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• A systematic review and analysis of IBTs is
provided at a global scale.

• IBT projects inherently impact all three
pillars of sustainability.

• Results show two negative impacts for
each positive impact.

• IBTs have direct implications on achieving
the UN sustainable development goals.
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Inter-basin water transfer projects (IBTs) have significantly increased in number in recent decades due to the unremit-
ting need to solve the problem of global water imbalance. However, given the complex challenges inherent in imple-
menting and maintaining IBTs, there is a need to characterize the multi-faceted aspects of sustainability (or
unsustainability) that result from thesemegaprojects. Through a systematic review of the literature, we sought to iden-
tify and characterize the positive and negative impacts that most often influence the sustainability of IBTs, focusing on
impacts within the environmental, social, and economic pillars of sustainability. Based on an eligibility criterion, the
systematic review selected 68 documents out of an initial total of 1567 for information quality analysis and content
evaluation. The qualitative coding of the documents allowed us to characterize the landscape of impacts that result
from IBTs across the three pillars of sustainability. The study findings revealed that the most frequently coded positive
impacts related to the environmental pillar of sustainability, while the most frequently coded negative impacts related
to both social and environmental pillars. In addition, the most frequently coded positive impact overall related to the
economic benefits generated by the IBTs. Through a critical analysis of the study findings, we provide an assessment of
future IBTs with a focus on the UN sustainable development goals.
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1. Introduction

Although water has always been an essential resource for human devel-
opment and ecosystem conservation, this reality has only becomemore ap-
parent in recent decades due to population growth, economic growth, and
climate change. These realities pose a major problem for ecosystems within
river basins, as growing trends in consumption continue to deteriorate wa-
tersheds and aquatic systems (Sheng et al., 2020; Tien Bui et al., 2020).
However, water availability also depends on the climatic zone of the region,
which is related to the topography and geology of the area (Pereira et al.,
2009). The spatial variability in precipitation is clearly displayed in
Fig. 1, which the average annual global rainfall between 1901 and 2020
for different regions of the planet… We see that there are extreme cases
in North Africa, along with some sectors of South America and south-
central China, which show a considerable difference in precipitation levels
compared to places such as the Amazon in Brazil, southern China and most
areas in Southeast Asia. This global disparity in precipitation affects both
the human population and the natural ecosystem. Adapting to this natural
effect has led to the search for technical solutions that solve the lack of
water availability amidst growing demand.

Water scarcity is the lack of water availability to cover water needs for
human and environmental use (Grafton et al., 2014). This can be measured
in many ways, with one of the most common metrics being water stress in-
dicators. Fig. 2 summarizes the global water risk by country, based onwater
quantity and quality data obtained from the Global Resource Institute
(WRI). This represents the difference between water availability and de-
mand for human and environmental use, scored from 0 to 5 on an ascend-
ing scale of water risk. There are cases (e.g., China) where the main
problem is the high population density and the increasing use of water,
which exceeds the current availability generating an extremely high risk
of scarcity in some sectors. Conversely, there are places, such as North
and South Africa or southern America, that present deficiencies in the avail-
ability of water from the regions (Fig. 1) and geological and geographical
factors, generating extremely high levels ofwater risk, as indicated in Fig. 2.

A range of solutions has been sought to solve the growing demand for
water worldwide. These solutions have been studied, such as water desali-
nation (Kumar R et al., 2022; Manju and Sagar, 2017; Meerganz von
Medeazza, 2004; Tan et al., 2022), integrated and sustainable use of
water (Alberti et al., 2022; Issaoui et al., 2022; Uhlenbrook et al., 2022)
as well as inter-basin water transfer projects (IBT) projects (Sheng et al.,
2020; Shumilova et al., 2018; Zhang et al., 2015; Zhuang, 2016). Increas-
ingly, IBTs are emerging as a possible solution to water scarcity.

Water transfers between basins have been used for thousands of years to
alleviate water scarcity issues or provide water to areas where it is needed
(Zhuang, 2016). The first records of water transfer projects were in ancient
Babylon and the Egyptian civilization (Meador, 1992; Zhuang, 2016). IBTs
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have since been proposed as a solution to water shortages due to periods of
drought, climate change, population growth, and environmental con-
straints. These engineering works are used to increase water supply for ag-
riculture and residential, industrial, and hydroelectric generation, among
others (Zhang et al., 2015), to alleviate the imbalance between supply
and demand of water resources based on the high spatial variability of
water availability, which is seen throughout the globe (Fig. 2).

IBT projects aim to provide water through a collection system from a
donor basin, a transfer system that transports water, and a delivery system,
which usually has a reservoir to receive thewater in the receiving basin and
then distribute it to the receiving agents. In 2015, >160 major IBT projects
were implemented or under construction in 20 countries, including the
United States, Canada, Australia, India and China (Sheng et al., 2020;
Shumilova et al., 2018). Currently, there are a large number of IBTs that
have been the subject of numerous studies (Matchaya et al., 2019;
Mokorosi and van der Zaag, 2007; Morote et al., 2017; Wang et al.,
2021). Within these projects, some stand out above the rest by virtue of
their significant environmental and socio-cultural impacts resulting from
project, execution, operation and maintenance. Within the literature we
find many examples of negative, social, environmental, and economic im-
pacts resulting from IBT projects, such as: i) The Central Arizona Project
(CAP) in the USA, which presented considerable economic problems result-
ing from underutilization as a result of high water tariffs compared to other
water sources (Cheng, 2006; Hanemann, 2002; Yan-Jun, 2008); ii) The
Quebec Water Transfer Project in Canada, which imposed significant
socio-environmental impacts on indigenous populations as a result of relo-
cation and the anthropic pressure on tribal lands (de Queiroz and Motta-
Veiga, 2012; Yan-Jun, 2008); and iii) the National River Linking project
in India, which lost important terrestrial habitats to flooding, thereby re-
ducing the local diversity of flora and fauna (Ghassemi and White, 2007;
Zhuang, 2016). However, perhaps the most notable exemplar of IBT im-
pacts is the South-North Water Transfer Project (SNWTP) in China,
known as the largest hydraulic project in the world. Despite its large invest-
ment, SNWTP was not exempt from environmental, social and economic
problems such as the high price of transferred water or the significant de-
crease in the flow of the Hanjiang River resulting from high water extrac-
tion (Sheng et al., 2020; Zhuang, 2016).

