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Abstract

Due to their vulnerability, children need special protection from health effects of climate change, which are already notice-
able today. Since a large proportion of children in Germany are in non-parental care during the day, the pedagogical staff
in daycare centers play a crucial role in protecting children’s health. For this reason, a quantitative online survey was con-
ducted among pedagogical staff (n=181) in daycare centers of one provider in Munich, where children aged nine weeks to
10 years are cared for. It was examined how the pedagogical staff assesses the risk of climate change-related health hazards
on children’s health and on its own health at work today and in the next 10 years. Additionally, it was surveyed whether or
which measures for (health-related) adaptation to climate change and long-term climate change mitigation in the form of
education for sustainable development (ESD) are implemented in the daycare centers. The results were statistically analyzed
both descriptively and with multiple linear regression analyses to test the assumed associations. The results show that despite
the strong perception of climate change-related health risks, their implementation in corresponding protection and adapta-
tion measures is insufficient in most of the daycare centers surveyed. The informedness of the pedagogical staff proved to
be a decisive influencing factor in the implementation of measures. Therefore, in addition to stronger implementation of
structural adaptation measures in daycare centers, target group-specific knowledge and instructions for action should also
be increasingly conveyed in the training curricula and further education of pedagogical staff.
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Introduction

Climate change is already having a variety of direct and
indirect negative impacts on human health and will continue
to do so in the future. On the one hand, it can be assumed
that already existing health problems that are influenced by
climate conditions will increase in frequency and severity.
On the other hand, climate change leads to health hazards
appearing in places that were not previously affected by
them. Furthermore, these shifts can cause multiple health
threats to occur simultaneously, leading to cascading or
mutually reinforcing impacts (Crimmins et al. 2016).

In Germany, climate change-related adverse effects on
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human health are already noticeable particularly through an
increase in heat waves and the associated increase in thermal
stress (Augustin et al. 2017; Mertes et al. 2021). Due to their
limited functioning thermoregulatory system, heat dissipa-
tion in children leads to increased cardiac output, making
them particularly vulnerable to respiratory and renal disease,
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electrolyte depletion, and fever during heat stress (Watts
et al. 2019; Anderko et al. 2020).

The climate change-induced rise in temperature also
influences behavioral patterns, such as leisure activities,
and leads to increased time spent outdoors. This increases
individual UV exposure (Eis et al. 2010; Augustin et al.
2017). Infants, children, and adolescents are particularly at
risk from UV radiation, as sunburns in childhood and ado-
lescence increase the risk of skin cancer two to three times
over the course of a lifetime (Federal Office for Radiation
Protection 2021).

Furthermore, extreme weather events, such as floods,
heavy precipitation, droughts, and storms, can result not only
in direct physical effects, but also in mental health impacts,
which have often been underestimated so far (Watts et al.
2019). Climate change impacts may also lead to indirect
psychological effects even without directly experiencing
an extreme event, which can cause negative emotions and
symptoms such as panic attacks, loss of appetite, obsessive
thinking, and insomnia (Usher et al. 2019; Stanley et al.
2021).

Allergic diseases are also influenced by climate change.
Higher CO, concentrations in the atmosphere and warmer
average temperatures lead to an increase in pollen produc-
tion, a prolonged pollen count (Traidl-Hoffmann 2021; Wolf
et al. 2021) and the spread of invasive animal and plant spe-
cies (e.g., ragweed, oak processionary moth) (Heudorf 2011;
Augustin et al. 2017).

Furthermore, air quality is also affected by anthropogenic
climate change and has a negative impact on human health.
Particularly relevant for human health are air pollutants such
as ozone (O;), particulate matter (PM), and nitrogen dioxide
(NO,) (Wolf et al. 2021). An intensification of the negative
influence of air pollutants on health at higher air tempera-
tures has already been scientifically proven (Katsouyanni
et al. 2001; Rai et al. 2023).

Changing climatic factors also affect pathogens and their
vectors and thus influence the occurrence of infectious
diseases. Vector-based infectious diseases in Germany are
primarily transmitted to humans by mosquitoes and ticks.
Besides the lower natural decimation of native mosquito
or tick populations due to milder winters, vectors can also
spread further north as well as in higher regions (Augustin
et al. 2017). Moreover, “new” infectious diseases are becom-
ing established in Germany, as the rise in temperature cre-
ates new habitats for vectors (e.g., Asian tiger mosquito
Aedes albopictus) (Semenza and Suk 2018; European Centre
for Disease Prevention and Control 2020; Wolf et al. 2021).

In addition to pregnant women, the elderly, and people
who work outdoors, (young) children are particularly vulner-
able to the health effects of climate change (Augustin et al.
2017; Watts et al. 2019). In dealing with these risks, chil-
dren are dependent on the health-related skills of adults. For
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example, up to a certain age, discomfort as a result of feel-
ing hot or thirsty can only be expressed to a limited extent
(Garcia and Sheehan 2016).

In Germany, around 3.9 million children are cared for in
daycare centers (Bavarian State Ministry for Family, Labor
and Social Affairs 2020). The pedagogical staff in daycare
centers has a great influence on the health of children due
to diverse care, upbringing and educational tasks (Miicke
et al. 2013). Regarding the health effects of climate change,
adequate assessment and knowledge of how to deal with
these risks on the part of the pedagogical staff in daycare
centers is therefore crucial to protect children’s health in the
best possible way through (health-related) climate change
adaptation. Since the pedagogical staff is exposed to the
same environmental conditions during their work, the health
protection of the staff at the workplace is equally important.
Furthermore, in their function as educational settings, day-
care centers have great potential in the field of education for
sustainable development (ESD) to tackle climate change in
the long term. Through ESD in the context of early child-
hood education, values and skills such as self-efficacy and
participation are to be conveyed through the age appropri-
ate examination of future-relevant topics, in order to enable
people to think and act responsibly and sustainably (Federal
Ministry of Education and Research 2022). Thus, pedagogi-
cal staff is an important multiplier both for the transfer of
knowledge and values and for the promotion of relevant
behaviors and adaptation measures (Miicke et al. 2013).

