highlighted in section 3.5. Issues of water scarcity should not therefore be viewed purely through the lens of the water manager without water supply becoming prioritised over equally important environmental, economic, social, and cultural considerations. Similarly, a myopic focus on water management excludes broader considerations of wider societal and technological changes which may influence water availability, or long-term climatic impacts which might have diverse impacts on water availability. In this respect water scarcity is a quintessentially ‘wicked problem’ (Lund, 2012), lacking a clean, technologically derived solution, characterised instead by shifting dynamics, competing perspectives and stakeholders, and large uncertainties. Thus, integrated and sustainable management of water must have a decentralized focus, which brings together the expertise of a wide range of sectors, and gives equal importance to the perspectives of all of the sectors and disciplines involved (Hagemann and Kirschke, 2017). We therefore argue that IWRM is no longer an effective framework within which to govern IBWT as a potential tool for managing future water scarcity issues. Instead, a new conceptual model is needed to ensure that IBWT is effectively evaluated in this changing world. 
We consider two potential frameworks which provide alternative ways for understanding the complex social and environment systems, and their anthropogenic exploitation which IBWT represents: The Water-Energy-Food (WEF) Nexus and the Socio-ecological Systems (SES) Approach. We provide an outline of these frameworks and then critically examine their use in the context of IBWT and how they might be used to ensure that the evaluation of IBWT schemes in the future is holistic and robust. 
The Water-Energy-Food (WEF) Nexus
The WEF Nexus concept is in its infancy, originally proposed at the Bonn 2011 WEF Nexus Conference, a contributing conference to the Rio +20 UN Conference on Sustainable Development and directly aligned with the UN SDGs (Endo et al., 2017). 
[INSERT FIGURE 7 HERE]
Figure 7 - conceptual model of the Water-Energy-Food Security Nexus (Adapted from Yi et al., 2020)
The nexus approach removes the traditional sectoral focus (McGrane et al., 2019) of development spending, highlighting the interdependencies between human wellbeing, and water, food, and energy security (Yillia, 2016) (Figure 7). The core focus of the nexus approach is the adoption of a systems approach to the management of water, energy, and food networks which considers the complex interdependencies between them (Urbinatti et al., 2020) in order to avoid unintended consequences of sectoral management (Rasul and Sharma, 2016). This is achieved through facilitating effective governance, encouraging public-private partnerships (Galaitsi and Huber-lee, 2018), and balancing the different interests of stakeholders in managing ecosystems (Abulibdeh and Zaidan, 2020). However, there are few tangible examples of nexus application and its associated long-term challenges have yet to be fully explored (Yillia, 2016; Liu et al., 2017). Whilst the flexibility of the WEF Nexus approach appears to be its strength, it could equally represent a long-term hindrance, since there is a  lack of focus and too-broad an aim (as with IWRM). This criticism has already been levelled at the nexus concept, with Galaitsi and Huber-lee (2018) arguing that the nexus approaches have so far failed to develop “a discernible intellectual toolkit” for policy-makers. Similarly, van Gevelt (2020) argues that our current understanding of WEF, as a complex system of components, is overly simplistic and designed to be modelled and quantified, hence a greater understanding of the technical and political nature of interdependencies is required to produce effective policy solutions. However, it is increasingly evident that WEF Nexus “makes the discussion much more multi-sectoral and multi-stakeholder” an essential component of efficient water management (Dr James Dalton, Director IUCN Global Water Programme, cited in Pflieger and Bréthaut, 2018). 
Socio-Ecological Systems
An alternative framework which has risen to prominence in water management over the last 30 years is the Socio-ecological Systems approach (SES). Originally coined to intertwine human and natural systems (Berkes and Folke, 1998), the concept has been adapted and widely used to study the relationships between people, institutions, and natural systems at different scales (Colding and Barthel, 2019) (Figure 8). More recently SES approaches have integrated concepts of resilience thinking to explain the resistance of systems to change, as well as their ability to rapidly change from one state to another (Tanner et al., 2015).
[INSERT FIGURE 8 HERE]
Figure 8 - conceptual model of a socio-ecological system (Adapted from Berkes et al., 2003)
SES approaches have been widely adopted to study water management, exploring how different actors within a water management system understand water at different scales and across different sub-systems (Madrid et al., 2013), how different communities participate in water decisions (Godden and Ison, 2019), who is integral to the management of water systems, what ecosystem components are considered, and how value is associated with different ecosystem components within a management approach (Everard, 2020). Berkes (2017) argues that SES approaches are vital to achieving sustainable environmental governance due to their focus on the interdependence of human and natural systems, the integration of resilience as a concept and the focus of the approach on co-production of knowledge and collaborative learning. However, Colding and Barthel (2019) argued that SES lacks a robust definition, particularly in relation to the definition of diverse social systems, something echoed by Fabinyi et al (2014) who highlighted the weakness of SES in considering power relationships between different institutions and actors. The broadly descriptive nature of the SES framework produced by Berkes and Folke is also highlighted as a weakness of applying the approach in practice (Colding and Barthel, 2019), with Cumming (2020) calling for more robust, quantitative approaches to define the role of institutions in the management of socio-ecological systems. 
A novel conceptual interpretation for IBWT research and practice: the enhanced Water-Energy-Food nexus model (eWEF)
It is clear from this review that neither WEF or SES offer a ready-made and robust framework into which IBWT can neatly fit to shape the decision making for planning future schemes. Although specifically conceptualised to explore the types of interconnected social and natural systems into which IBWT schemes are inserted (Berkes, 2017), the SES approach lacks the ability to effectively engage with power relationships (Fabinyi et al., 2014). Power, and the relationships between institutions and communities, source-catchments and benefitting catchments, or between water managers and other stakeholders is key to the current practices of the promotion and delivery of IBWT schemes (Sayan et al., 2020), often resulting in project planning being done at a high level without local involvement, despite the majority of impacts being felt at local levels (Figure 9). Without a specific conceptualisation of these power relationships, SES is likely to represent no more than an approach for the scholarly critique of IBWT scheme implementation, much like IWRM. 
[INSERT FIGURE 9 HERE]
Figure 9 - mapping the planning of IBWT projects and their impacts against the conceptual models of SES and the WEF nexus. The SES approach lacks the ability to interrogate hierarchical power relations leading to imbalances in planning involvement vs. impacts. In contrast the WEF nexus approach distributes planning and consideration of impacts across sectors, resulting in a more holistic evaluation.