Current water needs require balanced development among the environ-
mental, social and economic pillars of sustainability. In 2015, the United
Nations developed the sustainable development goals (SDGs) as a universal
call to promote actions that, beyond fulfilling the primary purposes of end-
ing poverty, protect the planet and maintain a balance between the three
pillars of sustainability (United Nations, 2018). Within the framework of
this research, the definition of a successful IBT project is ultimately one
that is sustainable, where, per the definition by the Brundtland Report
(1987), “sustainable development is what meets the needs of the present



Fig. 1. Global map of annual average rainfall based on The gridded Climatic Research Unit (CRU) Time-series (TS) data version 4.05. Data range from 1901 to 2020 and are
provided on high-resolution grids (0.5 × 0.5 degrees). https://catalogue.ceda.ac.uk/uuid/c26a65020a5e4b80b20018f148556681 (last access: 11/08/2022).
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generation without compromising the ability of future generations to meet
their own needs” (Brundtland, 1987; Bastida-Molina et al., 2022;
Bonnedahl et al., 2022; Sarkodie, 2022). A sustainable IBT project therefore
continually meets its technical and economic objectives while promoting a
contribution to the social environment without generating permanent im-
pacts on the ecological environment.
Fig. 2. Global map showing the overall water risk baseline obtained with data from th
https://www.wri.org/data/aqueduct-global-maps-30-data (last access: 11/08/2022).
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Based on the above, our general research hypothesis is that the success
or failure of an IBT can be evaluated in terms of sustainability as a means to
identify the most influential components within project design and execu-
tion, elucidating strategies and anticipated impacts for future projects.
Using a systematic literature review approach, our research aimed to
identify and characterize the different social, environmental, and economic
e World Resource Institute (WRI). Data Source: Aqueduct Global maps 3.0, 2019.

https://www.wri.org/data/aqueduct-global-maps-30-data
https://catalogue.ceda.ac.uk/uuid/c26a65020a5e4b80b20018f148556681
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impacts of large-scale IBTs projects around theworld. In doing so, this work
aimed to evaluate the current sustainability landscape of IBTs to inform pol-
icy and practice that maximizes the likelihood of environmental, economic,
and social sustainability of future water transfer projects.

2. Material and methods

The research methodology used in this study consisted of the following
three stages for document analysis shown in Fig. 3: (1) Document collection
and systematic analysis; (2) Document processing based on three inclusion
criteria; and (3) Document analysis. In the first stage, document collection
was performed for the systematic review, corresponding to the first sample
of documents gathered prior to the screening phase to obtain an exhaustive
list of IBT literature based on a keyword search equation. The second stage
entailed processing these documents based on three eligibility criteria
which matched the results of the first stage with the objectives of the inves-
tigation. Finally, the third stage focused paired an assessment of informa-
tion quality with a detailed content analysis aimed at rigorously
extracting information from the documents related to the three pillars of
IBT project sustainability. We describe each stage of this research process
in more detail below.

2.1. Stage 1: search strategy for systematic literature review (SLR)

A systematic literature review (SLR) aims to provide an exhaustive and
objective synthesis of the available evidence, in which a determination and
extraction of quantitative and qualitative aspects of original studies are per-
formed. In this study, an SLR was developed according to the Cochrane
guidelines called Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (Page et al., 2021), using three selection criteria:
(i) Duplicates; (ii) Title and keywords; and, (iii) Abstract and full-text.
First, the databases were defined, corresponding to Web of Science and
Scopus. The publications were imported and managed in Microsoft Excel
2021 (from here on, referred to as Excel) during the screening process.
The database search used a Boolean-based equation defined as: Inter-basin
water transfer OR Inter-basin water diversion OR Water transfer OR integrated
water resource management) AND Sustainability OR Sustainable. Specific IBT
technologies or techniques (i.e., piped distribution or bulk water supply)
were not explicitly referencedwithin the search equation in order to ensure
a broader survey of global water transfer projects. Documents written in
Fig. 3. Methodological diagram used in the research, according to three stages: 1. Data
analysis.
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English and Spanish were selected only, requiring that abstracts and key-
words were written in English.

In terms of the search equation, the keywords were categorized into two
groups. First, the definition keywords represented the concept of water
transfer between basins associated with an engineering project. Second,
the objective keywords represented the focus of the documents to include
in the analysis of this study, corresponding to positive and negative impacts
on the three pillars of project sustainability. The keywords used in this
research regarding the definition of IBTs were: inter-basin water transfer;
inter-basin water diversion; and, water transfer. Finally, the keywords
referring to more general aspects of project sustainability were: integrated
water resource management; sustainability; and, sustainable. The search
equation was formulated to obtain literature that considered the transfer
of water between basins in conjunction with the aspects of sustainability,
so the use of the “AND” connector represented the intention to incorporate
sustainability dimensions into related studies on water transfer.

