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Abstract.

Climate change and water security are among the grand challenges of the 21st century, but literacy on these matters among

high-school students is often unsystematic and/or detached from the real world. Fo-contribute-to-advancing-educationin-—a
warming-climate;we-destgned-This study aims at introducing the educational objectives, methods, and early results of "Water

and Us", a three-module initiative that can contribute to advancing water education in a warming climate by focusing on the
natural and anthropogenic water cycle, climate change, and emerging water conflicts. The method of Water and Us revolves

around storytelling to aid understanding and generate new knowledge, learning by doing, a flipped classroom environment,
and a constant link to examples from the real world — such as ongoing droughts across the world or seeds of conflicts around

transnational river basins. Water and Us was established in 2062+-and-sinee-thenhas2021-2022, and during that school year

involved 200+ students in a proof of concept to test the complete didactic approach in small-scale experiments. Results from

40+ hours of Wevents prehmmarﬂy confirmed fh&&smdeﬂ%s—af%geﬁefa}}}kawaf&eﬁe}ﬂﬂa{&ehaﬂgﬁ%%%)—bﬂt

our-approach-conveyskey-the effectiveness of this approach in conveying the essential elements of the eefﬁemper&fy—ﬂ&mfa}

/matural and anthropogenic water cycle, how

g sedthe most recurring concepts related to
climate change and water, and possible conflicts and solutions related to water scarcity in a warming climate. The Water and

Us team remains interested in networking with colleagues and potential recipients to scale up and further develop this work.

1 Introduction

Climate change is the big elephant in the room of our times. Fueled by anthropogenic emissions of greenhouse gases, climate
change "has caused widespread adverse impacts and related losses and damages to nature and people, beyond natural climate
variability" (IPCC, 2022). These impacts include an increase in heatwaves and extreme precipitation, an increase in human

and tree mortality, wildfires, ocean acidification and sea level rise, damages to ecosystems, and reduced food security (IPCC,
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2022). While some steps have been taken since the seminal United Nations Framework Convention on Climate Change in Rio
de Janeiro (1992), and while attention from the public has increased thanks to initiatives like Fridays for Future, the United
Nations Sustainable Development Goals, or the Sendai Framework for Disaster Risk Reduction, "most observed adaptation is
fragmented, small in scale, incremental, sector-specific, designed to respond to current impacts or near-term risks, and focused
more on planning rather than implementation” (IPCC, 2022). Current consensus, both at scientific and societal level, is that
challenges related to climate change mitigation and adaptation will characterize the world for several generations to come
(Hansen et al., 2013; Zhenmin and Espinosa, 2019).

If climate change is the elephant, then the most proximal resource to humans and ecosystems — water — is the floor over
which the elephant is standing. A rise in temperature as predicted by climate-change scenarios will lead to an increase in
drought episodes (Spinoni et al., 2018), a rise in extreme events (Alfieri et al., 2017), a decline in snow water resources (Mote
et al., 2018; Musselman et al., 2021), glacier depletion (Bongie-etal;26+6;-Shannen-etal;204+9)(Shannon et al., 2019), an
imbalance between water demand and availability (Barnett et al., 2005; Immerzeel et al., 2020), and ultimately profound
alterations in the whole water cycle (IPCC, 2022). Given the extent and intensity of human water management, such changes
may ultimately refleet-inte—seeial-result into societal instability, conflicts, poverty, displacement, and less water security at
global scale (Kelley et al., 2015; Galli et al., 2022). This is particularly true where precipitation is highly seasonal and/or
where snow and glaciers play a fundamental role in storing water during wet and cold winters to release it during warm and
dry summers (Barnett-et-al;2005)—Changes-(Barnett et al., 2005; Avanzi et al., 2023). Such changes in the water cycle will
inevitably challenge our societies, since the water cycle, ecosystems, and human societies are and always will be intimately
connected.