In contrast, the WEF nexus approach seeks to integrate many of the high-level components which IBWT schemes themselves address: water (water supply for municipal and industrial usage), food security (irrigation), and energy (hydropower). Examining these components and their interrelationships automatically deprioritises IBWTs focus on water, potentially leading to more comprehensive appreciation of the trade-offs between sectors (Abulibdeh and Zaidan, 2020) (Figure 9). However, this too is not without complication. The Nexus has been criticised for lacking novelty and repackaging existing frameworks (Wichelns, 2017), for failing to produce a robust intellectual toolkit or provide proof that the nexus approach produces better resource management outcomes (Galaitsi and Huber-lee, 2018), and, like SES, for failing to critically engage with issues of power (Allouche et al., 2019). Additionally, the WEF Nexus is lacking practical application. As McGrane et al (2019) argue, there are two key challenges in implementing the WEF approach: the first is scale, and the challenge of identifying interdependencies across multiple spatial and temporal scales and between different actors; the second is data on which to found this analysis. Building on these challenges, Allouche et al. (2019) further argued that the question of who should undertake the analysis and by what processes integration of different systems should occur remains open. 
Based on these critiques, we suggest that neither the SES or WEF models is ideally suited for conceptualising the role of IBWT in our changing world. Both have limited utility to assist planners, water managers, or communities in assessing their viability and sustainability. We do not suggest a brand-new model, but rather a new way of interpreting the existing models to allow specific conceptualisation of IBWT and its place within the complex socio-ecological to support decision-making. In so doing we propose an enhanced WEF Nexus model (eWEF) which can provide insight and guidance in the conceptualisation of IBWT schemes and their planning and evaluation (Figure 10). 
[INSERT FIGURE 10 HERE]
Figure 10 - the enhanced WEF Nexus model interpretation. The eWEF model facilitates the conceptualisation of IBWT schemes within the WEF Nexus, drawing on specific components of the SES model and accounting for the major critiques of IBWT which have been advanced within this paper. Conceptualisation of IBWT schemes within this way allows critical examination of the equitability of schemes, their robustness and transparency, and their long-term sustainability.
The eWEF model takes the overall form of the WEF Nexus model (Figure 9) but incorporates issues of scale considered within the SES model (Figure 8), as well as incorporating consideration of power dynamics and sustainability which are missing from both models (Allouche et al., 2019; Fabinyi et al., 2014). Using this new conceptual model enables the issues identified in this review to be specifically considered and addressed (a theoretical worked example of the proposed model interpretation can be found in Supplementary Information).
eWEF avoids a water-first approach and encourages a more holistic evaluation of a scheme’s drivers and impacts. The drivers, impacts, and outcomes of IBWT are highly varied across economic areas as well as spatially and temporally (Pueppke et al., 2018), often driven by the power, or lack of, different stakeholders. Visualising the relative influence of different stakeholders, or economic areas, by altering the size of different network nodes and the size and directionality of connections forces consideration of relative power and influence, as well as the distribution of benefits and consequences at different scales. Utilising the tripartite WEF Nexus approach also allows these factors to be considered across the wider socio-ecological system in which a scheme will exist.
IBWT schemes are highly complex with many interrelated stakeholders, benefits and negative consequences, the evaluation of which is often incomplete or deliberately opaque. To make evaluation of schemes more transparent, the eWEF model conceptualises an IBWT scheme as a component within a wider network, specifically mapping the benefits and negative consequences of a scheme across as wide a group of stakeholders as possible. For planners this model enables this exercise to be structured and readily demonstrated, facilitating open and transparent conversations about the impact of schemes with diverse stakeholders and encouraging buy-in. For external bodies, such as NGOs or community groups, the model provides a framework for understanding the potential impacts of a scheme, and therefore for critical scrutiny of proposals using available data (Sinha et al., 2020). 
The sustainability of IBWT schemes is multi-faceted and dependent upon a wide range of internal and external factors across different spatial and temporal scales (Zhuang, 2016). The eWEF model interprets sustainability using the assumption behind the WEF Nexus, that holistic consideration, and integration, of water, food, and energy systems will result in more sustainable resource use (Simpson and Jewitt, 2019). The model allows rapid consideration of whether this integration has been achieved by including a sustainability weighting, factoring in the relative influence of each network component and the degree of impacts on each component. Differentiating this by both the power of the system on the decision-making and the impacts which a scheme will have on the network component allows poorly balanced proposals, which are either disproportionally driven by or disproportionally impact on individual network components, to be identified and critically examined. 
Conclusions
Water supply and water stress are some of the most pressing socio-ecological problems of our age, driven by falling water availability and increasing water demand, particularly in developing nations. In response, a new wave of mega-scale anthropogenic interventions within the water cycle are proposed through IBWT. These schemes are driven by increasing water demand for municipal and industrial water usage, as well as by water for irrigation and energy in the form of hydropower. This review has demonstrated that the implementation of IBWT is often associated with wide ranging social and environmental impacts across large spatial and temporal scales, often driven by opaque, water-centric decision-making frameworks which prioritise water supply and security to the detriment of other factors. Although IWRM has been an accepted framework for water management for decades, this approach has failed to ensure the effective or sustainable management of IBWT. The renewed focus on IBWT construction therefore requires renewed activity from IBWT planners, stakeholders, and scholars to ensure:
1. The equitability of scheme impacts across different groups and environments and at different scales;
2. That robust and transparent evaluation of scheme impacts is carried out during the planning phase; and
3. That scheme planning considers the long-term sustainability of schemes in the face of rapidly changing social and environmental factors.
We have argued that these issues relate mainly to the weaknesses of IWRM in driving how projects are governed and how the impacts of schemes are considered. In response, a new conceptual understanding of IBWT as one component of a wider socio-ecological network is necessary for helping ensure that these mega-scale engineering projects can provide a sustainable part of future water management strategies. 
We propose a new eWEF conceptual model which integrates key components of the SES model, as well as addresses issues of power, and sustainability which are specific to IBWT to evaluate future IBWT schemes. The enhanced model can be used to conceptualise the place of IBWT schemes within wider socio-ecological networks, as a tool to assist in the effective planning and evaluation of IBWT schemes by planners and stakeholder, and by external bodies impacted by proposed schemes. 
The pace of IBWT scheme planning and implementation looks set to accelerate, with larger and larger schemes being implemented to help address increasing water scarcity in many areas of the world. To match this trend, a renewed academic focus on IBWT is required to match that seen in the heyday of the technology in the 1980s and 90s and ensure that issues already identified with IBWT are not repeated or reinforced. Without this renewed scholarly activity and scrutiny new IBWT schemes run the risk of entrenching existing inequalities in access to water, driving water scarcity, and resulting in negative environmental consequences on a huge scale.