2.2. Stage 2: screening and eligibility criteria

Literature included in the systematic review were constrained to works
published between 1990 and 2021. The identified documentswere selected
based on their title, keywords, and abstract for both databases. In addition,
theywerefiltered by document type, includingfive types: article, review ar-
ticles, conference paper, proceedings paper, and early access (this dataset
will be called documents).

The first criterion of the SLR was the elimination of duplicates
between the two databases. The results obtained in the bibliographic
search were exported from the web pages of Scopus and Web of science
as a CSV file, including the following information: title, keywords,
abstract, authors, year of publication, DOI, the language of the official
document, and journal information. For the first criterion, title, authors,
year of publication and journal were used. They were classified and
compared in alphabetical order of titles and grouped by year of publica-
tion.

The second criterion was the classification and deletion of documents
according to title and keywords. The objective of this criterion was to
classify documents using a numerical system based on the relationship
between their title and the central theme of the research, corresponding
to water transfer projects between basins. The used classification system
is detailed as follows:
collection for systematic review; 2. Data processing based on three criteria; 3. Data
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• Number 1 (n°1): Documents that refer to water transfer in the title textu-
ally and without confusing interpretation.

• Number 2 (n°2): Documents that do not refer to water transfer in the title
but relate to water transfer in the abstract.

• Number 3 (n°3): Documents not directly related to water transfer in the
title and not related to the research topic.

The keywords were used to facilitate an unbiased choice of documents
that do not refer to water transfer in the title. This criterion was carried out
by two authors (Manuel Faúndez (MF) andMarco Soto (MS)), independently,
following a protocol of discordances. For those documents where the classifi-
cation did not coincide, the arguments and assessments to reach a mutual
agreement were presented by both parties. An agreement was reached
through a statement of criteria and arguments between the two parties in
the case where the criterion yielded documents that were ambiguously re-
lated to water transfer. The third criterion was used to classify all documents
in category two of the second criterion (title and keywords). Those docu-
ments that did not refer to water transfer explicitly in the title were subjected
to the third categorization criterion where, after reading the abstract, the eli-
gibility process was completed. The classification was automated using MS
Excel, searching for at least one of five keywords considered a minimum re-
quirement. The words chosen were: inter-basin water transfer; inter-basin
water project; water transfer project; water transfer; and, water diversion.
Documents that did not contain any of these five words in the abstract were
automatically discarded, classifying them as Number 3.

2.3. Stage 3: data analysis

All thefinal documentswere subjected to a quality assessment that eval-
uated the potential informative contribution of the studies selected in the
Fig. 4. Report Elements for Systematic Literature Reviews (PRISM
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SLR. A model was created based on the bias risk assessment typically
used in meta-analysis and systematic review articles, using a design of
three categories of answers (yes, no, and unclear) that addressed a series
of questions for study relevance (Petermann-Rocha et al., 2022; Xia et al.,
2021; Zare Sakhvidi et al., 2022). The questions were: (1) Does the study
take a social perspective on sustainability? (2) Does the study take an eco-
nomic perspective on sustainability? (3) Does the study take an environ-
mental perspective on sustainability? (4) Is it a quantitative study? (5) Is
at least one of the study cases in the document considered a transfer mega-
project (as defined by Shumilova et al. (2018)? “yes” response was consid-
ered as a highly informative study, “no” for a low-informative one, and
“unclear” when the information provided is not sufficient to classify the
study within the two previous responses. Two authors performed the anal-
yses in cases where a clear response was not evident. Finally, the evaluated
sample determined the document's quality with respect to the information
sought by this research to extract social, environmental and economic im-
pacts that affect the sustainability of water transfer projects. We considered
a representative sample for the investigation in case to obtain >50 % of
“yes” responses (on average).

The qualitative coding analysis of sustainability impacts was facilitated
with the qualitative analysis tool Dedoose (Dedoose, 2021). The content
analysis, performed by the qualitative coding of the documents, aimed to
identify and classify the positive or negative impacts –whether social, envi-
ronmental, or economic – generated by the IBTs. These impacts, whether
positive or negative, were assumed to exist in isolation; that is, no correla-
tions or indirect connections were considered between positive and nega-
tive IBT project impacts.

A codebook of parent and child codes was developed to characterize
and store text excerpts containing the positive and negative impacts of
the IBTs. The codebook used in the research was developed deductively
by the five authors based on anticipated impacts and the relevant aspects
A) with the selection of documents included in this research.
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of social, environmental, and economic sustainability for engineering pro-
jects. The documents were evaluated individually with a focus on existing,
proposed or terminated transfer projects that would provide information on
actual project impacts, demonstrable on the basis of empirical evidence
provided by the analyzed documents or referenced documents where an
impact is cited. To this end, a three-level codebook was generated: i.) posi-
tive or negative IBT project impact(s); ii.) the sustainability pillar to which
it refers (environmental, economic, or social); and finally, iii.) the topic of
the project referenced in the coded text. We present an example of this cod-
ing process in Table S1 in Supplementary Materials.

3. Results

Below we provide a summary of the results obtained from the afore-
mentioned stages of the SLR employed in this study, as well as those that
emerged from the content analysis of positive and negative impacts from
IBT projects.