Despite these intimate connections, contemporary geosciences and, by reflection, water education from elementary to high
schools often remain anchored in a traditional view of the water cycle as a physical process where humans have little to no role.
Meanwhile, surveys from various parts of the world show that students tend to confound mitigation and adaptation to climate
change with unrelated environmental issues (Bofferding and Kloser, 2015), while knowledge gained at school often does not
translate in everyday habits (Amahmid et al., 2019) due to current high school students’ environmental literacy possibly being
inadequate (Wardani et al., 2018). These experiences speak for a need to expand how climate change education is done (Harker-

Schuch and Bugge-Henriksen, 2013), as acknowledged by UNESCO 1Qlttps://en.unesco.01rg/themes/water- security/hydrology/

water-education, last access 04/09/2022).

hod-This paper aims at introducing the objective, methods, and
early results of "Water and Us", an educational initiative developed by CIMA Research Foundation (Italy) to engage-encourage

scientists and teachers to co-deliver lectures on three topics: the natural and anthropogenic water cycle, climate change, and
emerging water conflicts. The initiative aims-at-thus contributes to filling knowledge gaps on the important, but often poorly

understood link between water resources and security, climate change, and institutional governance. fn—se-doing,we-aimat

st s tes S S —Water and Us is an interdisciplinary initiative bringing together hydrologists,
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jurists, and communication experts, and is strongly committed to cross borders within and across scientific fields of study to
modernize water education in a warming climate.

The paper is organized as follows: Section 2 introduces the educational approach of Water and Us, with particular emphasis
on the-its objectives, their implementation into three modules for high schools, and their counterparts for elementary schools
and adults. Section 3 discusses the-an array of metrics we are identifying to evaluate this approach and-some-early-findings-in

thisregardin the context of our early results for this initiative. Finally, Section 4 draws conclusions.

2 The educational approach

In describing the current method of Water and Us, we will inevitably refer to our specific experiences in Italy — see the example
of storytelling in the Appendix regarding the Alpine 2022 drought. However, the approach described here is fully transferable,
with Chapter 4 of the IPCC Assessment Report 6 on Water providing a general framework to identify emerging risks for a
given location and how these risks link to governance challenges (see https://www.ipcc.ch/report/ar6/wg2/downloads/report/
IPCC_AR6_WGII_Chapter04.pdf, last access 08/05/2023). The authors are also available-to-share-alhinitiating an open, online
repository of the materials used incliding-waterseape pietures(see-Seetton23(https://doi.org/10.5281/zenodo.8341482).

The primary target audience of Water and Us is high-school students (in Italy, 14 to 19 years old), but the offer has already
been adapted for elementary schools and adults. The choice of high-school students was due to two main factors. The first
is the clear fit between this initiative and high-school programs in Italy. In this regard, Water and Us directly contributes to
civics (in Italian, Educazione Civica, see https://www.istruzione.it/educazione_civica/, last access 13/09/2023), which includes
educational targets on sustainability and environment awareness, and to science programs, which include chapters on the Earth
system, the water cycle, and climate. The second is the symbolic leverage of high schools ineludingrepresenting the last step
of mandatory education in Italy, which means that high-school students are in the process of deciding their own future when
they are exposed to Water and Us, an aspect that promotes engagement and awareness.

The main structure of the initiative reselvesrevolves around three objectives, four didactic pillars, and three modules (each

needing 1.5 to 2 hours). Figure 1 summarizes these pillars and the content of each module.
2.1 Objectives
The main educational objectives of Water and Us are as follows:

1. inform next generations on the concept of "water resource" as an intertwined result of the natural water cycle and
anthropogenic actions, and on how, where, when, and by whom water is used, transported, stored, and diverted in the

Anthropocene;

2. educate students on the most salient aspects of climate change and its governance, including the difference between mit-
igation and adaptation, the role of international agreements, the scientific foundation of global warming, and how these

processes ean-affect water availability at all scales — including future scenarios of water supply, floods, and droughts;


https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter04.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter04.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter04.pdf
https://doi.org/10.5281/zenodo.8341482
https://www.istruzione.it/educazione_civica/
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3. raise awareness on existing and potential governance con icts around the use of water, especially in a warming climate,

and on solutions for a noncon ictual water resources management.