References
Abulibdeh A and Zaidan E (2020) Managing the water-energy-food nexus on an integrated geographical scale. Environmental Development 33: 100498. DOI: 10.1016/j.envdev.2020.100498.
Agarwal A, de los Angeles MS, Bhatia R, et al. (2000) Integrated Water Resources Management. (TAC Background Papers, 4). Available at: http://hdl.handle.net/10535/4986.
Ahmadi A, Zolfagharipoor MA and Afzali AA (2019) Stability Analysis of Stakeholders’ Cooperation in Inter-Basin Water Transfer Projects: a Case Study. Water Resources Management 33(1): 1–18. DOI: 10.1007/s11269-018-2065-7.
Aishan T, Halik Ü, Kurban A, et al. (2015) Eco-morphological response of floodplain forests (Populus euphratica Oliv.) to water diversion in the lower Tarim River, northwest China. Environmental Earth Sciences 73(2): 533–545. DOI: 10.1007/s12665-013-3033-4.
Alagh Y k, Pangare G and Gujja B (2006) Interlinking of Rivers in India: Overview and Ken-Betwa Link (eds Y k Alagh, G Pangare, and B Gujja). 1st ed. New Delhi: Academic Foundation.
Albiac-Murillo J, Uche J, Valero A, et al. (2003) The economic unsustainability of the Spanish national hydrological plan. International Journal of Water Resources Development 19(3). Routledge: 437–458. DOI: 10.1080/0790062032000122961.
Allouche J, Middleton C and Gyawali D (2019) The Water–Food–Energy Nexus: Power, Politics, and Justice. Routledge.
Amarasinghe UA and Sharma BR (2008) Strategic analyses of the National River Linking Project (NRLP) of India: Series 2. In: Proceedings of the Workshop on Analyses of Hydrological, Social and Ecological Issues of the NRLP (eds UA Amarasinghe and BR Sharma), 2008, pp. 367–367. International Water Management Institute.
Annys S, Adgo E, Ghebreyohannes T, et al. (2019) Impacts of the hydropower-controlled Tana-Beles interbasin water transfer on downstream rural livelihoods (northwest Ethiopia). Journal of Hydrology 569. Elsevier B.V.: 436–448. DOI: 10.1016/j.jhydrol.2018.12.012.
Asiliev OF V (1977) Interregional water transfer (Forward). In: Golubev GN and Biswas AK (eds) Interregional Water Transfer: Projects and Problems. 2nd ed. Laxenburg, Austria: International Institute for Applied Systems Analysis, p. iii.
Baggett AG (2009) Legal, ecological, water quality and water rights considerations in interbasin water transfers. In: Water Front (ed. J Lundqvist), Stockholm, Sweden, 2009, pp. 32–39. Stockholm International Water Institute.
Bandyopadhyay J (2012) Water Science in India: Hydrological Obscurantism. Economic and Political Weekly XLVII(16): 45–47.
Berhanu B and Bisrat E (2020) Alleviating Water Scarcity in the Central Rift Valley Lakes through an Inter-Basin Water Transfer, Ethiopia. Natural Resources 11(12): 554–568. DOI: 10.4236/nr.2020.1112033.
Berkes F (2017) Environmental Governance for the Anthropocene? Social-Ecological Systems, Resilience, and Collaborative Learning. Sustainability 9(7). 7. Multidisciplinary Digital Publishing Institute: 1232. DOI: 10.3390/su9071232.
Berkes F and Folke C (eds) (1998) Linking Social and Ecological Systems: Management Practices and Social Mechanisms for Building Resilience. Transferred to digital printing. Cambridge: Cambridge Univ. Press.
Berkes F, Colding J and Folke C (eds) (2003) Navigating Social-Ecological Systems: Building Resilience for Complexity and Change. Cambridge ; New York: Cambridge University Press.
Berkoff J (2003) China : The South – North Water Transfer Project — is it justified ? Water policy 5: 1–28.
Best J (2019) Anthropogenic stresses on the world’s big rivers. Nature Geoscience 12(1): 7–21. DOI: 10.1038/s41561-018-0262-x.
Bhattarai M, Pant D, Mishra VS, et al. (2002) Integrated Development and Management of Water Resources for Productive and Equitable Use in the Indrawati River Basin , Nepal. Working Paper 41. Colombo, Sri Lanka.
Bhattarai M, Pant D and Molden D (2005) Socio-economics and hydrological impacts of melamchi intersectoral and interbasin water transfer project, Nepal. Water Policy 7(2): 163–180. DOI: 10.2166/wp.2005.0011.
Biggs TW, Gaur A, Scott C a., et al. (2007) Closing of the Krishna Basin: Irrigation, Streamflow Depletion and Macroscale Hydrology. Colombo, Sri Lanka. DOI: http://dx.doi.org/10.3910/2009.111.
Biswas AK (2001) Water policies in the developing world. International Journal of Water Resources Development 17(4): 489–499. DOI: 10.1080/07900620120094082.
Biswas AK (2008) Integrated water resources management: Is it working? International Journal of Water Resources Development 24(1): 5–22. DOI: 10.1080/07900620701871718.
Bozorg-Haddad O, Abutalebi M, Chu X, et al. (2020) Assessment of potential of intraregional conflicts by developing a transferability index for inter-basin water transfers, and their impacts on the water resources. Environmental Monitoring and Assessment 192(1): 40. DOI: 10.1007/s10661-019-8011-1.
Bruch C, Jansky L, Nakayama M, et al. (eds) (2005) Public Participation in the Governance of International Freshwater Resources. Tokyo: UNU Press. Available at: https://collections.unu.edu/view/UNU:2453 (accessed 16 August 2021).
Butterworth J (2014) Is there mileage left in the IWRM concept? Or is it time to move on? In: IRC Blog. Available at: https://www.ircwash.org/blog/is-there-mileage-left-in-iwrm (accessed 24 August 2020).
Chen D, Luo Z, Webber M, et al. (2020) Between Project and Region: The Challenges of Managing Water in Shandong Province After the South-North Water Transfer Project. Water Alternatives 13(1): 21.
Chitale MA (1992) Development of India’s River Basins. International Journal of Water Resources Development 8(1): 30–44. DOI: 10.1080/07900629208722531.
Colding J and Barthel S (2019) Exploring the social-ecological systems discourse 20 years later. Ecology and Society 24(1): art2. DOI: 10.5751/ES-10598-240102.
Cosens B (2010) The Water Report: New Era of Interbasin Water Transfer.
