miA UNIVERSITAT 8
AUGSBURG

Universitatsbibliothek OPUS AUGSBURG

Heat adaptation in rural municipalities: a cross-sectional
study in the Augsburg district, southern Germany

Mona Claesson, Elke Hertig

Angaben zur Veroffentlichung / Publication details:

Claesson, Mona, and Elke Hertig. 2026. “Heat adaptation in rural municipalities: a cross-sectional
study in the Augsburg district, southern Germany.” Climate Services 44: 100751.
https://doi.org/10.1016/j.cliser.2026.100751.

Nutzungsbedingungen / Terms of use: CCBY 4.0

Dieses Dokument wird unter folgenden Bedingungen zur Verfiligung gestellt: / This document is made available under these conditions:

CC-BY 4.0: Creative Commons: Namensnennung @
Weitere Informationen finden Sie unter: / For more information see: =

https://creativecommons.org/licenses/by/4.0/deed.de


https://doi.org/10.1016/j.cliser.2026.100751
https://creativecommons.org/licenses/by/4.0/deed.de

Climate Services 44 (2026) 100751

Contents lists available at ScienceDirect

Climate Services

FI. SEVIER

journal homepage: www.elsevier.com/locate/cliser

Heat adaptation in rural municipalities: A cross-sectional study in the
Augsburg district, southern Germany

Mona Claesson *”“", Elke Hertig

2 Institute for Medical Information Processing, Biometry, and Epidemiology - IBE, Chair for Public Health and Health Services Research, Faculty of Medicine, LMU
Munich, Elisabeth-Winterhalter-Weg 6, 81377 Miinchen, Germany

b pettenkofer School of Public Health, Elisabeth-Winterhalter-Weg 6, 81377 Miinchen, Germany

¢ Regional Climate Change and Health, Faculty of Medicine, University of Augsburg, Universitatsstrafe 2, 86159 Augsburg, Germany

ARTICLE INFO

Keywords:

Heat adaptation

Rural municipalities
Local climate governance
Risk perception
Municipal capacity

Heat action planning

ABSTRACT

Extreme heat is an increasing public health challenge, yet heat adaptation in smaller and rural municipalities
remains comparatively underexplored. This study assessed municipal heat adaptation, implementation barriers,
perceptions of heat-related health impacts, and their relation to regional climate information in the Augsburg
district, Southern Germany.

A cross-sectional online survey was conducted among all 46 municipalities in the district between January and
March 2025. Forty municipalities responded (87%), and 29 provided complete questionnaires (63% of the
sampling frame). Survey data were analyzed primarily descriptively and supplemented by regional climate
projections from the GERICS Climate Outlook. Perceived health impacts during the previous and next 10 years
were additionally compared using a paired t-test and Wilcoxon signed-rank sensitivity analysis.

Fourteen of 29 municipalities (48%) had no assigned responsibility for heat protection. Strategic approaches,
including climate analyses and Heat Action Plans, were less established than several infrastructure-based mea-
sures. Financial and staffing constraints were among the most frequently reported barriers. Municipalities ex-
pected stronger heat-related health impacts over the next 10 years than during the previous decade (mean paired
difference 0.655, 95% CI 0.422 to 0.889; p < 0.0001), while regional projections indicate increasing heat-related
climatic hazards over subsequent decades. Descriptive patterns suggested lower strategic engagement among
smaller municipalities. Given the small analytical sample and single-district design, municipality-size patterns
should be interpreted as exploratory.

The findings highlight the importance of translating regional climate information into locally applicable
adaptation support. Clear responsibilities, accessible guidance, funding support, and capacity building may
strengthen climate services and heat adaptation in resource-constrained municipalities.

Practical implications

insights into how climate information and municipal support structures
could be better connected to strengthen local heat adaptation.

Extreme heat is becoming an increasingly important challenge for
local public health and climate adaptation. Smaller and rural munici-
palities require particular attention because limited staffing, adminis-
trative specialization, and financial resources may constrain their
capacity to develop and implement heat adaptation measures (Vetter
et al., 2017; Friedrich et al., 2024; Overath and Rosler, 2025). This
study examined heat adaptation in 29 municipalities in the Augsburg
district, Southern Germany, and considered municipal survey findings
alongside regional climate information. The results provide practical
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Regional climate projections indicate increasing heat-related cli-
matic hazards in the Augsburg district over the coming decades,
including increases in hot days, tropical nights, and the duration of heat
periods (Pfeifer et al., 2021). Municipal respondents also expected heat-
related health impacts to increase over the next 10 years. These findings
address different time horizons and should not be interpreted as a direct
comparison between perceived and projected risk. Rather, the regional
projections provide a longer-term climatic context for municipal adap-
tation decisions. For climate services, this highlights the importance of
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translating regional climate information into locally relevant and easily
accessible information that can support decision-making within mu-
nicipalities with different levels of administrative capacity (Steynor and
Pasquini, 2022; Sillmann et al., 2024; Ministere de la Transition
écologique, 2025). Approaches that combine climatic information
with local exposure and vulnerability indicators may provide a useful
basis for identifying adaptation priorities and supporting evidence-
based planning at the municipal level (Rupp et al., 2026).

A central practical challenge concerns the organizational anchoring
of heat protection. Fourteen of the 29 municipalities had no clearly
assigned primary responsibility for heat protection. Where re-
sponsibilities were assigned, mayoral offices and planning and con-
struction departments played prominent roles, while health and social
departments were not reported as responsible or additionally involved.
This does not necessarily indicate an absence of health or social actors,
particularly because smaller municipalities may not have dedicated
departments for these functions. Nevertheless, heat adaptation would
benefit from clearer responsibilities and stronger links between munic-
ipal planning, health, and social expertise (Bolte et al., 2023; Williams
et al., 2013; Ochsmann, 2025). Where specialized municipal structures
are unavailable, district authorities, public health services, social orga-
nizations, or other regional partners could provide complementary
expertise (Ochsmann, 2025; Ministere de la Transition écologique,
2025).

The findings also indicate that strategic heat adaptation remains less
established than several infrastructure-based activities. Climate analyses
and Heat Action Plans (HAPs) were frequently reported as unnecessary,
particularly among municipalities with fewer than 10,000 residents. In
contrast, green and water-related measures were among the more
frequently implemented activities. This suggests that smaller munici-
palities may benefit from practical planning instruments that build on
existing activities without requiring extensive additional administrative
structures. Simplified HAP modules, checklists, vulnerability assessment
tools, and stepwise implementation guidance could lower practical
barriers to more systematic heat adaptation (World Health
Organization, 2021; Sieber et al., 2024; Ochsmann, 2025).

Communication and the protection of vulnerable populations
represent further areas for development. Residents of senior or nursing
facilities, toddlers, and outdoor workers were frequently identified as
particularly vulnerable, whereas people with chronic illnesses, pregnant
individuals, and people with disabilities were selected less frequently.
Recent evidence emphasizes that heat vulnerability extends across
population groups and that health impacts depend on individual
vulnerability as well as local environmental and adaptive conditions
(Winklmayr et al., 2023; Ragettli et al., 2024; Al Ali et al., 2026).
Communication with health, care, or educational professionals and
consultation with target groups were also often reported as unnecessary
in the present survey. Municipal heat adaptation could therefore benefit
from stronger involvement of health and social expertise and from
communication approaches that explicitly consider the range of pop-
ulations vulnerable to extreme heat (Winklmayr et al., 2023; Ochsmann,
2025).

