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Abstract: The socio-hydrology community has been very successful in promoting the need for
taking the human factor into account in the mainstream hydrology literature since 2012. However,
the interest in studying and modeling human-water systems is not new and pre-existed the post-2012
socio-hydrology. So, it is critical to ask what socio-hydrology has been able to offer that would
have been unachievable using the existing methods, tools, and analysis frameworks. Thus far,
the socio-hydrology studies show a strong overlap with what has already been in the literature,
especially in the water resources systems and coupled human and natural systems (CHANS) areas.
Nevertheless, the work in these areas has been generally dismissed by the socio-hydrology literature.
This paper overviews some of the general concerns about originality, practicality, and contributions
of socio-hydrology. It is argued that while in theory, a common sense about the need for considering
humans as an integral component of water resources systems models can strengthen our coupled
human-water systems research, the current approaches and trends in socio-hydrology can make this
interest area less inclusive and interdisciplinary.
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1. Introduction

The increasing interest in more explicit representation of human behavior and decisions in
hydrologic models is undeniably a positive change that must be welcomed and promoted. The water
resources community must appreciate the courage of those hydrologists who have been questioning
the reliability and practical relevance of our sophisticated mathematical models in which the human
dimension of water resource systems is overlooked. However, the interest in coupled human-water
systems is certainly not new. For decades, people in natural/social science and engineering have been
exploring human-water systems.

The need to push the envelope and expand the boundaries of our models has resulted in the
emergence of interdisciplinary methods, interest areas, and even fields of study. The recent decade
might be a turning point in the history of human-water systems studies as we have observed a
tremendous increase in the interest of researchers and funding agencies in incorporating complexity
and the human dimension into our water resources models.

In pursuit of their interest in better understanding human-water systems, Murugesu Sivapalan,
Hubert Savenije, and Günter Blöschl “welcomed” their peers in “traditional hydrology” to “a new
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science” called socio-hydrology in an invited commentary in 2012 [1]. Blaming “traditional hydrology”
for ignoring the human factor for too long, the authors proposed socio-hydrology as “a new science
that is aimed at understanding the dynamics and co-evolution of coupled human-water systems”.
Demetris Koutsoyiannis [2], a reviewer of this invited commentary, who published his review comments
online, criticized the authors for discounting the attention to the human factor in classical hydrology,
downgrading the significance of Integrated Water Resources Management (IWRM), and dismissing
the human-water systems analysis studies. Koutsoyiannis was not convinced that proposing a
“new science” was necessary and found the authors’ claims “immodest”. The supposedly novel idea
of socio-hydrology was also harshly criticized by Sivakumar [3], who believed that socio-hydrology
was “not a new science, but a recycled and re-worded hydro-sociology” that had been originally
proposed by Falkenmark [4] to study human-water interactions. Since 2012, similar critiques have
been also expressed in different publications (e.g., [5]) and at informal and formal water gatherings
(e.g., the annual meetings of World Environmental and Water Resources Congress) about the approach,
novelty, claims, and contributions of socio-hydrology.

Despite the cold welcome, proposers of socio-hydrology have been certainly successful in creating
a new space of interest and engaging an international group of researchers. To date, the invited
commentary of Sivapalan et al. [1] has been cited more than 400 times (Web of Science (WoS); more than
600 times on Google Scholar). Although some of the significant critiques of socio-hydrology have not
been directly addressed by its leaders and followers, so far, about 180 socio-hydrology papers have been
published that have been cited nearly 4000 times in total according to the WoS (Figure 1). A considerable
number of early career researchers have joined the community of researchers that identify themselves
as socio-hydrologists. The socio-hydrologists have a working group with the Penta Rhei initiative
of the International Association for Hydrological Science (IAHS), run summer schools and training
workshops, publish special issues in different journals, and have been successful in receiving funding
from major research agencies in Europe and North America for doing socio-hydrology research.
The proposers of socio-hydrology have also received major international awards and recognitions for
their “new science”.
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Figure 1. Number and percentage of socio-hydrology papers published in different journals. IF values
show the impact factors of the journals in 2019 according to the Clarivate Analytics’ Journal Citation
Report. Only journals that have published at least four papers are shown. In our literature
search, we first searched for the keywords “socio-hydrology”, “socio-hydrology”, “socio hydrology”,
“socio-hydrologic”, “socio hydrologic”, “socio-hydrologic”, “socio-hydrological”, “socio-hydrological”,
and “socio hydrological” in the WoS database, resulting in 278 peer-reviewed journal papers.
After reviewing these papers, we discarded those which did not focus on topics that are directly
related to socio-hydrology. Our final database includes 180 papers, cited 3756 times overall based on
WoS citation report, with 593 contributing authors.
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As researchers who are interested in understanding and managing coupled, dynamic,
complex human-water systems problems, we celebrate this growing interest in studying human-water
systems problems. As colleagues, who have had the chance of interacting with socio-hydrologists in
various meetings and discussions, we also acknowledge that the socio-hydrology community leaders
have been effective in creating a useful momentum and an invaluable opportunity to expand the
traditional research and education horizon in hydrology. Yet, as the outsiders of the group, who have
been enthusiastically following their products, we struggle to comprehend what this “new science”
is, what it is trying to do that is different from previous works in this space, how it is going to do it,
and what it has accomplished to date.

Given the norms and cultures of our field, we have been hesitant to write this paper in anticipation
of any misinterpretation or unintentional offense. Nevertheless, we feel that the ongoing development
trends in socio-hydrology as well as dismissing the outstanding concerns and critiques of human-water
systems experts can create a counterproductive divide between the relevant research communities,
wasting valuable economic resources and human talents. Thus, we feel ethically and scientifically
responsible to ask some questions about socio-hydrology at this stage of the coupled human-water
systems field’s history when many young students and researchers are joining the socio-hydrology
club in their pursuit of new methods, insights, and scientific inquiries.

Our intention is not to write a critique or start a debate. Instead, in this paper, we simply ask
some questions that over the years have kept us wondering why socio-hydrology must be regarded
as a “new science” or even a new field. As outsiders, some of our questions and comments are
perhaps rooted in our ignorance and poor understanding of socio-hydrology. Nevertheless, we think
that answering these questions in future socio-hydrology publications can address some of the main
concerns of the many researchers who have been working or going to work on coupled human-water
systems problems. We believe that the increasing interest in the human dimension of water resources
problems has the potential to unite and strengthen our large, but currently fragmented communities,
once we better understand each other, improve our communication skills, and sharpen our messages.
So, we hope that our colleagues find these sincere concerns and questions constructive in shaping the
future of socio-hydrology and training new generations of socio-hydrologists.