However, an extensive literature research on this topic
and target group in various scientific databases such as
PubMed and Google Scholar revealed that there are no
scientific publications on the risk perception of the peda-
gogical staff and the handling of climate change-related
health risks in daycare centers in Germany so far. A gray
literature could be found, which was published in the con-
text of a German research project. In this, the management
level of 105 German facilities in the health and care sector,
including 51 daycare centers, was surveyed on the han-
dling and risk perception of environmental health risks,
today and in the next 10 years. Heat waves were seen as
the greatest health risk by about three-quarters of the facil-
ities surveyed, both today and in the future. These were
followed by particulate matter (today: 43%, in the future:
35%), influenza and other epidemics (today: 42%, in the
future: 33%), heavy rain and flooding (today: 46%, in the
future: 41%), and storms, thunderstorms, hail (today: 39%,
in the future: 35%) as perceived health risks. Moreover,
the survey asked which structural measures against heat
are already in place in the facilities. In the surveyed day-
care centers, the main heat protection measures were sun
protection/darkening (80%), a garden or green courtyard
(75%), insulation of roof or facades (50%), water areas
and fountains (35%), and fans (30%). Less than 20% of the
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daycare centers had thermal glazing/foil or green roofs and
facades, and none had air conditioning. Especially daycare
centers wanted more target group-specific information and
advice on dealing with heat, as they felt only moderately
informed on the topic (Ullrich et al. 2020). Besides these
project results, some internal guidelines of different pro-
viders of daycare centers were found, especially on dealing
with heat, floods, vectors such as mosquitoes and ticks,
as well as climate protection (e.g., Thielebein et al. 2019;
Johanniter-Unfall-Hilfe e.V. 2020; Deutscher Parititischer
Wohlfahrtsverband 2022).

The limited international data available on dealing with
climate change health risks in daycare centers consistently
indicate that pedagogical staff do not adequately assess
environmental and climate change-related risks to chil-
dren’s health mostly due to lack of knowledge and aware-
ness (Amoabh et al. 2016; Folkerts et al. 2020; Koester et al.
2021). For example, a Dutch study examined the abilities of
caregivers in daycare centers to assess children's heat sensa-
tions and to recognize heat-related symptoms (Folkerts et al.
2020). It was found that especially persons with less than
5 years of professional experience had little knowledge about
children’s thermoregulation compared to persons with many
years of professional experience and had difficulties in nam-
ing heat-related symptoms specifically. About 30% of the 58
caregivers interviewed from six different facilities believed
that thermoregulation of children and adults did not differ. In
addition, 23.5% could not spontaneously name any symptom
of heat-related illness. In this context, the lack of such con-
tent in the training curricula was repeatedly pointed out by
the participants during the interviews, which, according to
the researchers, could be an explanation for the knowledge
deficits among persons with little professional experience
(Folkerts et al. 2020). A pilot project in the USA that pro-
vided targeted training for pedagogical staff on environmen-
tal health hazards demonstrated that increased knowledge on
this topic was associated with increased and improved pro-
tective measures for children’s health (Amoah et al. 2016).
The authors of these studies therefore emphasize the need to
increase knowledge and awareness regarding environmental
health hazards on the part of pedagogical staff in order to
better protect the children in their care (Amoah et al. 2016;
Folkerts et al. 2020; Koester et al. 2021).

In order to contribute to closing this research gap with
regard to the aforementioned aspects in Germany, the pre-
sent study was conducted among pedagogical staff in day-
care centers of one provider in Munich. The focus was on
answering the following research questions:

1. How do pedagogical staff in daycare centers perceive
the risk of climate change-related health hazards for
children’s health and for their own health at the work-
place today and in the next ten years?

2. Are measures for (health-related) climate change
adaptation and mitigation already implemented in the
daycare centers?

3. Is there an association between risk perception and
the implementation of measures or other influencing
factors?

Methods

The present study is a regional online survey of pedagogi-
cal staff in daycare centers of one provider in Munich. The
online questionnaire with 21 questions was sent by the day-
care provider to about 6000 persons in more than 400 facili-
ties between November 25, 2021, and January 31, 2022. The
daycare centers surveyed care for children between the ages
of 9 weeks and 10 years.