3.1. Systematic literature review

707 documents were obtained via Web of Science, 850 documents were
obtained from Scopus, and 10were identified in other sources. This provided
1567 documents in total ranging from January 1990 to November 2021. The
first criterion for eliminating duplicates reduced the documents from 1567 to
1088 (479 duplicates, Fig. 4). Years 2018, 2019, and 2020 produced the
highest number of documents, 99, 98, and 112 documents, respectively. Doc-
uments from 1990 to 2000 contributed only 22 documents (Fig. 5).

The second criterion classified the documents in the previously men-
tioned numerical format of three options (n°1, 2 and 3), based on document
titles, keywords, and abstracts. A total of 900 documents classified as n°3
(unqualified) were rejected (outside the investigation) due to their lack of
connection with the subject matter. 60 documents were classified as n°1
(qualified, water transfer mentioned in title) and 128 documents were clas-
sified as n°2 (qualified, water transfer mentioned in abstract). According to
the results, 82.7 % of the total documents were eliminated because many
documents were included in the first search (related to water transfer),
but with the general theme of integrated water resources management
(IWRM). The abstract criterion's results discarded a total of 120 documents,
leaving 8 selected for the content study. Finally, 80 documents were ob-
tained that passed the eligibility criteria made in the SLR. An additional
12 were deleted at the full-text reading stage due to language and deviation
from the subject matter in the body of the report. Through this filtering
Fig. 5. Distribution by year of the documents without duplicates obtained from the
search equation (blue, n total = 1088) and the documents selected for the
evaluation of the informative quality and the content analysis (green, n total= 68).

6

process, a total of 68 documents were analyzed in the content analysis
and the quality information assessment (see Table S2 of the supplementary
material). In general, the low number of documents selected allowed us to
concentrate on those case studies that, beyond studying the IBTs, consider
sustainability as one of the central themes within the research.

3.2. Assessment of document quality and relevance

The results of this analysis are presented graphically in Fig. 6 (the eval-
uation of the 68 documents based on the five aforementioned evaluation
questions (Section 2.3) are presented in the supplementary material:
Table S4. Questions 1 and 2, concerning the social and economic perspec-
tive of the studies, showed the lowest number of highly informative docu-
ments with a total percentage of 60.3 % and 52.9 %, respectively.
Question 3, corresponding to the environmental pillar of sustainability, re-
vealed the most significant number of highly informative documents with
88.2%, indicating that the environmental pillar was a focal point for study-
ing the impact of IBT projects. Question 4, which evaluated the quantitative
nature of the study, obtained a total of 64.7% for highly informative, show-
ing that more than half of the selected documents had a quantitative justi-
fication for the evidence of project impact. Question 5 evaluates the size
of the case study for each document, following the criteria proposed by
Shumilova et al. (2018), classifying them as water transfer projects and
megaprojects, where 67.7 % of the selected documents contained at least
one megaproject in the case/s study. In general, a very low proportion of
documents were considered “unclear” in any of the five evaluated aspects
of information quality. There was a 1.5 % lack of clarity in questions from
1 to 4, and 14.7 % in Question 5. This is because, in some documents, little
information was provided regarding the characteristics of the IBTs studied.
Overall, we see that the sample taken is representative to extract evidence
regarding the impacts generated by IBTs worldwide, having >50 % of
highly informative character in each of the five questions posed, obtaining
an overall average of 66.8 % for highly informative.
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Fig. 6. General evaluation of the informative quality of the model based on the risk
assessment of bias in meta-analyses and systematic type reviews (Hoy et al., 2012;
Petermann-Rocha et al., 2022; Xia et al., 2021; Zare Sakhvidi et al., 2022). The
questions were: (1) Does the study take a social perspective on sustainability?
(2) Does the study take an economic perspective on sustainability? (3) Does the
study take an environmental perspective on sustainability? (4) Is it a quantitative
study? (5) Is at least one of the study cases in the document considered a transfer
megaproject?



Table 2
Results of the codebook in the content analysis (n total = 107 extracts).

 # of Codes Percentage % 
Pillar of 
Sustainability 

Posi�ve Nega�ve Varia�on1 Posi�ve Nega�ve Varia�on2 

Environmental 16 35 - 19 14.9 32.7 -54% 
Economic 11 8 + 3 10.3 7.5 38% 
Social 9 28 - 19 8.4 26.2 -68% 
Total 36 71 - 35 33.6 66.4 -49% 

1Variation calculated as (positive – negative).
2Percentage variation calculated as [(positive – negative)/negative] × 100.
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3.3. Content analysis

A total of 107 extracts distributed in 41 codes (13 positive impact cate-
gories and 28 negative impact categories, see detailed results in Table 1)
emerged from the coding analysis of the documents. We sought to keep
the designation of positive or negative sustainability impacts within the
68 documents as objective as possible by explicitly considering impacts
stated by the document's authors. These analyses revealed 36 extracts refer-
ring to positive and 71 to negative impacts. Table 2 presents the distribu-
tion of positive and negative codes presented as a total count and
percentage of coded extracts.

The impacts associated with the unsustainability of an IBTs were more
frequently presented in the documents selected by the systematic review,
obtaining approximately double the negative impacts related to the three
pillars of sustainability. Results show that the success of an IBT is mainly
tied to the economic pillar of sustainability, surpassing the extracts that en-
hance the failure, evidencing the high efficiency of these projects to
Table 1
Codes obtained from the content evaluation carried out on the 68 selected articles
(n_codes = 41, n_extracts = 107). Impacts must be explicitly and directly associ-
ated with an IBT project.