2. Socio-Hydrology: Originality, Practicality, and Contributions

2.1. Is Socio-Hydrology a New Science?

Socio-hydrology was introduced by its proposers as a “new science” and “a discovery-based
fundamental science, whose practice is informed through observing, understanding, and predicting
socio-hydrologic phenomena” [1]. The authors insisted that their proposed “interdisciplinary” science
of people and water “must” strive to be quantitative “with ambition to make predictions of water cycle
dynamics”. They compared socio-hydrology with eco-hydrology, arguing that eco-hydrology is similar
to socio-hydrology in coupling water with another system, while the former studies “the co-evolution
and self-organization of vegetation in the landscape in relation to water availability” and the latter
would focus on “the co-evolution and self-organization of people in the landscape with respect to
water availability”. In this comparison, however, they referred to eco-hydrology as a “field” and to
socio-hydrology as a “science”.

Before getting into what socio-hydrology has achieved, let us focus on the ambitious claim of
creating a “new science”. The socio-hydrology proposers’ argument that many hydrologists overlook
the interdependence and interrelated dynamics of water and humans in their models is valid and
reaffirms what many experts in the water resources field have been talking about for decades. But does
the lack of attention to the human dimension by a group of hydrologists justify the need for creating a
new science? If many hydrologists are missing a significant component in their models, do we need to
revisit hydrology or create a new science?



Water 2020, 12, 1941 4 of 26

Like any other field, the water resources field is full of limitations, and over time, we detect
new restrictions and develop new interests, expectations, and questions. Accordingly, we revise
our approaches, methods, models, and even buzzwords. The review of hyphenated hydrology by
McCurley and Jawitz [6] is a good proof that our new questions can even form sub-disciplines and
evolve our understanding and expectations from our disciplines. As a result, hydrology in the 21st
century is very different from hydrology in the 12th century. If recognizing each new need justifies
creating a new science, hydrologists must have created numerous branches of “science” by now.

The precedent of inventing a new science based on the recognition of existing limitations can be
counterproductive and weaken the hydrology community by generating tendency and competition for
creating new spaces (for example, the suggestions to create socio-meteorology, socio-climatology [7]
and socio-hydrogeology [8] have been motivated by the suggestion to create the “new science”
of socio-hydrology). Instead, our discipline and community must be open and prepared to evolve in
response to our new needs. Even when the new need is felt, the process of proposing a new interest
area, developing new research questions, and identifying a research gap must be scientific. How can
we suggest a new science without scientifically proving that what we offer is different from what
is available?

When proposing socio-hydrology, Sivapalan et al. [1] did not make any reference to:
(1) hydro-sociology that had been around since the 1970’s [3,6]; (2) coupled human-water systems
studies by the system dynamics and water resources systems communities in the last five decades; (3) the
popular coupled human-environment systems (also known as coupled human and natural systems
(CHANS)) and socio-ecological system (SES) research areas; (4) the major human-water studies by social
scientists and economists; as well as (5) other studies that had specifically referred to “socio-hydrology”
earlier. For example, Smakhtin et al. [9] had suggested that considering riparian communities as an
integral part of the riverine ecosystem could lead to new fields of work such as “socio-hydrology”
or “socio-ecology”. Kock [10] had developed “agent-based models of socio-hydrological systems for
exploring the institutional dynamics of water resources conflict”. He had based his “socio-hydrologic”
approach on Mohorjy’s [11] idea of integrating the hydrologic and socio-economic aspects of water
resources planning and defined socio-hydrologic systems as systems in which “social, economic and
hydrologic subsystems are causally linked”.

Overlooking the existing literature might have been the result of the authors’ unfamiliarity with
the human-water systems space. Yet, the trend has continued in later publications. Although the later
publications of the socio-hydrology community have cited a very limited number of water-human
systems studies, the past and ongoing human-water systems research has been largely dismissed by
the socio-hydrology literature. Apparently, the peer review system has failed to provide constructive
feedback to socio-hydrologists, refer them to the similar work done by others, ask for better explanation
of why and how socio-hydrology is different, and remind the socio-hydrologists that what’s new to
them, might not be new in science, and if they insist that there is a need for a new science, this need
must be justified through scientific evidence and gap analysis that is based on a comprehensive review
of the existing literature.

Socio-hydrology can be a new interest area or sub-field or even a new field once it clarifies what
it is searching for, can clearly communicate how it is different from the existing fields, and through
a number of solid analyses, proves the practicality of its goals and the value of the insights it can
offer. However, creating a “new science” based on simple inquiries in an invited commentary seems
extremely ambitious and perhaps very unscientific!

2.2. What Is New about Socio-Hydrology?

A review of 180 socio-hydrology papers suggests that these papers have been mainly written
by three networks (Figure 2), led by three hydrologists/civil (water/environmental) engineers, i.e.,
Sivapalan, Blöschl, and Di Baldassarre. While the proposers of socio-hydrology had insisted
that socio-hydrology must be quantitative [1], a significant portion of socio-hydrology papers is
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dedicated to opinion papers and commentaries that provide verbal and often ambitious discussions
on why socio-hydrology is essential, what it is going offer, or what it must do without solid
proof. Other non-quantitative papers include reviews of the socio-hydrology literature and their
accomplishments. Most of these papers have been written by hydrologists with an occasional leadership
or co-authorship of social scientists. Quantitative socio-hydrology papers have grown in number over
the years and include system dynamics modeling and analyzing time-series and survey data.

As a quantitative science, socio-hydrology intended to make advancements in three areas [1]:
(1) historical socio-hydrology: learning from the past; (2) comparative socio-hydrology: compare and
contrast different human-water systems; and (3) process socio-hydrology: understanding existing
human-water systems to “predict possible trajectories in the future”. So far, most of the socio-hydrology
publications with quantitative elements that deal with real cases belong to the first two areas. In these
studies, historical correlations and/or survey data are used to derive a hypothesis that can explain
the past dynamics of the studied human-water systems. These studies are valuable but the different
insights they offer by being branded as socio-hydrology studies remain unclear. In the reviews of
their past work, socio-hydrologists (e.g., [12,13]) refer to their developed mathematical models for
human-water systems as system dynamics models. Yet, their modeling papers do not make a proper
connection to the water resources system dynamics literature. Higher mathematical sophistication
does not necessarily provide additional insights. Nonetheless, given the interest of socio-hydrologists
in quantitative science, one must note that most of the system dynamics models developed by the
non-socio-hydrologists are mathematically much more sophisticated than the socio-hydrology system
dynamics models. Assuming that the past studies have been ignored simply because of unfamiliarity
with the human-water resources system dynamics literature, one still can ask: what has socio-hydrology
added to these modeling studies that system dynamics could have not offered?

