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Abstract

The concept of “waterscapes” is examined, with a focus on applications in
secondary schools and the pedagogy for undergraduate geography students. The
waterscape emphasis on external flows of capital, political relations, and policy
that interact with the physical watershed, as well as the hydrosocial cycle, are
particularly well suited to support teacher pedagogical content knowledge because
of the flexibility in interpreting and applying concepts using what we have termed
“the shallow sustainability approach”. Employing case studies from the Singapore
geography curriculum, we explore new pathways for the traditional interpretation
of waterscapes that include linking mathematical modelling of hydrologic
systems with rich local narratives.
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follow this with a brief overview of pedagogical content knowledge (PCK) which
is used to frame the discussion of the nexus between water resource management
principles and PCK, as presented in the third section of the paper. Finally, a case
study approach is used to explore how waterscapes can provide new ways of
looking at water resource issues within a geography curriculum.

Current principles, practices, and paradigms of water resource assessment
and management

In this section we discuss three different approaches to water resource
assessment and management, namely, IWRM, socio-hydrology, and waterscapes.
IWRM has been applied throughout the world (Borchardt ef al., 2016; Charnay,
2011; Giordano & Shah, 2014; Mekong River Commission, 2016) and the
management framework is explored explicitly in university curricula, but
generally at the graduate level and more as a planning and management topic with
distinctly technical underpinnings (Bourget, 2006; Jonker, 2005; Powell &
Larsen, 2013). Individual components of I[WRM (e.g., water source and
catchment conservation; valuing water resources economically and socially) are
found within secondary school and undergraduate curricula (Hirsch & Lloyd,
2005; Irvine et al., 2015a; Shah & Treby, 2006). The waterscape concept was first
formally outlined by Swyngedouw (1999) and more recently, the field of socio-
hydrology has begun to evolve (e.g., Di Baldassarre ez al., 2015; Loucks, 2015;
Sivapalan et al., 2014; Troy et al., 2015).

Principles of Integrated Water Resource Management (IWRM)

Irvine et al. (2010) summarized the modern development of [IWRM and
its eight guiding principles. The eight guiding principles are as follows:

1) Water source and catchment conservation and protection are vital.

2) There should be agreement between stakeholders on water
allocation within a national framework.

3) Management must be addressed and implemented at the lowest
appropriate level.

4) Capacity building is essential to sustainable development and
management of water resources.

5) Stakeholders from all sectors must be involved in a participatory
process of developing inclusive water resource management policy.

6) Efficient water use is essential and can be considered an important
‘source’ in itself.

7) Water provides essential ecosystem services that should be
appropriately valued.

8) Striking a gender balance is essential.
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Principles of Waterscapes

Perrault er al. (2012) succinctly summarized the principles of
waterscapes:

Waterscapes explore the ways in which flows of water, power,

and capital converge to produce uneven socio-ecological

arrangements over space and time, the particular characteristics

of which reflect the power relations that shaped their production

(p. 486)

Importantly, a waterscape extends beyond the physical boundaries of a
watershed (Figure 1). In some ways, as noted by Swyngedouw (1999) and
reviewed by Irvine ef al. (2016), waterscapes theory can be linked to concepts of
political ecology. Swyngedouw (2009) also observed that “...interventions in the
organization of the hydrologic cycle are always political in nature and therefore
contested and contestable.” Furthermore, our contention is that an important
element of the waterscapes framework should be the hydrosocial cycle. Linton
and Budds (2014) likely would disagree as they stated, “We propose the
hydrosocial cycle as an analytical tool for investigating hydrosocial relations and
as a broader framework for undertaking critical political ecologies of water.” As
we will discuss later, we believe the waterscapes concept to be more
encompassing and elegant and therefore, we prefer to consider the hydrosocial
cycle as an element within the waterscapes concept. The hydrosocial cycle begins
to place a greater emphasis on the role of human involvement with the hydrologic
cycle. As noted by Linton (2014):