1. SUCCESS IMPACTS EXTRACTS

1.1. Environmental (success) 16
1.1.1 Benefits to the natural ecosystem 5
1.1.2 Benefits of hydrological connectivity 2
1.1.3 Benefits of flow control 1
1.1.4 Dilution in water quality deterioration 1
1.1.5 Mitigation of river drought 3
1.1.6 Mitigate groundwater overturn 3
1.1.7 Mitigate water scarcity in critical basins 1

1.2. Economy (success) 11
1.2.1 Economic benefits level Country 6
1.2.2 Allow economic development based on profits 4
1.2.3 Transfer cheaper than desalination 1

1.3. Social (success) 9
1.3.1 Benefits in agriculture 3
1.3.2 Good compensation for impacts 1
1.3.3 Guarantee of water supply 5

2. FAILURE IMPACTS EXTRACTS
2.1. Environmental (failure) 35

2.1.1 Increased evapotranspiration in the receiving basin 1
2.1.2 Water level rise in receiving areas 2
2.1.3 Changes in the natural cycle of river basins 3
2.1.4 Changes in the nature of rivers 5
2.1.5 Contamination of transbasin water 7
2.1.6 Landslides and Effects in Channels 3
2.1.7 greenhouse gas emissions 1
2.1.8 Lack of environmental impact assessment 1
2.1.9 Impacts on the marine ecosystem 6
2.1.10 Saltwater intrusion during transfer 2
2.1.11 soil salinization 3
2.1.12 Overfishing of aquaculture vessels 1

2.2. Economia (failure) 8
2.2.1 Damage to development capacity due to loss of

Ecosystem service value (ESV)
1

2.2.2 Demand provided below the supply 1
2.2.3 No consideration of cost-benefit uncertainty in

previous studies
1

2.2.4 problems with project quality and cost overruns 4
2.2.5 Cost overrun for land acquisition 1

2.3. Social (failure) 28
2.3.1 High price of transbasin water 7
2.3.2 Problems with compensatory measures for the

affected population
3

2.3.3 damage to the tourist environment 1
2.3.4 Impact on ethnic groups 1
2.3.5 Impacts in rural areas 2
2.3.6 Unequal participation of stakeholders 1
2.3.7 loss of water for locals 2
2.3.8 losses of fertile fields in agriculture 1
2.3.9 Affected population as indirect beneficiaries 2
2.3.10 Problems to the archaeological heritage 1
2.3.11 Relocation of the affected population 7
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promote the economic development of the country or the region (Fig. 7).
However, it also shows the low effectiveness and commitment to sustain-
able development in terms of social and environmental dimensions,
obtaining a high difference between the positive and negative extracts of
these two (Fig. 7).

Interestingly, our analyses reveal 50 %more negative impacts than pos-
itive impacts resulting from IBT projects, which translates to one positive
impact for every two negative impacts. This points to the immense chal-
lenge of achieving sustainability with IBT projects. We see that these asso-
ciated negative impacts are mostly related to the social and environmental
pillars of sustainability. Fig. 8 provides more details on the nature of the
positive and negative impacts of IBTs from our analysis. It shows the top-
ten positive impacts with the highest mention within the selected docu-
ments (33 of the 36 positive impact excerpts found, represented by green
horizontal bars), along with the top-ten negative impact codes with the
highest mention within the selected documents (48 of the 71 negative im-
pact excerpts found, represented by horizontal red bars).

Positive impacts mainly fell within the environmental sustainability pil-
lar (14.9 %, Fig. 7), representing the benefits of water transfer for both the
basin and the receiving agents. Examples of positive impacts included the
hydrological connectivity between basins thatmitigates the problem of het-
erogeneous distribution of water resources across previously isolated lakes
(Guo et al., 2020; Xu et al., 2018), the benefit of flow control, which can
avoid degrading the water quality in the rivers under low flow conditions
(Liu et al., 2021)and the general drought mitigation (Jiang et al., 2020;
Qingtao et al., 1999; Soulsby et al., 1999). Positive impacts also included
the mitigation of groundwater overexploitation due to groundwater stress
dependence in the area (He et al., 2010; Rogers et al., 2020; Xu et al.,
2018) as well as benefits to natural ecosystems from improving multiple
wetlands, rehabilitation of natural vegetation, and restoration of damaged
ecosystems (Ding et al., 2020; He et al., 2010; Lu et al., 2006; Yu et al.,
2018) (see detailed results in Table 1). However, the most frequently
cited positive impact overall was the resultant economic benefit from
Fig. 7. Radial diagram showing the total number of impacts per sustainability pillar.
Total positive impactswere 36. Total negative impactswere 71. Total impacts n=107.



Fig. 8. Stacked bar graph of the 10 codes that most found references in the literature for positive and negative impacts. The horizontal axis corresponds to the number of
references.

Table 3
Summary of positive and negative case study extracts by country.