The same question applies to the papers written by social scientists (e.g., [14–16]) that do not
have a strong hydrologic component but have some quantitative elements. In these studies, water
has simply been the study domain for the social scientists. So, it is not clear what makes these
socio-hydrology papers any different from the many studies of humans in water systems in the past.
Even for developing her conceptual human-water system model, Leong [14] borrows the conceptual
system dynamics model of Newell and Wasson [17], which preceded the 2012 socio-hydrology paper.
What the science of socio-hydrology has added to these social science studies or what insight these
studies have offered that could have not been gained by the existing methods that are not branded as
socio-hydrologic tools remains unclear.
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Figure 2. Co-authorship network based on the selected 180 papers. Only authors with at least 6
socio-hydrology papers are shown. Size of nodes corresponds to the number of papers written by
an author. Thickness of a link between two authors corresponds to the number of papers they have
co-authored. The network was plotted with VOSviewer [18,19] using bibliographic records extracted
from WoS.
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The idea of studying the evolution of complex, coupled human-water systems is not new. Over the
last two decades, many scholars have used system dynamics as a framework to study and explain the
evolution of coupled human-water systems, causal relationships, non-linear feedbacks, paradoxical
behavior, counter-intuitive dynamics, and the unintended consequences of structural or non-structural
interventions (e.g., see the review by Mirchi et al. [20]). The idea of internalizing the human component
(not treating it as an exogenous element), suggested by Sivapalan et al. [1] is not new either. Before their
paper, many people had developed coupled human-water system dynamics models for explaining the
underlying mechanisms of these systems and making future projections to guide policy (e.g., [21–38]).

The idea of predicting the future through socio-hydrology as was originally suggested
by Sivapalan et al. [1] seems to be in contrast to the socio-hydrologists’ claim that
socio-hydrology is not interested in scenario-based approaches as well as their expressed interest
in advising policy. Complex human-water systems have some essential characteristics, including
uncertainty, bounded rationality, indeterminate causality, limited predictability, evolutionary change,
and non-stationarity [39]. So, predicting or forecasting the long-term evolution of coupled human-water
systems is impossible. Nevertheless, projecting the future of systems involving human and nature is a
common approach (note the difference between prediction and projection [40]). Any projection of the
future evolution of human-nature systems, involves scenarios or if-then statements. Even when
different scenarios are not evaluated, the inherent assumption is that business-as-usual is the
underlying scenario. In addition, the essential characteristics of these systems are what cause
surprises, unintended consequences, and “black swan events” [41]. Expanding the boundaries of
our models can help us better capture feedbacks and detect undesirable patterns, especially when
studying the past. Nonetheless, the future evolution of human-water systems will involve many
surprises, unintended consequences, and black swans that cannot be detected and avoided with the
help of socio-hydrology.

In response to the critiques on the capacity of socio-hydrology to predict social behavior and
politics (e.g., [42]), socio-hydrologists claimed that “predictions in socio-hydrology do not aim at
predicting time series” [43]. Instead, they aim at predicting phenomena emerging in human-water
systems “in a quantitative and generalizable way”. This could be in contrast with the earlier emphasis
on branding socio-hydrology as a “quantitative” science.

In Srinivasan et al. [44], the socio-hydrologists criticize the existing “prediction” paradigms
and call for a “fundamental change” in our understanding of “prediction”. In this opinion paper,
the authors “argued” that socio-hydrology can replace the traditional “predictions” that are “mere sets
of scenarios that present snapshots of the world at some future date” with “projection of alternative,
plausible and co-evolving trajectories of the socio-hydrological system” that can provide insights
into causal relationships and help identify a desirable operating space. This authors’ argument and
suggestion, in this case, are not new either. As proof, let us look at a relevant section of an example
paper in the coupled human-water systems literature in 2009 that has used system dynamics as the
analysis framework [24]:

“System dynamics which provides a unique framework for integrating the disparate physical and
social systems important to water resource management is formulated on the premise that the structure
of a system, the network of cause and effect relations between system elements, governs the overall
system’s behavior. [45]

The systems approach is a discipline for seeing the structures that underlie complex domains. System
dynamics is a framework for seeing interrelationships rather than things, for seeing patterns of change
rather than static snapshots, and for seeing processes rather than objects [21]. The major concept of the
system dynamics simulation approach is feedback which is used as the basis for structuring description
of complex systems and their economic, social, political, and environmental implications. [46]

The typical purpose of a system dynamics study is to realize how and why the dynamics of concern are
generated and to look for managerial policies that can improve the situation”. [47]
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In another section of the paper, the authors write that:

“In system dynamics studies the emphasis is on understanding trends and behaviors rather than
values and numbers”.

This suggests that neither the idea of coupled human-water systems modeling, nor the idea of
projecting trends and behavior rather than snapshot prediction is novel. They existed in the water
resources systems literature before the 2012 proposal of socio-hydrology. So, it is justified to ask
what different questions socio-hydrology is asking, what alternative study approaches it is proposing,
and why the vast literature on this subject was dismissed before proposing a “new science” in 2012 [1]
or calling for a “fundamental change” in 2017 [44].

The desire to develop generic models of human-water systems to “predict” future patterns has
shaped some of the endeavors in socio-hydrology in which the researchers have tried to identify and
introduce what they refer to as “classes of emergent phenomena” [13]. These “phenomena” have been
defined as “actual outcomes, paradoxical dynamics, or unintended consequences that arise from
water management” in the analyzed human-water systems. While the effort is valuable, one might
wonder why the socio-hydrologists have dismissed the efforts of other water resource researchers in
studying, developing, and explaining generic structures, causal dynamics, and evolution, and even
projecting and explaining the evolving structures of human-water systems based on real-world systems
or hypothetical examples using methods such as system dynamics and game theory (e.g., [39,48–60]).

Many, if not all, of the syndromes, prototypes, phenomena, or sub-phenomena that the
socio-hydrologists have proposed, detected, modeled, or expressed interest in, are already in
the literature under similar or other names. For example, the safe development/government
paradox [61–63], “levee effect” and “reservoir effect” [13], all result from the “shifting the burden”
archetype in complex systems [51,64] (Figure 3). This archetype explains the unintended consequence
of rectifying the obvious problem symptoms by simple solutions (e.g., raising a levee or building
a reservoir) while overlooking the primary causes with the potential of causing addiction to the
symptomatic remedies as the problem worsens (raising levees further or building more reservoirs).
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Figure 3. The Causal Loop Diagram (CLD) of the “shifting the burden” systems archetype. In this
particular setting, addressing the problem symptom using a quick fix rather than a fundamental
measure will cause increasing dependence on symptomatic fixes. “B” refers to a balancing loop and R
refers to a reinforcing loop. Double bars reflect lag time.

Rebound effect (Jevons’ paradox [65]), vicious supply-demand cycles [66], and irrigation efficiency
paradox [67,68], are all produced by the “fix that backfires” archetype in complex systems [20,51,56,64,69]
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(Figure 4). This archetype explains how quick-fix and short-sighted solutions (increasing irrigation
efficiency, inventing a stronger pump, building a desalination plant or water supply reservoir, digging or
deepening wells, and inter-basin water transfer) that cure the problem symptoms (e.g., water shortage)
can worsen the situation in the long-run through unintended/side effects (e.g., increased water
consumption or demand).
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Figure 4. The Causal Loop Diagram (CLD) of the “fixes that fail” or “fixes that backfire” system archetype.
In this particular setting, the implemented fix alleviates the problem in the short-run but results in
unintended consequences in the long-run that can make the situation worse and necessitate additional
fixes. “B” refers to a balancing loop and R refers to a reinforcing loop. Double bars reflect lag time.

