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Summary: The aim of this study is to provide an insight of students’ (mis-)conceptions of urban adaptation strategies
for climate change. For this purpose, drawings and texts were produced by secondary school students (n = 87) aged 16-18
years from four secondary schools in Hamburg, Germany. The data were analyzed using qualitative content analysis. The
results show that the majority of students cannot distinguish between climate change adaptation and mitigation strategies.
Regarding climate adaptation strategies in urban areas, students predominantly focus on non-building-related approaches,
while some strategies in the field of building-related strategies and policy are not taken into account. There are no major
differences between the drawn and text elements. Regarding the (mis-)conceptions and gaps in knowledge, there is a need
for climate education to focus more thoroughly on urban adaptation strategies to successfully achieve conceptual change
and enhance urban adaptive capacity.
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1 Introduction

In the context of climate change, heat is a
well-documented health risk factor that influences
mortality rates across Burope, especially in cities.
With no adaptation to heat, the increase in heat-
related deaths consistently exceeds any decrease in
cold-related deaths across all scenarios considered
in Buropean cities (MASSELOT et al. 2023, 2025).
Under the lowest mitigation and adaptation sce-
nario (SSP3-7.0), MASSELOT et al. (2025) projected a
49.9% increase in the net mortality burden attribut-
able to climate change, with an estimated total of
2,345,410 climate change-related deaths (95% con-
fidence interval = 327,603 to 4,775,853) between
2015 and 2099. This net effect has to decrease to
protect people, even if it remains positive in sce-
narios with high levels of adaptation.

Heat and heat extremes comprise one factor
that threatens people in the city; heavy rainfall
events or an increase in flooding are also among
the threats, making urban climate adaptation strat-
egies necessary (IPCC 2023, THiery 2021). In ad-
dition, climate change intensifies the typical urban
climate: high surface temperatures, lower humidity,
and reduced air exchange due to the high building
density—and increases the existing risk of flood-
ing in European cities located near water (IPCC

https://doi.org/10.3112/erdkunde.2025.04.01

2023, KurTLER et al. 2023). To tackle the effects
of climate change in cities, urban mitigation and
adaptation strategies are necessary. To promote
climate adaptation strategies, the Federal Climate
Adaptation Act (Bundesklimaanpassungsgesetz)
came into force in Germany in July 2024, which
obliges the federal government, federal states, and
municipalities to develop climate adaptation con-
cepts (DEUTSCHER BUNDESTAG 2023). To enhance
urban adaptive capacity, which is a task for the
whole society that will last decades and require col-
lective action, climate change education is needed
to prepare people for current and future climatic
changes (CHANG 2022). Students as future decision-
makers play an important role to effectively pursue
climate action and adaptation in the future even if
they are not the primary contributors to the cur-
rent climate situation. In particular, knowledge is
essential for climate action and the (social) imple-
mentation of climate adaptation strategies in cities
(ANDERSON 2012, OrzaBaL et al. 2018, PRUNEAU
et al. 2010). Following the constructivist learning
theory, conceptual change is the goal of learning
(Bapa 2015, Duit & TreacusT 2003). To achieve
this conceptual change, students’ conceptions must
be considered. For this reason, this research project
examines students’ conceptions of urban adaptive
strategies for climate change.
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2 Theoretical background

2.1 Urban adaptation strategies for climate
change

Cities have specific climatic conditions, with
the urban heat island effect playing a decisive role
(OKE et al. 2017). While the urban heat island ef-
fect has been observed for a long time (ERIKSEN
1964), the impact of climate change on cities is a
more recent research area (IPCC 2023). The urban
heat island is “a difference in temperature between
urban areas and their surroundings” and charac-
terizes the urban climate (OkE et al. 2017). Due
to human activities and urban infrastructure, the
temperature in cities is higher during the day and
at night than in surrounding areas. The devel-
opment of this effect and the urban climate is a
complex interplay. The decisive influencing factors
for the associated radiation and heat balance in-
clude building and urban planning aspects as well
as emissions of anthropogenic heat. These factors
influence each other in complex urban climate sys-
tems (IPCC 2023). The urban heat island effect is
the strongest during the summer. While there are
usually temperature differences of 1-2 °C between
the city and the surrounding area, the difference
can sometimes be as much as 15°C in the eatly
morning hours. In the summer months, the urban
heat island effect therefore causes an increased
number of tropical nights in urban areas, where the
air temperature does not fall below 20 °C (KuTTER
2023). As a result of climate change, the intensity
and frequency of heat events are currently increas-
ing and, according to current projections, are set to
rise even further in the future. In Central Europe,
the probability of this increase is 99% (IPCC 2021).
The effects particularly affect cities that already
have higher temperatures than the surrounding
areas.

In addition to heat, water is also a key factor in
the city when it comes to climate change. The IPCC
(2021: 19) stated: “Continued global warming is
projected to further intensify the global water cycle,
including its variability, global monsoon precipita-
tion and the severity of wet and dry events.” For
Europe, it is projected that the predicted increase in
the frequency and intensity of heavy precipitation
(high confidence) will lead to an increase in local
flooding caused by rain (medium confidence). In
this regard, cities are particularly vulnerable con-
sidering the high population density and building
characteristics (IPCC 2023).

Two complementary strategies are being pur-
sued to counter these changes, e.g., regarding
temperature and water, caused by climate change:
mitigation and adaptation. Mitigation focuses on
“reduc[ing] the sources or enhance the of sinks of
greenhouse gases” (IPCC 2014: 1769), while adap-
tation focuses on preventing and minimizing the
negative effects due to climate change. The IPCC
(2014: 1758) defined climate change adaptation as
a “process of adjustment to actual or expected cli-
mate and its effects [...] [that] seeks to moderate or
avoid harm or exploit beneficial opportunities.”

