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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 far-detached from the real world. To contribute to advancing education in
a warming climateand-prepare-next-generations-to-play-their role-in-futuresocieties;, we designed "Water and Us", a three-
module initiative focusing on the natural and anthropogenic water cycle, climate change, and emerging water conflicts. The
method of Water and Us reselves-—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 the-archetypal
events-of-the-Californta-snow-drought-er-the-ongoing droughts across the world or seeds of conflicts around transnational river
basins. Water and Us was established in 2021, and since then has involved 200+ students in a proof of concept to test the
didactic approach in small-scale experiments. Results from 40+ hours of events eenfirm-preliminarily confirmed that students
are generally aware of climate change (90%), but have sparse knowledge of the concrete actions that are in place to mitigate
or adapt (up to 20%). Understanding of the water cycle by students is often anchored to a naturalistic, but fietitious-idealized

view where human interference is minimal. Ous-In this framework, our approach conveys key elements of the contemporary,

natural/anthropogenic water cycle, how this cycle is challenged by warmer temperatures and declining snowpacks, and how

at-vartoustevels—theclimate change may ultimately lead to water conflicts if not properly managed. The Water and Us team

remains interested in networking with colleagues and potential recipients to scale up and further develop this work.
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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,
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 by-from the public has increased thanks to bettem-tip-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 (Hardy;2063)(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 : s Bongio et al., 2016; Shannon et al., 2019), an
imbalance between water demand and availability Barnett-etal52005)Barnett et al., 2005; Immerzeel et al., 2020), and ulti-
1’ last-aceess—14/09/2022
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80

85

90

95

100

105

mately profound alterations in the whole water cycle (IPCC, 2022). Given the extent and intensity of human water management,
such changes will-may ultimately reflect into social 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

water-Changes in the water cycle will inevitably challenge our societies, and-that-these-three-spheres—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 to-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 eurrent-high-schoolstadents—environmental-literaey

environmental issues (Bofferding and Kloser, 2015), while knowledge gained at school often does not translate in everyday
habits (Amahmid et al., 2019) —TFhese-diffietlties-may-berelated-to-the frequentissue-of confounding mitigation-and-adaptatio

—due to current high school

students’ environmental literacy possibly being inadequate (Wardani et al., 2018). These experiences speak for an-urgentneed
to—retnvent-a need to expand how climate change education is done (Harker-Schuch and Bugge-Henriksen, 2013), as for

example-acknowledged by UNESCO'.

sent-The overarching objective of this paper is to introduce the method of "Water and Us", an educational initiative
developed by CIMA Research Foundation (Italy) to respend-te-these-chalenges-by-foeusing-engage scientists and teachers to

co-deliver lectures on three topics: the natural and anthropogenic water cycle, climate change, and emerging water conflicts.

—initiative aims at filling knowledge
aps on the important, but often poorly understood link between water resources and security, climate change, and institutional
overnance. In so doing, we aim at both raising students’ awareness on the escalating impacts of changes in water cycle on

their own future, but also at stimulating their interest in these topics for personal study. Water and Us is an interdisciplinary
initiative bringing together hydrologists, 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 three modules for high schools and their counterparts for elementary schools and adults. Section 3 discusses the array of

Uhttps://en.unesco.org/themes/water-security/hydrology/water-education, last access 04/09/2022
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locationandhow theseriskslink to governanceghallengegseehttps://www.ipcc.ch/report/aré/wg2/downloads/report/IPCC_

AR6_WGII_Chapter04.pdiast acces8/05/2023).The authorsare also availableto shareall the materialsused,including

Ist is theclear t betweerthis initiative andhigh-schoolprogramsn Italy. In this regard WaterandUs directly contributes

which meanghathigh-schooktudentsrein the procesf decidingtheir own futurewhenthey areexposedo WaterandUs,

andon solutionsfor anoncon ictual waterresourcegnanagement.


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://www.istruzione.it/educazione_civica/
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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

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

knowledge required by students to conduct the workshops themselves (lack of preparation being a frequent problem with
ipped classrooms, Akcay r and Akgay r, 2018). While relatively new, this ipped classroom approach has already been
widely applied, with proven bene ts (Awidi and Paynter, 2019).

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 changée-do-se-by-bridgingthe gapbetweenthe traditional, geoscience-baseapproacho

reeThe 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
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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.

they can directly relate to their future in a climate-change 21st century. This is in line with existing literature showing that

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 Werldaly-this natural/anthropogenic water cycle relies

on an intermediate natural reservoir, snow, which is often overlooked and rarely seen as a key precondition for life on our planet



(Barnett et al., 2005). Third, that this natural/anthropogenic water cycle is changing, due to a recurringrpétreperate

We originally chose to make these points by linking future scenarios of temperature, snow, and water supply in Italy with an
exemplary story from another part of the world, the California 2012-16 snow drésh
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Our events started in January 2022ethe Resultssectionbelew)and so we soon had to re-adapt this framework to include

show de cit, and stream ow lows. We found that doing so enhanced credibility of our stories as students appreciated patterns
across continents and were able to nd links to topics that were covered by media and social networks at the time. Albeit
unfortunate in nature, this coincidence of events made Water and Us concrete and relevant to students.

water risks may_ be relevantto_different contexts,cultures,and representationsf what is
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pogenic water cycle into practice. We gather students in small groups (4 to 5 maximum members), assign one landscape tc

each of them (see an example in Figure 2), and ask students to pinpoint who is using water, how, aivdasfby-words,

of this work, students report their ndings to the class and come up with a bottom-up, shared categorization of recurring water
stakeholders. We found this to be particularly important not only because knowledge of water stakeholders is a precondition
to understand following modules in Water and Us (and more generally what is at stake regarding water security in a warming

they were taught about the water cycle was in elementary school.
2.4 Module 2: the 21st-century toolbox

The second module focuses on climate change, a term that is well known to students but that — often — few are able to clearly
explain. This gives us an opportunity to convey two main messages: 21st-century challenges have a precise and accurat:
vocabulary and handling this vocabulary is a precondition for next generations to play an impactful role in shaping the future.

into small groups and are assigned a list of terms related to climate change, such as “global warming”, “IPCC”, “COP21",

“sustainability”, “greenhouse gase$hitigation andadaptationor “Paris Agreement”. We then ask students to use their own

knowledge and digital devices to come up with an accurate, and yet concise de nition of each of these terms. While doing so,
we ask them to check for multiple sources, note down these sources, and discuss how and why de nitions may differ across

nal de nitions for them to keep a toolbox for future use.
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