Reintroducing what exists in the literature without referring to it is not supposed to be a scientific
contribution. Finding that overall water consumption/demand can increase as the result of increasing
water supply might be new to some hydrologists, who are used to modeling water demand as an
exogenous variable, but this finding is definitely not new in the water resources literature.

A range of other concepts that have been mentioned or used in the socio-hydrology like risk
attitude, loss aversion, memory, trust, heuristics and cognitive biases to model and explain trends in
human-water systems are not new to the water resources literature either and have been used by people
in water resources systems, economics, and social sciences in the past (e.g., [70–82]). Concepts such as
path dependency, adaptation pathways, and facilitated stakeholder participation that were discussed in
Srinivasan et al. [44] are also among the well-known concepts in the water resources systems literature
(e.g., [83–92]).

By comparing the selected 180 socio-hydrology papers to what has been already in the scientific
literature, it is hard to find what new insights and approaches have been offered by the “new science”
of socio-hydrology. Seidl and Barthel’s [5] concerns about socio-hydrology’s lack of protocols for
interdisciplinary research and failure to acknowledge “much previous work on integrated models
undertaken by hydrologists and social scientists” in addition to comments of other scholars on the
dismissed works in the water-human systems space remain outstanding.

We emphasize that many of the publications that have identified themselves as socio-hydrologic
research are significant and provide very useful insights. The scientific findings and suggestions
of papers such as [14,15,93–109] are significant and potentially helpful for policymaking. Though,
given that their questions, methods of study, and analysis frameworks are similar to what already
existed in the literature, it is not clear why it was necessary to identify them as socio-hydrologic research.
It is important to note that while socio-hydrology as a “science” might not have methodologically
helped the research of these authors in a unique way, their work in this space might have been inspired
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by the activities of the socio-hydrology community. Indeed, the socio-hydrology community has
effectively increased the number of hydrologists who care about the human dimension in their research,
especially in the case of early career scientists. This is a positive development and must be appreciated.

2.3. Where Are the Boundaries of Socio-Hydrology?

The proposers of socio-hydrology have had the ambition of proposing a science that is unique and
can do novel things. Though, it seems that over time, perhaps after receiving feedback from their peers
and becoming familiar with part of the existing human-water systems literature, their expectations
and goals have evolved. For example, projecting qualitative behavior is now being promoted while
admitting that modeling behavior is not a trivial task [43]. In 2012, however, the goal was to use
quantitative science to predict the evolution of human-water systems. This change in communicating the
objectives and expectations is, of course, a good sign, and in agreement with what many water resources
scholars have said in the past, i.e., trends, patterns, governing problem structures, and pathways to
get to the ideal space generally matter more than numbers and snapshots in complex human-water
systems studies. Yet, the coordinates of socio-hydrology in the scientific space remain hard to map as
they seem to have been defined by the socio-hydrology leaders in reference to imaginary or perceived
limits and capacities of other fields or interest areas.

In their original paper, Sivapalan et al. [1], refer to integrated water resources management (IWRM)
as a “science”. They subsequently define the socio-hydrology’s point of departure from IWRM by
arguing that IWRM is “unrealistic, especially for long-term predictions, as it does not account for the
dynamics of the interactions between water and people”. The authors introduce IWRM as a method
which “often uses scenario-based approaches” to explore the human-water interactions. They end up
promoting socio-hydrology as a “fundamental science” that can underpin IWRM. But, how accurate
are these statements?

The “new science” of socio-hydrology was given an identity by being compared with the
“science of IWRM” while IWRM is not a science! IWRM is simply an ambitious “process” (not product)
and a recommended cross-sectoral policy-making approach [110] for holistic management of water
instead of fragmented and sectoral water management. Similar to other ambitious targets and
processes that are set through international negotiations by high-level politicians (e.g., Agenda 21,
Sustainable Development Goals (SDGs), and Paris Agreement) IWRM has not fully implemented
for many practical reasons [111–114]. The understanding of policymakers, researchers, stakeholders,
and the general public of the IWRM concept has been evolving and will continue to evolve as we
detect more problems and face new practical challenges. Just like sustainability, IWRM is a moving
and unachievable, but useful target that we chase [115]. Enforcing IWRM principles requires insights
from natural/social scientists, engineers, stakeholders, policymakers, practitioners, and the general
public. Socio-hydrologists can also provide useful insights but socio-hydrology on its own will not
make IWRM practical.

Ceola et al. [43] recognize the need for a systems approach to study human-water systems.
Nevertheless, socio-hydrologists seem to stay reluctant to acknowledge the contributions of the water
resources systems community in the coupled human-water systems study space as discussed earlier.
Instead, they try to draw an arbitrary line between socio-hydrology and water resources systems.
Di Baldassarre et al. [13] claim that water resources systems is focused on “optimization” with the goal
of combining “hydrology and economics” to “design and operate optimal infrastructure projects”.
The authors put socio-hydrology in contrast with their understanding of water resources systems and
state that unlike water resources systems, socio-hydrology is focused on “understanding why certain
water management outcomes arise rather than proposing actual management solutions”.

Classification of water resources systems as a normative approach that is only limited
to optimization and combines hydrology and economics must be due to unfamiliarity of
the socio-hydrologists as well as the reviewers of their papers with the water resources
systems research space. Water resources systems analysis involves normative and positive
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approaches, develops simulation and optimization models, and uses quantitative and qualitative
approaches [116–119]. Water resources systems studies do not always have economics as a component
(e.g., [85,120–136]) and are not always focused on designing and running water infrastructure
(e.g., [31,82,130,137–148]). Additionally, the water resources systems studies do not always limit
themselves to proposing solutions as Di Baldassare et al. [13] argue. There are many studies in the
water resources systems literature that look at “why” certain behavior or evolution path has emerged
or might emerge in coupled human-water systems (e.g., [49,52,53,57,59,76,145,149–158]).

Di Baldassarre et al. [13] also distinguish socio-hydrology from CHANS and complex systems
science by stating that the former has an explicit focus on water and the hydrologic cycle. If this is the
case, one might wonder if socio-hydrology is just a sub-area of CHANS. If so, it is not clear why the
existence of CHANS was never recognized by the original proposers of socio-hydrology. What can
socio-hydrology offer that CHANS cannot? In an era of increasing interest in the nexus of water with
food, energy, environment, etc. what does justify limiting the dynamics of the natural systems to water
and the hydrologic cycle?