Adaptation strategies can be categorized into
three different areas. These include the following
selected elements; see Table 2 for a detailed list
(KurTLER et al. 2023, MEHRA 2021, StMUV 2023):
e Building-related urban climate change adapta-

tion measures
* Non-building-related urban climate change ad-

aptation measures
e Climate change adaptation policy, including
public outreach

2.2 Students’ knowledge and conceptions of ur-
ban adaptation strategies of climate change

To enhance urban adaptive capacity, climate
change education is needed to prepare young peo-
ple for current and future climatic changes (CHANG
2022). These people will experience the serious
consequences throughout their lives, make de-
cisions and take action even though they are not
the main contributors of the current climate situ-
ation. In particular, knowledge is essential for
building climate-friendly behavior and take action
(ANDERSON 2012, OrzABAL et al. 2018, PRUNEAU et
al. 2010). To achieve learning success in this con-
text, teachers need to know how to teach climate
change knowledge to students (pedagogical content
knowledge), e.g., knowledge about students’ con-
ceptions (BAUMERT et al. 2013, LEVE et al. 2023) to
take these conceptions into account when planning
lessons (see the model of didactic reconstruction
(KarrmanN et al. 1997)). Students’ conceptions
“... are conceptions of their own world and mental
representations of objects of knowledge that people
of all ages have formed through their socialization”
(FribricH 2010: 3006, translated by authors). Due
to their subjectivity, they are usually inconsistent
with the scientific ideas of a subject matter and are
referred to as misconceptions. They can represent
both a starting point for new knowledge and an



Secondary school students’ (mis-)conceptions of urban adaptation strategies for climate change

obstacle to learning (GERBER & BARTHMANN 2023),
but they are essential for achieving a conceptual
change (Durt & TrREAGUST 2003, HELLER 2022), de-
fined “as learning that requires the revision of prior
knowledge and the acquisition of new concepts”
(HELLER 2022: 84).

Studies on content knowledge suggest that de-
spite feeling informed and being concerned, many
young people seem to have an unclear understand-
ing about climate change, including misconcep-
tions about its causes and consequences and the
possibilities of mitigation and adaptation (LEE et
al. 2020). When it comes to adaptation, GRAULICH
et al. (2021) showed that young people do not feel
well informed about adaptation strategies in general
- less than one out of four participants can define
climate change adaptation. Students often confuse
adaptation and mitigation or concepts of environ-
mental protection (BOrrerpDING & Kroser 2015,
GraULICH et al. 2021, ScHroT et al. 2019). One
explanation for this confusion is students’ lack of
familiarity with this term, as education and com-
munication mainly focus on mitigation (ANDERSON
2012, BOFFERDING & KLOSER 2015).

With regard to climate adaptation in the city,
various studies (see GRAULICH et al. 2021, RATINEN
2021, ELLERBRAKE 2022) also show that students
have less knowledge in this regard and in com-
parison to climate mitigation and protection;
they also sometimes follow scientifically incorrect
conceptions. One example of this is the study by
ELLERBRAKE (2022), in which it was shown that
urban green and building greening are listed as an
urban adaptation measure by students, but the pur-
pose of use is stated as the reduction of CO, (= mit-
igation) by the students (ELLERBRAKE 2022).

As most of these studies predominantly use a
quantitative research methodology and refer to a
global perspective, there is a lack of data on (mis-)
conceptions that relate specifically to urban areas.
Taking into account what we know about students’
conceptions of urban adaptation strategies for cli-
mate change, we defined the following research
questions, which are aimed at better understanding
student’s conceptions and promoting conceptual
change.

Tab. 1: Overview of the sample

e What are (mis-)conceptions German secondary
school students hold about urban adaptation
strategies for climate change?

* To what extent do the (mis-)conceptions German
secondary school students hold about urban
adaptation strategies for climate change differ
among their drawings and texts?

* To what extent do German secondary school
students differentiate between urban adapta-
tion and mitigation to climate change?

3 Materials and methods
3.1 Sampling

The sample (see Tab. 1) compromised secondary
school students (n = 87) from four secondary schools
(upper secondary education (ISCED 3)) in Hamburg,
Germany. All the participants were in the 11th grade,
16—18 years old, and had selected geography as one of
their subjects. The topic of urban climate adaptation
strategies was mentioned in the curriculum as part of
two optional modules “urban planning in the context
of sustainable urban development” and “urban geo-
ecosystems” (FFH BSB 2022, translated) but had not
been discussed in the classroom before the data col-
lection since the curriculum in lower secondary educa-
tion (ISCED 2) covered only the basics and effects of
climate change and climate action, but not in relation
to the city (FFH BSB 2024). All secondary schools had
the same social index, which means that the socio-
economic circumstances of the students were similar.
The secondary school students were made aware of
the study, and their participation in the study had no
impact on their success or grades in class.

3.2 Data collection

The recording of the conceptions of secondary
school students was determined to be qualitative
with a two-part questionnaire. The questionnaire
consisted of a combination of (1) text (mostly in note
form) and (2) drawing, which provided a more com-
prehensive insight into the students’ conceptions.

self-reported gender age participants (total)
male female diverse 16 years 17 years 18 years n.s.
48 (55%) 35 (40%) 4 (5%) 15 (17%) 69 (80%) 2 (2%) 1 (1%) 87 (100%)
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First, the participants were asked about their un-
derstanding of urban adaptation strategies for climate
change using an open-ended question. The short ex-
planatory texts are appropriate for this study because
they enable a more holistic view of the conceptions.
Drawings are often complex and difficult to analyze
in detail (SCHULER 2015).

Second, the participants were asked to draw ur-
ban adaptation strategies for climate change using a
pre-structured drawing. The pre-structuring included
a street, two houses, a river, and a bank. The pre-
structuring is intended to encourage the students to
draw and to make it easier to compare the results.
Drawings are particularly suitable for the study of
analyzing mental models and comparing them with
scientific concepts (SCHULER 2015). The students
were allowed to label aspects but were not explicitly
instructed to do so.

The authors conducted the questionnaire during
a geography lesson to ensure that the participants an-
swered and made the drawings without any assistance
or the influence of their teachers.