Crow-Miller B and Webber M (2017) Of maps and eating bitterness: The politics of scaling in China’s South-North Water Transfer Project. Political Geography 61: 19–30. DOI: 10.1016/j.polgeo.2017.06.002.
Cullet P (2006) Water Law Reforms - Analysis of recent developments. Journal of the Indian Law Institute 48(2): 206–231.
Cumming GS, Epstein G, Anderies JM, et al. (2020) Advancing understanding of natural resource governance: a post-Ostrom research agenda. Current Opinion in Environmental Sustainability 44. Resilience and complexity:Frameworks and models to capture social-ecological interactions: 26–34. DOI: 10.1016/j.cosust.2020.02.005.
Daniels RJR (2004) Interlinking of rivers: Ecologists wake up! (Correspondence). Current Science 87(8): 1030–1031.
Das DK (2006) Environmental Impact of Inter-Basin Transfer Projects: Some Evidence From Canada. Political Weekly 41(17): 1703–1707.
Davies BR, Thoms M and Meador M (1992) An assessment of the ecological impacts of inter-basin water transfers, and their threats to river basin integrity and conservation. Aquatic Conservation: Marine and Freshwater Ecosystems 2(4): 325–349. DOI: 10.1002/aqc.3270020404.
de Andrade JGP, Barbosa PSF, Souza LCA, et al. (2011) Interbasin Water Transfers: The Brazilian Experience and International Case Comparisons. Water Resources Management 25(8): 1915–1934. DOI: 10.1007/s11269-011-9781-6.
Dong Z, Yan Y, Duan J, et al. (2011) Computing payment for ecosystem services in watersheds: An analysis of the Middle Route Project of South-to-North Water Diversion in China. Journal of Environmental Sciences 23(12). The Research Centre for Eco-Environmental Sciences, Chinese Academy of Sciences: 2005–2012. DOI: 10.1016/S1001-0742(10)60663-8.
Edwards EC and Smith SM (2018) The Role of Irrigation in the Development of Agriculture in the United States. The Journal of Economic History 78(4). Cambridge University Press: 1103–1141. DOI: 10.1017/S0022050718000608.
Endo A, Tsurita I, Burnett K, et al. (2017) Journal of Hydrology: Regional Studies A review of the current state of research on the water, energy and food nexus. Journal of Hydrology: Regional Studies 11. Elsevier B.V.: 20–30. DOI: 10.1016/j.ejrh.2015.11.010.
Everard M (2020) Managing socio-ecological systems: who, what and how much? The case of the Banas river, Rajasthan, India. Current Opinion in Environmental Sustainability 44. Resilience and complexity:Frameworks and models to capture social-ecological interactions: 16–25. DOI: 10.1016/j.cosust.2020.03.004.
Fabinyi M, Evans L and Foale S (2014) Social-ecological systems, social diversity, and power: insights from anthropology and political ecology. Ecology and Society 19(4). The Resilience Alliance. DOI: 10.5751/ES-07029-190428.
Flyvbjerg B (2014) What You Should Know About Megaprojects and Why: An Overview. Project Management Journal 45(2): 6–19. DOI: 10.1002/pmj.21409.
Fraj W Ben, Elloumi M and Molle F (2019) The politics of interbasin transfers: socio-environmental impacts and actor strategies in Tunisia. Natural Resources Forum 43(1): 17–30. DOI: 10.1111/1477-8947.12165.
Fu H and Yang X (2019) Effects of the south-north water diversion project on the water dispatching pattern and ecological environment in the water receiving area: A case study of the Fuyang River Basin in Handan, China. Water (Switzerland) 11(4): 1–12. DOI: 10.3390/w11040845.
Galaitsi S and Huber-lee A (2018) Where is the added value? Somerville MA, USA.
Ghassemi F and White I (2007) Inter-Basin Water Transfer: Case Studies from Australia, United States, Canada, China and India. 1st ed. Cambridge: Cambridge University Press.
Gichuki F and McCornick PG (2008) International Experiences of Water Transfers : Relevance to India. In: Amarasinghe UA; and Sharma BR (eds) Strategic Analyses of the National River Linking Project (NRLP) of India: Series 2. Colombo, Sri Lanka: International Water Management Institute, pp. 345–371.
Giordano M and Shah T (2014) From IWRM back to integrated water resources management. International Journal of Water Resources Development 30(3): 364–376. DOI: 10.1080/07900627.2013.851521.
Giupponi C and Gain AK (2017) Integrated spatial assessment of the water, energy and food dimensions of the Sustainable Development Goals. Regional Environmental Change 17. Springer Berlin Heidelberg: 1881–1893. DOI: 10.1007/s10113-016-0998-z.
Godden L and Ison R (2019) Community participation: exploring legitimacy in socio-ecological systems for environmental water governance. Australasian Journal of Water Resources 23(1): 45–57. DOI: 10.1080/13241583.2019.1608688.
Gohari A, Eslamian S, Mirchi A, et al. (2013) Water transfer as a solution to water shortage: A fix that can Backfire. Journal of Hydrology 491(1). Elsevier B.V.: 23–39. DOI: 10.1016/j.jhydrol.2013.03.021.
Griggs D, Stafford-Smith M, Gaffney O, et al. (2013) Sustainable development goals for people and planet. Nature 495(7441). 7441. Nature Publishing Group: 305–307. DOI: 10.1038/495305a.
Gumbo B and van der Zaag P (2002) Water losses and the political constraints to demand management: the case of the City of Mutare, Zimbabwe. Physics and Chemistry of the Earth, Parts A/B/C 27(11–22): 805–813. DOI: 10.1016/S1474-7065(02)00069-4.
Guo C, Chen Y, Gozlan RE, et al. (2020) Patterns of fish communities and water quality in impounded lakes of China’s south-to-north water diversion project. Science of The Total Environment 713: 136515. DOI: 10.1016/j.scitotenv.2020.136515.
Gupta J and van der Zaag P (2008) Interbasin water transfers and integrated water resources management: Where engineering, science and politics interlock. Physics and Chemistry of the Earth 33(1–2): 28–40. DOI: 10.1016/j.pce.2007.04.003.
Guterres A (2016) United Nations Secretary-General’s Plan: Water Action Decade 2018-2028 -. United Nations. Available at: https://wateractiondecade.org/wp-content/uploads/2018/03/UN-SG-Action-Plan_Water-Action-Decade-web.pdf.
Hagemann N and Kirschke S (2017) Key Issues of Interdisciplinary NEXUS Governance Analyses: Lessons Learned from Research on Integrated Water Resources Management. Resources 6(1): 9. DOI: 10.3390/resources6010009.
