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Abstract: This Special Issue was set up to mark the 10th anniversary of Water. The contributions to
this Special Issue of Water were carefully selected by the late Guest Editor Prof. Dr. Arjen Hoekstra.
Arjen was devoted to conducting excellent science and was motivated to create this Special Issue to
be something ‘special’. It was therefore dedicated to the publication of 11 comprehensive papers
and reviews encompassing the most significant developments in the realm of water sciences in the
last decade.
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1. Introduction

Water is essential to all life on earth, but its management is facing increasing challenges due to
socio-economic pressures such as population growth and the unsustainable use of water resources.
Climate change will further exacerbate the water risk for society and the environment, and water-related
extremes such as floods and droughts will increase in the future. The long-term aspects of these future
trends and the inherent uncertainty within future projections present water managers with considerable
challenges. The technocratic approach of working with fixed design standards for engineering seems
insufficient; the environment is constantly changing, and, as a consequence of this, so too are
the boundary conditions on which basis engineered water management solutions are developed.
Therefore, water management is increasingly developing into an adaptive form of decision making,
where flexibility, robustness and resilience are key [1]. Moreover, societal processes and the physical
water system are increasingly interwoven, and there are little natural water systems not influenced by
human activity. These developments require novel approaches in decision sciences, data processing,
modelling techniques, catalyzed by the integration of social and natural sciences [2]. The international
journal Water addresses these challenges as an outlet for cutting-edge inter-disciplinary approaches
in water science. In this Special Issue, topics cover broad aspects of water systems, including water
science, water quality, management, and governance.

2. Overview of the Special Issue

Grafton, R.Q., et al. [3] demonstrate the use of a new water governance reform framework (WGRF),
which may help authorities to reform their governance frameworks to achieve convergence between
water supply and demand and ensure freshwater ecosystem services are sustained. The importance of
water governance is further illustrated in a paper by Purkey, D.R., et al. [4] that tries to answer the
question of whether the best option even exists. Although such existential questions are not common
in the water management community, they are not new to political theory. This paper explores early
classical writing related to issues of knowledge and governance, as captured in the work of Plato
and Aristotle, and then attempts to place a novel, analysis-supported, and stakeholder-driven water
resources planning and decision-making practice within this philosophical discourse, referencing
current decision theory.
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Koech, R., and Langat, P.’s, [5] paper on irrigation reviews the advancements toward improving
irrigation water use efficiency (WUE), with a focus on irrigation in Australia, but with some examples
from other countries. The review shows that improvements in irrigation infrastructure through
modernization and automation have led to water savings, and that the future is likely to see increased
use of remote sensing techniques, wireless communication systems, and more versatile sensors to
improve WUE.

A review paper by Aerts, J.C.J.H., [6] on the cost of flood adaptation measures provides the most
recent empirical data regarding the cost of flood management by compiling peer-reviewed literature
and research reports. The focus is on construction costs and expenses for operation and maintenance,
including: (1) the flood-proofing of buildings, (2) flood protection, (3) beach nourishment and dunes,
(4) nature-based solutions for coastal ecosystems, (5) channel management and nature-based solutions
for riverine systems, and (6) urban drainage.

Related to urban drainage in the previous review, another contribution by Antunes, L.N., et al. [7]
presents an overview of permeable pavements and studies of life cycle assessment that compare the
environmental performance of permeable pavements with traditional drainage systems. Life cycle
assessment studies are essential to guide planning and decision making, leading to systems that
consider increasing water resources and reducing natural disasters and environmental impacts.

Further within the context of river management options, a paper on river relocation by Flatley,
A., et al. [8] discusses shortcomings in current practice for river relocation and highlights areas for
future research for the successful rehabilitation of relocated rivers. Relocations are common through
history, carried out for a wide range of purposes, but most commonly to construct infrastructure and
for mining. However, many assessment studies do not include the effects of climate change.

Another paper by Makropoulos, C., and Savić, D.A., [9] provides a comprehensive overview of
the history of hydroinformatics. Hydroinformatics has arguably been able to mobilize wide ranging
research and development and align the water sector more with the digital revolution of the past 30 years.
In this context, this paper attempts to trace the evolution of the discipline from its computational
hydraulics origins to its present focus on the complete socio-technical system and by providing a
framework to highlight the links between different strands of the state-of-art hydroinformatic research
and innovation.

A paper by Iaccarino, M. [10] on population growth and water use touches upon a very timely
issue: the influence of water contamination on the human population. The paper considers historic data
and shows that after a huge population increase between the years 25,000 and 5000 Before Common
Era (BCE), the number of people did not change appreciably after 200 Common Era (CE), and increased
only slowly in the period 1000 to 1500 CE. The authors show that the main cause of this observed
slow-down in population growth was the increase in population density, which caused the appearance
and spreading of infectious diseases, often due to the use of contaminated water.

Another paper by Destouni, G. and Prieto, C. [11] develops a data-driven approach to robustly
assess freshwater changes due to climate change and/or human irrigation developments using the
overarching constraints of catchment water balance. The results show that the resulting uncertainties
in the water-balance constrained estimates of runoff and evapotranspiration (ET) changes are smaller
than the input data uncertainties.

A paper by Hynds, P. et al. [12] on socio-hydrogeology, an extension of socio-hydrology, emphasises a
bottom-up methodology involving non-expert end-users in hydrogeological investigations. The authors
consider that multiple actors should be identified and incorporated using stakeholder network analysis,
which may include policymakers, media and communications experts, mobile technology developers,
and social scientists, to appropriately convey demographically focused bi-directional information,
with the hydrogeological community representing the communication keystone.

The final paper by Clifford, C.C. and Heffernan, J.B., [13] analyzes the importance of artificial aquatic
systems in modern landscapes. The provisioning of ecosystem services by these systems is underexplored
and likely underestimated. Instead of accepting that artificial ecosystems have intrinsically low values,
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environmental scientists should determine what combination of factors, including setting, planning,
and construction, affects these values. Scientists, social scientists, and policymakers should more
thoroughly evaluate whether current study and management of artificial aquatic systems are based on
the actual ecological condition of these systems, or judged differently, due to artificiality, and consider
the possible resultant changes in goals for these systems.

3. Conclusions

The papers in this Special Issue are, of course, not reflecting all the recent developments in
water sciences. However, it provides a snap-shot of important scientific developments required to
support water managers in their endeavor to deal with increasing complexity and uncertainty. As such,
Arjen would be proud of the result of this Special Issue, as all articles contribute to the much needed
debate around the fair and sustainable allocation of fresh water resources [14].
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