The hydrosocial cycle borrows somewhat from the concept of

the hydrologic cycle, but modifies it in important ways. While

the hydrologic cycle has the analytical effect of separating

water from its social context, the hydrosocial cycle represents

water as a hydrosocial fact, thus putting people and politics at

the center of all water issues. (p. 114)

As such, the hydrosocial cycle addresses Swyngedouw’s (1999) concern
regarding the dualism of nature and society whereby the inseparable connection
between nature and society is not adequately addressed.
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2) The scale of analysis is dynamic. It is not fixed at the catchment
level but scales up or down according to what needs to be examined,
which represents a shift in terms of the way we do things.

Pedagogical Content Knowledge

The paradigm of pedagogical content knowledge (PCK) emerged from
issues related to educational quality and the desire for reform in U.S. schools
beginning in the early 1980’s (Carlsen, 1999; Gess-Newsome, 1999). To address
some of these concerns, Shulman (1986, 1987) began a line of research that
identified signature characteristics of the teaching profession. Shulman (1986)
initially outlined three categories of teacher knowledge: 1) content knowledge; 2)
curricular knowledge; and 3) pedagogical content knowledge. Content knowledge
pertains to what a teacher may have learned in formal (or informal) settings, such
as through the courses in their major at university, while curricular knowledge
refers to the tools (e.g., technology) and understanding of how to teach (e.g.,
teaching strategies for different learners). Pedagogical content knowledge refers
to the teacher’s ability to translate difficult content material so that it is
understandable for the student. It is not sufficient to simply understand the content
of the discipline; the teacher also must understand pre-conceptions that students
of a particular age may have about a topic and have a range of strategies to address
these pre-conceptions. We emphasize that these skills are equally pertinent to the
high school teacher and the university professor.

As applied to science education reform, PCK follows a constructivist
approach that is inquiry-oriented and student-centered. As such, teachers must
“...select science content and adapt and design curricula to meet the interests,
knowledge, understanding, abilities, and experiences of students” (Park et al.,
2011). Under these conditions, teachers with more sophisticated PCK skills may
have a greater ability to implement educational reforms and the “deep
sustainability” approach to the hydrosocial cycle described in the next section may
present challenges for teachers to translate into pedagogy (see also Seow et al.,
2019a, 2019b). The question for this paper then becomes whether the waterscapes
framework can be helpful in explaining the complex social and physical
interactions of the hydrosphere.

Water Resource Management Frameworks and Implications for Pedagogy
Waterscapes, socio-hydrology, and IWRM have some similarities, but
also a number of important differences. Wesselink et al. (2017) delivered an
extensive and thoughtful comparison of the hydrosocial cycle and socio-
hydrology and here we hope not to reiterate their very good summary, but rather
offer some additional insights.
Linton and Budds (2014) provided a very detailed discussion of the
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Water resource management typically is applied at the watershed scale.
The watershed might be thought of as the fundamental hydrologic and
geomorphologic unit because the physical boundaries facilitate the determination
of water, sediment, and chemical mass balances, which are useful in supporting
water resources management decision-making. While this physical boundary
approach is helpful in quantifying mass balances, it also tends to focus attention
on the local drivers and processes within the watershed and de-emphasizes
external forcing factors (the issues of climate change not withstanding). This is
underscored by the IWRM principle that management must be addressed and
implemented at the lowest appropriate level. In part we might see this as a scale
issue, and as noted above, the waterscapes framework can support a dynamic
scaling approach. Furthermore, while [WRM retains a certain technical
pragmatism that is attractive to on-the-ground application, we believe that
waterscapes, with its geographical focus on spatial and temporal relations and
human-environment interactions, can serve to fill the conceptual shortcomings of
[WRM (cf. Cohen & Davidson, 2011) and provide a deeper appreciation for the
complexities of water resource management. We would further contend that the
richness of geographical community narratives gives a “face” to the daily
negotiations of water accessibility and resiliency that cannot be entirely captured
in mathematical abstraction (cf. Vogel ef al., 2015).