We certainly know that the natural systems around us are not limited to water and we, as humans,
do not only interact with the hydrologic system [159]. So, limiting the scope of the natural component
of the “new science” to the hydrologic cycle and not acknowledging that socio-hydrology is a limited
subset of CHANS needs a strong justification if the socio-hydrology community insists on keeping
the boundaries of socio-hydrology as stated in Di Baldassarre et al. [13]. Even CHANS, with a much
larger scope and age, does not recognize itself as a science. Hence, referring to socio-hydrology with a
much smaller focus than CHANS as a “new science” might not be fair. The ideas that socio-hydrology
is promoting are not new in the CHANS literature either and existed before 2012. As a proof, let
us have a look at an abstract of a 2007 review paper in the CHANS literature [160] that suggests
that the socio-hydrologists’ idea of coupling social and natural systems to reveal complex patterns
and new insights into nonlinear dynamics with thresholds, reciprocal feedback loops, time delays,
surprises, etc. are not novel:

“Integrated studies of coupled human and natural systems reveal new and complex patterns and
processes not evident when studied by social or natural scientists separately. Synthesis of six
case studies from around the world shows that couplings between human and natural systems
vary across space, time, and organizational units. They also exhibit nonlinear dynamics with
thresholds, reciprocal feedback loops, time lags, resilience, heterogeneity, and surprises. Furthermore,
past couplings have legacy effects on present conditions and future possibilities”.

While the socio-hydrologists have tried to claim a new territory, the available evidence so far
does not suggest that their approach, inquiries, and goals are unique and different. Consequently,
mapping the boundaries of the socio-hydrology “science” and finding its overlaps with and points of
departure from the existing fields, disciplines and interest areas are nearly impossible.

2.4. Is Socio-Hydrology Practical?

Based on what was discussed so far, there is no strong evidence that socio-hydrology has been
successful as a “discovery-based fundamental science” in accommodating the “dynamics we never
had to deal with” as claimed by Sivapalan et al. [1]. Deriving causal relationships based on statistical
correlations is not necessarily novel and has its own limitations [161]. Improving the mathematical
sophistication of socio-hydrology models might help capture some significant dynamics in both human
and water components that are currently missing from socio-hydrologic analyses [161]. Improving the
behavior resolution of the socio-hydrologic models through replacing differential equations with game
theory and agent-based models to better capture the heterogeneity across humans and their interactions
networks with careful consideration trade-offs of disaggregation [162] is another possible are of
improvement in socio-hydrology. Yet, the unique role of socio-hydrology in providing insights into
water-human systems problems remains unclear. Some of the socio-hydrologic modeling papers cited
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in Section 2.2 have relatively sophisticated mathematical components. However, the developed systems
models are comparable to the models that had existed in the water resources systems, water resources
economics, and the CHANS literature. So, it is not quite clear how these studies have benefitted
from socio-hydrology.

Developing models and generic mechanisms to replicate the historical observations is possible
with proxy variables (e.g., memory, culture, emotion, trust, satisfaction, and utility). Nevertheless,
extrapolation with the models that replicate historical trends in complex systems has major
caveats. Such models and mechanisms are mostly incapable of predicting the future evolution
of human-water systems which are associated with uncertainty, bounded rationality, indeterminate
causality, limited predictability, evolutionary change, and non-stationarity. What has happened in
the past in complex human-nature systems will not necessarily repeat in the future. So even if
socio-hydrology is only interested in future trajectories and trends, its ability to project the future is
very limited.

Given that water is only one, and from the policy-making standpoint often a small, component of
complex human-nature systems [159], limiting the study boundaries to water can create additional
sources of unreliability for socio-hydrology models in future projections. When the other components
of natural systems are not included in the model but exist in reality, the modeler must inevitably
rely on exogenous variables or scenarios. Nonetheless, models that exclude other natural resource
components cannot make reliable projections about the future patterns and evolutions, increasing our
inability to detect unintended consequences and the actual interrelated dynamics of the human-nature
systems around us. To address this issue, other components of the natural systems can be added
to human-water systems models. But in that case, CHANS becomes the analysis domain and
socio-hydrology gets redundant.

Fully internalizing the exogenous human and water components is also impractical, even when the
goal is modeling the past events and evolutions. For example, modeling the Syrian conflict solely based
on the interactions of water and people (only endogenous variables) might suggest that the Syrian crisis
was caused by a drought, which is a misleading conclusion. While drought has certainly been effective
as a trigger or catalyst of the crisis, one must not overlook major variables such as the Syrian politics,
ideological conflicts, political economy, foreign interventions, and the accumulation of problems
in multiple sectors over the years as the result of bad governance, poor economy, unemployment,
etc. Developing a reliable socio-hydrologic model that can meaningfully replicate the Syrian crisis is
either impossible or requires considering a significant number exogenous socio-economic and climatic
variables, making the idea of internalizing all exogenous variables impractical.

Socio-hydrologists have shown a strong desire in advising policy [13,43] but no interest in
scenario analysis and “proposing management solutions”. They have also indicated that their
projections of the future will not include time-series [43]. At the end of the day, policymakers are in
desperate need of solutions and need to make decisions based on scenarios in uncertain environments.
Also, in most cases, they require quantitative data, especially if they are operating in the water
sector. All decision analysis studies and future projections inherently include exogenous variables
as internalizing all exogenous variables is just impossible. No matter how complex, the modeler
must choose some arbitrary boundaries for the complex systems models and make some variables
exogenous. So, it is not clear how much socio-hydrologists can support the decision-making process if
they are not interested in scenario-analysis, do not like to propose solutions, and insist on avoiding
exogenous variables. Nevertheless, if they like using scenarios to project the future trajectories and
“stress test” the human-water systems as suggested by Srinivasan et al. [44], their literature must avoid
actively implying that exogenous scenario-analysis is an improper practice that is popular among
the non-socio-hydrologists.

So far, the socio-hydrology literature has set a lot of ambitious targets. Yet, there is little evidence
that what socio-hydrology has offered is original. Without a clear understanding of the boundaries of
socio-hydrology and its unique analysis methods/tools, judging about the practicality of the declared
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goals is not easy. Nevertheless, socio-hydrology seems to be more practical in studying the past
rather than predicting the future, unless it evolves its targets and waives some of the unnecessary
restrictions it has imposed on itself such as remaining a quantitative, advising policymakers without
proposing solutions, avoiding scenarios or exogenous variables, and not going beyond water systems
and hydrologic cycles.

2.5. Is Socio-Hydrology Converging to Water Resources Systems or Coupled Human and Natural Systems?

Assuming that the socio-hydrologists have been fully unaware of the existing literature, one can
conclude that their efforts have resulted in reproducing and recognizing what existed. Unless clear
new paths are defined and alternative methods and approaches are developed by them in the near
future, the convergence of socio-hydrology to the existing domains such as water resources systems
and coupled human-environment systems might be inevitable.