Hart C (2018) Doing a Literature Review: Releasing the Research Imagination (ed. M Steele). 2nd ed. London: Sage Publications Limited.
Higgins S, Overeem I, Rogers K, et al. (2018) River linking in India: Downstream impacts on water discharge and suspended sediment transport to deltas. Elem Sci Anth 6(1). DOI: 10.1525/elementa.269.
Hirji R (1998) Inter-Basin Water Transfers - Emerging Trends. In: Environment Matters. Washington, DC: World Bank Group. Available at: http://documents.worldbank.org/curated/en/908001468317996883/Inter-basin-water-transfers-emerging-trends.
Howe CW and Easter KW (1971) Interbasin Transfers of Water: Economic Issues and Impacts. Baltimore, London and New York: The johns Hopkins University Press. DOI: 10.1016/0022-1694(72)90047-9.
Islar M and Boda C (2014) Political ecology of inter-basin water transfers in Turkish water governance. Ecology and Society 19(4): 1–8. DOI: 10.5751/ES-06885-190415.
Iyer RR (1998) Water Resource Planning Changing Perspectives. Economic and Political Weekly 33(50): 3198–3205.
Katz D (2016) Undermining Demand Management with Supply Management: Moral Hazard in Israeli Water Policies. Water 8(4): 159. DOI: 10.3390/w8040159.
Khatebasreh M and Gholami M (2019) Water Transfer, A Solution for Water Shortage ? Journal of Environmental Health and Sustainable Development 4(2): 727–728. DOI: 10.18502/jehsd.v4i2.1051.
Khosla A (2006) Interlinking of Rivers in India: Overview and Ken-Betwa Link - (Forward) (eds Y k Alagh, G Pangare, and B Gujja). 1st ed. New Delhi: Academic Foundation.
Kibiiy J and Ndambuki J (2015) New criteria to assess interbasin water transfers and a case for Nzoia-Suam/Turkwel in Kenya. Physics and Chemistry of the Earth 89–90: 121–126. DOI: 10.1016/j.pce.2015.08.005.
Kidd M and Quinn NW (2005) Public participation in the governance of international freshwater resources. In: Bruch C, Jansky L, Nakayama M, et al. (eds) Public Participation in the Governance of International Freshwater Resources. Tokyo, New York and Paris: United Nations University Press, pp. 156–168.
Kirchherr J and Charles KJ (2016) The social impacts of dams: A new framework for scholarly analysis. Environmental Impact Assessment Review 60: 99–114. DOI: 10.1016/j.eiar.2016.02.005.
Kottek M, Grieser J, Beck C, et al. (2006) World Map of the Köppen-Geiger climate classification updated. Meteorologische Zeitschrift: 259–263. DOI: 10.1127/0941-2948/2006/0130.
Krueger K, Segovia F and Toubia M (2007) Assessment of the India River Linking Plan: a closer look at the Ken-Betwa pilot link. Available at: http://rivers.snre.umich.edu/ganga/Ken_Betwa_project.pdf.
Kumar N and Verma A (2020) Inter-basin Water Transfer and Policies of Water Resource Management. Environmental Concerns and Sustainable Development: 257–274. DOI: 10.1007/978-981-13-5889-0_13.
Kundzewicz ZW, Krysanova V, Benestad RE, et al. (2018) Uncertainty in climate change impacts on water resources. Environmental Science & Policy 79: 1–8. DOI: 10.1016/j.envsci.2017.10.008.
Lach D, Rayner S and Ingram H (2005) Taming the waters: strategies to domesticate the wicked problems of water resource management. International Journal of Water 3(1): 1. DOI: 10.1504/IJW.2005.007156.
Lafreniere KC, Deshpande S, Bjornlund H, et al. (2013) Extending stakeholder theory to promote resource management initiatives to key stakeholders: A case study of water transfers in Alberta, Canada. Journal of Environmental Management 129: 81–91. DOI: 10.1016/j.jenvman.2013.06.046.
Leuven RSEW, van der Velde G, Baijens I, et al. (2009) The river Rhine: a global highway for dispersal of aquatic invasive species. Biological Invasions 11(9): 1989. DOI: 10.1007/s10530-009-9491-7.
Liu C and Ma LJC (1983) Interbasin Water Transfer in China. Geographical Review 73(3): 253–270.
Liu H, Heng Di, Yuefei Huang, et al. (2020) Ecological effect assessment of Danjiangkou Water Source Area under the influence of Water Diversion Project. In: Integrated Modelling of the Interactions between Water and the Ecosphere, 2020. MDPI. DOI: 10.3390/ECWS-5-08015.
Liu J., Yang H, Cudennec C, et al. (2017) Challenges in operationalizing the water–energy–food nexus. Hydrological Sciences Journal 62(11). Taylor & Francis: 1714–1720. DOI: 10.1080/02626667.2017.1353695.
Liu Junguo, Yang H, Gosling SN, et al. (2017) Water scarcity assessments in the past, present, and future. Earth’s Future 5(6): 545–559. DOI: https://doi.org/10.1002/2016EF000518.
Liu J, Li M, Wu M, et al. (2020) Influences of the south–to-north water diversion project and virtual water flows on regional water resources considering both water quantity and quality. Journal of Cleaner Production 244: 118920. DOI: 10.1016/j.jclepro.2019.118920.
Liu Y, Wang M, Webber M, et al. (2020) Alternative water supply solutions: China’s South-to-North-water-diversion in Jinan. Journal of Environmental Management 276: 111337. DOI: 10.1016/j.jenvman.2020.111337.
Lopez RR, Boelens R, Vos J, et al. (2019) Hydrosocial territories in dispute: Flows of water and power in an interbasin transfer project in Bolivia. Water Alternatives 12(1): 267–2842031.
Loucks DP, van Beek E, Stedinger JR, et al. (2005) Water Resources Systems Planning and Management: An Introduction to Methods, Models and Applications. Paris: United Nations Educational, Scientific and Cultural Organization.
Lund JR (2012) Provoking More Productive Discussion of Wicked Problems. Journal of Water Resources Planning and Management 138(3): 193–195. DOI: 10.1061/(ASCE)WR.1943-5452.0000190.
Lund JR and Israel M (1995) Water transfer in water resources systems. Journal of Water Resource Planning and management 121(2): 193–204.
Ma Y, Chang J, Guo A, et al. (2020) Optimizing Inter-basin water transfers from multiple sources among interconnected River basins. Journal of Hydrology 590: 125461. DOI: 10.1016/j.jhydrol.2020.125461.