3.3 Data analysis

The drawings were analyzed using content-struc-
turing content analysis (KuckArTz & RADIKER 2023).
This method usually refers to texts, so the original
steps were adapted with regard to the evaluation of
drawings. Deductive—inductive categorization was
used. The final category system consisted of four
main categories and 14 sub-categories. This included
a main category for climate mitigation (main catego-
ry 2.0), as mitigation is often confused with adapta-
tion (main category 1). Both categories were formed
deductively. In addition, the categories emergency
measures (main category 3.0) and other measures
(main category 4.0) were formed inductively. The lat-
ter main category included all graphic elements or ex-
planatory approaches that could not be assigned to the
other main categories, such as the harbor, a kiosk, or
sports fields. The main category of emergency meas-
ures comprised emergency measures in the event of a
crisis, such as emergency warning systems, sandbags,
and emergency shelters. A frequency analysis and an
analysis of the content aspects were carried out. After
analyzing and counting the coded elements, the stu-
dents were assigned to one of the following four con-
ception types—types 1-3 were formed deductively,
and type 4 was formed inductively:

* Predominant conception of urban adaptation

strategies for climate change (main category 1)

* Predominant conception of urban mitigation
strategies for climate change (main category 2)

* Mixed conception of urban adaptation and
mitigation strategies for climate change (main
categories 1 and 2)

* Conception of emergency strategy measures in
response to climate change (main category 3)

4 Results

4.1 Students’ conceptions of urban adaptation
strategies for climate change

In total, 734 clements were categorized across
87 drawings and texts (see Tab. 2). A total of 358
(48.8%) of the elements were assigned to main cat-
egory 1 (climate change adaptation strategies), and
336 (45.8%) were classified as main category 2 (cli-
mate change mitigation strategies). Main catego-
ry 3 (emergency measures) comprised 16 elements
(2.2%), and main category 4 (other strategies) in-
cluded 24 elements (3.3%).

Regarding climate adaptation measures, it be-
came evident that the students primarily illustrated
and mentioned non-building-related urban climate
change adaptation measures (n = 228; 31.1%) (see
Tab. 1). In particular, urban green spaces (n = 133;
18.1%) and flood and inundation protection for ur-
ban rivers (n = 55; 7.5%) appeared frequently (see
Fig. 1). The installation of ventilation systems, heat-
adaptive building designs for new constructions,
and the establishment of public cooling centers did
not appear. Among building-related urban climate
change adaptation measures, building greening
(n=065; 8.9%) (see Fig. 2) and radiation and heat
protection measures on buildings (n = 49; 6.7%)
were commonly illustrated or mentioned. In con-
trast, policy measures, including outreach, were
rarely represented (n = 11; 1.5%) (see Fig. 3).

In total, 336 climate change mitigation meas-
ures (45.8%) were illustrated or mentioned (see
Tab. 2). The most frequently depicted measures
were sustainable mobility (n = 132; 18.0%) (see
Fig. 4) and the utilization of renewable energy (n
= 108; 14.71%) (see Fig. 4). These were followed by
carbon emission reduction (n = 35; 4.8%), sustain-
able water and waste management (n = 38; 5.2%)
(see Fig. 4), and sustainable consumption (n = 23;
3.1%). In some cases, adaptation strategies, such as
urban green spaces, were depicted, but they were
linked to CO, reduction through photosynthesis
rather than evapotranspiration or similar process-
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Tab. 2: Overview of all results

Main category (mc)

Subcategory (sc)

Coded elements (n = 734)

1.1.1 Radiation and heat protection measures

49 (6.7%
o on buildings C.7%)
L1 Building- ) | 5 Byilding greening 65 (8.9%)
related urban . o
i 1.1.3 Installation of ventilation systems 0 (0.0%)
climate
1.1.4 Heat-adaptive building design for new 119 (16.2%
change adep g aesie 0 (0.0%) (16:2%)
q ) constructions
tati
adaptation 1.1.5 Flood and inundation protection for
measures . 5 (0.7%)
buildings
1.1.6 Establishment of public cooling centers 0 (0.0%)
1.2.1 Urban green spaces 133 (18.1%))
1.2.2 Implementation of blue infrastructure
12N dd lized rai 7 (L0%)
1.0 Climate .2 Non- and decentralized rainwater management
P § )
change building 1.2.3 Development of urban water features 8 (1.1%) 358
. related utban  1.2.4 Flood and inundation protection for o
adaptation ) 55 (7.5%) (48.8%)
. climate urban rivers 228 (31.1%)
strategies i ) )
change 1.2.5 Establishment of cold air corridors and
. . 10 (1.4%)
adaptation cold air generation areas
measures 1.2.6 Reduction of impervious surfaces 8 (1.1%)
1.2.7 Installation of shading structures 7 (1.0%)
1.2.8 Installation of public water fountains 0 (0.0%)
1.3 Climate
change
adaptation
policy 11 (1.5%) 11 (1.5%)
including
public
outreach
2.1. Carbon emission reduction 35 (4.8%)
i 2.2 Sustainable consumption 23 (3.1%)
2.0 Climate change . . 336
2.3 Sustainable mobility 132 (18.0%) 336 (45.8%)
mitigation strategies e (45.8%)
2.4 Utilization of renewable energy 108 (14.7%)
2.5 Sustainable water and waste management 38 (5.2%)
3.0 Emergency measures in
. 16 (2.2%)
response to climate change
4.0 Other strategies 24 (3.3%)

Note: Values are rounded to two decimal places; totals may therefore deviate slightly from 100 %.

es, thus categorizing them as mitigation measures
(see Fig. 5).

Furthermore, emergency measures in response
to climate change, such as hospitals and emergency
shelters, were depicted 16 times (2.2%), while other
measures appeared 24 times (3.3%) (cf. Tab. 2). No
significant differences were observed regarding
age, gender, or school.

4.2 Comparison of students’ conceptions of ur-
ban adaptation strategies for climate change
in drawings and texts

In total, 347 drawings and 387 text elements were
coded, resulting in only a small difference between the
two forms of representation. Within the subcatego-
ries, the differences were generally minor. A notably
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higher number of drawings compared to text elements
was observed only in building greening (37 drawings,
28 text elements) and other strategies (17 drawings, 7
text elements). Conversely, substantially more text ele-
ments were found in the subcategories establishment
of cold air corridors and cold air generation areas (2
drawings, 8 text elements), reduction of impervious
surfaces (1 drawing, 7 text elements), installation of
shading structures (2 drawings, 5 text elements), cli-
mate change adaptation policy including public out-
reach (3 drawings, 8 text elements), carbon emission
reduction (8 drawings, 27 text elements), sustainable
consumption (9 drawings, 14 text elements), and sus-
tainable water and waste management (14 drawings,
24 text elements) (see Tab. 3).