Resource limitations are particularly important for implementation.
Financial and staffing constraints were among the most frequently re-
ported barriers, while public funding was the most frequently selected
potential source of support. These findings are consistent with broader
evidence that limited personnel, expertise, and administrative capacity
can constrain municipal climate adaptation, particularly in smaller ad-
ministrations (HauBler and Haupt, 2021; Overath and Rosler, 2025;
Eckersley et al.,, 2025). Providing climate information alone may
therefore be insufficient if municipalities lack the personnel or expertise
required to translate information into action (Vetter et al., 2017).
Climate services for smaller municipalities could combine accessible
climate information with practical implementation support, including
funding information, standardized templates, technical assistance, and
opportunities for capacity building (Ministere de la Transition
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écologique, 2025).

Intermunicipal and district-level cooperation could complement
local capacity. Cooperation with neighboring municipalities was
selected as a potential opportunity by 35% of respondents. When asked
separately about future cooperation, 31% expressed definite interest and
a further 41% responded “maybe”, while 28% responded “no”. These
two survey questions measured different aspects of cooperation and
should therefore be interpreted separately. Nevertheless, the direct
question indicates that a substantial proportion of respondents were at
least open to considering cooperation. The reasons for these responses
were not assessed. District-coordinated formats could provide opportu-
nities for shared training, expertise, information resources, or technical
support without requiring each municipality to develop specialized ca-
pacity independently (Ochsmann, 2025; Ministere de la Transition
écologique, 2025). Networks and shared capacities have also been
identified as potentially relevant for climate adaptation in smaller mu-
nicipalities (HauBler and Haupt, 2021; Eckersley et al., 2025).

Overall, the findings suggest that effective climate services for
smaller municipalities need to extend beyond the provision of climate
projections. Regional climate information should be translated into
locally understandable and actionable formats and accompanied by
organizational and implementation support. Clear responsibilities,
practical guidance, accessible funding, health and social expertise, and
opportunities to share capacities across municipal and district levels
could help municipalities progressively strengthen heat adaptation ac-
cording to their local conditions and resources. Broader heat health
research similarly emphasizes the importance of combining locally
appropriate adaptation, vulnerability considerations, communication,
and public health protection as heat-related hazards increase (Dube
et al., 2025; Al Ali et al., 2026).

1. Introduction

Climate change is intensifying extreme heat across Europe, posing
substantial risks to human health, including increased heat-related
mortality and exacerbation of cardiopulmonary diseases (Ebi et al.,
2021; Winklmayr et al., 2023). Germany experienced one of the high-
est absolute heat-related mortality burdens in Europe during the sum-
mer of 2022 (Ballester et al., 2023). While urban heat islands can
amplify thermal exposure, recent evidence shows increased heat-related
cardiopulmonary mortality across Germany and indicates that relevant
vulnerability factors are present in both urban and rural areas (Zhang
et al., 2024). Heat-related health risks are shaped not only by climatic
exposure but also by individual, social, and contextual vulnerability,
including age, pre-existing health conditions, socioeconomic circum-
stances, and living or working conditions (Hertig et al., 2023; Ragettli
et al., 2024). Rural regions may face additional challenges related to
demographic structure, access to services, and occupational outdoor
exposure (Li et al., 2017; Bolte et al., 2023; de Schrijver et al., 2023).
Although evidence comparing rural and urban populations remains
limited and heterogeneous, a systematic review and meta-analysis found
no clear evidence that rural populations are less vulnerable to heat-
related mortality than urban populations (Li et al., 2017). Recent evi-
dence further highlights occupational heat exposure and limitations in
adaptation infrastructure as relevant challenges for rural populations,
while regional vulnerabilities and adaptation effectiveness remain
comparatively under researched (Dube et al., 2025).

Internationally, several countries have established multilevel
frameworks for climate and heat adaptation, such as France's compar-
atively institutionalized system of heat action planning and coordination
across administrative levels (Ochsmann, 2025; Ministere de la
Transition écologique, 2025), or community-based approaches in rural
India (AIDMI, 2025). However, their transferability to Germany is
constrained by different administrative structures. In Germany, munic-
ipal responsibilities are divided between local municipalities (Gemein-
den), which manage land use, public facilities, and local risk
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communication, and district authorities (Landkreise), which coordinate
health services and provide technical support. This multilevel arrange-
ment creates particular governance requirements for vertical coordina-
tion across administrative levels (Vetter et al., 2017).

Nationally, the strategic framework for heat protection has expanded
through recommendations and the 2020 resolution of the Conference of
Health Ministers to establish Heat Action Plans (HAPs) nationwide by
2025 (Sieber et al., 2024). The Federal Climate Adaptation Act (KAnG),
which entered into force in July 2024, requires federal states to develop
adaptation strategies and establishes a framework under which the
states determine the public bodies responsible for preparing local
climate adaptation concepts based on climate risk analyses. However,
municipalities are not legally required to develop HAPs, and concrete
obligations depend on evolving state-level regulations (Schink, 2024).
Consequently, a persistent implementation gap remains, rooted in long-
standing structural challenges in European climate adaptation
(Klostermann et al., 2018; Heidrich et al., 2016) and reinforced by
current evidence of administrative capacity shortages and unclear re-
sponsibilities in German municipalities (Vetter et al., 2017; Ochsmann,
2025; Overath and Rosler, 2025).

Southern Germany is emerging as a climatic hotspot, with pro-
jections showing strong increases in hot days, tropical nights, and
heatwaves (Kaspar-Ott et al., 2025; Winklmayr et al., 2023; Pfeifer et al.,
2021). National surveys offer important insights but often aggregate
municipalities into broad categories, obscuring the situation in very
small municipalities, which constitute the majority of rural settlements.
Moreover, existing research focuses largely on subjective perceptions,
leaving limited understanding of how closely local decision-makers' risk
assessments align with regional climate projections (Steynor and Pas-
quini, 2022; Sillmann et al., 2024).

To address these gaps, this study examines rural municipalities in the
Augsburg district—a region characterized by demographic aging and
predominantly small settlements (see Section 2 for detailed character-
ization). By combining municipality-level survey data with regional
climate information from the GERICS Climate Outlook for the Augsburg
district (Pfeifer et al., 2021), we examine the current status of heat
adaptation, structural barriers, and municipal perceptions of heat-
related health impacts in the context of projected regional changes in
heat-related climate hazards.

Specifically, this study addresses the following research questions:

1. RQ1: What are the projected changes in heat-related climate in-
dicators in the Augsburg district under future climate scenarios?

2. RQ2: What is the current status of heat adaptation in rural munici-
palities in the Augsburg district, Germany, and what are the primary
barriers to implementation?

3. RQ3: How do municipal decision makers perceive future heat-related
health impacts, and how do these perceptions relate to projected
regional heat hazards?

4. RQ4: How do patterns of heat adaptation differ according to mu-
nicipality size, available resources, and administrative structures?

Conceptually, municipal heat adaptation is understood here as the
outcome of interacting climatic hazards, perceived local health impacts,
and municipal adaptive capacity. Municipality size is used as an
exploratory structural characteristic that may reflect differences in
staffing, specialization, and financial resources rather than as an inde-
pendent causal determinant of adaptation.

2. Methods
2.1. Study design
The study used a cross-sectional design based primarily on a quan-

titative online survey, supplemented by qualitative responses to selected
open-ended questions and regional climate information from the
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GERICS Climate Outlook.

Quantitative survey data were used to describe municipal percep-
tions, adaptation measures, organizational structures, and barriers. The
qualitative responses were used to contextualize selected quantitative
findings, while regional climate projections provided broader climatic
context for municipal perceptions of future heat-related health impacts.

2.2. Study area

The study was conducted in the Augsburg district in Southern Ger-
many, which covers an area of approximately 1071 km? and has around
260,000 inhabitants. The district is characterized by a predominantly
rural settlement structure, with the majority of residents living in small
municipalities. In total, 46 municipalities are included, of which most
have fewer than 20,000 inhabitants.

