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1 Introduction

As the human population grows, the livelihoods and well-being of a significant portion of humanity will depend even
more on the ability of freshwater ecosystems to provide essential services (Vörösmarty et al., 2010), which will
require the maintenance of biodiversity in these freshwater systems (Dudgeon et al., 2006). There are many
competing demands on the available water resources, such as potable water, fish and wildlife habitat, agriculture,
industrial use, and recreation, that are driven by different sectors; even within a specific sector there can be diverging
interests. For example, water management of the Upper Arkansas River in Colorado has been mandated by the
1949 Arkansas River Compact between the US states of Colorado and Kansas which has led to stream-aquifer
issues (Taylor and Luckey, 1974), water transfers from agriculture to urban (Howe et al., 1990), and competing
recreational uses (Wollmuth et al., 1985; Arkansas Basin Roundtable, 2017). The recent Upper Arkansas Voluntary
Flow Management Program tries to balance many users, including recreation by kayakers and rafters who want to
maintain streamflow (at the Wellsville gauge) at or greater than 20 m3/s as well as anglers who want lower flows in
the range of 7 to 11 m3/s to maintain fish habitat (Arkansas Basin Roundtable, 2017).

A variety of strategies have been used in an attempt to bridge disciplines, including focusing research on change
in hydrology and society (Montanari et al., 2013), socioeconomic vulnerability and adaptation to hydrometeorological
extremes (Drobinski et al., 2014), using local, traditional, and indigenous knowledge to understand natural systems
(Berkes, 1993), combining data sets from social and physical systems (Fassnacht et al., 2018a; Laituri, P256–P267),
and applying poetic inquiry with poetry-based approaches (Fernández-Giménez et al., 2019a). However, there is
often a mismatch of understanding between different disciplines (Scholten et al., 2007), and research from various
perspectives often use varying terminology and rely on different data sets (Fernández-Giménez et al., 2019b). Water
problems are global and we need new tools and approaches to address them (Huntington, 2000; Kreibich et al.,
2017, Krueger et al., 2016). The different disciplines, i.e., social, ecological, and physical (hydrological), have
traditionally been examined separately.

The social, ecological, and physical/hydrological perspectives of a system (Vollmer et al., 2018) can be viewed as
semi-transparent lenses with the depth of color illustrating the importance of each lens (Fig. 1). In this example, as
wemove upstream (from Figs. 1(a) to 1(b) to 1(c)), the direct social importance is conceptualized to become less with
the red circle becoming lighter as the hydrological importance becomes greater with the blue circle becoming darker.
The intersection of the circles shows the color of the new interdisciplinary lens. Within each lens, there are a number
of attributes that combine to give the lens its depth of color, and these themselves can be competing. Within each
lens (Fig. 1), there are a number of attributes that combine to give the lens its depth of color, and these themselves
can be competing. What some may call multi-disciplinary may be different subjects within the same disciplines, or
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using the lens concept, different shades within one lens (Fig. 2). Further, since “the limits of [our] language mean the
limits of [our] world” (Wittgenstein, 1922), research should consider expanding language and translation (Warden
et al., 2020) to help combine disciplines and more deeply explores across sub-disciplines to better study and
understand water systems.

This special column of Frontiers of Earth Science started as a symposium on Multi-disciplinary Approaches to
Water Systems that was held at the University of Jinan in Shandong, China on October 31st, 2017. The focus was
methods to assess water systems, with an emphasis on water resources and environmental sustainability in any part
of the globe with a physical, ecological, or social science perspective, or any combination thereof. The goals of this
special column were to provide insight into the variety of methods that are being used to describe water systems, and
to illustrate the use of more than one method and/or non-traditional methods to quantify and describe water
resources and water systems. One invited paper (Laituri, P256–P267) and five regular papers appear in the issue.
The papers are divided into social-physical and intra-disciplinary topics. The first special issue on the theme of Water
and Environmental Sustainability focused on Headwaters Regions and appeared in 2017 (Fassnacht et al., 2017).
The second special column on the theme of Water and Environmental Sustainability focused on Uncertainty in Water
Resources and appeared in 2018 (Fassnacht et al., 2018b).

2 Overview of special issue papers

This special column begins with a concept paper (Laituri, P256–P267) that examines the implementation of
innovative water management strategies in three rapidly urbanizing river basins: the Nairobi River in Kenya, the
Citarum River in Indonesia, and the Addis Ababa River in Ethiopia. It uses the hydrosocial cycle as a framework to
investigate the social, technical and physical aspects of water flows related to improving water security. Water justice
issues of gender and inequity are discussed since technical requirements, restoration management, and
engineering solutions often do not consider these inequalities in implementing largescale water management
strategies. The three river basin projects are compared in the context of the hydrosocial cycle framework to explore
the social power and structure, technology and infrastructure, and the materiality of water in each location. The paper
provides recommendations to improve and address holistic water management for large-scale technical projects to
increase community engagement.