Madrid C, Cabello V and Giampietro M (2013) Water-Use Sustainability in Socioecological Systems: A Multiscale Integrated Approach. BioScience 63(1): 14–24. DOI: 10.1525/bio.2013.63.1.6.
Madrigal JG, van der Zaag P and Cauwenbergh N (2018) A half-baked solution: drivers of water crises in Mexico. Proceedings of International Association of Hydrological Sciences (IAHS) 376: 57–62. DOI: https://doi.org/10.5194/piahs-376-57-2018.
Martin J (2000) The Development of Modern Agriculture: British Farming since 1931. Springer.
Matete M and Hassan R (2006) Integrated ecological economics accounting approach to evaluation of inter-basin water transfers : An application to the Lesotho Highlands Water Project. Ecological Economics 60(1): 246–259.
McCully P (2001) Silenced Rivers: The Ecology and Politics of Large Dams. 2nd ed. New York: Zed Books.
McDonald RI, Weber K, Padowski J, et al. (2014) Water on an urban planet: Urbanization and the reach of urban water infrastructure. Global Environmental Change 27(1): 96–105. DOI: 10.1016/j.gloenvcha.2014.04.022.
McGrane SJ, Acuto M, Artioli F, et al. (2019) Scaling the nexus: Towards integrated frameworks for analysing water, energy and food. The Geographical Journal 185(4): 419–431. DOI: https://doi.org/10.1111/geoj.12256.
Meador MR (1992) Inter-basin Water Transfer: Ecological Concerns. Fisheries 17(2): 17–22. DOI: 10.1577/1548-8446(1992)017<0017:IWTEC>2.0.CO;2.
Mehta D and Mehta NK (2018) Interlinking of Rivers in India: Issues & Challenges. Geo-Eco-Marina 19: 137–144.
Mekonnen MM and Hoekstra AY (2011) National water footprint accounts: The green, blue and grey water footprint of production and consumption Volume 1 Main Report. Value of Water Research Report Number 50. Delft, The Netherlands: UNESCO-IHE Institute for Water Education.
Micklin PP (1984) Inter-basin water transfers in the United States. International Journal of Water Resources Development 2(2–3): 37–65. DOI: 10.1080/07900628408722314.
Montoya D (2010) Water: regulatory frameworks in rural NSW. 4/2010, Briefing Paper. Sydney, N.S.W.: NSW Parliamentary Library Research Service.
Muller M (1999) Inter-basin water sharing to achieve water security - a South African perspective. In: Proceedings of the International Workshop: a contribution to the World Water Vision Consultation Process, Technical Documents in Hydrology (No. 28) (eds JJ Bogardi, S Bruk, C Vienot, et al.), Paris, 1999, pp. 61–70. International hydrological programme (IHP-V). UNESCO.
Murcia MEM (2020) International Comparative Analysis of Regulations for Water Markets and Water Banks. In: Vieira E de O, Sandoval-Solis S, Pedrosa V de A, et al. (eds) Integrated Water Resource Management: Cases from Africa, Asia, Australia, Latin America and USA. Cham: Springer International Publishing, pp. 45–58. DOI: 10.1007/978-3-030-16565-9_5.
Nagler PL, Doody TM, Glenn EP, et al. (2016) Wide-area estimates of evapotranspiration by red gum (Eucalyptus camaldulensis) and associated vegetation in the Murray-Darling River Basin, Australia. Hydrological Processes 30(9): 1376–1387. DOI: 10.1002/hyp.10734.
Najlis P and Edwards A (1991) The International Drinking Water Supply and Sanitation Decade in retrospect and implications for the future. Natural Resources Forum 15(2): 110–117. DOI: https://doi.org/10.1111/j.1477-8947.1991.tb00121.x.
Narain V (2000) India’s water crisis: the challenges of governance. Water Policy 2(6): 433–444. DOI: 10.1016/S1366-7017(00)00018-0.
Ostrom E (2009) Beyond markets and states: Polycentric governance of complex economic systems. Nobel Lectures: Economic Sciences: 2006 - 2010: 171–176. DOI: 10.1142/9789814635585_0004.
Oud E (2002) The evolving context for hydropower development. Energy Policy 30(14). Hydropower, Society, and the Environment in the 21st Century: 1215–1223. DOI: 10.1016/S0301-4215(02)00082-4.
Parish ES, Kodra E, Steinhaeuser K, et al. (2012) Estimating future global per capita water availability based on changes in climate and population. Computers and Geosciences 42: 79–86. DOI: 10.1016/j.cageo.2012.01.019.
Pasi N (2012) Rethinking water resources management, governance, and decision-making: a case study of interlinking of rivers project, India. State University of New York, Syracuse, New York.
Pasi N and Smardon R (2012) Inter-linking of Rivers: a solution for water crises in India or a decision in doubt? (Policy analysis). The Journal of Science Policy & Governance 2(1): 1–42.
Patekar M and Parekh P (2006) Critique of Ken-Betwa feasibility report: resettlement, rehabilitation and environmental aspects. 1st ed. In: Alagh Y k, Pangare G, and Gujja B (eds). New Delhi: Academic Foundation, pp. 157–164.
Petit O (2016) Paradise lost? The difficulties in defining and monitoring Integrated Water Resources Management indicators. Current Opinion in Environmental Sustainability 21: 58–64. DOI: 10.1016/j.cosust.2016.11.006.
Pflieger G and Bréthaut C (2018) Water Resources Management and Policy - Course by University of Geneva. Available at: https://www.coursera.org/learn/water-management (accessed 2 June 2019).
Pittock J, Meng J, Geiger M, et al. (2009) Interbasin water transfers and water scarcity in a changing world - a solution or a pipedream? - a discussion paper for a burning issue. Interbasin water transfers and water scarcity in a changing world - a solution or a pipedream? Frankfurt am Main, Germany. DOI: 10.1080/14634989808656912.
Pohlner H (2016) Institutional change and the political economy of water megaprojects: China’s south-north water transfer. Global Environmental Change 38. Elsevier Ltd: 205–216. DOI: 10.1016/j.gloenvcha.2016.03.015.
Pueppke SG, Nurtazin ST, Graham NA, et al. (2018) Central Asia’s Ili River Ecosystem as a Wicked Problem: Unraveling Complex Interrelationships at the Interface of Water, Energy, and Food. Water 10(5): 541. DOI: 10.3390/w10050541.
Purvis L and Dinar A (2020) Are intra- and inter-basin water transfers a sustainable policy intervention for addressing water scarcity? Water Security 9: 100058. DOI: 10.1016/j.wasec.2019.100058.