The region exhibits a dispersed settlement pattern and demographic
aging, alongside limited administrative specialization in smaller mu-
nicipalities. Despite being classified as an “urbanized district” by the
BBSR due to population density, it shows key features of rural contexts,
particularly in terms of municipal size structure and administrative ca-
pacity (BBSR (Bundesinstitut fiir Bau-, Stadt u. Raumforschung), 2023)
Fig. 1.

The district has a temperate climate. During the 1971 to 2000
reference period, mean annual temperature was 8.2 °C and annual
precipitation averaged 871 mm, with the warmest monthly mean tem-
perature occurring in July (17.5 °C). An average of 2.2 sultry days per
year was recorded during the reference period; GERICS defines these as
days with a water vapor partial pressure above 18.8 hPa, calculated
from near surface air temperature and relative humidity (Pfeifer et al.,
2021).

2.3. Sample and recruitment

An online questionnaire (see appendix C) was sent to all 46 munic-
ipalities in the Augsburg district. A total of 40 municipalities responded
(87% response rate), with 29 fully completed questionnaires used for the
final analysis (representing a 63% completion rate relative to the total
sample frame). While the absolute sample size (n = 29) is statistically
small, the study followed a census approach by targeting the entire
population of municipalities within the district.

Respondents represented different municipal administrative areas,
with the Mayor's Office and Planning and Construction being the most
frequently reported areas. Responses therefore reflect the assessments of
individual municipal representatives and were treated as organizational
self-reports rather than independently verified indicators of municipal
policy implementation.

2.4. Data collection and statistical analysis

An online survey was used to collect data on heat protection mea-
sures, perceived needs, responsibilities, and barriers. The survey was
conducted via a platform called SoSci Survey (Leiner, 2024). Invitations
and several reminder emails were sent to the municipalities. The data
collection period was from January 16 to March 15, 2025.

The questionnaire comprised 20 main questions, predominantly
quantitative in nature (e.g., Likert scales, forced-choice items). The
quantitative survey data were interpreted alongside regional climate
information from the GERICS Climate Outlook for the Augsburg district.

GERICS provides regional climate projections based on multi-model
simulations, including indicators such as temperature trends and
extreme heat events. Prior to field implementation, the questionnaire
underwent a pragmatic pretest with a small convenience sample of
colleagues and other individuals. The pretest focused on the compre-
hensibility and clarity of the questions, questionnaire structure and
layout, and the usability of the online survey. Feedback obtained during
the pretest was incorporated into the final questionnaire before its
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Fig. 1. Study area: Location of the Augsburg district in Southern Germany. Source: Eurostat/GISCO NUTS geometries.

distribution to the municipalities.

Survey data were analyzed primarily using descriptive statistics.
Categorical variables are presented as absolute frequencies and per-
centages, with denominators reported where appropriate. Analyses
stratified by municipality size were considered exploratory and
descriptive because the four size categories contained 18, 5, 4, and 2
municipalities, respectively. Cross tabulations were used to describe
patterns across municipality size categories. Because expected cell
counts were frequently below conventional thresholds, chi square test
results were not used for statistical inference, and no statistical signifi-
cance is reported for comparisons between municipality size categories.

One inferential comparison was conducted for respondents' paired
assessments of perceived heat-related health impacts during the previ-
ous and next 10 years. Responses were coded on a five-point ordinal
scale ranging from 1 (“no impact™) to 5 (“very strong impact™). A paired
t-test was used to estimate the mean within respondent difference,
defined as the future rating minus the past rating. Given the ordinal
response scale and the small sample size, a Wilcoxon signed rank test
was additionally conducted as a sensitivity analysis. All tests were two
sided, and statistical analyses were performed using SAS Studio 9.4 (SAS
Institute Inc., 2025).

Regional climate projections were used to provide medium- and
long-term climatic context for municipal perceptions of future heat-
related health impacts (RQ3) and were not statistically integrated with
the survey data. Climate information was extracted from the published
GERICS Climate Outlook for the Augsburg district (Pfeifer et al., 2021);
no new analysis of the underlying climate model simulations was per-
formed in the present study. The GERICS Climate Outlook is based on an
ensemble of 85 regional climate projections from the EURO-CORDEX
initiative and the REKIiEs-DE project, comprising 50 simulations for
RCP8.5, 17 for RCP4.5, and 18 for RCP2.6. The regional climate simu-
lations have a horizontal resolution of approximately 12 x 12 km.
Climate changes for the Augsburg district were calculated by GERICS as
area-weighted averages across the model grid cells located within the
district. Projected changes are reported relative to the reference period
1971-2000 for two future periods, 2036-2065 and 2069-2098. The
ensemble information includes minimum, median, and maximum
changes as well as the 20th and 80th percentiles and an assessment of

the robustness of projected changes (Pfeifer et al., 2021).

Historical climate conditions were likewise obtained from the
GERICS Climate Outlook and are based on the HYRAS v3.0 dataset of the
German Meteorological Service (DWD). HYRAS combines station ob-
servations interpolated onto a 5 km grid; GERICS calculated spatial
averages across the Augsburg district for the climate indicators used in
the Climate Outlook (Pfeifer et al., 2021; Rauthe et al.,, 2013;
Razafimaharo et al., 2020).

The GERICS indicators characterize regional climatic hazards and
were not interpreted as direct measures of municipality-specific heat-
health risk, which may additionally depend on local exposure, vulner-
ability, and adaptive capacity. The survey and regional climate data
address complementary time horizons. Municipal respondents assessed
perceived health impacts over the previous and next 10 years, whereas
the GERICS projections refer to 2036 to 2065 and 2069 to 2098. The
projections were therefore used as medium- and long-term regional
climatic context for the shorter-term municipal assessments.

The qualitative component served to provide in-depth interpretation
and contextualization of the quantitative findings. It is based on the
analysis of a few selectively used open-ended questions in the survey.
The response rate for these open questions was generally low. Crucially,
only one question yielded substantial qualitative data: the item asking
for specific local measures and responsible departments (e.g., green
space planning, German: Griinordnung). The analysis of these text re-
sponses was performed using Qualitative Content Analysis (QCA), spe-
cifically the method of Inductive Category Formation (Kuckartz, 2012;
Lamnek and Krell, 2016). This data-driven, bottom-up approach
involved iteratively reviewing the text, generating codes, and refining
them into a robust set of Fields of Action (German: Handlungsbereiche),
which are presented in Table 2. The inductive QCA ensured that the
resulting categories were empirically grounded in the diverse responses
of the municipal administrators. Given the limited number of qualitative
responses, the qualitative findings are used to contextualize and illus-
trate quantitative patterns rather than to generate standalone analytical
claims.
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2.5. Ethical aspects

The need for ethics committee approval was assessed prior to data
collection in consultation with the academic supervisor, and formal
ethics committee approval was considered not to be required for this
organizational survey. Participation was voluntary and based on
informed consent. The questionnaire primarily collected information
about municipal structures, responsibilities, perceptions, and adaptation
activities. Respondents could optionally provide their name and contact
details for follow-up purposes. Any contact information provided was
handled confidentially and was not used for the analysis. Survey data
were treated confidentially throughout the study.

2.6. Defining “rural areas”

Definitions of “rural” in Germany vary considerably across in-
stitutions. According to the settlement-structural district types used by
the Federal Institute for Research on Building, Urban Affairs and Spatial
Development (BBSR), rurality is defined primarily through population
density and settlement structure. Within this classification system, the
Augsburg district is categorized as an urbanized district, reflecting its
comparatively high population density despite the fact that 72% of its
residents live in municipalities with fewer than 20,000 inhabitants
(BBSR, 2023).