Country # of codes Overall

Positive Negative Cumulative Percentage %

Australia 1 0 1 0.93
Bangladesh 0 2 2 1.87
Bolivia 0 1 1 0.93
Brazil 0 2 2 1.87
China 23 44 67 62.62
England 2 0 2 1.87
France 0 3 3 2.80
Iran 0 2 2 1.87
Japan 0 1 1 0.93
Libya 1 0 1 0.93
Nepal 0 3 3 2.80
South Africa 6 3 9 8.41
Spain 3 5 8 7.48
Thailand 0 1 1 0.93
USA 0 3 3 2.80
Yemen 0 1 1 0.93
Total 36 71 107 100 %
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IBTs at the country level, increasing the gross domestic product (GDP) of
countries such as China, USA, or Spain, countries where thesemegaprojects
are mostly developed. For example, the SNWTP in China stimulated eco-
nomic development which allowed the country to maintain the economic
growth rate of 8.5 % and generated in increase in the country's GDP of
more than $75 billion per year by 2020 (Feng et al., 2007). In contrast,
the extracts referring to the social benefits of the project (8.4 %, Fig. 7)
were the least mentioned, showing that despite being initiatives aimed at
redistributing a resource that would directly benefit society, economic
and environmental impacts are more frequently the metric cited for project
sustainability. Conversely, the highest number of references to negative im-
pacts related mostly on the environmental pillar (32.7 %) and social pillar
(26.2%. including problemswith relocation policies of the affected popula-
tion (He et al., 2010; Purvis and Dinar, 2020; Wang et al., 2021; Zhao et al.,
2017), the high price of transferred water (Laurenceau et al., 2020; Luo and
Webber, 2020; Sheng et al., 2020; Wang et al., 2012; Yu et al., 2018), pol-
lution during water transfer (Cheng and Song, 2009; Hao et al., 2018; Liu
et al., 2021; Wilson et al., 2017), and the impact on the marine ecosystem
and biodiversity (Ding et al., 2020; Divya et al., 2021; Guo et al., 2020;
Laurenceau et al., 2020; Purvis and Dinar, 2020; Yu et al., 2018) (see de-
tailed results in Table 1). These results indicate that the main impacts of
IBT unsustainability are not as strongly cited as or related to the economy.
This is consistentwith thefinding that themost cited positive impact relates
to economic benefits at the country level.

3.3.1. Spatial distribution of evidence
The 107 coded excerpts on IBT project sustainability impacts referred to

23 projects distributed in 16 countries around the world (Table 3). China
provided 62.6 % of the total coded excerpts on sustainability impacts (n
= 67), mainly due to the international importance of the South-North
8

Water Transfer Project (SNWTP), due to its size, scope, and potential for
both positive and negative social, environmental, and economic impacts.

In the case of coded impacts from Bangladesh, IBTs were identified
without further specification, so the name and characteristics of the project
were not obtainable. The codes fromAustralia referred to an irrigation area
fed by a transfer project, but the name and characteristics of the project
(s) were not specified. The rest of the 104 coded impacts were associated
with a project that had identifiable characteristics within the document or
its references. They were considered as the main features of each project:
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current status; project objective; transfer distance [km], transported flow
[km3/year] and estimated cost [trillion US$] (details of the projects and
their characteristics can be found in Table S3 of the supplementary mate-
rial). The data for each project were mainly extracted from the document
mentioning the coded impact and/or references to it. In addition, the data
published together with the article by Shumilova et al. (2018) were used
to complete the missing information. Overall, the most representative pro-
ject in the literature was the SNWTP, which generated numerous positive
impacts including improved hydrological connectivity, mitigation of
groundwater overturn, economic benefits, and guarantee of consistent
water supply. On the other hand, many negative impacts from the
SNWTP stand out in the literature, including the contamination of
transbasin water, deleterious impacts on the marine ecosystem, and dam-
age to development capacity due to a decline in ecosystem service value
(ESV) and a high price of transbasin water (Fig. 8).

Overall, the spatial distribution of the coded impacts is mainly concen-
trated in the Asian continent (77 extracts) due mainly to the high level of
investigation on the SNWTP (67 of the 77 extracts). As was seen for the
other projects, the SNWTP had twice as many negative impacts compared
to positive impacts. We visually present the spatial distribution of IBT pro-
jects in Fig. 9. In the Americas, there were 6 coded impacts in total (only
above Australia) distributed between Bolivia, Brazil, and the United
States, where it is noted that all were negative impacts. No coded impacts
were found from countries with regionally relevant economies such as
Chile, Mexico or Canada. In Africa, Europe and Australia, 10 (7 positive
and 3 negative), 13 (5 positive and 8 negative) and 1 (positive) impact
were identified, respectively (Fig. 9).
Legend
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Fig. 9. Spatial distribution map of the extracts by country, indicating the number of cod
negative impacts by country (circular graph representing positive impacts in green and
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Overall, we see that the distribution of referenced IBT project impacts is
uneven across the world, concentratingmainly on China. Only negative im-
pacts are concentrated in the Americas, distributed in three of the 57 coun-
tries that make up the continent. This indicates that not many projects are
documented in the literature and that there is little to no characterization
of these projects in terms of sustainability. Of the six negative impacts iden-
tified in the Americas, four correspond to negative effects on the social pil-
lar of sustainability, showing where the main problem of IBTs is
concentrated in these study areas. Conversely, in Libya, Australia, and En-
gland, only positive environmental and economic impacts were found, al-
though they are within the group that composes the least number of
coded impacts obtained with 0.93 % for Australia and Libya, and 1.87 %
for England.