The socio-hydrology literature includes numerous papers that focus on what must be ideally
done. Speaking of what is missing in hydrology and what needs to be done is good but we often get
too busy talking about our ideals that “we forget that we also need means and realistic pathways to the
end goal” [163]. To reach their targets, the socio-hydrologists have recognized the need for a systems
approach [43] and have developed mathematical methods using this approach. Nevertheless, the tools
offered by the quantitative socio-hydrology literature already exist in the water resources systems and
CHANS literature. The insights gained by the socio-hydrologists through different exercises were
already available in the literature (as discussed above) or/and could have been achieved for the case
studies of interest using the methods that existed in the water resources systems and CHANS literature.

Some of the papers that have been written and branded as socio-hydrology papers could have
also been published without making a reference to socio-hydrology. An example of this case is
Ishtiaque et al. [164]. This paper which focuses on flood management in coastal Bangladesh and has
been published in the Ecology and Society journal (one of the reputable journals in CHANS/SES) shares
two authors with Yu et al. [95] and Sung et al. [98] which have been published in the special issue
of “Socio-hydrology: Spatial and Temporal Dynamics of Coupled Human-Water Systems” in Water
Resources Research with 32 publications. The Ishtiaque et al.’s paper identifies itself as an SES study
and although it uses socio-hydrology as a keyword, it does not use this term even once in the whole
paper. Two alternative conclusions can be made here. First, that the SES and CHANS study frameworks
are more comprehensive and mature than socio-hydrology frameworks. So, making a reference to
socio-hydrology or limiting the scope of the work to socio-hydrology was unnecessary. Second,
although flood management was at the center of the studied case, limiting the natural system to water
would have made the analysis unreliable and the authors had to use the SES study frameworks to be
able to include other natural components in their SES problem. Both of these conclusions undermine
the value of socio-hydrology when compared with CHANS.

It is noteworthy that just like hydrology or any other field, the water resources systems field
has evolved over the last seven decades [117,118,165–170]. The increasing understanding of the
limitations of the past models, improved computational power, and data availability, as well as the
recognition of the real-world complexities have forced the water resources systems community to
revisit and broaden their scope and improve their modeling approaches. Among such improvements,
one must note the increasing interest in better representation of humans and stakeholders’ opinion in
the models using complex systems theories, system dynamics modeling, game theory, multi-criteria
assessment, agent-based modeling, and different methods of human behavior analysis in social sciences,
operations research, and economics. Indeed, the water resources systems community has also shown
interest in and has been working for some time on coupled human-water systems as evidenced by
the many references cited earlier. So, it is natural for socio-hydrology and water resources systems to
converge under the umbrella of coupled human-water systems.

Over time, the water resources systems modelers have also broadened the scope of their
models beyond water systems and added other components such as food, energy, climate,
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and ecology (e.g., [144,171–182]). So, their research is organically transitioning into the CHANS
space. Socio-hydrology will fail in understanding and explaining human-water systems if it limits
its scope to the hydrologic cycle. Getting into food, energy, and natural systems is inevitable for the
socio-hydrologists, in an increasingly complex world, especially if they want to help decision makers
solve and navigate through contemporary problems involving humans and water. Expanding the
boundaries of the natural side of socio-hydrology beyond water implies converging into CHANS as it
has occurred in the case of water resources systems analysis.

2.6. Is Socio-Hydrology Reinventing the Wheel?

Sivakumar [3] labeled socio-hydrology as a “recycled and re-worded hydro-sociology”.
McCurley and Jawitz [6] also argued that socio-hydrology was prominent at the beginning of “modern
hydrology” (1989) but later decayed and remerged. McCurley and Jawitz believed that the studies
of coevolution of water and humans are not novel and existed for decades but the interest in
socio-hydrology has considerably increased in the last decade.

Dismissing the existing literature by the socio-hydrologists has led to the reintroduction of
existing concepts under new terms, sometimes as new discoveries and socio-hydrology-specific jargons.
As explained in Section 2.2, for example, a concept such as “shifting the burden” (Figure 3) already exists
in the system dynamics, complex systems, and water resources literature that can explain the generic
structure and evolution of coupled human-water systems with certain characteristics. This general
structure can illustrate the unintended consequences of implementing certain policy or engineering
solutions (e.g., building a reservoir or raising a levee) in a certain setting. While the general structure
is the same, the components of the problem can change (e.g., from a levee to a reservoir) without an
impact on the overall behavior of the coupled systems. So, it is unclear why new jargons such as
“levee effect”, “reservoir effect”, etc. must be developed and promoted. In the same setting (Figure 3),
implementing a certain intervention such as offering an insurance policy, providing water subsidies,
granting loans or cheap farmlands, inter-basin water transfers, digging deeper wells, and building a
desalination plant can have the same impact. Is socio-hydrology going to develop new jargons like
“insurance effect”, “subsidies effect”, “loan effect”, “cheap land effect”, “water transfer effect”, etc.,
for each specific example?

These terms can encourage attention to a specific component of the water system (e.g., levee and
reservoir) rather than the generic structure of the coupled human-water system. This is in contrast with
the declared interest in identifying generalizable human-water systems evolution patterns, something
that has been also done by other researchers in the past (see Section 2.2). Inventing new terms and
concepts that already exist under different names makes communication with researchers of other
fields harder. This is not an effective strategy for marriage between disciplines. As an example,
economists, social/natural scientists, engineers, and water resources systems scholars have frequently
used the famous prisoner’s dilemma setting (game structure) to explain the tragedy of the commons.
A shared aquifer is perhaps the most popular example in the water resources literature to explain the
tragedy of commons. Rather than creating a new game (e.g., “farmers’ dilemma”), prisoner’s dilemma
has been used in the water resources literature to explain this setting that has a specific dominant
structure (see [53,54], for example). The strategy, in this case, has been to use groundwater sharing as
an accessible example for the water resources community to seek attention to the institutional setting
which drives a certain trajectory in evolution of the coupled human-water system, rather than giving an
unnecessary weight to the type of water resources component (i.e., groundwater). Once the structure
is introduced, people can be directed to similar settings in which groundwater is replaced with a
shared wetland [59], an irrigation system [52,183], a water transfer system [57,184], a trans-boundary
river [185], a water quality control system [186], or the atmosphere [187–189] while the general insights
and trends will remain unchanged. This approach could facilitate communication with people in other
disciplines which might not be familiar with specific water resources settings, our disciplinary jargons,
or the hydrologic cycle but understand prisoner’s dilemma.
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Similarly, socio-hydrology can benefit from using the well-known generic structures in complex
systems to explain trajectories in water-human systems problems without a need to invent new
terms and concepts. Levees, reservoirs, irrigation efficiency, etc. can be used as examples in our
classrooms and conferences to make the complex systems concepts more accessible for the people in
hydrology without compromising the capacity of socio-hydrologists to communicate with people in
other disciplines, if developing an interdisciplinary domain is a goal. Socio-hydrologists are encouraged
to take Seidl and Barthel’s [5] feedback on their approach to interdisciplinarity more seriously:

“Socio-hydrology is still dominated by hydrologists, who have adopted a perceived hegemonic attitude
toward inter-disciplinary collaboration”.