The Integrated Water Resources Management (IWRM) approach was adopted in the 1990s by the Chinese
government to combat the degradation of water and ecological systems throughout its rural regions, such as north-
western China where there have been tension between economic growth and ecological crises. While the IWRM
approach has assisted in reducing desertification, water shortage, and ecological deterioration, its top-down
implementation relies on infrastructure heavy and technocratic solutions to govern water demand and has resulted in
important limitations and obstacles that impede optimal water management. Mao et al. (P268–P285) examines the
historical, social, political, and economic processes that have created the IWRM shortcomings and similar to Laituri
(P256–P267) recommends a more holistic, socio-political perspective for water management that considers the
state-society dynamics inherent in water governance in rural China.

Herders were surveyed by Tumenjargal et al. (P286–P297) to identify their observations of changes in climate
extremes for two soums (counties) of the Khangai Mountain region of central Mongolia. The three northerly stations
showed the same trends in climate extremes, while the southern-most station had similar trends for some variables
and opposite trends for others, mostly like due to the effects of record length or localized conditions. The herders’
indigenous knowledge of changes in climate extremes mostly aligned with the station-based analyses of change.
Temperatures were warming with more warm days and nights at all stations. There were fewer cool days and nights
observed at the mountain stations both in the summer and winter, yet more cool days and nights were observed in
the winter at the desert steppe station. Almost all of these trends were significant, and many were reflected in the
observations of change made by herders. They observed a general increase in frequency of extreme precipitation,
but this increase was not captured by station record trend analysis. Therefore, it is recommended that indigenous
knowledge from herders be combined with station record analysis to provide more holistic information about climate
extremes and changes using different approaches.

Three papers focused on intra-disciplinary examinations of water systems. The City of Jinan in Shandong
province of eastern China is known as Spring City due to its abundance of artesian karst springs (Wu and Xu, 2005).
The heavily sediment-laden Yellow River flows through Jinan and this influences the groundwater, especially the
managed aquifer recharge system that the supplies urban water and spring water. The next two paper address these
sediment issues. Li et al. (P298–P305) describes a series of laboratory experiments to assess the development of a
new recharge well. Such wells are used as important recharge facilities for underground reservoirs and are
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commonly installed in river channels and irrigation canals on the Shandong Peninsula, China. The experimentation
was to assess the gradually decrease in recharge capacity. A round empty core infiltration and anti-filtration recharge
well and laboratory recharge test equipment were evaluated. Scale 1:25 models were created of a recharge pond, a
round empty core recharge wellhead, and an artificial recharge well. Results showed that compared with the existing
anti-filtration recharge well, the new round empty core infiltration and anti-filtration recharge well had stronger anti-
deposition and anti-scouring properties, and the single-well recharge quantity increased by over 400%.

The paper by Zheng et al. (P306–P314) examines the physical clogging during of sand gravel infiltration in the
Yufuhe River due to the heavy sediment loads of the Yellow River. The authors use a laboratory sand column
experiment with a heterogeneous sand-gravel mixture under a variety of conditions to perform physical clogging
tests with different hydraulic head and inflow suspension concentrations. The rate of clogging of the filtration system
was a function of the suspended particles, simulated as part of the Yellow River inflow, and the rate of recharge,
based on the hydraulic head. Correlations were found, but the medium-sized substrate showed the greatest
movement. Field observations were included to illustrate the improved recharge water quality from the filtration.

Nineteen indices from 458 snow telemetry (SNOTEL) stations for the period 1982 through 2012 were used by
Fassnacht and López-Moreno (P315–P325) to describe the annual temporal evolution in snow water equivalent
(SWE) accumulation and ablation across the Western United States. The trends in these annual indices were
computed over the time period for each station using the Theil-Sen slope and then were clustered into four groups to
determine the spatiotemporal dynamics of SWE. Results show that SNOTEL stations can be grouped in four clusters
according to the observed trends in snow indices, with one cluster located mostly in the eastern and south-eastern
parts of the study area and exhibiting a generalized decrease in the indices related with peak SWE and snow
accumulation and a negative trend in precipitation and an increase in temperature. Another cluster consists mostly of
stations in the north and north-west of the study area and shows an almost opposite pattern to the first cluster, due to

Fig. 1 Example of the relative importance (depth of color) for the three perspectives (social in red, ecological in green, physical/
hydrological in blue) applied to a) the Cache la Poudre River (CLP) at the Canyon mouth near Fort Collins, b) the South Fork (SF)
tributary of the CLP, and c) Fall Creek, a tributary to the SF of the CLP.
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months with positive trends and a more moderate increase of temperature. Stations grouped in clusters 2 and 3
appear mixed with clusters 1 and 4; in general they show very little trends in the snow indices.
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