4.3 Students’ differentiation between urban ad-
aptation and mitigation strategies for climate
change

At 20.7%, the proportion of students with a pre-
dominant conception of urban adaptation strategies
for climate change was almost as high as the pro-
portion of students with a predominant conception
of urban mitigation strategies for climate change
(21.8%). Over half of the students (55.2%) had a
mixed conception of urban adaptation and mitiga-
tion strategies for climate change; therefore, they
were unable to distinguish between the two strate-
gies. Only two students (2.3%) had a conception of
emergency measures in response to understanding
climate change.

5 Discussion
5.1 Interpretation of the findings

The purpose of this study was to get an insight
into secondary school students’ conceptions of ur-
ban adaptation strategies for climate change. Thus,
the research is connected to existing discussions
in the field of climate change adaptation (IPPC
2023, KurTLER et al. 2023), students’ conceptions
(BorreERDING & KrLoser 2015, ELLERBRAKE 2022,
GRAULICH et al. 2021) and climate change education
(CHANG 2022). Looking back at the research ques-
tions, three key findings can be presented:

The first finding relates to the first research
question, which investigated students’ conceptions
of urban adaptation strategies for climate change. It
1s noticeable that (1) green infrastructure is particu-

larly frequently depicted, whereas blue infrastructure
is primarily associated with flood and inundation
protection, and (2) non-building-related measures
are more frequently illustrated than building-related
measures. This more frequent mention can be at-
tributed to the fact that these aspects play a larger
role in the curricula in Hamburg (FHH BSB 2022).
The topic of flooding is also covered in grades 9/10
in Hamburg (FFH BSB 2024). Consequently, stu-
dents have more knowledge of flood and inundation
protection and non-building-related measures than
building-related measures.

The absence of elements such as the installa-
tion of ventilation systems, heat-adaptive building
design for new constructions, the establishment of
public cooling centers, and the installation of pub-
lic water fountains could be attributed to the fact
that students do not directly classify these aspects
as climate adaptation measures. This may indicate
a simplification of climate change and the climate
system. Another reason for ignoring the mentioned
measures could be that they consider the impact
on the micro- and mesoclimate to be low, as they
have learned about climate change on a global lev-
el. Moreover, students often experience a perceived
psychological distance from climate change phe-
nomena, preventing them from linking certain as-
pects to their immediate environment (KELLER et al.
2022, LEE et al 2020, GUBLER et al. 2019, MAIELLA
et al. 2020. MiLrort 2010). The fact that only a few
students depicted emergency measures could be ex-
plained by their prioritization of an immediate stop
to the crisis scenario, as presented in the media,
or by climate change anxiety (HOHNLE et al. 2024,
WHrrLock 2023)

The second finding related to the methodologi-
cal question, how the conceptions of students dif-
fer among their drawings a text. The results showed
that there are 5.5% less drawings than texts. This
concerns elements from subcategories that are more
difficult to draw, e.g.,, climate change adaptation
policy including public outreach or carbon emission
reduction. Nature-based solutions, such as building
greening, are easier to depict in drawings. In ad-
dition, these are elements from subcategories that
were mentioned less frequently overall.

The third finding relates to the third research
question, which explores to what extent students can
differentiate between urban adaptation and mitiga-
tion strategies. The results (cf. Tab. 2) showed that
the students in this survey predominantly referred
to both climate adaptation and urban climate mitiga-
tion strategies (n = 48; 55.2%), although they were
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Tab. 3: Results differentiated by drawings and texts

. Drawings Texts Total
Main category (mc) Subcategory (sc)
(n = 347) (n = 387) (n =734)
1.1.1 Radiation and heat protection measures
o 24 (3.3%) 25 (3.4%) 49 (6.7%)
on buildings
1.1 Building- 1,1.2 Building greening 37 (5.0%) 28 (3.8%) 65 (8.9%)
related urban 1.1.3 Installation of ventilation systems 0 (0.0%) 0 (0.0%) 0 (0.0%)
i 1.1.4 Heat-adaptive building design for ne
climate change acaptive bulding desis v 00.0%  0(0.0%) 0 (0.0%)
adaptation constructions
measures 1.1..5 .Flood and inundation protection for 3 (0.4%) 2(03%) 5 (0.7%)
buildings
1.1.6 Establishment of public cooling centers 0 (0.0%) 0 (0.0%) 0 (0.0%)
1.2.1 Urban green spaces 67 (9.1%) 66 (9.0%) 133 (18.1%)
1.2.2 Implementation of blue infrastructure
. . 4 (0.5%) 3 (0.4%) 7 (1.0%)
1.0 Cli 1.2 Non- and decentralized rainwater management
0 timate building. 1.2.3 Development of urban water features 5 (0.7%) 3 (0.4%) 8 (1.1%)
change Jated uth 1.2.4 Flood and inundation protection for . . .
adaptation r<]=,i ate urh an arban rivers 27 (3.7%) 28 (3.8%) 55 (7.5%)
strategies cImate change 4 5 5 Bstablishment of cold air corridors and
adaptation i i 2 (0.3%) 8 (1.1%) 10 (1.4%)
cold air generation areas
measures 1.2.6 Reduction of impervious surfaces 1 (0.1%) 7 (1.0%) 8 (1.1%)
1.2.7 Installation of shading structures 2 (0.3%) 5 (0.7%) 7 (1.0%)
1.2.8 Installation of public water fountains 0 (0.0%) 0 (0.0%) 0 (0.0%)
1.3 Climate
change
adaptation
policy 3 (0.4%) 8 (1.1%) 11 (1.5%)
including
public
outreach
2.1. Carbon emission reduction 8 (1.1%) 27 (3.7%) 35 (4.8%)
M 1 0 0o, 0
2.0 Climate change mitigation 22 Susta?nable cons?l.mptlon 9 (1.2%) 14 (1.9%) 23 (3.1%)
. 2.3 Sustainable mobility 63 (8.6%) 69 (9.4%) 132 (18.0%)
strategies 2.4 Utilization of renewable energy 54 (7.4%) 54 (7.4%) 108 (14.7%)
2.5 Sustainable water and waste management 14 (1.9%) 24 (3.3%) 38 (5.2%)
3.0 Emergency measures in
: 7 (1.0%) 9 (1.2%) 16 (2.2%)
response to climate change
4.0 Other strategies 17 (2.3%) 7 (1.9%) 24 (3.3%)

Note: Values ate rounded to two decimal places; totals may therefore deviate slightly from 100 %.