The socio-hydrology community is dominated by hydrologists. If the socio-hydrology’s
objective is to break the existing boundaries through a systems approach that leads to a holistic
understanding of complex human-water systems, hydrologists must be open to actively learning
from and working with other disciplines and do not need to pull every exciting concept toward their
own domain. Rephrasing the concepts from other fields might not the most constructive step toward
scientific interdisciplinarity.

The socio-hydrology literature has shown a strong tendency to borrow fashionable phrases and
exciting concepts from other fields (e.g., co-evolution, tipping points, self-organization, Anthropocene,
black swan, ludic fallacy, unintended consequences). Using “popular terms and fashionable
phraseology” socio-hydrology [2] and the fame of the socio-hydrology proposers have made the
socio-hydrology papers highly cited and popular. Invention of socio-hydrology has also sparked
the idea of developing socio-hydrogeology, socio-climatology, socio-meteorology. Yet, the popularity
of socio-hydrology has mainly emerged in networks that are less familiar with the water resources
systems and CHANS literature. Socio-hydrology remains to be dominated by hydrologists who are
less “traditional” than the mainstream hydrologists but more “traditional” than the water experts
who have been working in the human-water systems space for decades. We noted many papers
in the literature that use socio-hydrology as a keyword or in their title but do not make a proper
connection to socio-hydrology “concepts” or literature throughout their articles. Seidl and Barthel [5]
also noted that 26% of the socio-hydrology papers they reviewed mention the term socio-hydrology
in their title, abstracts, and keywords but “do not refer to the concept of socio-hydrology presented
by Sivapalan et al. [1]”. Seidl and Barthel expressed their “surprise”, claiming that when they
contacted the authors of several of those papers, they confirmed that they were not aware of the
socio-hydrology concepts.

While the desire for adopting fashionable concepts from other disciplines is high among the
socio-hydrologists, the inappropriate use of such concepts significantly hurt the scientific rigor of
some socio-hydrology publications. The interest of the original proposers of socio-hydrology [1] in
predicting black swan events (also questioned by Koutsoyiannis [2] in his review report), reflects their
misunderstanding of the black swan theory [41] which asserts that black swans might be predictable
retrospectively, not prospectively. As another example, Di Baldassarre et al. [104] explained the known
mechanism of increase in water demand as the result of increasing water supply (e.g., [24,35,38,69]) as
the Jevons’ paradox (rebound effect). However, Jevons’ paradox in economics is about the increased
efficiency in use of a resource (an intervention on the demand side), not an intervention on the supply
side. In other words, the total resource volume remains constant and the rebound is caused due to
increase in the rate of resource consumption. But, in the featured examples of Di Baldassarre et al. [104],
changes in the supply side, i.e., increasing the volume of resource (through building a new reservoir)
had led to an increase in demand (by enabling “agricultural, industrial or urban expansion”) that
ended up offsetting the increase in supply. In their examples, the intervention is on the supply side
(reservoirs) as opposed to the Jevons’ paradox which involves an intervention on the demand side (e.g.,
increasing resource use efficiency through technology advancements). While the governing structure
of the two problems and the overall behavior in the variables of interest (e.g., supply-demand gap)
might be the same, the interventions that cause this behavior can be different. That is why using generic
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coupled human-water systems archetypes for this type of problems has been proposed [20,51,56].
The “fixes that fail” archetype (Figure 4) can explain the behaviors of both problems (Jevons’ paradox
and viscous supply-demand cycles) as discussed earlier (see Section 2.2).

Borrowing concepts and terms from other disciplines can be illuminating and valuable as long as
they are used correctly and are not rephrased unnecessarily. Relabeling and rewording the syntaxes
and terminologies of other fields might create short-term popularity. Though, in the long run, it can
increase our distance from scholars in other fields rather than breaking the boundaries and barriers to
facilitate interdisciplinary and trans-disciplinary interactions. We already have too many terminologies
in different disciplines that are worded differently but mean the same thing.

3. Efficiency of Our Peer-Review Systems

We raised some concerns about the claims that have been made by socio-hydrology literature.
These concerns are about the general interest area of socio-hydrology and not specific to certain
publications. Some of these concerns are not new but have remained unaddressed since the day the
“new science” was proposed in 2012 [1]. The socio-hydrology community could have avoided most of
these concerns through essential scientific efforts on a proactive basis (e.g., by a comprehensive review
of the existing literature). However, these basic concerns could have also been addressed reactively
and in response to peer review comments. If we attribute the systematic overlooking of the water
resources systems, system dynamics, and CHANS research in the socio-hydrology publications to the
unfamiliarity of socio-hydrologists with the existing literature, then we must be seriously concerned
about the major flaws and deficiencies of our peer review system. Evidently, the peer review system
has systematically failed in providing constructive feedback to our colleagues in socio-hydrology.

As discussed in Section 1, the questions asked in this paper are not supposed to undermine
socio-hydrology. We consider the increasing interest in socio-hydrology as a positive development,
whilst remaining surprised that these issues have not been raised in the peer review of 180
socio-hydrology publications by some of the best water resources journals that are supposed to
have a fundamental role in setting the science agenda and recognizing the value of novel insights [190].
This calls for revisiting our peer review system and asking how an effective review system can be set
up when a “new science” is proposed. Who is qualified to review papers that belong to a “new” space?
How must we set up a reliable review system that promotes innovation and interdisciplinarity but
does not compromise our scientific research procedures and standards?

Another issue that has contributed to the existing deficiencies in the socio-hydrology literature
is our culture in academia. We do not want to challenge, shame, and disrespect our colleagues. So,
we have strong reservations about putting our thoughts, comments, and feedback in writing in fear of
offending our colleagues. When our colleagues are more senior and famous, our concerns grow further.
The two of us also had serious reservations about writing this article. However, this culture must
change. We have to be more helpful to each other and not be afraid of providing constructive feedback
to our colleagues if we care about them and really believe in the power of science and interdisciplinary
approaches. The concerns we listed here are not new and we have heard our colleagues talking about
them for years but did not share them formally. When our formal peer review systems fail, we have a
stronger responsibility to protect the integrity of science and help our colleagues flourish and succeed.