Questionnaire design

The first part of the questionnaire collected information about
the workplace of the participants (age of the children in care,
personal work area, number of children cared for, postal code
of the daycare center). Personal attitudes toward climate
change were assessed by statements about the effects (global
or national) and the cause (natural or man-made) of climate
change, as well as with the help of the items “climate change
is a major social challenge.” and “climate change and its con-
sequences worry me.” These were to be rated using a four-
point Likert scale (1 ="strongly disagree”; 2 ="“rather disa-
gree”; 3 ="rather agree”; 4 =“strongly agree”). In order to
determine the extent to which the pedagogical staff is already
informed about the topic of climate change and health, it
was asked whether or which sources of information were
used actively and for professional reasons to obtain informa-
tion (given choice of answers: “no sources of information,”
“newspaper,” “magazines,” “radio,” “television,” “books,”
“internet,” “social environment,” “further training by the
employer”). Multiple answers and the open input of other
sources of information through the “other” option were possi-
ble. To assess the perceived affectedness of the daycare center
by climate change, the pedagogical staff were asked to rate
the following items using a four-point Likert scale (1 ="*‘not at
all affected”; 2 =“rather not affected”; 3 =“rather affected”;
4 ="very affected”; “don’t know”): “heat,” “heavy rain and
the consequences (e.g., flooding),” “severe weather and the
consequences (e.g., falling trees from storms, hail damage),”
“pollen count,” “air pollutants (e.g., ozone, nitrogen oxides,
particulate matter),” “mosquitoes,” “ticks.” The risk percep-
tion of climate change-related health hazards today and in the
next ten years was surveyed regarding children’s health and
the health of pedagogical staff at the workplace. By means of
a four-point Likert scale (1 =“strongly disagree”; 2 = “rather
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disagree”; 3 ="‘rather agree”; 4 =“strongly agree”), the risk
perception of the following health hazards of climate change
was assessed by the pedagogical staff: heat, UV radiation,
pollen count, air pollutants, mosquitoes, ticks, mental con-
sequences due to extreme weather events (heat waves, heavy
rain/flooding, storms, hail), and physical consequences due
to extreme weather events (heat waves, heavy rain/flooding,
storms, hail).

In order to gain an impression of the conditions in the
daycare centers, it was firstly asked whether the daycare
center has an outdoor area on its own property. The second
question asked about the proportion of outdoor area that
is unsealed (e.g., green and sand areas). Whether or which
structural measures and behavioral measures are imple-
mented in the facility to protect against the health effects
of climate change was surveyed in each case using a list
of different measures (see Figs. 4 and 5). Regarding peda-
gogical measures for long-term climate change mitigation
through education for sustainable development (ESD), it was
surveyed whether certain topic areas of climate protection
and sustainability are implemented in the pedagogical work
(see Fig. 6). In each case, there was the option for multiple
answers as well as the use of an “other” option to add further
measures implemented. In the last part, the participants were
asked about socio-demographic details (age group, gender,
type of vocational training/study).

Statistical analysis
Since the third research question aims to determine associa-

tions between the risk perception of pedagogical staff and
the implementation of adaptation and mitigation measures,

Fig. 1 Hypothesis model based
on third research question

as well as to identify other influencing factors, the following
concretizing hypotheses were derived, which are presented
in a graphical hypothesis model in Fig. 1:

Main hypothesis: There is an association between peda-
gogical staff’s risk perception of climate change-related
health hazards and the implementation of adaptation and
mitigation measures in daycare centers.

Sub-hypothesis 1: There is an association between the
characteristics of the daycare center and the risk percep-
tion of the pedagogical staff.

Sub-hypothesis 2: There is an association between the
personal characteristics of the pedagogical staff and their
risk perception.

Sub-hypothesis 3: There is an association between the
characteristics of the daycare center and the implementa-
tion of adaptation and mitigation measures.
Sub-hypothesis 4: There is an association between the
personal characteristics of the pedagogical staff and the
implementation of adaptation and mitigation measures.

For testing the main hypothesis, a correlation of 0.25 was
considered relevant. This required a sample size of n=164
with a significance level of a=0.05 and a 2nd kind error of
p=0.1 (Ackermann 2006). The inclusion criteria were hav-
ing a caring or pedagogical position and answering > 50% of
the questionnaire. Exclusion from the sample occurred in the
absence of having a caring or pedagogical role and answer-
ing < 50% of the questions in the questionnaire.

The statistical analysis of the data was performed with R
Statistical Software, version 4.1.2. (R Core Team 2021). For
descriptive analysis, the mean (M) and standard deviation

Adaptation and mitigation
es implemented

D —
(structural, behavioral and

pedagogical measures)

Main hypothesis
(regression model 5)

Sub-hypothesis 3
(regression model 3)

Sub-hypothesis 4
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Characteristics of the daycare
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(SD) were determined. The four-point Likert scales were
evaluated using the scale mean values. For questions with
a “don’t know” option, the evaluation of this option took
place separately. In addition, correlative associations were
calculated using Pearson’s correlation coefficient. The sig-
nificance level was a=0.05. Despite the ordinal scaled
response options of the Likert scales, the use of paramet-
ric tests is permissible (Norman 2010; Sullivan and Artino
2013). To test the assumed associations in the hypotheses,
five multiple linear regression models were performed.
The prerequisites for regression analyses were checked
by testing for homoscedasticity, normal distribution of the
residuals, linearity, outliers, and the absence of multicol-
linearity (Bortz and Schuster 2011). In addition, single
factor analyses of variance (ANOVA) were performed to
test model fit and significance for the respective models
(see Table 2). Associations with a significance level of
p <0.05 were accepted as statistically significant. To meet
the requirement of a metric outcome measure in the regres-
sion models, sum scores were created from actively used
sources of information and the structural, behavioral, and
educational measures implemented, corresponding to the
number of given response options (e.g., 12 response options
for structural measures taken in the questionnaire: possible
score 0—12), without weighting them according to quality.
In addition, to calculate the regression models, the risk per-
ception on children’s health and health of the pedagogical
staff, the affirmative attitude toward climate change, and the
facility’s affectedness were each summarized in scores. To
better compare the variables as coefficients in the regres-
sion models, a z-standardization of all formed scores was
performed in advance.