In contrast, the Thiinen Institute uses a multidimensional rurality
index combining structural and socioeconomic indicators. According to
this typology, Augsburg is categorized as “rather rural/good socioeco-
nomic situation” (Kiipper, 2016).

Approach for this study:

The two municipalities in the >20,000-resident category were
included in the municipality-size analysis for completeness but were not
considered rural municipalities under the operational definition applied
in this study. This is consistent with the population thresholds of the
BBSR Stadt- und Gemeindetyp classification, in which municipalities
with 20,000 to fewer than 100,000 residents are generally classified as
medium-sized towns (BBSR (Bundesinstitut fiir Bau-, Stadt u.
Raumforschung), 2023).

2.7. Operationalization of municipality size

Municipality size was used as a descriptive stratification variable to
examine whether patterns in heat adaptation differed across munici-
palities of different population sizes. Given the small and highly unequal
numbers of municipalities within the four size categories, these com-
parisons were intended to identify descriptive patterns rather than to
estimate or test municipality size effects.

The following four disjoint size classes were established for the
sample classification, based on resident population:

Small: < 5000 residents.

Medium: 5000 to 9999 residents.

Mid-sized: 10,000 to 19,999 residents.

Large: 20,000 residents or more.

This classification structure is congruent with the established cate-
gories used by the Federal Statistical Office (Destatis) and the Federal
Institute for Research on Building, Urban Affairs and Spatial Develop-
ment (BBSR) (Arbeitsgruppe Regionale Standards, 2019; BBSR
(Bundesinstitut fiir Bau-, Stadt u. Raumforschung), 2023).

In the BBSR typology, municipalities with fewer than 5000 residents
and without a basic central-place function are classified as rural mu-
nicipalities (German: Landgemeinden), whereas municipalities with
5000 to fewer than 20,000 residents are generally classified as small
towns (German: Kleinstadte). In local government research, this range is
further differentiated into Small Towns (5000 to 9999) and Larger Small
Towns (10,000 to 19,999), reflecting variations in administrative ca-
pabilities and central functions (Milbert and Fina, 2021). The differen-
tiation applied in this study reflects this scholarly sub-categorization.
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The 20,000 resident threshold typically marks the administrative tran-
sition to a Medium-Sized Town (German: Mittelstadt) (BBSR, 2023).
These larger entities are qualitatively distinct from Small Towns,
particularly regarding their central place function and administrative
sophistication (Milbert and Fina, 2021).

3. Results
3.1. Climate analysis and projection

3.1.1. Historical climate of the Augsburg District

The Augsburg district is situated in a temperate climate zone. Be-
tween 1971 and 2000, the average annual temperature was 8.2 °C, with
the coldest monthly average in January with —0.9 °C and the warmest in
July with 17.5 °C. Over the same period, the average annual precipita-
tion was 871.0 mm, with the lowest monthly rainfall in February (46.1
mm) and the highest in June (108.4 mm).

A comparison of two 30-year periods, from 1951 to 1980 and
1986-2015, shows an average increase of about 0.9 °C in the annual
mean temperature. For average annual precipitation, there was a mean
increase of 32.8 mm per year; however, this change is not statistically
significant (Pfeifer et al., 2021).

3.1.2. Projected climate changes compared with the historical reference
period

Future climate projections for the Augsburg district are based on
Representative Concentration Pathways (RCPs), which represent
different trajectories of future greenhouse gas concentrations and are
used to project the corresponding climate changes. The GERICS Climate
Outlook considers three scenarios: RCP2.6, representing a low emission
pathway with strong mitigation, RCP4.5, representing an intermediate
emission pathway, and RCP8.5, representing a high-emission pathway
with continued growth in greenhouse gas emissions. In the following,
RCP8.5 is presented as a high-emission scenario to illustrate the upper
range of projected heat-related climate changes (Pfeifer et al., 2021).

The GERICS projections indicate increases in several temperature-
related heat indicators in the Augsburg district across all three sce-
narios, although the magnitude of change differs between scenarios and
projection periods. For the mid-century period (2036 to 2065), relative
to the reference period 1971 to 2000, the RCP8.5 ensemble projects an
increase in annual mean temperature of 1.4 to 3.2 °C, with a median
increase of 2.0 °C. Hot days are projected to increase by 0.5 to 26.8 days
per year (median: 4.9 days), tropical nights by 0 to 22.9 days per year
(median: 0.7 days), and the maximum duration of heat periods by 0.4 to
8.4 days (median: 1.7 days) (Pfeifer et al., 2021).

For the end-of-century period (2069 to 2098), projected changes are
larger under the high-emission RCP8.5 scenario. Annual mean temper-
ature is projected to increase by 2.7 to 5.5 °C (median: 3.6 °C), hot days
by 2.7 to 61.0 days per year (median: 13.9 days), tropical nights by 0 to
54.7 days per year (median: 5.0 days), and the maximum duration of
heat periods by 1.4 to 24.6 days (median: 3.5 days), relative to 1971 to
2000 (Pfeifer et al., 2021). These values represent the range and median
of the available RCP8.5 model ensemble rather than a single expected
future outcome.

Across the GERICS assessment, the direction of change in
temperature-related indicators is considered robust. GERICS defines a
robust increase as one in which at least two thirds of the simulations
indicate an increase and at least half indicate a statistically significant
increase. The underlying projections constitute an ensemble of oppor-
tunity, meaning that the available simulations do not necessarily cap-
ture the full range of possible future climate changes and that the
ensembles for the three RCP scenarios differ in size and model compo-
sition (Pfeifer et al., 2021).
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3.2. Primary results of the survey

3.2.1. Survey sample composition

Table 1 given the small and unequal group sizes, all comparisons by
municipality size are presented descriptively. The two municipalities in
the >20,000 resident category were retained in these comparisons for
completeness but do not meet the operational definition of rural mu-
nicipalities applied in this study.

3.2.2. Municipal heat protection actors

Municipal heat protection responsibilities were assessed based on
respondents' own administrative areas, the unit reported as primarily
responsible for heat protection, and other involved departments. The
survey was intended to be completed by a person responsible for or
involved in heat protection within the municipality.

3.2.3. Respondent's own department

Respondents most frequently identified the Mayor's Office as their
own administrative area, with 17 mentions, including 15 direct selec-
tions and two responses coded from the “Other” category. Planning and
Construction was reported six times and was represented across several
municipality size categories. Climate Protection/Energy Efficiency was
reported by one respondent. Health and Social Affairs were not reported
as respondents' own administrative areas.

3.2.4. Primary responsibility

Fourteen of the 29 municipalities (48.3%) reported that no primary
responsibility for heat protection had been assigned. Among the 15
municipalities reporting an assigned responsibility, the Mayor's Office
and Planning and Construction were the most frequently identified
administrative areas (Fig. 2). Health and Social Affairs were not reported
as primarily responsible for heat protection.

3.2.5. Other involved departments

Among additional departments involved in heat protection, Planning
and Construction was reported eight times and the Mayor's Office five
times. Environmental departments were reported twice and Public Se-
curity/Public Order once. Administrative management was reported
once. Health and Social Affairs were not reported as additionally
involved departments. No additional external stakeholders were named.

3.2.6. Perceived importance of heat protection

This section assessed the perceived general importance of heat pro-
tection and its relevance for the respondent's own municipality.

Overall, 17 of 29 respondents (58.6%) rated heat protection as
important or very important. The distribution of general importance and
perceived local relevance differed descriptively across municipality size
categories (Fig. 3). Given the small numbers in the larger size categories,
these subgroup differences are not interpreted inferentially.