Qu X, Chen Y, Liu H, et al. (2020) A holistic assessment of water quality condition and spatiotemporal patterns in impounded lakes along the eastern route of China’s South-to-North water diversion project. Water Research 185: 116275. DOI: 10.1016/j.watres.2020.116275.
Quinn F (1968) Water Transfers : Must the American West Be Won Again? Geographical Review 58(1): 108–132.
Rahaman MM and Varis O (2005) Integrated water resources management: evolution, prospects and future challenges. Sustainability: Science, Practice and Policy 1(1): 15–21. DOI: 10.1080/15487733.2005.11907961.
Rasul G and Sharma B (2016) The nexus approach to water–energy–food security: an option for adaptation to climate change. Climate Policy 16(6). Taylor & Francis: 682–702. DOI: 10.1080/14693062.2015.1029865.
Reed PM and Kasprzyk J (2009) Water Resources Management: The Myth, the Wicked, and the Future. Journal of Water Resources Planning and Management 135(6). American Society of Civil Engineers: 411–413. DOI: 10.1061/(ASCE)WR.1943-5452.0000047.
Richter BD, Postel S, Revenga C, et al. (2010) Lost in development ’s shadow : the downstream human consequences of dams. Water Alternatives 3(2): 14–42.
Rogers S, Chen D, Jiang H, et al. (2020) An integrated assessment of China’s South–North Water Transfer Project. Geographical Research 58(1). DOI: 10.1111/1745-5871.12361.
Roser M, Ritchie H and Ortiz-Ospina E (2013) World Population Growth. Our World in Data. Available at: https://ourworldindata.org/world-population-growth (accessed 25 February 2021).
Sayan RC, Nagabhatla N and Ekwuribe M (2020) Soft Power, Discourse Coalitions, and the Proposed Interbasin Water Transfer Between Lake Chad and the Congo River. 13(3): 27.
Schmidt BV, Wang Z, Ren P, et al. (2020) A review of potential factors promoting fish movement in inter‐basin water transfers, with emergent patterns from a trait‐based risk analysis for a large‐scale project in china. Ecology of Freshwater Fish 29(4): 790–807. DOI: 10.1111/eff.12530.
Seeger M (2014) Tibetan Water to Save China? In: Nüsser M (ed.) Large Dams in Asia: Contested Environments between Technological Hydroscapes and Social Resistance. Advances in Asian Human-Environmental Research. Dordrecht: Springer Netherlands, pp. 33–60. DOI: 10.1007/978-94-007-2798-4_3.
Sewell WRD (1984) Inter-basin water diversions: Canadian experiences and perspectives. International Journal of Water Resources Development 2(2–3): 7–35. DOI: 10.1080/07900628408722313.
Shah T, Amarasinghe UA and McCornick PG (2008) India’s River Linking Project: The State of the Debate. In: Proceedings of the Workshop on Analyses of Hydrological, Social and Ecological Issues of the NRLP (eds UA Amarasinghe and BR Sharma), 2008, pp. 1–22. International Water Management Institute.
Sheng J, Tang W and Webber M (2020) Can interbasin water transfer affect water consumption and pollution? Lessons from China’s SOUTH–NORTH water transfer project. Environmental Policy and Governance 30(6): 345–358. DOI: 10.1002/eet.1891.
Shiklomanov IA (1999) Water transfer as one of the most important ways to eliminate water resources deficits and to solve water management problems. In: Proceedings of the International Workshop: a contribution to the World Water Vision Consultation Process, Technical Documents in Hydrology (No. 28) (eds JJ Bogardi, S Bruk, C Vienot, et al.), Paris, 1999, pp. 203–210. International hydrological programme (IHP-V). UNESCO.
Shumilova O, Tockner K, Thieme M, et al. (2018) Global Water Transfer Megaprojects: A Potential Solution for the Water-Food-Energy Nexus? Frontiers in Environmental Science 6(December): 1–11. DOI: 10.3389/fenvs.2018.00150.
Simpson GB and Jewitt GPW (2019) The Development of the Water-Energy-Food Nexus as a Framework for Achieving Resource Security: A Review. Frontiers in Environmental Science 7. Frontiers. DOI: 10.3389/fenvs.2019.00008.
Singh S (2002) Taming the Waters: The Political Economy of Large Dams in India. 1st ed. Enviromental Science. New Delhi: Oxford University Press.
Sinha P (2017) An alternative approach to evaluating inter-basin water transfer links: A case study of the Inter-Linking of Rivers Project in India. Doctoral. Durham University. Available at: http://etheses.dur.ac.uk/12487/ (accessed 1 October 2018).
Sinha P, Rollason E, Bracken LJ, et al. (2020) A new framework for integrated, holistic, and transparent evaluation of inter-basin water transfer schemes. Science of The Total Environment 721: 137646. DOI: 10.1016/j.scitotenv.2020.137646.
Smakhtin V, Gamage N and Bharati L (2007a) Hydrological and Environmental Issues of Interbasin Water Transfers in India: A Case of the Krishna River Basin. 9788578110796. Colombo, Sri Lanka. DOI: 10.1017/CBO9781107415324.004.
Smakhtin V, Gamage N and Bharati L (2007b) Hydrological and Environmental Issues of Interbasin Water Transfers in India: A Case of the Krishna River Basin. IWMI Research Report 120. Colombo, Sri Lanka. DOI: 10.1017/CBO9781107415324.004.
Snaddon K and Davies B (2006) An Analysis of the Effects of Inter-Basin Water Transfers in Relation to the New Water Law. Available at: http://www2.fiu.edu/~glows/readings/Snaddon&Davies.pdf.
Sternberg T (2016) Water megaprojects in deserts and drylands. International Journal of Water Resources Development 32(2): 301–320. DOI: 10.1080/07900627.2015.1012660.
Swyngedouw E (1999) Modernity and Hybridity: Nature, Regeneracionismo, and the Production of the Spanish Waterscape 1890-1930. Annals of Associations of American Geographer 89(3): 443–465.
Tanner T, Lewis D, Wrathall D, et al. (2015) Livelihood resilience in the face of climate change. Nature Climate Change 5(1). 1. Nature Publishing Group: 23–26. DOI: 10.1038/nclimate2431.
Thakkar H and Chaturvedi BC (2006a) Ken-Betwa Link: Why it won’t click? Alagh Y k, Pangare G, and Gujja B (eds): 119–157.
Thakkar H and Chaturvedi BC (2006b) Ken-Betwa Link: Why it won’t click? 1st ed. In: Alagh Y k, Pangare G, and Gujja B (eds). New Delhi: Academic Foundation, pp. 119–157.