Results

At the end of the survey period, 256 responses had been
received. Considering the inclusion and exclusion criteria,
75 responses had to be excluded, resulting in a representa-
tive sample size of n=181 persons from 57 different postal
code zones. Postal code zones located on the Munich city
border were grouped into suburban location (40.9%). The
remaining postal codes formed the inner-city location group
(53.0%). 6.1% of the participants did not specify the postal
code of their facility. Since, for data protection reasons, only
the postal code of the daycare center could be collected to
determine the location, it is therefore not possible to draw
any conclusions about individual facilities. The sample was
composed of 85.6% female and 8.3% male participants. 6.1%
of the respondents did not provide any information on their
gender. 81.2% of the surveyed pedagogical staff were work-
ing in facilities caring for O- to 6-year-old children. 18.8%
of respondents cared for children aged 7 to 10.

Descriptive analysis results
Attitudes toward climate change

The analysis of the attitudes of the pedagogical staff toward
climate change showed that 94.5% of the respondents agreed
with the statement that climate change is already happening
globally (“rather agree”: 18.8%; “strongly agree”: 75.7%).
The level of agreement that climate change is already tak-
ing place in Germany was 91.2% (“rather agree”: 28.2%;
“strongly agree”: 63.0%). In addition, 50.3% fully agreed
that climate change is man-made, while 41.4% rather agreed
with this statement. 87.3% of respondents felt concerned by
climate change and its consequences (“rather agree”: 31.5%;
“strongly agree”: 55.8%), while a total of 12.7% did not or
rather did not feel worried.

Sources of information about climate change and health

Furthermore, participants were asked about their sources
of information on climate change and health that they used
actively and for professional reasons. The most frequently
mentioned sources of information were television (49.7%),
the social environment (43.1%), newspapers (39.8%), and
the Internet (38.7%). 22.7% of the pedagogical staff stated
that they did not use any of the mentioned sources to inform
themselves about this topic.

Perceived affectedness of the daycare centers by climate
change

Additionally, the pedagogical staff was asked about how
affected their facility is by various effects of climate change.
Perceived affectedness comparing inner-city and suburban
locations are shown in Fig. 2. The impacts of air pollutants,
pollen count, and heat were rated highest by both inner-city
and suburban daycare centers. There was uncertainty on the
part of the pedagogical staff regarding the assessment of
being affected by pollen count. The option “don’t know”
was mentioned most frequently in this context with 14.1%.
Further uncertainties also existed regarding the extent to
which the daycare centers were affected by ticks (12.3%)
and mosquitoes (10.6%).

Risk perception

The aim of the first research question was to gain insights
into pedagogical staft’s risk perceptions of climate change-
related health hazards to children’s health and their own
health at the workplace today and in the next ten years.
Overall, the results show that respondents rated most of the
given climate change-related health risks slightly higher
for children’s health than for their own health (see Fig. 3).
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Fig.2 Perceived affectedness
of the facility (mean value;
suburban location: n="74; inner-
city location: n=96). Question:
“How do you think the district
where your facility is located

is already affected by...?”
(Response options: 1 ="not at
all affected”; 2 =“rather not
affected”; 3 =“rather affected”;
4 ="very affected”)

Fig.3 Comparison of percep-
tions of climate change-related
health risks today (mean;
n=181). Questions: “To what
extent do you see a risk to the
health of the children in your
facility due to...?” or “To what
extent do you see a risk to your
own health at work due to...?”
(Response options: 1 =*strongly
disagree”; 2 ="“rather disagree”;
3 ="rather agree”; 4 =“strongly
agree”)

Preceived affectedness of the facility by location
(suburban location: n = 74; inner-city location: n = 96)
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Participants saw the greatest risks to children’s health M =2.93; SD=0.96), air pollutants (children’s health:
and their own health today from UV radiation (children’s M =3.29; SD=0.85; pedagogical staff health: M =3.10;
health: M =3.39; SD=0.80; pedagogical staff health: SD=0.91), and heat (children’s health: M=3.04; SD=0.97;

@ Springer



Regional Environmental Change (2023) 23:147

Page7of 14 147

pedagogical staff health: M=2.87; SD=1.05). Risks from
physical and mental consequences due to extreme weather
events were rated lowest. It was also found that the “don’t
know” option was used more frequently by pedagogical
staff in relation to risk perceptions for children’s health
than for their own health. Especially regarding risks to chil-
dren’s health from mental and physical consequences due to
extreme weather events (mental consequences: 9.4%; physi-
cal consequences: 9.4%), the “don’t know” option was used
about two and three times more frequently than for their own
health (mental consequences: 5.0%; physical consequences:
3.3%). Overall, most “don’t know” responses were given
regarding risk from ticks (children’s health: 12.2%; peda-
gogical staff health: 8.8%), pollen count (children’s health:
11.6%; pedagogical staff health: 7.7%), and mosquitoes
(children’s health: 11.0%; pedagogical staff health: 6.6%).

Regarding the perception of the questioned health risks
in the next 10 years, there was an increase in all items. Peda-
gogical staff perceived future health risks to be higher for
children’s health than for their own health. However, it was
noticeable that the difference between the risk perception
was smaller compared to the risk perception today. Future
perceived health risks for both children’s health and own
health were highest for air pollutants (children’s health:
M=3.57; SD=0.71; pedagogical staff health: M =3.42;
SD =0.85), UV radiation (children’s health: M =3.57;
SD =0.76; pedagogical staff health: M=3.26; SD=0.95),
and heat (children’s health: M =3.48; SD =0.81; pedagogi-
cal staff health: M =3.25; SD=0.95). An overall increase
was also found in the use of the “don’t know” option regard-
ing future health risks. The percentage differences between
the “don’t know” responses for children’s health and for
those of the pedagogical staff were smaller than for the per-
ception of today’s health risks. The option was most fre-
quently used for risks from pollen counts (children’s health:
16.0%; pedagogical staff health: 12.4%), mosquitoes (chil-
dren’s health: 16.0%; pedagogical staff health: 14.0%), and
ticks (children’s health: 14.9%; pedagogical staff health:
15.7%).

