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Abstract: This contribution demonstrates how more human-centered measurements for sustainable
urban planning can be created by enlarging the traditional set of urban sustainability indicators.
In many municipal reports, sustainable indicators concentrate on environmental issues, by collecting
data at an aggregated spatial and temporal level using quantitative methods. Our approach aims to
expand and improve the currently dominant quantitative—statistical methods by including perception
geographical data (subjective indicators following the social indicator approach), namely additional
indicators at spatial and temporal levels. Including small-scale city district levels and a temporal
differentiation produces more process assessments and a better representation of everyday life.
Based on a survey we conducted at district levels in the city of Karlsruhe, we cover three sustainability
dimensions (ecological, social, economic) and analyze (1) how citizens are mobile in a sustainable way
(bike use) and (2) how they perceive and react to heat events in the city. We argue for taking people’s
perception and the spatiality and temporality of their daily activities better into account when further
developing urban sustainability indicators and when aiming for a sustainable, human-centered
urban development.

Keywords: sustainability; sustainability indicators; urban districts; citizens’ perceptions;
urban planning

1. Introduction

During the last two decades, sustainability has become increasingly important in spatial planning
processes in Germany [1]. This observation can be made in particular for urbanized areas where the
interests of many different stakeholders come together and where a consensus has developed that
it is necessary to treat and handle resources in a sustainable way. This is due to the fact that many
sustainable planning ideas have a direct or indirect impact on the cityscape and thus also on the
population’s living environment. Therefore, urban planning processes that seek to reconcile both
sustainable aspects and the population’s needs continue to reach limits and face great challenges,
despite an increased sustainable awareness [2-7].

One of the reasons for this is that how the term sustainability is interpreted depends on how
urban planners perceive and interpret the term during planning processes [4,8-10]. Another reason for
this is that a practical implementation of the Brundtland Report [11] and a link to practical everyday
life are still ongoing process.

When, in 1987, the World Commission on Environmental Development published the Brundtland
Report titled “Our Common Future”, the development of a guiding principle for a sustainable
development was ignited. It emphasizes that environmental and socio-economic concerns are principally
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interwoven at all regional levels [11] and that environment, economy and society are three overlapping
sectors [6], and yet they are typically not discussed together. Typically, they are viewed as independent
sectors with the ecological sector taking center stage [12]. Recently, however, there has been a
shift towards either re-defining the boundaries between these sectors or even eliminating them
altogether [12-14]. Ramos concludes that “’sustainability” and its related topic are wrapped up in a
blurred web of contrary meanings” [15] (p. 824).

The discussion on sustainable development has begun to include questions on the connection
between environment protection and equity or justice with a special emphasis on the social dimension
of sustainability [8,9,15,16]. As more and more people live in cities, these spatial units, as local levels
of development, continue to be highly relevant in the discussion on equal sustainable goals [4,16].
For sustainable spatial planning, emphasizing the social component in the urban context leads to
focusing on ecological questions, e.g., climate protection and adaptation as well as biodiversity in
cities or providing for green areas [4,10]. The demands on sustainable spatial planning processes
and how urban spaces are perceived have changed due to a number of factors: shortage of available
land, spaces that are already being used for multiple purposes and a changing awareness for the
environment and sustainability [2].

Actors involved in planning in Germany are faced with many challenges at various levels in
terms of sustainable urban development—especially when considering that planning often requires
negotiation processes between different urban actors such as residents, administration, and politics.
“A deeper understanding of which perception these stakeholders hold, as well as the associated
procedural conflicts between them, is crucial, but thus far lacking” [4] (p. 2). This results in a number
of challenges that have so far received little (scientific) attention, one of them being the level of active
participation. Our focus here is on exactly that level since we continue to observe that attempts to
increase citizens’” involvement in planning processes through direct and indirect participation often fall
short and that citizens “willingness [to interact] [ ... ] seems to depend on their immediate concerns” [2]
(p-14). Thus, often only particular population groups can be reached. If citizens were aware that
their everyday activities are important contributors to their hometown’s sustainable development,
it should be easier to motivate them to actively participate in planning processes. In order to create
this awareness among the population on the one hand and to utilize it for sustainable planning in
cities on the other, we argue that data must be collected especially at the interface of the different
sustainability dimensions (e.g., means of transport—ecological-economic sustainable effects; heat
waves—ecological-social sustainable effects). Furthermore, behavior must be considered in a real-life
context meaning (a) on a small scale (e.g., for cities at district level) as well as (b) in a temporally
differentiated way (see also Section 2). These spatio-temporal differentiated results in an everyday
“doing sustainability” of citizens in the three intertwined sustainability dimensions, which can then
be used to contribute to urban social justice and thus to a more human-centered urban planning.
To show how perceptions on smaller scales contribute to a better link of planning with people’s daily
life, we collected data on how citizens perceive and act in reference to selected sustainability issues in
Karlsruhe at a district level, depending on the season, and the time of day. The indicator we chose to
represent these types of mobility and perceptions are bicycles used as a means of transportation and
the perception of and reaction to heat events.