Thatte CD (2009) Review Essay: India’s Inter-Basin Water Transfer Plan, Not Really an ILR Plan. International Journal of Water Resources Development 25(3): 523–542. DOI: 10.1080/07900620902868927.
Tyralis H, Tegos A, Delichatsiou A, et al. (2017) A Perpetually Interrupted Interbasin Water Transfer as a Modern Greek Drama: Assessing the Acheloos to Pinios Interbasin Water Transfer in the Context of Integrated Water Resources Management. Open Water Journal 4(1): 113–128.
UNESCO (1999) Interbasin water transfer. In: Proceedings of the International Workshop: a contribution to the World Water Vision Consultation Process, Technical Documents in Hydrology (No. 28) (eds JJ Bogardi, S Bruk, C Vienot, et al.), 1999, pp. 1–224. International hydrological programme (IHP-V). UNESCO. Available at: http://unesdoc.unesco.org/images/0016/001610/161070mo.pdf.
UNESCO World Heritage Centre (2016) Linqu Canal. Available at: http://whc.unesco.org/en/tentativelists/5814/ (accessed 25 July 2016).
Urbinatti AM, Benites-Lazaro LL, Carvalho CM de, et al. (2020) The conceptual basis of water-energy-food nexus governance: systematic literature review using network and discourse analysis. Journal of Integrative Environmental Sciences 17(2). Taylor & Francis: 21–43. DOI: 10.1080/1943815X.2020.1749086.
van Gevelt T (2020) The water–energy–food nexus: bridging the science–policy divide. Current Opinion in Environmental Science & Health 13. Environmental Monitoring Assessment: Water-energy-food nexus: 6–10. DOI: 10.1016/j.coesh.2019.09.008.
Vedanayagam EG (1965) The Periyar-Vaigai Project (India) - A Geographical Appraisal of a Water Resource Developrnent. Available at: http://hdl.handle.net/1957/48131.
Victor L (2008) Systematic reviewing. Social Research Update (54): 1–4. DOI: ISSN: 1360-7898.
Wang M and Li C (2019) An institutional analysis of China’s South-to-North water diversion. Thesis Eleven 150(1): 68–80. DOI: 10.1177/0725513618822419.
Warner JF and Turton AR (2000) Adapting to water stress: what’s keeping us? A political-science perspective. In: Choosing the future conference, ’Christ the King, Oakwood, London, September 2000.
Wichelns D (2017) The water-energy-food nexus: Is the increasing attention warranted, from either a research or policy perspective? Environmental Science & Policy 69: 113–123. DOI: 10.1016/j.envsci.2016.12.018.
Wilson MC, Li X-Y, Ma Y-J, et al. (2017) A Review of the Economic, Social, and Environmental Impacts of China’s South–North Water Transfer Project: A Sustainability Perspective. Sustainability 9(8): 1489. DOI: 10.3390/su9081489.
World Commission on Dams (WCD) (2000) Dams and Development: a new framework for the decision-making. Sterling, VA.
World Economic Forum (2020) Global Risks Report 2020. Insight Report 15th edition. Geneva, Switzerland: World Economic Forum. Available at: http://www3.weforum.org/docs/WEF_Global_Risk_Report_2020.pdf.
World Resources Institute (2019) Aqueduct Global Maps 3.0 Data. Available at: https://www.wri.org/resources/data-sets/aqueduct-global-maps-30-data (accessed 29 March 2021).
WWF (2007) Pipedreams? Interbasin water transfer and water shortages. Global Freshwater Programme. Zeist: Netherlands: WWF. Available at: https://www.wwf.or.jp/activities/lib/pdf_freshwater/freshwater/pipedreams_27_june_2007_1.pdf.
Xu Z, Yao L and Long Y (2020) Climatic Impact Toward Regional Water Allocation and Transfer Strategies from Economic, Social and Environmental Perspectives. Land 9(11): 17.
Yang H and Zehnder AJB (2005) The South-North Water Transfer Project in China: An Analysis of Water Demand Uncertainty and Environmental Objectives in Decision Making. Water International 30(3): 339–349. DOI: 10.1080/02508060508691874.
Yi J, Guo J, Ou M, et al. (2020) Sustainability assessment of the water-energy-food nexus in Jiangsu Province, China. Habitat International 95: 102094. DOI: 10.1016/j.habitatint.2019.102094.
Yillia PT (2016) Water-Energy-Food nexus: framing the opportunities, challenges and synergies for implementing the SDGs. Österr Wasser- und Abfallw 68: 86–98. DOI: 10.1007/s00506-016-0297-4.
Zhang C, Wang G, Peng Y, et al. (2012) A Negotiation-Based Multi-Objective, Multi-Party Decision-Making Model for Inter-Basin Water Transfer Scheme Optimization. Water Resources Management 26(14): 4029–4038. DOI: 10.1007/s11269-012-0127-9.
Zhang E, Yin X, Xu Z, et al. (2018) Bottom-up quantification of inter-basin water transfer vulnerability to climate change. Ecological Indicators 92. Multi-Scale Ecological Indicators for Supporting Sustainable Watershed Management: 195–206. DOI: 10.1016/j.ecolind.2017.04.019.
Zhang Q (2009) The South-to-North Water Transfer Project of China: Environmental implications and monitoring strategy. Journal of the American Water Resources Association 45(5): 1238–1247. DOI: 10.1111/j.1752-1688.2009.00357.x.
Zhao P, Li Z, Zhang R, et al. (2020) Does water diversion project deteriorate the water quality of reservoir and downstream? A case-study in Danjiangkou reservoir. Global Ecology and Conservation 24: e01235. DOI: 10.1016/j.gecco.2020.e01235.
Zhao Yang, Niu C, Li X, et al. (2021) Fish diversity and resource status in the Yangxian Section of the Hanjiang River under the context of inter-basin water transfer. Biodiversity Science 29(3): 0. DOI: 10.17520/biods.2020158.
Zhou H, Liu J, Hua P, et al. (2020) Performance of water transfer in response to water environment issues in Wuxi, China. Environmental Science and Pollution Research 27(12): 13963–13975. DOI: 10.1007/s11356-020-07787-4.
Zhuang W (2016) Eco-environmental impact of inter-basin water transfer projects: a review. Environmental Science and Pollution Research 23(13): 12867–12879. DOI: 10.1007/s11356-016-6854-3.
Zhuang W, Ying SC, Frie AL, et al. (2019) Distribution, pollution status, and source apportionment of trace metals in lake sediments under the influence of the South-to-North Water Transfer Project, China. Science of the Total Environment 671. Elsevier B.V.: 108–118. DOI: 10.1016/j.scitotenv.2019.03.306.