Implementation of adaptation and mitigation measures

Answering the second research question was intended to
clarify whether and which measures for (health-related) cli-
mate change adaptation and mitigation are already being
implemented in the facilities. A distinction was made
between structural and behavioral measures (adaptation) as
well as between pedagogical measures in the sense of inte-
grating topics in the field of education for sustainable devel-
opment (ESD) into the pedagogical work (long-term mitiga-
tion). Regarding the implementation of adaptation measures
for health protection, about 40% of the daycare centers stated
that they had not yet implemented any structural measures

(see Fig. 4) and 19.3% had not implemented any behavioral
measures (see Fig. 5). The main focus of the implemented
structural and behavioral protection measures was on heat
and UV protection. Shading in the outdoor area (e.g., by sun
sails and sunshades) was the most frequently named struc-
tural protective measure with 54.5%, followed by darkening
of indoor areas (e.g., by roller blinds, curtains) with 52.8%.
Thus, the most frequently mentioned measures were only
implemented in every second facility. Active cooling of the
indoor area by fans (7.4%) or air conditioning (2.8%) was
carried out in only a few daycare centers. Thermometers
for indoor and outdoor temperature measurement were pre-
sent in 14.8% and 8.5% of the facilities. The most common
behavioral measures were changes in the time spent out-
doors because of heat (69.9%), taking more frequent or fixed
drinking breaks (56.3%), and providing sunscreen products
(50.6%) and sun protective clothing (44.9%). Despite the
overall high level of concern about air pollutants, only 15.9%
of facilities had adjusted the time spent outdoors to account
for air pollutant concentrations. Further training opportuni-
ties on climate change and health protection by the employer
were available in 14.8% of facilities, but these were only
used by 8.8% of respondents.

In order to find out which measures for long-term climate
change mitigation are implemented in the daycare centers,
the pedagogical staff was also asked to what extent topics in
the field of ESD are part of the pedagogical work with the
children. 9.2% of the participants stated that they did not
deal with any of the given topics (see Fig. 6). Health topics
were mentioned most frequently with 80.5%, followed by
waste separation and recycling (64.9%), nature and envi-
ronmental education (63.8%), and the conscious use of
energy and resources (59.8%). Especially in comparison to
the other given topics, it was noticeable that the topic of
climate change with 17.2% was by far the smallest part of
the pedagogical work in the field of ESD.

Results of correlation and regression analyses

In the context of the third research question, a correla-
tion matrix and five regression models were used to test
the assumed associations. For the calculations, the item
“informedness” of the pedagogical staff was operational-
ized by the score of actively used sources of information on
climate change and health.

Correlation matrix

The correlation matrix (see Table 1) shows that a positive
correlation was found between pedagogical staff’s informed-
ness and their attitudes toward climate change, the facility’s
perceived affectedness by climate change impacts, risk per-
ceptions for children’s health today, and the implementation
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Fig.4 Structural measures
taken to protect against health
effects of climate change (per-
centage distribution; n=176).
Question: “Are structural meas-
ures to protect against health
effects of climate change being
implemented or planned in your
facility in the near future? If
yes, which ones?” (Multiple
answers possible from given
answers)

Structural measures taken to protect against health effects of climate

Artificial shading in the outdoor area (e.g. sun sails)

Darkening possibilities indoors (e.g. roller blinds,
curtains)

Natural shading in outdoor areas (e.g. trees)

No measures

change
(n=176)

0% 10% 20% 30% 40% 50% 60%
I 54.5%
— 52.8%

I 48.3%
I 39.8%

Cooling possibilities in the outdoor area (e.g. water
Ep (s I 37.5%

playground)

Waterproof windows/doors [ 15.3%

Indoor thermometer [ 14.8%

Outdoor thermometers [l 8.5%

Fansindoors [l 7.4%

Air conditioning indoors | 2.8%

Permanent flood protection walls | 1.1%

Mobile flood protection elements (e.g. sandbags,

barriers, foils)

of adaptation and mitigation measures, but not with risk per-
ceptions for the staff’s own health at work. In addition, the
facility’s affectedness to climate change impacts correlated
with risk perception and the implementation of behavioral
measures. Affirmative attitudes toward climate change also
correlated positively with the implementation of structural
and behavioral measures. No significant correlation was
found between risk perception and implementation of adap-
tation and mitigation measures.

Regression models

Table 2 shows the summaries (ANOVA outputs) of the five
regression models with the dependent and independent vari-
ables, as well as R? and adjusted R?, the degrees of freedom
(Res. Df and Df), and the F and p values. To calculate the
outcome variable “risk perception,” risk perception for
children’s health today and in the next 10 years and for the
health of pedagogical staff at the workplace today and in
the next 10 years were combined into a total score for the
calculation of models 1 and 2. To calculate models 3, 4, and
5, a total score for the adaptation and mitigation measures

@ Springer

0.0%

Other  0.0%

taken was formed from the structural, behavioral, and peda-
gogical measures.