As sound water management continues to be an important theme
globally, education is essential to ensure that the next generations will learn about
innovative and sustainable approaches to management. What are the implications
of such a shift in relation to geographic and water resources management
pedagogy? In addition to the way curricula can be developed and what issues in
water resources management and geography can be taught, it will also change the
way we think about how the topics are taught. Let us consider case studies from
Singapore to explore the implications of waterscapes for pedagogy.

Framing PCK and Waterscapes — the Singapore Curriculum Context

Because of its small catchment area and dense population, water is a
matter of national security in Singapore (Tortajada, 2006) and the closed-loop
water management approach in this island-state has evolved to become one of the
most sophisticated and resilient systems in the world (Irvine et al., 2014; Luan,
2010). Appropriately, water is a focal point in the Singapore geography
curriculum, which has a rich modern history that has been traced by Irvine et al.
(2015a), while Chang (2012) provides a detailed and critical review of geography
education at all levels in Singapore.

Adapted from Roberts (2013), the 2014 syllabus (and retained through
the 2021 revised syllabus), Geographical Inquiry, has been used as a key guide
for pedagogy in the 2014 and 2021 school geography syliabus in Singapore. A
related signature pedagogy in the geography curriculum is the required
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of the co-authors. The total sample size across all classes was 43.

Table 1

Classes participating in the hydro-social cycle Description Experiment
Class Academic Level  Class Size  Comments
AAGIO0A, Year 1, BA 9 A mix of students having
Elements of program geography as a primary or
Physical secondary focus
Geography
AAG40D, Year 4, BA 13 All students having a
Geographical program primary focus in
Methods and geography and conducting
Fieldwork their final year project
QCGS2C, PGDE program 8 Not all students had a
Teaching Geography bachelor’s
Outside the degree
Classroom
MAS944, Masters in 13 All were graduate
Global Cities  Humanities students but only 2 were

Education teaching Geography

A simple word cloud was constructed based on the narratives that each
student provided and is shown in Figure 2. A few trends could be identified from
this exercise and are apparent in the word cloud. First, in general, the students
provided excellent process-oriented narratives and clearly described water
movement through the hydrologic cycle. However, only 7 of 43 students (16%)
made any meaningful statements regarding human interaction with the hydrologic
cycle, with an additional 4 students referring to Puget Sound or Lake Washington
by name. The PGDE class provided the least detail in the description of the
hydrologic cycle and had the second lowest percentage (12%) of participants
noting a human influence. Perhaps this result is related to the lack of a geographic
background (not all PGDE students have a Geography degree). They may be only
starting to transition from expert student to novice teacher, without the more
extensive content-pedagogy connections of the BA program. Interestingly, the
MA class had the highest percentage (38%) of participants noting a human
influence, but only 2 in the class were geography teachers. Since the MA class
represented older students than the PGDE class, this result may reflect the
importance of what Morine-Dershimer and Kent (1999) call personal pedagogical
knowledge, or the knowledge obtained through personal, practical experience.
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evaporate, and detain runoff close to its source. WSUD is de-centralized and
works with nature to reduce flooding and improve runoff quality. WSUD
technologies include raingardens, cleansing biotopes, green roofs, grassed swales,
pervious pavement, constructed and floating wetlands, rain barrels, and
conservation of trees.

WSUD is of particular relevance to the Singapore Secondary 1 and junior
college geography curricula, with their focus on approaches to managing urban
flooding. Indeed, the Public Utilities Board (PUB, Singapore’s water agency) has
implemented a raingarden program with schools, while the Housing Development
Board (HDB, the statutory board responsible for Singapore’s public housing) has
now included WSUD in all new HDB estate designs (Loc ef al., 2020).