3.2.7. Perceived health impact of summer heat: Past vs. future

This item assessed perceived health impacts of summer heat over the
past 10 years and expectations for the next 10 years (scale 1-5).

Past heat-related health impacts were predominantly rated as minor
or moderate, while future ratings shifted toward moderate and strong

Table 1
Municipality Size Distribution in the Survey Sample.

classification of municipalities by size ~ Percentage = Number of Municipalities
Small (<5000 residents) 62.1% 18

Medium (5000-9999 residents) 17.2% 5

Mid-sized (10,000-19,999 residents) 13.8% 4

Large (>20,000 residents) 6.9% 2

Total 29

Source: authors' survey data.
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Table 2
Identified operational areas where heat stress is considered. Source: authors'
survey data.

Category n Share
(abs.) (%)

Exemplary Coding (Keywords)

Land-use planning, urban

Urban & Land-Use development, designation of new

Planning 7 30-4% building areas, outdoor area design
(planning focus)
Structural & Civil 6 26.1% Road construction, structural
Engineering ’ engineering, thermal protection.
Climate Adaptation Shade sails, tree preservation/
& Shading 4 17.4% planting, playground shading, air
conditioning.
- . Staff resources; building
A(i;nflrl::tt:jcti?e& 3 13.0% administration; public facilities
(administrative management)
Statutory Law & Local statutes (setback distances &
Regulation 3 13.0% sealing regulations), green space
regulation.
Total 23 100%

impacts (Fig. 4). None of the 29 municipalities expected no health
impact during the next 10 years. Nine respondents (31.0%) expected a
minor impact, ten (34.5%) a moderate impact, and ten (34.5%) a strong
impact.

Across all municipalities, perceived heat-related health impacts were
rated higher for the next 10 years than for the previous 10 years. A
Wilcoxon signed-rank test indicated a significant increase in perceived
future impacts (S = 76.5, p < 0.0001). A paired t-test yielded a consistent
result, with a mean paired difference (future minus past) of 0.655 points
(95% CI: 0.422 to 0.889; t (28) = 5.75, p < 0.0001). The median within-
municipality difference was one response category (IQR 0 to 1), and no
municipality rated future impacts lower than past impacts.

3.2.8. Discussion in local politics and administration and consideration in
various operational areas

Of the 28 municipalities with valid responses, 11 (39.3%) reported
that heat and health was discussed in local politics and administration,
while 17 (60.7%) reported that it was not. By municipality size, dis-
cussion was reported by 6/17 (35.3%) municipalities with fewer than
5000 residents, 1/5 (20.0%) with 5000 to 9999 residents, 3/4 (75.0%)
with 10,000 to 19,999 residents, and 1/2 (50.0%) with at least 20,000
residents.

Heat stress was reported as being considered in one or more opera-
tional areas by 12/28 municipalities (42.9%). This included 8/17
(47.1%) municipalities with fewer than 5000 residents, 2/5 (40.0%)
with 5000 to 9999 residents, 1/4 (25.0%) with 10,000 to 19,999 resi-
dents, and 1/2 (50.0%) with at least 20,000 residents.

The qualitative analysis yielded 23 coding units, which were
assigned to five fields of action (Table 2). Urban and Land Use Planning
accounted for seven coding units (30.4%), followed by Structural and
Civil Engineering with six (26.1%), Climate Adaptation and Shading
with four (17.4%), and Administration and Infrastructure and Statutory
Law and Regulation with three each (13.0%).

3.2.9. Key findings on vulnerable groups

Among the 29 municipalities, residents of senior or nursing facilities
were the most frequently identified vulnerable group (24/29, 82.8%),
followed by toddlers in daycare or kindergarten (23/29, 79.3%) and
outdoor workers (19/29, 65.5%). School children and adolescents were
selected by 17/29 municipalities (58.6%). People with chronic illnesses
were selected by 13/29 (44.8%), pregnant individuals by 12/29
(41.4%), and people with disabilities by 11/29 (37.9%). Children and
adolescents in sports clubs were selected least frequently (5/29, 17.2%).
No respondent selected the “Other” category. The distribution of iden-
tified vulnerable groups is shown in Fig. 5.
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Fig. 2. Assigned departments: primary responsibility (total: 29 municipalities). Source: authors' survey data.

3.2.10. Status of heat protection measures

Strategic analyses and planning instruments showed comparatively
limited implementation. For climate analyses, 14/18 (77.8%) munici-
palities with fewer than 5000 residents and 4/5 (80.0%) municipalities
with 5000 to 9999 residents reported no need. Among municipalities
with 10,000 to 19,999 residents, 2/4 reported no need, one had initiated
first steps, and one had already conducted an analysis; among the two
municipalities with at least 20,000 residents (included in the
municipality-size comparison but not classified as rural under the study
definition), one reported no need and one had initiated first steps. A
similar descriptive pattern was observed for HAPs, with “no need” re-
ported more frequently among the municipalities with <5000 residents,
whereas responses in the larger categories more often indicated an
existing need or planning activity. Impact and vulnerability analyses
showed a more heterogeneous distribution across size categories. By
contrast, an assessment of municipal action needs was considered
necessary by 17/29 municipalities (58.6%), and 9/29 (31.0%) reported
no need. All five municipalities with 5000 to 9999 residents reported a
need for such an assessment. A need for a catalogue of measures was also
frequently reported among municipalities with 5000 to 19,999 resi-
dents, while 10/18 (55.6%) of municipalities with fewer than 5000
residents reported no need.

Information and communication measures showed varying levels of
perceived need and implementation. Eleven of 29 municipalities
(37.9%) reported no need for an information or warning system; such
systems had already been implemented by 2/18 municipalities with
fewer than 5000 residents and 1/4 municipalities with 10,000 to 19,999
residents. Communication with health, care, or educational pro-
fessionals was less frequently identified as necessary: 15/29 munici-
palities (51.7%) reported no need for communication with professional
staff in preparation for heat events, and 14/29 (48.3%) reported no need
for such communication during heat events. Similarly, 16/29 munici-
palities (55.2%) reported no need for consultation with target groups or
stakeholders. In contrast, population-oriented communication mea-
sures, including public awareness before heat events and

communication during heat events, were more frequently reported as
needed or already under development.

Several infrastructure and spatial planning measures were already
implemented in parts of the sample, whereas implementation of stra-
tegic planning instruments was less frequently reported. The preserva-
tion or creation of green spaces, water bodies, and evaporation surfaces
had the highest reported implementation rate among these measures,
with 11/29 municipalities (37.9%) reporting that the measure had
already been implemented and only 2/29 (6.9%) reporting no need.
Nine of the 18 municipalities with fewer than 5000 residents reported
that this measure had already been implemented. Shaded areas and the
reduction of impervious surfaces were also reported at different stages of
need, planning, and implementation across the sample. In contrast,
promotion of green roofs was considered unnecessary by 17/29 mu-
nicipalities (58.6%). For heat protection concepts in public buildings, 9/
29 municipalities (31.0%) had initiated first steps and 5/29 (17.2%)
reported no need. Urban or village development concepts were reported
at different stages of implementation, whereas responses regarding
regional development concepts were more mixed.

Measures providing direct relief in public spaces during heat events
were less consistently established. Thirteen of 29 municipalities (44.8%)
reported no need for access to cool public buildings, including 10/18
municipalities with fewer than 5000 residents. Eleven of 29 munici-
palities (37.9%) reported no need for public drinking water dispensers.
Neither of the two municipalities with at least 20,000 residents reported
“no need” for either of these measures. Responses concerning public
water features were distributed across perceived need, planning, initial
steps, and implementation; six of the 27 municipalities with fewer than
20,000 residents reported that public water features had already been
implemented.

