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Abstract
Emerging global threats, such as biological invasions, climate change, land use intensification, and water

depletion, endanger the sustainable future of lakes and reservoirs. To deal with these threats, a multidimensional
view on the protection and exploitation of lakes and reservoirs is needed. This study provides a comprehensive
review on the sustainable development lakes and reservoirs via a critical analysis on their contribution to the
Sustainable Development Goals (SDGs) combining with bibliometric analysis. Common bibliometric indicators
showed that the number of publications sustained a rapid growth rate with an increasing global interest from
middle-income countries. Taking a closer look into research hotspots, management and policy were the main topics
for reservoir systems in contrast to status in lake-related publications. This reflected the higher number of human
interventions in man-made reservoirs, whose major purposes are to supply renewable energy and water resource.
In fact, the number of published research on reservoirs design and operation, waterborne diseases, and emerging
contaminants occupied around 20% of the total research on these water bodies. Instead, the impacts of
eutrophication, heavy metals, pollutions, and climate change have become more severe in natural lakes with the
increase of species extinction and biodiversity loss, leading to the urgent requirement for rehabilitation and
restoration. In relation to the SDGs, the actions for achieving the sustainability of lakes and reservoirs have positive
links with the SDGs related to environmental dimensions as they are mutually reinforcing each other. On the other
hand, these actions have direct potential conflicts with the SDGs related to social and economic dimensions.
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1. Introduction

Natural lakes and artificial reservoirs cover only a small fraction of the earth’s surface, around five million km?
!, However, they largely contribute to the biogeochemical activities of freshwater on Earth despite being
considered a minor element of the biosphere. New findings indicated their significant roles in global
biogeochemical cycles, especially in terrestrial greenhouse gas balance as a result of their organic carbon storage,
COz and CH4 emissions 25, This role of small continental waters has received more appreciation in global processes
which is contradictory with the traditional omission of these waterbodies from maps and lake registers €. Their
major threats, closely linked to anthropogenic pressures, are land-use intensification, nutrient enrichment,
hydrological modification, aquaculture, and fisheries. These pressures have caused habitat loss and degradation,
eutrophication and pollution, food-web alteration, and physical degradation, in many inland water bodies. As such,
this study investigates the interlinkages between the necessary implementation for achieving a better and more
sustainable future of lakes and reservoirs and the actions in the framework of the SDGs. Moreover, a complete
picture of their research hotspots and current will be investigated via a bibliometric analysis.

2. Results

2.1 Bibliographic analysis
To illustrate the whole picture of publications related to the sustainable development of lakes and reservoirs,
three research lines were made, including (1) Status; (2) Ecosystem services; (3) Management and Policy (Fig. 1)
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Fig. 1. The number of publications in three research lines with topics related to lakes sustainability from 2009 to 2018.



These three research lines cover 18 major research topics, which play important roles in their sustainable
development. Regarding the status, a high number of publications has been dedicated to urgent issues in
environmental and human health, i.e. emerging contaminants and water-borne diseases. Besides, biodiversity and
climate change have been increasingly investigated in lakes in line with trends in species extinction and the global
biodiversity crisis. Climate change’s impacts on lake systems got more scientific attention during the past years.
Eutrophication and heavy metals remain constant problems in these stagnant waters due to the long impact of
intensive agricultural and industrial activities. Hydropower has attracted considerable attention from both studies
to business areas, however, the eventual contribution of this renewable energy resource to the future clean energy
are increasingly questioning. Besides flood control as a constant benefit of lakes from the ancient time, fisheries
and drinking water are increasingly exploited as the growing needs from the expanded populations.

2.2 The interlinkages between lake sustainability and the SDGs

The 2030 Agenda for Sustainable Development is a plan of action for people, planet, and prosperity with a
principal objective of leaving no one behind . This Agenda contains 17 Sustainable Development Goals (SDGs),
integrating the 5Ps: people, planet, prosperity, peace, and partnership (Fig. 2), which highlights the
interdependence of the targets and the requirement of integrated and coordinated implementation of the goals °.
Despite being not legally binding, the Agenda developed a Global Indicator Framework, which is being used in
many countries to achieve their clean, green and sustainable future. Figure 2 shows the summary of the
interlinkages between the necessary implementation for achieving a better and more sustainable future of lakes
and reservoirs and the actions in the framework of the SDGs. Two types of interlinkages are concerned, i.e. synergy
and potential conflict. While the synergic interlinkages demonstrate two actions sharing a mutually supportive
relationship, potential conflicts indicate the potential trade-offs and/or constraints of two actions on each other.

SDG 17: Partnership for the goals

Healthy management of lakes and reservoirs can
reduce international conflicts aver freshwater
resources

SDG 16: Peace, justice and strong institutions
Water availakility from lakes and reservoirs can
avoid violence related to water as it is estimated
that 1.8 billion peaple will suffer from water
shortage in 2025

5DG11: ble cities and

The resilience of the water storage systems can
reduce the adverse environmental impact of cities
leading to safe housing with basic services

SDG 10: Reduced inequalities

Fairtrade from the products deriving from lakes
and reservoirs among and within countries can
free that millions of the world’s poorest citizens

SDG 9: Industry, i and inf ]
Lakes and reservoirs are a natural buffer against
the increasing number of natural disasters

PROSPERITY

DG 8: D
Water quality and quantity in lakes and reservoirs
are essential for economic development

SDG 7: Affordable and clean energy
Hydropower plants account for more than 16% of
total worldwide electricity generation

Inland water badies and terrestrial ecosystems are
of paramount importance for many complex
biogeochemical cycles and food-wehb linkages

SDG 1: No poverty

Enommous benefits from lakes and reserveirs, e.g.
irrigation, water storage, hydropower supply, are
vital for the living of billions of people

SDG 2: Zero hunger

Agriculture and aquaculture production are heavily
dependent on the available water in lakes and
reservoirs

SDG 3: Good health and well-being

Lakes with high capacity of self-purification
maintaining good water quality for different
recreational activities

SDG 4: Quality education

Clean water access via lakes and reservoirs
increases the chance for better education of
children

SDG 5: Gender eguality

Water availability from freshwater bodies can
cantribute ta reducing the uneven burden and
high risk of maternal martality and sexual
harassment an women

Lakes and

Reservoirs

DG 6: Clean ran nitation
Freshwater lakes contribute the second largest

portion of non-glaciated freshwater in the world

5DG12: consumption and
Lakes and reservoirs contribute on the circular
economy in both the water sector and other
related sectors, such as agriculture or aquaculture

DG 13: Clim: ion
Lakes and reservoirs are a main regulator of
climate change and a buffer to prevent extreme

climate, e.g. floods, snow and glacier melt

Life below the oceanic water depends on life
below the water in lakes and reservoirs.

Fig. 2. The summary of the contributions of lakes and reservoirs in support of the achievement of the SDGs
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