asked explicitly about urban climate adaptation
measures. Prior knowledge of urban climate adap-
tation measures is therefore present among the stu-
dents, but they have problems identifying them as
such and distinguishing them from climate mitiga-
tion measures. This aligns with findings from other
studies, such as the study by GRAULICH et al. (2021),
in which students reported being less informed
about climate adaptation and expressed uncertainty

about its meaning and scope. Specifically, 56.4% of
participants did not perceive themselves as well in-
formed about climate change adaptation, whereas
only 36.8% felt uninformed about climate change
mitigation. Furthermore, a study by BOFFERDING &
KLosER (2015) found that 13% of participants wete
unfamiliar with mitigation strategies, 36% were un-
aware of adaptation strategies, and 24% confused
adaptation with mitigation. Mosgr (2014) identi-
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fied various challenges in communicating climate
change adaptation, including difficulties related to
terminology and wording, the complexity of the
topic, its relative novelty to the public, and the fre-
quent misinterpretation of climate change adapta-
tion as mitigation. These factors may provide valu-
able insights into the interpretation of this study’s
findings. A possible explanation for this result is
that they are either unfamiliar with the term or
have limited knowledge of it. Another possible ex-
planation is that they are choosing mitigation meas-
ures over adaptation measures due to the perceived
higher priority of mitigation when directly com-
paring climate change mitigation and adaptation.
ELLERBRAKE (2022) attributed this explanation to
the fact that students do not consider the inertia
of the climate, making mitigation more important.
This prioritization could also be influenced by
media coverage, as adaptation-focused content re-
mains limited in relation to impacts and mitigation
(Oscuatz 2018). Another potential reason could be
that in contrast to climate change mitigation, cli-
mate change adaptation is underrepresented in cut-
ricular guidelines in Hamburg (FHH BSB 2022) and
school textbooks (CiPRINA & ELLERBRAKE 2024).

The conception of emergency measures in re-
sponse to climate change, as held by two students,
may be attributed to a significant emotional com-
ponent of climate change in general. The topic of
measures could be driven by fear, which, accord-
ing to the current Shell Youth Study (2024), affects
63% of adolescents.

The described lack of understanding of urban
climate adaptation, also regarding the lack of dif-
ferentiation from climate mitigation, can represent
a learning barrier for students. Therefore, it should
be proactively considered in teaching (preparations)
(see implications).

5.2 Limitations

This study has some limitations. First, this study
was confined to a limited number of participants
from four secondary schools (upper secondary edu-
cation (ISCED 3)), and the results are necessarily in-
dicative of the students from these schools. The fact
that all students are from schools in the same city is
likely to bias their exposure to climate information.
Further empirical work is needed to generalize these
findings. Due to the differences among federal states
in Germany, the curricula are different; thus, the re-
sults cannot simply be transferred.

Second, it would have been beneficial to ask to
what extent related topics had already been discussed
in class and what the sources for the knowledge pre-
sented were. Media use seems particularly relevant in
this context. Any political activities, political interests
and self-efficacy would also be of interest to better
classify the results and see them in a broader context
(HornsEY et al. 2016, Hu et al. 2017, Hurst Loo &
WALKER 2023, ZIEGLER 2017).

Third, this study refers only to existence (mis-)
conceptions. No explanatory patterns have yet been
found for the confusion between mitigation and adap-
tation in the context of climate change in urban areas.
To identify these explanatory patterns, further inter-
view studies must be conducted with students.

Fourth, interviews would also be beneficial in or-
der to avoid mixing aspects such as building green-
ing (adaptation) and photosynthesis (mitigation).
Greening that was depicted could also be part of
climate mitigation even if CO, was not directly men-
tioned; in this case, the results could point to a larger
share of students who confused mitigation and adap-
tation strategies. Furthermore, it remains unclear if
students knew about the connection between sustain-
able waste disposal and mitigation. Thus, the meas-
ures could also point to a confusion of environmental
protection (BOFFERDING & KLOSER 2015, GRAULICH et
al. 2021, ScHror et al. 2019).

Fifth, the study results do not provide any infor-
mation on the extent to which pupils integrate the cli-
mate adaptation measures and associated behavioral
patterns they are familiar with into their own living
environments (e.g., in the school playground). The
associated action—knowledge gap is frequently dis-
cussed in the scientific community (CoLomBo et al.
2023, CHANG 2022, MOONEY et al. 2022).

Despite its limitations, this study provides insights
that have several potential implications. Our findings
demonstrate that the majority of students mix climate
change adaptation strategies and mitigation strategies.
Climate adaptation strategies in urban areas mainly
focus on non-building-related approaches, while some
strategies from the field of building-related strategies
and policy are not taken into account. The students
focused on a greater variety of mitigation strategies,
although they were asked about adaptation strategies.

5.3 Implications
In conclusion, this study offers initial results and

suggestions for the development of climate change
education. Students should engage more thoroughly
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with the topic of adaptation in school to develop a
deeper understanding and scientifically accurate con-
ceptions. Conceptions of climate change adaptation
among Italian and Austrian students were effectively
enhanced through climate change education (ScHROT
et al. 2019). Furthermore, teaching materials that
counter misconceptions seem necessary to promote
students’ understanding and conceptions. In particu-
lar, the concrete distinctions between mitigation and
adaptation appear to be useful. In German-speaking
countries, corresponding teaching material has re-
cently been published to promote an understanding
of urban adaptation strategies for climate change in
the classroom. The material often focuses on the lo-
cal area: school, school environment, and city district
(for an example, see CIPRINA & SUSSMANN 2024). In
this context, SCHULER (2015) suggested that students
can use drawings, such as those used in this study, to
self-diagnose their ideas. This can be integrated into
learning units on climate adaptation. In addition, ap-
proaches such as simulations and creative or action-
oriented tasks could be implemented in schools to
support a conceptual change regarding the confusion
between mitigation and adaptation strategies.

Through the education of today’s youth, future
decision-makers will be equipped with the necessary
knowledge to make informed decisions regarding
climate adaptation in the face of future challenges
(ANDERSON 2012) regardless of unresolved questions
of responsibility or time perspective. Further research
is needed in this area to identify explanatory patterns
of students’ perceptions and to plan good lessons. In
the long term, this should lead to people making full
use of urban adaptive capacity and protecting them
from heat deaths.