3.3.2. Impacts excluding Chinese IBT projects
Because our study revealed a disproportionate number of IBT case stud-

ies for China, an analysis without China was performed. Table 4 compares
the distribution of impacts across the three sustainability pillars. From a
high level, we see a similar trend to what was found previously (i.e., with
twice as many codes associated with a negative impact compared to posi-
tive impacts). However, we see differences in how the nature and frequency
of impacts differ with respect to the three pillars. For example, themost sig-
nificant number of codes associated with positive impacts (when excluding
China from the analysis) centered on the economic pillar, leaving the envi-
ronmental pillar as the least mentioned. This shows the significant contri-
bution of environmental benefits obtained from the projects carried out in
China (mainly the SNWTP, having a greater transport capacity, distance
ed impacts (heat map with a scale from 0 to 67) and the distribution of positive and
negative impacts in red).



Table 4
Comparison of results obtained for total extracts vs extracts without considering China's project.

Analysis 1: Total of coded impacts
(n = 107)

Analysis 2: Codes excluding
Chineseprojects (n = 40)

Varia�on between 
the analyses [%]

Pillar of 
Sustainability Posi�ve Nega�ve Varia�on1 % Posi�ve Failure Varia�on1

% Posi�ve2 Nega�ve2

Environmental 16 35 -54% 2 10 -80% -88% -71%
Economy 11 8 38% 7 2 250% -36% -75%
Social 9 28 -68% 4 15 -73% -56% -46%
Total 36 71 -49% 13 27 -52% -64% -62%

1 Variation calculated as (positive – negative).
2 Percentage variation calculated as [(positive – negative)/negative].
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cost, and impacting a greater number of sectors and beneficiaries). For the
economic pillar, the gap between the codes associated with positive im-
pacts increased, resulting in 2.5 times more positive impacts referenced
than negative impacts (see Table 4). Finally, the social dimension has the
most cited negative impacts (n= 15, when excluding Chinese projects), in-
dicating that, more broadly, negative social impacts are the most detrimen-
tal to overall IBT project sustainability. The most frequently mentioned
negative impacts include the high price of transferred water, insufficient
compensatory measures, impacts on rural areas (e.g., erosion of the local
tax base, degradation of the formerly irrigated land, and threats to the eco-
nomic health and lifestyle of rural areas), and displacement and relocation
of the local population.

4. Discussion

The study results reveal a lack of research characterizing the positive
and negative impacts of IBT projects regarding social, environmental, and
economic sustainability. Out of a total of 1088 documents, only 68 were se-
lected under the three eligibility criteria that included only investigations
that focused on water transfer projects between basins and sustainability
or sustainability as a topic of focus. In addition, these studies only included
IBTs thatwere already implemented – excluding those projects thatwere ei-
ther not implemented or that are currently under construction. A study of
these future projects thus becomes an essential tool for future proposals
for water resources management. Below we offer additional observations
of the study findings as well as areas for further investigation.

4.1. 4.1. Implications of study findings on the UN Sustainable Development
Goals

A key focus of this study was on the positive or negative social, environ-
mental, and economic impacts of IBTs. Characterizing these impacts allows
us to thoughtfully map IBT impacts over many SDGs to evaluate how IBT
projects are situated within sustainable global development. For example,
a connection between IBTs on the SGDs relates first to SDG.6, which pro-
motes safe and affordable drinking water for all by 2030. Transfer projects
play a major role in water availability in civilization. However, many of the
impacts found in this study directly affect the quality of drinking water sup-
ply.Within the code “contamination in the transfer” are 7 extracts that refer
to water distribution for the SNTWP, which has the primary objective of
distributing drinking water to the cities of northern China. (Cheng and
Song, 2009; Ding et al., 2020; Hao et al., 2018; He et al., 2010; Liu et al.,
2020; Liu et al., 2021; Wilson et al., 2017; Zhao et al., 2019). SDG.7 pro-
motes cleaner and more efficient energy generation for the entire planet,
and IBT projects are used for hydropower generation, such as the Orange
River Development Project and the Lesotho Highlands Project (LHWP) lo-
cated in South Africa (Matchaya et al., 2019; Mokorosi and van der Zaag,
2007; Vazquez and Muneepeerakul, 2021); or the transfer project of the
state of Colorado in the United States (Dilling et al., 2019). However, the
amount of water delivered mainly impacts the donor basin, such as hydro-
logical effects on catchment rivers (Tien Bui et al., 2020; Wang et al., 2021;
Wilson et al., 2017; Xu et al., 2018). SDG.8, which promotes economic
growth and decent work, benefits from transfer megaprojects due to the
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economic benefits revealed in this study (He et al., 2010; Matchaya et al.,
2019; Morote et al., 2017; Qingtao et al., 1999; Vazquez and
Muneepeerakul, 2021; Xu et al., 2018; Yu et al., 2018). SDG.14 aims to
manage and protect marine and coastal ecosystems, which are adversely af-
fected by some cases of IBTs that cause the migration of species by decreas-
ing their population levels in the donor basin, introducing them into non-
native habitats (Ding et al., 2020; Divya et al., 2021; Guo et al., 2020;
Laurenceau et al., 2020; Purvis and Dinar, 2020; Yu et al., 2018). Finally,
SDG.15 refers to the loss of natural habitat and biodiversity, which may
be affected by IBT projects from things such as greenhouse gas emissions
from increased energy consumption (Yu et al., 2018); soil salinization;
losses of fertile fields for agriculture resulting from the construction of hy-
draulic infrastructure; and, the mismanagement of land acquisition (Ding
et al., 2020; He et al., 2010; Morote et al., 2017; Wilson et al., 2017; Zhao
et al., 2017). Overall, IBTs affect at least five SDGs directly, while there is
conceivably an indirect impact across all seventeen goals. Therefore, future
studies of IBTs impacts are vital for sustainable global development.