One additional measure was reported in the open response field:
“citizens' own responsibility.”

3.2.11. Perceived barriers to heat protection and perceived potential
The reported barriers covered resource constraints, knowledge-
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Fig. 3. (a) General Importance of heat protection measures: percentage within municipality category. Source: authors' survey data. (b) Relevance of heat protection
measures for Own Municipality: percentage within municipality category. Source: authors' survey data.

related challenges, and administrative or implementation-related ob-
stacles (Fig. 6a). The most frequently selected barriers were financial
and staffing constraints, demonstrating the particular relevance of
available resources for municipal heat adaptation. Shortages of qualified
personnel were also reported, alongside barriers related to knowledge
about future impacts and possible measures. Additional barriers con-
cerned the availability of practical guidance, administrative re-
sponsibilities, acceptance, and planning related uncertainties.
Individual barriers are presented separately in Fig. 6a because they
represent distinct implementation challenges and correspond to
different potential support needs.

Among the potential opportunities for strengthening heat protection,
application for public funding was the most frequently selected option
(17/29, 58.6%). Cooperation with neighboring municipalities and
employee training were each selected by 10/29 municipalities (34.5%),
while funding from research projects was selected by 5/29 (17.2%)
(Fig. 6b).

3.2.12. Municipal willingness to cooperate on heat protection
When asked directly about interest in future cooperation with
neighboring municipalities, nine municipalities (31.0%) responded

“yes”, 12 (41.4%) responded “maybe”, and eight (27.6%) responded
“no”. Responses varied descriptively across municipality size categories.
Among the two municipalities with at least 20,000 residents, both re-
spondents selected “maybe”.

3.3. Municipal perceptions in the context of regional heat projections

Municipal assessments showed a clear tendency toward stronger
expected heat-related health impacts over the next 10 years compared
with the previous decade. Thus, respondents generally anticipated an
increasing health burden from summer heat, although the expected level
of impact varied across municipalities. Regional climate projections also
indicate increasing heat-related climatic hazards in the Augsburg dis-
trict over the medium and long term, including increases in hot days,
tropical nights, and the maximum duration of heat periods (Pfeifer et al.,
2021).

The survey and climate projections address different components
and time horizons. Municipal respondents assessed perceived health
impacts over the next 10 years, whereas the GERICS Climate Outlook
provides projections of climatic hazards for 2036 to 2065 and 2069 to
2098 at the district level.
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4. Discussion related climatic hazards in the Augsburg district. Across the scenarios
considered by GERICS, temperature-related indicators show increasing

4.1. Interpretation of findings and comparison with literature heat exposure, although the magnitude of change differs according to
emission scenario and projection period. Under the high-emission

The findings addressing RQ1 show a continued increase in heat- RCP8.5 scenario, the median projected increase in annual mean
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temperature is 2.0 °C for 2036 to 2065 and 3.6 °C for 2069 to 2098
relative to 1971 to 2000. The projections also indicate increases in hot
days, tropical nights, and the maximum duration of heat periods (Pfeifer
et al., 2021).

These projections characterize the regional climatic hazard rather
than municipality-specific heat health risk. Local health consequences
may additionally depend on exposure, population vulnerability, the
built environment, and adaptive capacity. Moreover, the spatial reso-
lution and district-level aggregation of the GERICS projections do not
permit conclusions regarding small-scale climatic differences between
individual municipalities. The climate projections should therefore be
interpreted as regional context for municipal heat adaptation rather
than as evidence of identical heat health risk across the district.

The projected increase in heat-related hazards is nevertheless rele-
vant for local public health planning. Heat exposure is associated with
substantial health impacts, including increased mortality and morbidity
(Winklmayr et al., 2023). A recent global systematic review and meta-
analysis found that extreme heat events were associated with
increased all-cause mortality, while also demonstrating considerable
variation between geographical and population contexts (Al Ali et al.,
2026). Health effects are therefore not determined by climatic hazard
alone but also by local exposure, vulnerability, and adaptive conditions.
Evidence from Germany further indicates that heat-related health im-
pacts are not restricted to densely populated urban environments (Zhang
et al., 2024). This supports the relevance of heat adaptation planning in
rural and smaller municipalities as well as in cities.

With respect to RQ2, the survey identified substantial gaps in the
organization and implementation of municipal heat adaptation. Nearly
half of the surveyed municipalities had not assigned primary re-
sponsibility for heat protection, while reported responsibilities were
concentrated mainly in mayoral offices and planning and construction
departments. This organizational pattern is consistent with previous
research on German municipalities, which has identified unclear re-
sponsibilities and insufficient institutional anchoring as important bar-
riers to climate and heat adaptation (Vetter et al., 2017; Ochsmann,
2025).

Strategic instruments such as HAPs, climate analyses, and vulnera-
bility assessments were also limited, whereas individual infrastructural
measures, including green spaces and shading, were more frequently
reported. A similar tension between strategic heat action planning and
more established spatial or infrastructure-based climate adaptation
measures has been described in German municipalities (Ochsmann,
2025). Observational evidence from Switzerland showed a stronger
temporal decline in heat-related all-cause mortality in a region where
cantonal heat health action plans had been implemented than in regions
without such plans (Ragettli et al., 2024).

Resource constraints represented another prominent finding.
Financial and staffing limitations were among the most frequently re-
ported barriers, consistent with previous evidence that limited
personnel, administrative capacity, and unclear responsibilities can
impede local climate adaptation in Germany (Vetter et al., 2017;
Friedrich et al., 2024; Overath and Rosler, 2025). In small administra-
tions in particular, climate adaptation competes with numerous other
municipal responsibilities, potentially restricting the capacity to initiate
more complex activities such as vulnerability assessments, strategic
planning, or the acquisition of external funding. This interpretation is
consistent with previous work on climate adaptation capacity in smaller
municipalities (HauBler and Haupt, 2021; Eckersley et al., 2025).

Health and social departments were not reported as being involved
in heat adaptation by respondents in this survey. This finding should not
be interpreted as evidence that health or social actors are entirely absent
from heat-related activities, particularly because smaller municipalities
may not have dedicated departments for these functions. Nevertheless,
the pattern is relevant because heat adaptation requires consideration of
health-related vulnerability and vulnerable population groups. Previous
research similarly emphasizes the importance of integrating health
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considerations into climate adaptation planning (Williams et al., 2013;
Bolte et al., 2023; Ochsmann, 2025).

The survey also revealed differences in the recognition of vulnerable
groups. Young children and residents of senior or nursing facilities were
frequently identified, whereas some clinically or socially vulnerable
groups were mentioned less often. This is relevant because heat
vulnerability is not restricted to age alone. Recent evidence identifies
elevated heat-related mortality among older adults and individuals with
specific pre-existing conditions, while socioeconomic position, educa-
tion, and social circumstances may further modify vulnerability
(Ragettli et al., 2024; Al Ali et al., 2026). However, because the present
survey did not investigate why particular groups were selected less
frequently, these differences should not be interpreted as evidence that
they are deliberately overlooked. Rather, the findings suggest an op-
portunity to strengthen awareness of the full range of populations that
may require protection during periods of extreme heat.

Regarding RQ3, municipalities generally expected heat-related
health impacts to increase in the future. The paired analysis showed
that respondents rated health impacts for the next 10 years higher than
those experienced during the previous 10 years, and this finding was
consistent in both the paired t-test and the Wilcoxon signed rank
sensitivity analysis. Nevertheless, the level of expected future impact
remained heterogeneous: 31.0% anticipated a minor impact, 34.5% a
moderate impact, and 34.5% a strong impact.