This paper is structured as follows: In Section 2, we first introduce the research background on
which this paper is based as well as our assumptions towards a more human-centered urban planning,
and we then present in Section 3 the methods we used. In Section 4, we present results and answers
to our research questions in a descriptive-methodological manner. Section 4.1 analyzes citizens’
bike mobility behavior and thus focuses on the ecological-economical dimension of sustainability.
Section 4.2 deals with citizens’ perception and handling of heat events in an urban context, i.e.,
the ecological-social effects of the sustainability debate. The discussion and conclusion summarize
the findings and underline the importance of spatial and temporal differentiated indicators for a
sustainable and human-centered urban development.
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2. Theoretical Background: State of Research and Our Proposal for a More Human-Centered
Measurement

In literature, indicator based analyses are seen as an important measuring instrument when it
comes to registering how sustainability goals in their various dimensions were reached in urban
contexts and how they can be considered in decision making processes [14,17,18]. The indicators
mainly used here are objective indicators that cover social, economic or ecologic sustainable dimensions
and allow the quantitative measurement of sustainability [17]. There are numerous studies that criticize
the individual sustainability dimensions. Some criticize that the indicators are not seen as being
connected [12,19], others criticize that the indicators are not well defined [20] or that the different
geographical measurement levels need to be woven closer together in order to win a better impression
of how well local sustainability goals were reached [21,22]. What further complicates matters when
it comes to sustainability indicators is that they are not always easily understood by the involved
actors [15] and that often only objective and quantifiable items are surveyed since they are easy
to collect, e.g., hard facts such as household income or types, usage frequency of transportation
means, unemployment, human capital, and buying behavior. Furthermore, these items are almost
exclusively aggregated at national or district levels, and seasonal or daily rhythms are almost never
taken into account.

Only including objective data into a sustainability indicator analysis does not allow the design of
development processes in a sustainable manner or to combine social, economic, and environmental
dimensions. Pure participation instruments as well as online participation instruments do not go
far enough since they only reach certain population groups, whereas the collection of subjective
perceptual-geographical data at a district level through surveys can represent a broader cross-section
of the population [23,24]. Such surveys are already used, for example, as part of the demand-side
balancing ecosystem service analysis in planning processes, and they produce good basic results that
can be built upon in the communication between different stakeholders [4,25]. However, such surveys
have not yet been carried out on a nationwide and small-scale basis.

Including subjective assessments on spatial and social dimensions gained from surveys allows
the gaining of a comprehensive understanding thereof [12,26]. The subjective perceptions of urban
citizens play an especially important role since they do not only live in high-density areas but they
also contribute to shaping them on a daily basis by “doing sustainability”. Thus, we argue that
urban sustainable planning can be improved significantly by implementing more human-centered
measurements and indicators.

To achieve this, we refer back to the theoretical frame of social indicator research approach. Social
indicator research originally focused not only on prosperity, measured by quantitative indicators
such as gross domestic product, but also on citizens” well-being and welfare [27,28]. The goal of
this empirically sound approach is to survey individuals and households regarding social processes
and attitudes [28]. Social monitoring, established by Wolfgang Zapf in the 1970s in Germany, today
also includes studies that measure sustainability [29-32]. A further research strand in this area is the
indicator research in Seattle, which, on the basis of various sub-projects in the 1990s, aimed, among
other things, to improve the quality of life in the neighborhoods [33-36]. These studies clearly show
how important it is to contrast citizens’ perceptions with official data when contributing to the urban
sustainability debate. Our research here therefore centers on how sustainability indicators benefit when
subjective-perception geographical data are considered by criteria alongside quantitative—statistic data.

The indicator systems used to study sustainable cities can be divided into three sustainability
dimensions, i.e., ecological, social, and economic. Looking at previous studies on sustainable city
development and the indicator system used for this purpose, the indicators are generally structured
according to the three sustainability dimensions, i.e., ecological, social, and economic dimensions.
For the purpose of data collection, these dimensions are subdivided into further categories such as
social participation or framework conditions for sustainable municipal development [14,36,37] or such
topics as ground, mobility, economy, housing, and environment. When distinguishing between spatial
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scale levels and their methodological approach, however, it becomes clear that most indicators are only
available at a citywide level and that they are not discernible at a district level. Other limiting factors,
as mentioned earlier, are that indicators are mainly based on objective quantifiable (official) data and
that they lack a necessary spatial-temporal differentiation.

Our aim is thus to demonstrate how citizens’ subjective assessments can be made an inherent
part of planning processes by including subjective indicators that are measured at the interface of
sustainability dimensions and that are (a) spatially and (b) temporally disaggregated.

Towards a More Human-Centered Sustainable Measurement and Urban Planning

Only when urban planners have gained an understanding of the population’s needs and
perceptions of these three sustainability dimensions can a more human-centered sustainable urban
planning be established. Our contribution to growing this kind of understanding thereof was taken in
two steps. In the first step, we focused on how people were thinking about, deciding on, and lastly
“doing sustainability”. We collected the data via an explorative survey used quantitative and subjective
indicators (see Figure 1). In the second step, we showed how we can approximate citizens’ daily lives
via a spatial and temporal differentiation.