The assumption of the first sub-hypothesis, that there is
an association between the characteristics of the daycare
centers and the risk perception of the pedagogical staff,
could be confirmed. A statistically significant influence
was exerted by the daycare center’s affectedness by extreme
weather events and by vectors (mosquitoes, ticks). In the
context of the of the second sub-hypothesis, it was possi-
ble to prove that there is a positive association between the
personal characteristics of the pedagogical staff and their
risk perception, through the influence of affirmative attitudes
toward climate change. No association—and thus no confir-
mation of the third sub-hypothesis—was found between the
characteristics of daycare centers and the implementation of
structural, behavioral, or pedagogical measures. The analy-
sis of the association between the personal characteristics
of the pedagogical staff and the implementation of climate
change adaptation and mitigation measures (sub-hypothesis
4) showed a positive influence of the informedness of the
pedagogical staff (score of used information sources) on the
implementation of measures in the daycare centers. Since
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Fig.5 Behavioral measures
taken to protect against health
effects of climate change (per-
centage distribution; n=176).
Question: “Are climate change-
related behavioral measures to
protect health at your facility
being implemented or planned
in the near future? If yes, which
ones?” (Multiple responses pos-
sible from given answers)

Fig. 6 Integration of topics in
the field of education for sus-
tainable development (ESD) in
the pedagogical work (percent-
age distribution; n=174). Ques-
tion: “Are the following aspects
of climate protection or sustain-
ability part of the pedagogical
work in your facility? If yes,
which ones?” (Multiple answers
possible from given answers)

Behavioral measures taken to protect against health effects of climate

change
(n=176)

Adjusted time spent outdoors due to heat (e.g., earlier,
shorter)

More frequent or fixed drinking breaks
Provision of sun protection products
Situation-oriented design of the day
Provision of sun-protective clothing

No measures

Increased time spent in cooler rooms

Adjusted time spent outdoors due to air pollutants (e.g.,
earlier, shorter)

Further training on climate change and health
protection
Adjusted time spent outdoors due to pollen count (e.g.,
earlier, shorter)
Provision of insect repellent spray against
mosquitoes/ticks

Information on flood emergency plans
Flexibilization of working hours

Other

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
I 69.9%
I 56.3%
I 50.6%
. 46.6%
I 44.9%

I 19.3%
. 193%
I 15.9%
I 14.8%
B 7.4%

B 4.0%

| 11%

| 11%

0.0%

Integration of topics in the field of education for sustainable

development (ESD)

in the pedagogical work

(n=174)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Health (e.g. nutrition, physical activity)

Waste separation/recycling

Nature and environmental education (e.g. campaign
weeks, projects)

Conscious use of energy/resources (e.g. saving
electricity/water)

Sustainable nutrition (e.g. growing own food)
Biodiversity (e.g. insect hotel)

Sustainable consumption (e.g. flea market)

Education about climate change (e.g. campaign weeks,
projects)

No measures

Others

- 80.5%
T 64.9%
T e3.8%
I 59.8%
I 42.0%

. 35.6%

. 30.5%

s 17.2%

Bl 0.2%

B 22%
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Table 1 Correlation matrix of used scales and scores (1 =structural,
2=behavioral, 3 =educational measures; 4 =risk perception for chil-
dren’s health today; 5 =risk perception for health of pedagogical staff

today; 6=informedness, operationalized by score of actively used
information sources; 7 =affirmative attitude toward climate change;
8 =affectedness of the facility from climate change impacts)

Variable 1 2 3 4 5 6 7 8
1 Structural measures

2 Behavioral measures 0.36%*

3 Educational measures 0.23%*  0.37%*

4 Risk perception children’s health today 0.05 0.19 0.14

5 Risk perception pedagogical staff health today -0.02 0.09 —-0.02 0.79%%

6 Informedness 0.24%*  (.33** 0.38%* 0.15*% 0.11

7 Affirmative attitude toward climate change 0.16*  0.17* —0.01 0.47%% 0.23%% 0.17*

8 Affectedness of the facility by climate change impacts 0.11 0.36%* 0.10 0.72%% 0.63%* 0.19* 0.44 %%

Pearson correlation represented by correlation coefficient Irl; interpretation: small correlation at Ir/=0.10; medium correlation at I1=0.30; large
correlation at [rl=0.50 (Cohen 1988). Statistically significant values marked in bold: *: p <0.05 (2-sided); **: p <0.001 (2-sided)

risk perception was itself influenced by various factors, the
influential variables that had a significant effect on risk per-
ception in models 1 and 2 (see Table 2) were included in
regression model 5 to test the association between risk per-
ception and the implementation of adaptation and mitigation
measures (main hypothesis). Here, although it was found
that the perceived affectedness of the daycare centers by
vectors had a significant positive influence on the measures
taken, no statistically significant association of risk percep-
tion on the implementation of measures could be demon-
strated. This confirms the results of the correlation matrix
(see Table 1).

Discussion
Relevance and novelty of the results

To the best of our knowledge, the results of the present
study provide the first quantitative data on the risk percep-
tion of climate change-related health hazards as well as on
the implementation of corresponding adaptation and mitiga-
tion measures in daycare centers for children in the German-
speaking region, in which the pedagogical staff was directly
surveyed.