6 Conclusion and outlook

Considered collectively, this study demonstrates
that secondary school students possess substantial
misconceptions regarding urban climate change ad-
aptation, particularly when it comes to differentiating
it from mitigation. The predominance of non-build-
ing-related strategies, such as urban green spaces, and
the neglect of building-related and policy-oriented
measures reveal significant conceptual deficiencies.
No clear differences could be identified between the
collected drawings and texts, meaning that both are
suitable for collecting students’ conceptions. The
findings suggest that current educational frameworks
and public discourses insufficiently address the com-
plexity and specificity of climate adaptation although

fostering scientifically accurate conceptions of ad-
aptation among students is essential to strengthen
societal adaptive capacity in the face of accelerating
urban climate risks. To overcome these deficits, cli-
mate change education could systematically integrate
the distinction between adaptation and mitigation
while emphasizing context-sensitive urban examples.
Future research should employ in-depth qualitative
and longitudinal approaches to identify explana-
tory patterns of misconception formation and as-
sess the long-term effects of targeted instructional
interventions.

References

ANDERSON A (2012) Climate change education for miti-
gation and adaptation. Jowrnal of Education for Sus-
tainable  Development — 6(2):  191-206.  https://doi.
org/10.1177/0973408212475199

Bapa SO (2015) Constructivism learning theory: A par-
adigm for teaching and learning. Journal of Research &
Method in Education 5: 66-70.

Baumert J, Kunter M, Brom W, Krusmann U, Krauvss S,
NEUBRAND M (2013) Cognitive activation in the mathe-
matics classroom and professional competence of teach-
ers: Results from the COACTIV Project. New York.

BorrerRDING L, Kroser M (2015) Middle and high school stu-
dents’ conceptions of climate change mitigation and adap-
tation strategies. Environmental Education Research 21: 275—
294. https://doi.org/10.1080/13504622.2014.888401

CHaNG CH (2022) Climate change education. Knowing, do-
ing and being. London.

CiprINA S, ELLERBRAKE M (2024) Klimaanpassung auf dem
Schulhof. Hitzegefihrdung untersuchen und MaBnah-
men entwickeln. Praxis Geographie 4: 26-31.

CipriNA S, SussMaNN K (2024) Klimaanpassung im Schu-
lumfeld — Planung und Reflexion einer Unterrichtsein-
heit zur Umsetzung von Anpassungsmaflinahmen an
Hitze. Open Spaces 2: 15-29.

Coromso SL, CHIARELLA SG, LEFRANCOIS C, FRADIN ], RAF-
FONE A, SIMIONE L (2023) Why knowing about climate
change is not enough to change: A perspective paper
on the factors explaining the environmental knowl-
edge-action gap. Swstainability 15: 14859. https://doi.
org/10.3390/5u152014859

DeutscHER BUNDESTAG (2023, 22.12.) Bundes-Klimaanpas-
sungsgesetz (KAnG) im Bundesgesetzblatt BGBI. 2023
I Nr. 393.

Durr R, TreagusT DF (2003) Conceptual change: A power-
ful framework for improving science teaching and learn-
ing, International Journal of Science Education 25: 671—688.
https://doi.org/10.1080/09500690305016


https://doi.org/10.1177/0973408212475199
https://doi.org/10.1177/0973408212475199
https://doi.org/10.1080/13504622.2014.888401
https://doi.org/10.3390/su152014859
https://doi.org/10.3390/su152014859
https://doi.org/10.1080/09500690305016

Secondary school students’ (mis-)conceptions of urban adaptation strategies for climate change

ELLERBRAKE M (2022) Schilervorstellungen zur Klimaan-
passung am Beispiel von Hitzewellen. Eine qualitative
Interviewstudie mit Lernenden der 7. Jahrgangsstufe.
ReEMPFLER A, SCHONAUER U, GrOB R, LANDTWING Bra-
SER M (eds): Abstract Band. HGD Symposinm Luzern
2022: 25-26. Luzern. https://doi.org/10.5281/zeno-
do.7276547

ERIksEN W (1964) Das Stadtklima, seine Stellung in der Kli-
matologie und Beitrige zu einer witterungsklimatologis-
chen Betrachtungsweise. Erdéunde 18: 257-266. https://
doi.org/10.3112/erdkunde.1964.04.01

FFH BSB (Freie und Hansestadt Hamburg — Behérde fiir
Schule und Berufsbildung) (2022) Bildungsplan Studien-
stufe. Geographie. https://wwwhamburg.de/content-
blob/16762816/¢31841a3902d473fa47c79c2f2¢ac93c/
data/geographie-gyo-2022.pdf

FFH BSB (Freie und Hansestadt Hamburg — Behorde fir
Schule und Berufsbildung) (2024) Bildungsplan Sekund-
arstufe I Geographie. https://www.hamburg.de/re-
source/blob/798508/861434f03667554b884d3fba%¢74
Tecc/geographie-data.pdf

FripricH C (2010) Alltagsvorstellungen von Schiilern und
Konzeptwechsel im

GW- Unterricht — Begriff, Bedeutung, Forschungsschwer-
punkte, Unterrichtsstrategien. Mitteilungen der Osterreichis-
chen Geographischen Gesellschaft 153: 305-322. https://doi.
org/10.1553/moegg153s221

GerBer W, Barrumann K (2023) Schilervorstellungen.
Konzeptverinderung

am Beispiel der Entstehung von Jahreszeiten. GryL I, LEH-
NER M, FLEISCHHAUER T, HOreMANN KW (eds.): Geogra-
phiedidaktik. Fachwissenschaftliche Grundlagen, fachdidafktische
Beziige, unterrichtspraktische Beispiele. Band 1: 83-93. Berlin,
Heidelberg.

GrauvLicH D, ScHARLING R, Kuthe A, FIENE C, SIEGMUND A
(2021) Young people and their (mis)conceptions on cli-
mate change adaptation. LeAL FiLno W, Warrter L, Lu-
etz JM, AYAL D (eds): Handbook of climate change manage-
ment. Research, leadership, transformation: 5223—5241. Cham.

GuBLER M, BRUGGER A, EYER M (2019) Adolescents’ per-
ceptions of the psychological distance to climate change.
Its relevance for building concern about it, and the po-
tential for education. LEaL FiLno W, HEmsTOCK SL (eds):
Climate change and the role of education: 129-147. Cham.