These objectives are well nested into the Sustainable Development Goals, and in pasgi¢didEnsure inclusive and
equitable quality education and promote lifelong learning opportunities for all — Target 4.7 on ensuring that all learners acquire
the knowledge and skills needed to promote sustainable development), #10 (Reduce inequality within and among countries -
Target 10.2 on empowering and promoting the social, economic and political inclusion of all), and #13 (Take urgent action
to combat climate change and its impacts — Target 13.1 on strengthening resilience and adaptive capacity to climate-relatec
hazards and natural disasters in all countries).

2.2 Didactic pillars

From a methodological standpoint, Water and Us leans on four overarching pillars (Figure 1).

The rst is an educational approach based on storytelling, under the assumption that the ancestral attraction of humans
towards tales will gain their attention and enhance understanding. This rst pillar goes well beyond “telling anecdotes”: instead,
it nests itself in a broad body of empirical and theoretical literature in education showing that storytelling can signi cantly
reduce depersonalization, develop identities, promote empathy and diversity, aid with understanding of complex issues by
linking them to the proximal world experienced by students, and ultimately generate new knowledge (Abrahamson, 1998;
Collins, 1999; Haigh and Hardy, 2011; Hibbin, 2016; Astiz, 2020). In doing so, Water and Us seconds the advent of digital
devices and so digital storytelling to generate vivid experiences for students through the mixture of voices, images, and videos
(Robin, 2008). Note that our stories focus on contemporary events, such as ongoing droughts across the world, rather thar
traditional tales (see the Appendix for an example).

The second pillar are hands-on experiences, to immediately put theory learned into practice. During our events, for example,
students are asked to identify potential water stakeholders in familiar and less familiar landscapes, and then to impersonate
these stakeholders in focus groups to re ect upon their needs with regard to water and how these needs mayittoforct
be in synergy with) other stakeholders. Groups are nally askegbtorlydiscuss these ndings in an effort to tackle emerging
con icts and maximize synergies (see Section 2.3 and 2.5). Thus, we openly link Water and Us to the long-standing educational
tradition of “learn by doing” (Schank, 1995) to go beyond the arti cial setting of school education and allow for a more natural,
immediate understanding of the subject matter.

Learning by doing is connected to the third pillar, which is a ipped classroom environment in which students become the
protagonists of the teaching experience. To this end, each module in Water and Us includes workshops led by the students fol
the students. In this framework, storytelling introduces the minimum amount of knowledge required by students to conduct
the workshops themselves (lack of preparation being a frequent problem with ipped classrooms, Akcayr and Akcayr,
2018). While relatively new, this ipped classroom approach has already been widely applied, with proven bene ts (Awidi and
Paynter, 2019).
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Figure 1. The four overarching pillars of Water and Us ( rst column) and how they come into play in the three educational modules.

The fourth pillar is a constant link to the real world, and in particular to the most pressing, contemporary societal issues —
water security and climate change. The hypothesis here is that focusing on the real world will make topics covered by Water
and Us more tangible and so more interesting to students, as they can directly relate to their future in a climate-change 21st
century. This is in line with existing literature showing that climate-change education must be accessible and action-oriented
(for example, see Lee et al., 2013). In this regard, Water and Us synthesizes a geoscience-based approach to climate chang
with policy and governance, in an effort to make this initiative open to all aspects of water in the modern era.

2.3 Module 1: read the waterscape

Starting from the four didactic pillars outlined above, the rst module of Water and Us focuses on the water cycle in a warming
climate (Figure 2). This module builds from the premise that water is an essential resource for life on our planet to make three
broader points. First, that the natural water cycle of evaporation — precipitation - runoff is now part of a much broader and more
complex mechanism including regulations, allocations, and demands by human societies, which can signi cantly change the
natural course of water across our planet and introduce a striking variety of water stakeholders (Sivapalan et al., 2012). Second

that in temperate regions of the world this natural/anthropogenic water cycle relies on an intermediate natural reservoir, snow,