PUB, in partnership with NIE, AECOM, and Green Earth Consultants,
collaboratively constructed a demonstration raingarden at NIE, details of which
are discussed by Chang et al. (2018). The raingarden is instrumented with an
Internet of Things (1oT) meteorological station (Figure 3a) and provides
numerous learning opportunities including determination of simple water
budgets, measuring infiltration rates (Figure 3b), and understanding how
raingardens (as an example of WSUD) can be both a water management
technology and make a city more liveable through enhancing greenspace. Urban
liveability is a theme in the lower secondary geography curriculum.

Frequently, however, our NIE team is asked by teachers what they can
do with a raingarden. The opportunities are boundless with respect to water
management, liveability, and even climate change, but it requires us to help
teachers bridge from established PUB policies and programs to the geography
curriculum. How might waterscapes and the hydrosocial cycle help with this? To
begin, fieldwork explicitly supports Geographic Investigations (Gls) as a
signature pedagogy in Singapore schools. Infiltration measurement (Figure 3b) is
an example of a specific Gl undertaken at the Junior College level. The IoT
meteorological station (Figure 3a) supports the Singapore Upper Secondary
Geography 21st century competency goal of developing confident learners who
can communicate effectively through the use of ICT (including big data).

As such, several geography classes at NIE use the meteorological data in
assignments. Selected final year project research has focused on sampling and
evaluating the efficacy of the raingarden in improving runoff water quality
(nutrients and total suspended solids). Water quality assessment is a Lower
Secondary GI. These various topics and experiences are linked throughout the
undergraduate program by content and pedagogy lecture material on pluvial water
management, WSUD, and urban liveability.
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Conclusion

The key elements of a waterscape, that it extends beyond the physical
boundaries of a watershed to consider the external flows of capital, political
relations, and policy that interact with the physical watershed, together with the
hydrosocial cycle, can be useful in focusing discussions on human-environment
relationships. Certainly, Richard Chorley’s observation that the study of water
provides a logical link between an understanding of physical and social
environments is pertinent to the concept of waterscapes. We have illustrated how
PCK within the geography curriculum of Singapore might utilize the concept of
waterscapes and the hydrosocial cycle to facilitate an understanding of complex
water resource management dynamics. Waterscapes is a concept that is well-
suited to teaching and learning about water because it is integrative, offers
multiple perspectives, and meets the needs of a robust curriculum on sustainable
management of water. Seow ef a/l. (2019a) have argued that fieldwork is a type of
signature pedagogy for learning geography because it met all the components of
a signature pedagogy: (1) the concrete, operational teaching and learning practices
employed by teachers; (2) the deep structural understandings they have about
knowledge in their subjects; and (3) the professional values, beliefs, and attitudes
they have about their craft. Collectively, these dimensions shape the discipline’s
habits of the “mind” (subject matter) and habits of the “heart” (values) such that
when teachers use waterscapes as an organizational concept in class and in the
field, they are teaching in a way that is distinctively geographical, considering the
human-environment lens (e.g., in the last case study, development for whom?).
This human-environment relationship is more easily overlooked in the technically
oriented IWRM framework.

Although some may argue that the hydrosocial cycle, in and of itself,
should be the framework focus, we believe the overarching idea of waterscapes
provides both a broader investigative scope and a more appealing recognition
touchstone. We also believe the approach of socio-hydrology, at this point, in
trying to mathematically model societal responses deterministically, will be
difficult. However, while the waterscapes concept is attractive, certainly in its
geographic focus and the possible flexibility in facilitating development of PCK
using our proposed “shallow sustainability” approach, it does not seem to have
had a particular impact on the broader water resources community. Possibly, the
waterscapes concept has not gained traction because frequently a qualitative case
study approach has been used in association with a variety of social theories. The
case studies are chosen to support the contentions of the researchers and without
quantification are not reproducible and can reflect an overt bias towards the
“human” side of the argument. In this sense it is analogous to the critical question
“this is political ecology but where’s the ecology?” (e.g., Walker, 2005). We have
shown that mathematical modelling of the physical system and detailed physical
and social data collection and analysis can be incorporated into the waterscapes
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