HeLLer, A (2022) Conceptual change in science teaching
in learning: The role of pre-instructional conceptions.
Learning to Teach Language Arts, Mathematics, Science, and
Social Studies Through Research and Practice 11: 84-90.

HounLE S, VELLING H, ScHustrT JC (2024) Klimawandel-
angst bei Schilerinnen und Schiilern der Sekundarstufe:
Ergebnisse aus seiner quantitativen Untersuchung in
Deutschland. Zeitschrift fiir Geographiedidakti 52: 104—
118. https://doi.org/10.60511/52483

Horxsey MJ, Harris EA, Bain PG, Fierping KS (2016)
Meta-analyses of the determinants and outcomes of be-
lief in climate change. Nature climate change 6: 622—626.
https://doi.org/10.1038/nclimate2943

Hu §, Jia X, ZHANG X, ZHENG X, ZHU ] (2017) How political
ideology affects climate perception: Moderation effects
of time orientation and knowledge. Resources, Conservation
and Recyeling 127: 124-131. https://doi.org/10.1016/j.
resconrec.2017.09.003

Hurst Loo, A. M., & WALKER, B. R. (2023). Climate change
knowledge influences attitude to mitigation via effica-
cy beliefs. Risk Analysis 43: 1162-1173. https://doi.
org/10.1111 /risa.14026

IPCC (2014) (Pacuaurt RK, ArLeNn MR, Barros VR,
BrooME J, CRAMER W, CHRIST R, CHURCH JA, CLARKE
L, Dane Q. D, Dasquera P, Dusasn NK, EDENHOFER
O, Ercizounn 1, FirrLp,CB, FORSTER P, FRIEDLINGSTEIN
P, FUGLESTVEDT J, GOMEZ-ECHEVERRI L., HALLEGATTE
S, ... VAN YPERSELE J-P) (2014) Climate change 2014
synthesis report. Contribution of working groups I, 11,
and III to the fifth assessment report of the Intergov-
ernmental Panel on Climate Change. https://www.ipcc.
ch/report/ar5/syr/

IPCC (MassoN-DELMOTTE 'V, ZHAl P, PIRant A, CONNORS
SL, Prian C, BERGER S, CAUD N, CHEN Y, GOLDFARB L,
Gomis MI, Huang M, Lerrzenn K Lonnoy E, MAT-
THEWS JBR, Maycock TK, WATERFIELD T, YELEKCI O,
Yu R, anDp ZHou B (eds) (2021) Climate change 2021.
The physical science basis. Contribution of workung
group I to the sixth assessment report of the Intergov-
ernmental Panel on Climate Change. https://www.ipcc.
ch/report/ar6/wgl/

IPCC (Core WRITING TEAM, LEE H ROMERO ] (eds) (2023)
Climate change 2023: Synthesis report. Contribution of
working groups I, IT and III to the sixth assessment re-
portof the Intergovernmental Panel on Climate Change.
https://doi.org/10.59327 /IPCC/ARG-9789291691647

Karrvann U, Durr R, GropreNciessER H, KoMOrREK M
(1997) Das Modell der Didaktischen Rekonstruk-
tion — Ein Rahmen fir naturwissenschaftsdidaktische
Forschung und Entwicklung. Zeitschrift fiir Didaktik der
Naturwissenschaften 3: 3—18.

KerLer E, Marsh JE, Ricuarpson BH, Barr 1] (2022) A
systematic review of psychological distance of climate
change: Towards the development of an evidence-based
construct. Journal of Environmental Psychology 81: 1-19.
https://doi.org/10.1016/j.jenvp.2022.101822.

Kuckartz U, RADIKER S (2023) Qualitative content analysis:
Methods, practice and software. London.

KurrLer W, HaLBiG G, OsSENBRUGGE ] (2023) Stidte im
Klimawandel. Brasseur GP, Jacos D, SCHUCK-ZOLLER
S (eds): Klimawandel in Dentschland. Entwicklung, Folgen,
Risiken und Perspefetiven: 275—288. Betlin, Heidelberg,


https://doi.org/10.5281/zenodo.7276547
https://doi.org/10.5281/zenodo.7276547
https://doi.org/10.3112/erdkunde.1964.04.01
https://doi.org/10.3112/erdkunde.1964.04.01
https://www.hamburg.de/contentblob/16762816/c31841a3902d473fa47c79c2f2eac93c/data/geographie-gyo-2022.pdf
https://www.hamburg.de/contentblob/16762816/c31841a3902d473fa47c79c2f2eac93c/data/geographie-gyo-2022.pdf
https://www.hamburg.de/contentblob/16762816/c31841a3902d473fa47c79c2f2eac93c/data/geographie-gyo-2022.pdf
https://www.hamburg.de/resource/blob/798508/861434f03667554b884d3fba9e747ecc/geographie-data.pdf
https://www.hamburg.de/resource/blob/798508/861434f03667554b884d3fba9e747ecc/geographie-data.pdf
https://www.hamburg.de/resource/blob/798508/861434f03667554b884d3fba9e747ecc/geographie-data.pdf
http://dx.doi.org/10.1553/moegg153s221
https://doi.org/10.60511/52483
https://doi.org/10.1038/nclimate2943
https://doi.org/10.1016/j.resconrec.2017.09.003
https://doi.org/10.1016/j.resconrec.2017.09.003
https://doi.org/10.1111/risa.14026
https://doi.org/10.1111/risa.14026
https://www.ipcc.ch/report/ar5/syr/
https://www.ipcc.ch/report/ar5/syr/
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.1016/j.jenvp.2022.101822

ERDKUNDE

Lee K, GJERSOE N, O’NEILL S, BARNETT | (2020) Youth per-
ceptions of climate change: A narrative synthesis. WIREs
Climate  Change 11: e641. https://doi.org/10.1002/
wee.041

Leve A-K, MiceeL H, Harms U (2023) Implementing cli-
mate literacy in schools — what to teach our teachers?
Climate Change 176: 1-17. https://doi.org/10.1007/
$10584-023-03607-z

Marerra R, La Marve P, MarcHeTTI D, Pomarico E, Di
Crosta A, ParumBo R, Crrara L, D1 DoMENICO A,
VErrrccHIO MC (2020) The psychological distance and
climate change: A systematic review on the mitigation
and adaptation behaviors. Frontiers in Psychology 11: 1-14.
https://doi.org/10.3389/ fpsyg.2020.568899