With regard to answering the first research question,
it was found that climate change-related health risks—
especially from UV radiation, air pollutants, and heat—are
rated higher by pedagogical staff for the health of chil-
dren than for their own health at work, both today and
in the next 10 years. In this context, it is positive to note
that the increased risk to children seems to be known to
the pedagogical staff. Nevertheless, strengthening staff’s
self-protection at the workplace as an occupational health
aspect should also be given more emphasis in the future,
especially against the background that people tend to
underestimate own risk compared to others (Berger et al.
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2019), e.g., because they are not aware of their own risk
factors (Betsch et al. 2023). Part of the respondents is
skeptical about climate change and does not perceive
its consequences as a threat. Scientific research on this
shows that individuals nevertheless acknowledge a cer-
tain level of risk when confronted with objective informa-
tion (Schwarzer 2016). In terms of fulfilling the duty of
care of pedagogical staff, targeted and scientifically sound
communication of climate change health risks is essential
to ensure the protection of children in care from climate
change-related health hazards, regardless of the caregiv-
ers’ personal attitudes toward climate change.

Regarding the implementation of appropriate structural
and behavioral adaptation measures to protect health, it was
found that these are mainly implemented in the form of heat
and UV protection measures in the facilities. Overall, despite
the strong perception of affectedness and health risks, their
transfer into corresponding structural and behavioral protec-
tive measures has been insufficient in most of the surveyed
daycare centers so far. Particularly regarding the Occupa-
tional Health and Safety Act, the facility provider has a
responsibility to protect the health of its employees. Hence,
the question arises to what extent health protection can be
ensured under the current conditions for both the employees
and the children if insufficient adaptation to the changing cli-
mate conditions takes place. Education for sustainable devel-
opment (ESD) as part of the pedagogical work for long-term
climate change mitigation is taught in the facilities through
various sustainability topics. However, climate change itself
has so far played a minor role as a topic. Thus, although
ESD issues seem to be generally familiar, they have not yet
been directly related to climate change. The study findings
of Berger et al. 2019 reinforce the assumption that topics
relevant to climate change are not always associated with
it. Particularly due to the large gap in teaching the topics
of health and climate change, there is a need for increased
awareness of the connections between these two issues.
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Table 2 Summary of the regression models
Regression model Dependent variable Independent variables R’ Adjusted Res. Df F P
R’ Df statistic
Model 1 (n=165) Score risk perception Characteristics of the facility: location, 0.59  0.55 86 9 13.95  0.00 ***
(children’s and peda- size, age of children, design of outdoor
gogical staff health today  area, score affectedness by extreme
and in next 10 years) weather events (heavy rain, heat,
thunderstorms), score affectedness by
air pollutants and pollen, score affected-
ness by vectors
Model 2 (n=166) Score risk perception Personal characteristics of pedagogical 0.16  0.11 98 6 311 0.01 **
(children’s and peda- staff: gender, age group, educational
gogical staff health today  attainment, field of work, score of used
and in next 10 years) information sources, score of affirmative
attitudes toward climate change
Model 3 (n=162) Score adaptation and miti- Characteristics of the facility: location, 0.14  0.06 106 9 1.88  0.06
gation measures taken size, age of children, design of outdoor
(structural, behavioral, area, score affectedness by extreme
pedagogical) weather events (heavy rain, heat, thun-
derstorms), score affectedness by air
pollutants and pollen, score affectedness
by vectors
Model 4 (n=166) Score adaptation and miti- Personal characteristics of pedagogical 0.20 0.17 159 6 6.57  0.00 **%*
gation measures taken staff: gender, age group, educational
(structural, behavioral, attainment, field of work, score of used
pedagogical) information sources, score of affirmative
attitudes toward climate change
Model 5 (n=174) Score adaptation and miti- Risk perception children’s health today, 0.16  0.10 95 7 2.60  0.02%*

gation measures taken
(structural, behavioral,
pedagogical)

risk perception children’s health in the
next 10 years, risk perception health
pedagogical staff today, risk percep-

tion pedagogical staff health in the next
10 years, score affectedness by extreme
weather events (heavy rain, heat, severe
weather), score affectedness by vectors,
affirmative attitudes toward climate

change

Determination coefficient interpretation IR%: low goodness of fit at IR?=0.02; medium goodness of fit at IR?=0.13; high goodness of fit at
IR?=0.26 (Cohen 1988).Statistically variables marked in bold; statistically significant values marked in bold: *: p<0.05;%%: p<0.01;%***;

p<0.001

Looking at the third research question, it was found that
there is no significant correlation between risk perception
and the implementation of adaptation and mitigation meas-
ures. This nonsignificant correlation is consistent with other
study findings on the relationship between risk perception
and changes in health behaviors (Milne et al. 2000). In
contrast, the correlation and regression analyses show an
association between the facility’s affectedness by climate
change impacts and the implementation of behavioral meas-
ures. Changes in health behavior in the form of protective
measures thus appear to occur in response to already per-
ceived climate change impacts. It was also found that, in
particular, the informedness of pedagogical staff is a key
factor in the implementation of adaptation and mitigation
measures. However, nearly a quarter of respondents said
they did not obtain any information at all on this topic.