4.2. Impact classification and sustainability of IBTs

Within the scope of this research study, all impacts were considered
without further classifying their impact across the different states of project
design, implementation, and post-implementation. Indeed, it may be as-
sumed that different positive and negative impacts from IBTs would exist
before or after the realization of the project, such as the acquisition of
land, as opposed to the impacts on the marine ecosystem or the decrease
in thewater level of the catchment rivers (impacts after the implementation
of the project). The effects of the different stages of implementation, oper-
ation, and maintenance of an IBTs correspond to impacts that may have
positive or negative attributions and that usually manifest after the execu-
tion of the project (i.e., during its operation and maintenance). However,
there are impacts that affect the design phase before it is executed. These
potential impacts can also be identified and considered within the design
of IBTs. For example, this study showed negative impacts such as problems
in project implementation management, land acquisition, compensation,
and relocation of the affected population. The latter implies a need to iden-
tify and characterize the different negative impacts that result at different
stages of IBT project development to avoid these impacts before proceeding
on. Additionally, not all impacts may be considered equal; many may have
negligible impacts, while others may have severe and permanent impacts
on the project's sustainability and the state of the surrounding environment.
Within the context of IBTs, conceivably, the impacts that can cause perma-
nent effects on the various aspects that promote sustainability are poten-
tially most important, as was the case of the Aral Sea, which is considered
one of the largest humanitarian disasters in the world where a transfer pro-
ject in 50 years completely drained a sea of 67,500 km2 (Zhuang, 2016).

This brings us back to a key finding from this study: the number of neg-
ative impacts appears to be twice that of positive impacts generated by an
IBT project. While implementation of IBTs has an objective that is usually
related to covering a need or solving a problem associated with the use of
water in humans or the environment, we see from this study that the cost
of meeting this need is potentially high due to the significant number of
negative effects that can end up worsening the situation in the long-term.
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For example, the impacts identified in the American continentwere entirely
concentrated on negative effects. Consequently, four of the six negative im-
pacts identified are within the social dimension of sustainability. The latter
shows that the cultural and hydro-social factors of American IBTs – and
their perception by the population and stakeholders – is very different
from how they are considered and assessed in Asian and European coun-
tries (e.g., one negative social impact can be considered positive in other
parts of the world). Therefore, the characterization of impact relevance
and severity throughout the project timeline is the logical next step of fu-
ture research that focuses on the sustainability of IBTs and their impacts
on the environment and society. Of particular interest would be to have lon-
gitudinal and quantitative studies that seek to identify the factors that im-
pact IBT project sustainability to further characterize sustainability
drivers and the nuanced impacts that result. Future studies are needed to in-
form and promote IBTs thatmaximize sustained positive impacts on the en-
vironment, society, and economy.

4.3. Study limitations

There are important limitations to highlight that result from this study's
inherently complex, multidimensional, and qualitative nature. First, the lit-
erature search only included documents from January 1990 to November
2021.More recent studies (those in 2022) on the subject were not included.
While these studies could enrich the results obtained by supplementing the
information collected, the analysis of the information quality shows that a
representative sample was taken for content analysis, and the addition of
recent documents does not necessarily imply a drastic change in the results.
Second, the restriction of English and Spanish language documents ex-
cluded 9 investigations in the Chinese language that could have impacted
the study results. In addition, the search equation may have excluded doc-
uments that implicitly referenced aspects of IBT sustainability by not explic-
itly reference the term ‘sustainability’ in the title, abstract or keywords.
Third, sustainability impacts were coded according to the most direct effect
produced within the three pillars of sustainability. However, we note that
there are instances where impacts could be classified across more than
one sustainability pillar and that considering this overlap may have
changed our results. Finally, the coding processwas conducted by two inde-
pendent authors (MF and MS). While a check for coding overlap was done
in the initial stages of analysis, inconsistencies can impact the study find-
ings. However, our team sought to mitigate these inconsistencies by devel-
oping a multi-step document and code review criteria outlined in the
methods section.

5. Conclusions

Inequitable distribution of water resources, climate-inducedwater scar-
city, combined with an increasing demand for water, has led countries to
seek solutions focused on meeting future water needs. IBT projects offer a
potential solution for redistributing water resources. However, these pro-
jects involve many significantly adverse impacts, which point to a vital
need to apply lessons learned from past projects for decision-making with
future projects.

In this study, we applied a systematic literature review methodology
and evidence extraction to characterize themultidimensional impacts iden-
tified in case studies related to IBT sustainability. Through our analyses, we
found that the literature cites twice the number of negative impacts com-
pared to positive impacts from IBTs. Ourfindings show thatmajority of pos-
itive impacts related to the environmental pillar of sustainability, while the
negative impacts related more to the social aspects of sustainability.
Through the categorization and classification of impacts, we can also
show a salient connection between the positive and negative impacts of
IBTs on at least five of the UN SDGs. At the same time, our study points
to a disproportionately negative sustainability impact from IBTs. We hope
that this study helps direct future research and practice focused on the sus-
tainable implementation of future IBTs. This necessarily requires the con-
tinued growth of knowledge regarding best practices and pitfalls for the
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design, execution, and maintenance of IBTs. Overall, this study provides a
first step in these efforts by characterizing the positive and negative impacts
of IBTs, allowing future researchers to concentrate efforts on ways to make
IBTs more effective and sustainable.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2022.160500.
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