MasserLoT P, MistRy M, VANOLI ], SCHNIEDER R, TUNGMAN
T, Garcia-Leon D, Ciscar J-C, Feven L, Orru H, Ur-
BAN A, BrRerTNErM S, HUBER V, SCHNEIDER A, SAMOLI
E, Staroccia M, pr’DoNato F, Rao S, ARMSTRONG B,
NIEUWENHUTSEN M, MARIA VICEDO-CABRERA A, GAs-
PARRINI A (2023). Excess mortality attributed to heat and
cold: A health impact assessment study in 854 cities in
Europe. Lancet Planet Health 7: ¢271—¢281. https://doi.
org/10.1016/S2542-5196(23)00023-2

PierrRE MassELOT P, MistRY MN, Rao S, HUBER V, MONTEIRO
A, Samorr K, Starocia M, bE’DoNAaTO F, GARCIA-LEON
D, Ciscar J-C, FEYEN L, ScHNEIDER A, Katsouyannt K,
ViceDO-CABRERA AM, AUNAN K, GAsPARRINI A (2025)
Estimating future heat-related and cold-related mortality
under climate change, demographic and adaptation sce-
narios in 854 European cities. Nazure Medicine 31: 1294—
1302. https://doi.org/10.1038/s41591-024-03452-2

MEgHRA SR (2021) Stadtbauphysik. Grundlagen klima- und
umweltgerechter Stidte. Berlin, Heidelberg,

Mirront T (2010) Global warming, climate change and hu-
man psychology. CORRAL-VERDUGO V, GARCIA-CADENA
C, Frias-ARMENTA M (eds): Psychological approaches to sus-
tainability. Current trends in theory research and application: 19-
42. Hauppauge, N.Y.

Mooxey ME, MippDLECAMP C, MARTIN J, ACKERMANN SA
(2022) The demise of the knowledge-action gap in cli-
mate change education. Bulletin of the American Meteoro-
logical Society 103: 2265-2272. https://doi.org/10.1175/
BAMS-D-21-0256.1

Moser SC (2014) Communicating adaptation to climate
change: the art and science of public engagement when
climate change comes home. WIREs Climate Change 5:
337-358. https://doi.org/10.1002/wce.276

OkE, TR, MiLts G, CHrisTEN A, Vooar JA (2017) Urban
climates. Cambridge.

OrazaBaL M, ChiaBar A, Foupr S, NEuMANN MB (2018)
Emergence of new knowledge for climate change adap-
tation. Environmental Science Policy 83: 46-53. https:/ /doi.
org/10.1016/j.envsci2018.01.017

OscHatz C (2018) Wissen im Wandel: Der Einfluss der
Klimaberichterstattung auf den klimapolitischen Wis-
senserwerb. Wiesbaden.

Pruneau D, Kuarrasr A, DEmMers M (2010) Challenges and
possibilities in climate change education. US-China Edu-
cation Review T7: 15-24.

RaTINEN T (2021) Students® knowledge of climate change,
mitigation and adaptation in the context of construc-
tive hope. Education Sciences 11: 1-14. https://doi.
org/10.3390/educsci11030103

Scuror OG, KeLier L, Pepuzzi D, RiepE M, KutHE A,
Lubwic D (2019) Teenagers expand their conceptions
of climate change adaptation through research-educa-
tion cooperation. LEAL Fino W, Hemstock SL (eds):
Climate change and the role of edncation: 525-547. Cham.

ScHULER S (2015) Schillerzeichnungen im Unterricht. Wie man
geographische Schillervorstellungen mit Zeichnungen diag-
nostizieren und verindern kann. Praxis Geggraphie 7-8: 9—15.

StMUV  (Bayerisches Staatsministerium fiir Umwelt und
Verbraucherschutz) (2023) Instrument zur Klimaanpas-
sung vor Ort. Eine Arbeitshilfe fiir Kommunen in Bay-
ern. Minchen.

Triery W, LANGE S, RoGEL) J, SCHLEUSSNER CF, GUDMUNDS-
SON L, SENEVIRATNE SI, ANDRIEVIC M, FRIELER K, EmA-
NUEL K, GEIGER T, BrREscH DN, Znao F, WiLLNER SN,
Bucuner M, VorkHorz J, BAUER N, CHANG ], Cials P,
Dury M, (...), Waba Y (2021) Intergenerational inequi-
ties in exposure to climate extremes. Science 374: 158—
160. https://doi.org/10.1126/science.abi7339

WhirtLock J (2023) Climate change anxiety in young peo-
ple. Nature Mental Health 1: 297—298. https://doi.
org/10.1038/s44220-023-00059-3

Z1EGLER A (2017) Political orientation, environmental val-
ues, and climate change beliefs and attitudes: An empiri-
cal cross country analysis. Energy Economics 63: 144-153.
https://doi.org/10.1016/j.eneco.2017.01.022

Authors

Melissa Hanke

ORCID: 0000-0001-9652-8958
melissa.hanke@uni-hamburg.de
Lilly Kemmereit

lilly kemmereit@li.hamburg.de
Prof. Dr. Sandra Sprenger
ORCID: 0000-0002-9599-8103
sandra.sprenger@uni-hamburg.de
Universitit Hamburg

Fakultit fir Erziehungswissenschaft
Von-Melle-Park 8

20146 Hamburg

Germany


https://doi.org/10.1002/wcc.641
https://doi.org/10.1002/wcc.641
https://doi.org/10.1007/s10584-023-03607-z
https://doi.org/10.1007/s10584-023-03607-z
https://doi.org/10.3389/fpsyg.2020.568899
https://doi.org/10.1016/S2542-5196(23)00023-2
https://doi.org/10.1038/s41591-024-03452-2
https://doi.org/10.1175/BAMS-D-21-0256.1
https://doi.org/10.1175/BAMS-D-21-0256.1
https://doi.org/10.1002/wcc.276
https://doi.org/10.1016/j.envsci.2018.01.017
https://doi.org/10.1016/j.envsci.2018.01.017
https://doi.org/10.3390/educsci11030103
https://doi.org/10.3390/educsci11030103
https://doi.org/10.1126/science.abi7339
https://doi.org/10.1038/s44220-023-00059-3
https://doi.org/10.1038/s44220-023-00059-3
https://doi.org/10.1016/j.eneco.2017.01.022