Those who actively sought information most frequently
used television, the social environment, newspapers, and
the Internet as sources of information. These channels raise
the question to what extent the knowledge acquired is based
on scientifically sound information. It is also notable that
while informedness correlates with risk perceptions of cli-
mate change-related health hazards to children’s health, it
does not correlate with perceptions of risks to pedagogical
staff’s health. In this context, a study of Betsch et al. 2023
showed that people who privately or professionally care
for vulnerable persons are less informed about heat risks,
even though this group is more likely to receive informa-
tion about heat. This is also corroborated by survey results
of Ullrich et al. (2020), which demonstrate that pedagogi-
cal staff feel only moderately informed. In line with other
studies (Amoah et al. 2016; Folkerts et al. 2020; Koester
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et al. 2021), it is therefore important to improve the level
of information of pedagogical staff through evidence-based
knowledge transfer as well as practical experience in order
to increase the implementation of measures. For this pur-
pose, the inclusion of the topic of climate change and health
in training curricula and further training formats for peda-
gogical staff would be well suited. That target group-specific
information is explicitly desired by the pedagogical staff was
also shown by the survey of Ullrich et al. (2020). Teach-
ing health-related skills to pedagogical staff thus opens up
further important opportunities in the context of long-term
climate change mitigation: using the significant multiplier
function of this professional group by transferring knowl-
edge and adapted (health-related) behaviors directly to chil-
dren and thus also indirectly to their families. The positive
effect of intergenerational learning from children to parents
has already been scientifically proven. Children can use the
acquired knowledge and learned behaviors in the daycare
center to motivate their parents to pay more attention to the
issue of climate change and its consequences, as well as to
the options for action (Lawson et al. 2018, 2019).

Study limitations

One limitation of the present study is that only one provider
of daycare centers in one city was investigated. For further
research, a nationwide survey of different providers would
be useful, as the measures implemented may vary. In addi-
tion, the assessment of risk perception in this study does not
cover all dimensions of risk perception or its influencing
factors. Therefore, potentially crucial factors related to risk
perception may not have been considered. Furthermore, the
assessment of the informedness of the pedagogical staff rep-
resents a limiting factor of this study, as it was operational-
ized on the basis of the number of information sources used,
without weighting them in terms of quality. Since informed-
ness has been shown to be a crucial influencing factor for
risk perception and implementation of measures, a targeted
and differentiated assessment of the existing knowledge of
the pedagogical staff regarding the topic of climate change
and health could provide an approach for further research.
It should also be noted that reverse causality may exist. For
example, it is possible that pedagogical staff is more aware
of climate change issues and more informed because it is
exposed to adaptation measures or climate change hazards in
the work context. Another limitation is that the survey asked
whether adaptation measures had already been implemented
or were planned for the near future, but this could not be
differentiated in the response options. It cannot be ruled out
that measures considered implemented in the evaluation are
still being planned in the facilities.
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Conclusion

Due to their vulnerability, children need special protection
against the health risks of climate change. Since a large num-
ber of children in Germany are in non-parental care during the
day, the pedagogical staff in daycare centers play a decisive role
in protecting the health of children. However, this professional
group is not only an important multiplier regarding the promo-
tion of health adaptation measures. As part of the educational
work in the daycare centers, imparting knowledge and values in
the area of education for sustainable development (ESD) is an
important component for long-term climate change mitigation.
Also, for their own health protection at the workplace, distinctive
health-related competences of the pedagogical staff are useful.
In order to contribute to closing the identified research gap
regarding the risk perception of climate change-related health
hazards by the pedagogical staff and the implementation of
corresponding measures for (health-related) climate change
adaptation and climate protection in the facilities, the present
study was conducted exemplarily on the basis of daycare cent-
ers of one provider in Munich. With regard to the question
of how the pedagogical staff perceives the risks of climate
change-related health hazards to children’s health and their
own health at work, it was found that the risks of UV radiation,
air pollutants, and heat are estimated to be the greatest today
and in the next 10 years. An overall increase in risk perception
of climate change-related health hazards for the next 10 years
was also noted. In addition, respondents perceived health risks
to be higher for children than for themselves today and in the
future. Structural and behavioral measures taken in the day-
care centers were mainly in the form of heat and UV protec-
tion measures. Despite the pronounced perception of risk and
the perceived affectedness of the facility by climate change
impacts, deficits in the implementation of appropriate protec-
tive measures for (health-related) climate change adaptation
are evident in a majority of the daycare facilities. Also, with
regard to long-term climate change mitigation through ESD
as part of the pedagogical work, various topics of sustainabil-
ity are conveyed, but climate change itself as a topic has so
far played a subordinate role. Here, the large discrepancy in
the communication of the topics of health and climate change
was particularly noticeable. When examining the association
between risk perception and the implementation of adaptation
and mitigation measures, as well as the identification of fur-
ther influencing factors, it became clear that there is no direct
association between risk perception and the implementation
of protective measures. However, informedness (number of
actively used information sources) as a personal characteristic
of the pedagogical staff played a crucial role and is positively
correlated with the attitude toward climate change, the assess-
ment of the facility’s affectedness by the impacts of climate
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change, the risk perception for children’s health today as well
as the implementation of measures.

The results of the present study provide a first overview of
the risk perception of climate change-related health hazards
in daycare centers, the adaptation and mitigation measures
taken, and their associations. Since the risk perception alone
does not lead to action, further research could start here to
find out what obstacles exist to close this gap. The study
also revealed needs and inadequacies in both situational and
behavioral prevention that urgently need to be addressed.
As a consequence for practical implementation, it should
be considered not only to take reactive measures in daycare
centers when the impact of climate change is already notice-
able, but to act preventively, based on the individual affect-
edness and risk of the facility. In this context, the results
highlight the relevance of informed pedagogical staff in the
implementation of protective measures. This is where the
integration of the topic into training curricula and further
training formats can come in, where the focus is not only on
the promotion of need-based knowledge and target group-
specific sensitization, but also on the communication of
concrete instructions for the implementation of protective
measures. Well-trained and health-competent pedagogical
staff is the prerequisite for fully using the multiplier function
of this professional group and thus adequately protecting the
health of the children in care and the staff themselves.
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