These perceptions need to be interpreted in relation to the different
time horizons represented in the study. The municipal survey addressed
expected health impacts over the next 10 years, whereas the GERICS
projections characterize climatic changes for 2036 to 2065 and 2069 to
2098. The climate projections therefore provide medium- and long-term
contextual evidence rather than a temporally matched measure against
which the municipal responses can be directly evaluated. Consequently,
the present study does not establish that municipalities objectively un-
derestimate their heat health risk. Rather, it shows that relatively
moderate short-term health impact assessments coexist with regional
projections of increasingly pronounced heat-related climatic hazards
over subsequent decades.

One possible interpretation is that the translation of regional climate
information into local risk perception and adaptation decisions remains
challenging. Previous research has shown that the availability of climate
information alone does not necessarily result in local adaptation action
and that climate risks may be perceived as temporally or geographically
distant (van der Linden, 2015; McDonald et al., 2015; Rossow et al.,
2025). Psychological distance may therefore provide one possible con-
ceptual explanation for the observed pattern, but this mechanism was
not measured in the present study. Recent work from Germany further
highlights the importance of translating climate information into locally
actionable planning tools. For example, Rupp et al. (2026) developed a
transferable heat risk index that combines climatic conditions with
exposure and social vulnerability information to identify spatial heat-
risk patterns and support the prioritization of adaptation measures.
Such approaches may help bridge the gap between regional climate
information and local decision-making by identifying locations and
population groups requiring particular attention in heat adaptation
planning.

The rural context is also relevant when interpreting these findings.
Although urban populations can experience additional thermal exposure
through the urban heat island effect, heat-related health impacts are not
exclusively an urban issue. Recent German evidence found higher heat
exposure in urban districts but a similar mortality response to a given
weekly mean temperature across different district types (an der Heiden
et al., 2025). Studies from Germany have also demonstrated relevant
heat-related mortality across urban and rural settings (Gabriel and
Endlicher, 2011; Zhang et al., 2024). Earlier international evidence
similarly found no clear indication that rural populations are generally
less vulnerable to heat-related mortality than urban populations,
although estimates varied substantially between settings (Li et al.,
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2017). Broader heat health research additionally identifies occupational
heat exposure and limitations in adaptation infrastructure as relevant
challenges for rural populations (Dube et al., 2025). Taken together, this
evidence reinforces the importance of locally appropriate heat adapta-
tion strategies and cautions against viewing heat-related health risks
primarily as an urban concern.

Finally, the findings related to RQ4 suggest descriptive differences in
adaptation activities across municipality size categories. In the present
sample, smaller municipalities more frequently reported limited stra-
tegic engagement for several measures, while some planning and
implementation activities were more frequently reported in the larger
municipality categories. However, these findings must be interpreted in
light of the highly unequal group sizes of 18, 5, 4, and 2 municipalities.
They therefore represent exploratory descriptive patterns and do not
establish municipality size as an independent determinant of adaptation
progress. Because the municipality-size comparison included two mu-
nicipalities with >20,000 residents, these findings should be interpreted
as comparisons across municipality-size categories rather than exclu-
sively among municipalities meeting the study's operational definition
of rurality.

A plausible interpretation is that some of the observed differences
reflect administrative capacity and specialization rather than population
size itself. Smaller municipalities often operate with fewer specialized
personnel and may rely more strongly on generalist administrative
structures. Previous studies similarly identify personnel capacity, insti-
tutional specialization, and administrative resources as important con-
ditions for local climate adaptation (Vetter et al., 2017; HauBler and
Haupt, 2021; Overath and Rosler, 2025; Eckersley et al., 2025). Mu-
nicipality size may therefore function partly as an indicator of broader
differences in administrative capacity, but this mechanism could not be
tested with the present sample.

The findings also suggest that smaller municipalities should not
simply be considered less willing to adapt. Financial resources and
staffing were among the most frequently reported barriers across the
sample, indicating that limited implementation may reflect structural
constraints rather than a lack of interest alone (Vetter et al., 2017). This
distinction is important for policy because measures designed for larger
administrations may be difficult to implement in municipalities with
limited personnel and technical capacity. The need for more systematic
adaptation identified in the present survey is consistent with the broader
heat health literature, in which early warning systems, heat action
planning, vulnerability assessment, and infrastructure-based cooling
measures represent central components of heat adaptation (Ragettli
et al., 2024; Dube et al., 2025).

Intermunicipal cooperation presents a more nuanced Dpicture.
Cooperation with neighboring municipalities was selected as a potential
opportunity by 34.5% of respondents. However, when municipalities
were asked directly about their interest in future cooperation, 31.0%
expressed definite interest and a further 41.4% responded “maybe”. This
suggests that although cooperation was not among the most frequently
selected general opportunities, many municipalities were at least open
to considering it when asked directly. The reasons for this difference
were not assessed in the survey and require further investigation.

4.2. Strengths and limitations

A major strength of this study is the broad coverage of the sampling
frame: 40 of 46 municipalities responded to the survey (87%), and 29
municipalities provided complete questionnaires for analysis (63% of all
municipalities in the district). This is higher than the average reported
for comparable municipal surveys (cf. Friedrich et al., 2024; LGL,
Bayerisches Landesamt fiir Gesundheit und Lebensmittelsicherheit,
2023) and provides a substantial empirical basis for describing heat
adaptation within the study district.

However, several limitations must be considered. A selection bias
cannot be ruled out, as municipalities already engaged in climate
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protection may have been more motivated to participate. Second, while
the high level of regional representation allows for a detailed contextual
analysis, the small absolute number of cases (n = 29) and the specific
focus on a single district limit the statistical generalizability to all
German rural areas, particularly those in structurally weak or remote
regions. Furthermore, the reliance on self-reported data carries a risk of
social desirability bias, and the timing of the survey in winter may have
affected the perceived urgency of heat as an acute risk.

The cross-sectional design does not allow causal conclusions
regarding the relationship between municipality characteristics and
adaptation activities. In addition, survey responses were provided by
individual municipal representatives and may therefore be affected by
informant-specific knowledge or perceptions. Reported measures and
organizational structures were not independently verified against
municipal documents or administrative records.

In addition, comparisons across municipality size categories were
limited by highly unequal group sizes (n = 18, 5, 4, and 2). Particularly
for the larger municipality categories, percentages may be influenced by
individual responses. Municipality-size-specific findings should there-
fore be interpreted as descriptive patterns and not as evidence of sta-
tistically established size effects.

4.3. Generalizability

The findings may be informative for other districts with similar
settlement structures, administrative conditions, and heat adaptation
challenges, particularly in Southern Germany. However, transferability
to other regions depends on differences in governance structures, so-
cioeconomic conditions, climate exposure, and municipal resources.

The Augsburg district should therefore be considered an illustrative
regional case for predominantly rural municipalities and small towns
rather than a statistically representative case for rural municipalities in
Germany.

Several of the structural challenges observed in this study are
consistent with findings from broader German research. Limited staff-
ing, financial resources, administrative capacity, and access to special-
ized expertise have also been identified as barriers to municipal climate
adaptation in national and regional studies (Friedrich et al., 2024; (LGL,
Bayerisches Landesamt fiir Gesundheit und Lebensmittelsicherheit,
2023); Overath and Rosler, 2025). Research on smaller and medium-
sized municipalities further emphasizes the importance of administra-
tive capacity, institutional specialization, and intermunicipal or regional
networks for local climate adaptation (Haubler and Haupt, 2021;
Eckersley et al., 2025). This consistency suggests that some of the
challenges identified in the Augsburg district may also be relevant in
other municipalities facing similar structural conditions.