While the flaws of our peer review system require great attention, we should not forget that
as academics, we still have an ethical responsibility to ensure that to the best of our knowledge
what we propose as a “new” contribution does not already exist. It is very hard to imagine that the
socio-hydrology community has remained unaware of the ongoing and past research in other areas
such as system dynamics with a strong overlap with their work, especially when they refer to their
early products as system dynamics models, use CLDs, and frequently use the popular terms such as
unintended consequences, complexity, feedbacks, evolution, etc.
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4. Conclusions and Final Remarks

Undoubtedly, the seminal paper of Sivapalan et al. [1] and their subsequent leadership has created
an increasing interest in social systems in the hydrologic science community. The socio-hydrologists’
success is evidenced by the number of published socio-hydrology papers since 2012, as well as the
number of researchers who identify themselves as socio-hydrologists or use the socio-hydrology
term in their publications. Yet, socio-hydrology seems to have become mostly popular among the
mainstream hydrologists with limited familiarity with the past work in the human-water systems
space, not to those who have worked in this space for decades. The socio-hydrologists’ interest in
holistic understanding of human-water systems, which necessitates systems approaches, together with
their desire to advise policy creates a natural overlap between socio-hydrology and research in water
resources systems, SES and CHANS areas. Nevertheless, socio-hydrologists insist that their work is
different from the works of other groups without providing sufficient scientific evidence.

Socio-hydrology was originally proposed as a “new science” but so far it has not been more than an
interest area or a sub-field of hydrology. While the socio-hydrology literature shows a great tendency to
borrow fashionable syntaxes and popular concepts from the literature of other fields, socio-hydrologists
have systematically overlooked the past and ongoing work in the coupled human-water systems space
and this has led to reproduction of some existing concepts under new names.

Some concerns about the practicality of socio-hydrology goals, the types of unique tools/methods
it uses, the new questions it asks, and its boundaries and points of departure from existing domains
have been around and remained unaddressed since 2012. Thus, it is not clear to us why socio-hydrology
insists on creating arbitrary boundaries with water resources systems and CHANS. The overviewed
deficiencies in the socio-hydrology literature reflect the existing shortfalls of our peer review system that
require serious attention, especially in the era of increasing interest in developing new interdisciplinary
fields in response to our research needs.

Generally, the ex-ante creation of a new science or even a new field is not scientific and sets
the counterproductive precedent of creating new sciences based on personal judgement rather than
scientific proof. Establishing a new field must be done through a scientific procedure that recognizes
the new needs, carefully examines what is available, identifies the gap, proposes meaningful and new
questions, and suggests solid evidence for the possibility of answering such questions using new, old,
or revised approaches and methods. Certainly, this procedure was not followed by socio-hydrology
and as a result, after eight years, we still have a hard time figuring out what socio-hydrology means
and what it is trying to do that is novel. This can be attributed to our ignorance, but we believe that
this confusion has been contagious and common for a lot of non-socio-hydrologists.

In our opinion, the valuable contribution of the socio-hydrologists is not their “new science”,
models, ambitious statements, and exciting agenda, but their perseverance and dedication to reminding
the mainstream hydrologists about the need for taking the human factor into account. For the reasons
discussed in the paper, a good number of socio-hydrology papers would have been nearly unpublishable
in their current forms in traditional water resources management or water resources systems journals.
The same is true if these papers had been reviewed by those familiar with the larger water resources
systems, system dynamics, and CHANS literature. Nevertheless, the appearance of these papers in the
most reputable hydrology/water resources journals and the dedicated efforts of the socio-hydrology
leaders to promote their “new science” at major gatherings of the field have resulted in: (1) an
increasing recognition of the need for incorporating the human element into traditional hydrologic
models; (2) an increasing interest, especially among the early-career researchers to study and model
coupled human-water systems; and (3) a big surge in the production of coupled human-water systems
literature (mainly based on systems dynamics methods) that provide potentially useful insights for
policymaking. Thanks to the efforts of the socio-hydrology leaders, the coupled human-water systems
community now has a bigger and more enthusiastic task force. This success must be celebrated
and promoted as it can strengthen the current efforts of those who have been working on coupled
human-water systems for a long time.
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Meanwhile, to avoid wasting economic resources and human talents, the socio-hydrology
leaders have a great responsibility to ensure that their community is aware of and recognizes the
major contributions of the water resources systems and CHANS communities to studying coupled
human-water systems. The presented boundaries and coordinates of the socio-hydrology “science”
seem to be suffering from a misunderstanding of what other communities (e.g., water resources
systems) are doing. Socio-hydrologists have an ethical responsibility to review what other groups have
done and clearly indicate their point of departure, if such departure is necessary at all.

Hjorth and Madani [191] warned that within the water resources profession, our mental
frames [192], beliefs, expectations, and judgements could converge over time as we continue to
read the same journals and go to the same conferences. Repetitions make our frames stronger and
empower them in our brains. To conserve our mental frames, we have a tendency to preoccupy
ourselves with issues that are closer to our comfort zones. We disregard the observations that
do not fit into our frames as we know well that “a frame modification would imply adjustment,
insecurity, and even confusion, possibly not just for the individual but for an entire community” [191].
This issue could be among the reasons that the socio-hydrology, water resources systems, and CHANS
communities have not successfully interacted with each other in a complementary fashion. Instead,
each group has remained defensive of its own framing of problems and its own unique solutions to it.
As proponents of the systems approach in decision making in the real world, we have failed to adopt
such an approach in our own world, i.e., academia, where most of the real-world complexities do not
exist and the stakes are supposedly much lower. Instead, as academics with strong interest overlaps,
we have competed to create and lead our own territories, dismissing what others have done. It is true
and very unfortunate that “we work hard, but separately, to solve interlinked problems” [191].

New challenges require changed priorities and new thinking. We need to update our common
sense and come to grips with our mistaken beliefs [115]. Common sense can unite us but creating new
science might divide us. Thus, if we want a unified effort, we must function within a common-sense
framework [191] instead of developing and protecting our own science. The lack of common
understanding makes scientists compete to interpret problems [115], propose new terms, “correct”
evaluation methods [193] and disciplinary jargons [194], and prescribe solutions based on their own
preferences and knowledge of their own domain instead of focusing on problem solving. If the subject
is more important, more people will try to compete and pull it toward their domain where they feel
most empowered by their own capabilities and perspectives [195]. Creating a common sense for
hydrologists that humans must be an integral element of water models can unite the water resources
community. However, insisting on creating a “new science” of socio-hydrology while undermining
the existing work in the human-water systems space might be a frustrating precedent that can lead to
further fragmentation of the already siloed scientists.

Lastly, despite the possible misinterpretations of our intention, we decided to write this paper
as outsiders who remain interested but confused about the developments and contributions of
socio-hydrology. The ability to give constructive and critical feedback, without causing resentment,
is a superpower that we might not possess. Nevertheless, we remain hopeful that these comments
encourage our colleagues in socio-hydrology to sharpen their messages, more comprehensively
consider the existing literature, and, if appropriate, join their forces and merge their work with other
scholars who are working on human-nature and human-water systems problems as unity can certainly
make us more powerful.
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