At the same time, rural heat adaptation is strongly context depen-
dent. Previous research from rural and remote settings has demonstrated
that local institutional structures, population vulnerability, access to
services, and available adaptation resources can shape both heat-related
challenges and the capacity to respond (Williams et al., 2013; Williams
et al., 2017; de Schrijver et al., 2023; Dewi et al., 2024). The findings of
the present study should therefore not be generalized directly to rural
municipalities in other regions or countries. Comparative studies across
multiple districts and different governance contexts are needed to
determine which of the observed patterns are specific to the Augsburg
district and which may be transferable to other rural settings.

4.4. Recommendations

The following recommendations (See Table 3) derive from chal-
lenges identified in the survey and from adaptation approaches dis-
cussed in the literature. They should be regarded as potential strategies
rather than measures whose effectiveness was evaluated in the present
study.
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Table 3
Suggested Implications Based on the Survey Findings. Source: authors' survey
data.
Identified Evidence from Recommendation Responsible
Challenge Study Level
Establish a clear.
14 of 29 ’
L formalized
municipalities had s
. responsibility for
. no designated heat- 3
Lack of assigned N heat adaptation; A
oo protection lead; Municipality
responsibility - create a
responsibility . .
. coordination unit or
concentrated in .
. ! designate an
mayor's office. .
existing officer.
Health and social .
Integrate regional
departments were -
not reported as health authorities,
Limited reported P , social services, or
X respondents' own . -
involvement of departments NGOs into Municipality
health and social p ; municipal heat & District
competencies prm.ne?ry leads, or planning; formal
additionally ?
involved cooperation
agreements.
departments.
Provide simplified
. templates
Low perceived e . .
neef’d for strategic Municipalities with ~ checklists, and
& <5000 residents context-specific -
tools (HAP, . District &
. . frequently reported ~ HAP modules, with
climate analysis, “ o .. . State
vulnerabilit 1o need” for minimum guidance
assessment)y analyses or plans. standards
developed at district
or state level.
Offer shared
. . district-level
- Financial and .
Limited . . services (e.g.,
. . staffing constraints B
administrative climate officer, GIS -
. were among the District
capacity (staff, support, grant
. most frequently . .
expertise) R application desk);
reported barriers. R K
regional capacity
pooling.
Municipal
erceptions refer to .
percep Develop localized,
. the next 10 years, R
Translation of while recional easy-to-read climate
regional climate ro'ectiogns briefs; targeted District &
information into p J . . awareness Climate
. indicate increasing . X
local risk campaigns; annual Services
heat-related o
awareness district-level heat
hazards over .
risk report.
subsequent
decades.
Lack of practical Provide practical,
guidance, such as stepwise guidance
Lack of practical regulations or and standardized State &
i dar[:ce guidelines, was templates adapted Climate
g reported as an to the needs of Services
implementation smaller
barrier. municipalities.
Facilitate low-
Cooperation was threshold, district-
Uncertain selected as a coordinated
. v potential by 34.5%;  opportunities for
regarding . R . .. S
intermunicipal direct interest was intermunicipal District
00 erationp 31.0% yes, 41.4% cooperation, such as
P maybe, and 27.6% joint training or
no. shared information
resources.
Communication Develop low-
with professional threshold, multi-
Insufficient staff and channel
communication consultation with communication Municipality
structures target groups were approaches adapted
frequently reported  to local structures
as unnecessary. and target groups.
Chronic illness
Uneven disabilit ’ Provide training on
recognition of e nan}c” vulnerability Municipality
vulnerable preg . y profiles; partner & District
Toups recognized by with health sector to
& <50%.
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Identified Evidence from Recommendation Responsible
Challenge Study Level
ensure inclusive
heat planning.
Green and water-
related measures Strengthen green
Incomplete were relatively and blue
implementation common, while infrastructure
of heat- shading, drinking (trees, shading Municipality
adaptation water points, and structures, water & District
measures in cooling spaces features) to reduce
public spaces were less thermal load in
consistently public spaces
implemented.
44.8% reported no Expand accessible
need for access to ling spaces
cool public ;(:g_lkiﬁ paces,
Limited heat-relief buildings and . 8 water ST
stations and shaded Municipality

infrastructure 37.9% reported no
need for public
drinking water

dispensers.

public areas to
protect residents
during extreme heat

5. Conclusion

This study provides insight into the current status of heat adaptation
in municipalities in the Augsburg district and highlights several orga-
nizational and structural challenges. Nearly half of the participating
municipalities had no clearly assigned responsibility for heat protection,
while strategic approaches such as climate analyses and HAPs were less
established than individual infrastructural measures. Limited financial
and human resources emerged as major barriers to implementation.

Municipal respondents expected heat-related health impacts to in-
crease over the next 10 years. At the same time, regional climate pro-
jections indicate a continuing increase in heat-related climatic hazards
over the medium and long term. Because the survey and climate pro-
jections address different time horizons and different aspects of heat-
related risk, these findings should be interpreted as complementary
rather than as a direct comparison of perceived and projected risk.

Descriptive differences were observed across municipality size cat-
egories, with smaller municipalities in this sample reporting lower levels
of strategic engagement for several adaptation measures. However, the
small and unequal group sizes do not allow municipality size to be
identified as an independent determinant of adaptation progress. The
findings instead point to the potential importance of administrative
capacity, including staffing, expertise, financial resources, and clearly
defined responsibilities.

Strengthening heat adaptation in smaller municipalities may there-
fore require practical guidance, accessible funding mechanisms, clearer
organizational responsibilities, and opportunities to share expertise
across municipal and district levels. Greater involvement of health and
social expertise may also support the identification and protection of
vulnerable population groups. Future research should examine the
decision-making processes underlying municipal adaptation, include
larger and more diverse regional samples, and evaluate how different
governance and support approaches affect the implementation and
effectiveness of heat adaptation measures.

Overall, this study contributes local empirical evidence to the still
limited research on heat adaptation in predominantly rural municipal-
ities and smaller local administrations.

and emphasizes the importance of considering administrative ca-
pacity alongside regional climate information when developing locally
appropriate heat adaptation strategies.
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Glossary

Administrative Capacity: The human, financial and organizational resources available
within a municipality to plan, implement and sustain climate-adaptation measures.
Limited capacity is a central barrier in small rural communities.

Climate Projections: Model-based estimates of future climate conditions derived from
emission scenarios. They provide quantitative expectations of changes in temperature,
precipitation and extreme events and are essential for local adaptation planning.

Climate Services: User-specific climate information, tools and products, such as projections,
risk maps or adaptation guidance, intended to support evidence-based decision-
making and strengthen adaptive capacity across sectors.

GIS Support: Assistance using Geographic Information Systems to map and analyze spatial
data. In heat adaptation, this includes identifying heat hotspots, vulnerable locations
and land-use patterns to support evidence-based municipal planning.

Heat Action Plan (HAP): A structured framework outlining preventive, preparedness and
emergency measures to reduce heat-related health impacts. HAPs typically include
communication strategies, identification of vulnerable groups and concrete opera-
tional procedures.

Representative Concentration Pathways (RCPs): Standardized greenhouse-gas concentration
trajectories used in climate modelling. They represent different futures, ranging from
strong mitigation (RCP2.6) to high-emission scenarios (RCP8.5).

Urban Heat Island (UHD): A phenomenon where urban areas experience higher tempera-
tures than surrounding rural areas due to dense built structures, reduced vegetation
and anthropogenic heat emissions, especially affecting nighttime cooling.

Vulnerability (Heat Vulnerability): The susceptibility of individuals or populations to heat
impacts, determined by exposure, sensitivity (e.g., age, health status) and adaptive
capacity.

Vulnerability Assessment: A systematic evaluation of who is at risk, why, and to what de-
gree. It integrates climatic, demographic, health and infrastructural factors to guide
local adaptation planning.
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