(a) In order to represent daily life and action space we argued for a micro-scale approach and for
collecting data at district levels since citizens” daily action radius and socialization processes tend
to be at the spatial level [38-40] (Sections 4.1 and 4.2).

(b) Many urban residents’ activities follow a temporal rhythm, be it during the course of the day,
the week, or the year. By taking those rhythms into account, we could demonstrate how valuable
it is to include indicators that are based on surveyed data regarding subjectivity, spatiality,
and temporality when further developing urban sustainability indicators (Sections 4.1 and 4.2).

We chose two exemplary topics that showed how important it is to take a subjective and spatially
differentiated approach to them, i.e., at district levels, and to distinguish between temporal units, i.e.,
time of day and season. The variables we chose to study those topics were: (1) the use of bikes as one
of the most sustainable means of transport and (2) the perception of and reaction to urban heat waves,
which have been occurring more frequently over the last years.

el
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AEW: exemplary application in an urban case study \

*Frequency of bike use: summer/winter, workday/,
weekend, by distance to center, by age, by household
type (with/without children)

existing * Perception of heat stress: on hot days/ tropical nights,
data by location of dwelling, by age, by type of employment

* Measures to reduce heat stress: according to property
or rent, by age, by location of dwelling, by type of
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* Adoption of behavior: temporal adoption (sport
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Figure 1. Research suggestions towards a more human-centered sustainable spatial planning.
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3. Materials and Methods

We chose the Karlsruhe municipal area as our pilot study region for two reasons. One was that the
city of Karlsruhe won the National German Sustainability Award as Germany’s most sustainable major
city in 2015 [41]. The other reason was that, by 2015, it had already published the third comprehensive
assessment report on its sustainability development [40], which means that our research area was
already open for and accustomed to sustainability issues. Our data were collected by college students
participating in a methodology seminar at the University of Karlsruhe on the topic of the Sustainable
City and was part of the project “Teaching Geography PLUS: Connecting research and areas of
geographical practice” (Lehramt Geographie PLUS: Verbindung von Forschung und Praxisfeldern der
Geographie). The seminar’s goal was, firstly, to introduce the students to scientific research methods
and projects and, secondly, to introduce them to discussing geographic and sustainability questions
in a very practical way. They were involved in each research step, from deciding on the research
questions, developing the methods, collecting data, and interpreting data for their student project,
to presenting the findings to the public.

The data for this pilot study, conducted in September 2018, were collected through a partially
standardized questionnaire and focused on how the interviewees perceived sustainability indicators.
Although we understand that this pilot study cannot produce representative results, we do believe
that our results allowed us to interpret sustainability indicators and to collect them at the district level
in a differentiated way. The survey data were descriptively compared to official statistic data available
through Karlsruhe’s Statistic’s Atlas (Statistik-Atlas) in which numerous indicators are reported at
the city district level for the whole city area. We made a conscious decision to present an elaborated
descriptive report without analytical statistics because of small numbers and partly incomplete data
on all districts.

The interviews were conducted in September 2018 where the interviewees were registered, i.e.,
in 27 districts or places of residence for those interviewees that lived beyond Karlsruhe’s city limits.
A total of 697 persons were interviewed albeit not everyone was asked all the questions, which in
some cases led to the absolute number of responses to be lower than 697. This was a consequence
of the workgroups setting different focal points, i.e., asking different sets of questions. To counter
those differences in numbers, responses were aggregated across districts into regional responses for
the analyses and were fitted to accommodate the different focal points. This led to separate spatial
classifications for mobility behavior and for perceiving heat events.

The regions for analyzing mobility behavior were classified according to their proximity to both
Karlsruhe downtown centers (Innenstadt and Durlach), since numerous sustainability features are
linked to density, reachability, and other central-local characteristics. It should be noted that the districts
were classified according to settlement structure and how they are connected to the downtown areas.
Districts such as Waldstadt or Hagsfeld (60, 80), for example, whose built structures are separated
from the core city by a large forest area and/or open fields, were grouped as “outskirts” although they
seemed to be closer to the center than Neureut or Grotzingen (20, 26), whose built structures directly
border the core city structures. Interviewees’ places of residence were grouped into four regions:
core city of Karlsruhe, close to the city of Karlsruhe, outskirts of Karlsruhe, and other locations outside
of Karlsruhe (see Figure 2).

The regions for analyzing the perception of heat events were grouped into four bio-climatic
stress levels (following the data of the city of Karlsruhe) [36,42] and led the student workgroups to
divide the 27 districts in which the interviewees lived into three “climate zones”, i.e., cool, middle and
hot [43]. For the most part, those “climate zones” correspond to the mobility behavior regions, i.e.,
areas classified as “hot” are located downtown, the “middle” ones are located on the outskirts and the
“cool” ones are located outside of Karlsruhe (see Figure 3).
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Figure 2. Classification map of Karlsruhe’s urban districts according to the downtown centers
(Innenstadt and Durlach). The fourth class “other locations” represents municipalities outside of
Karlsruhe’s city limits that are not shown on the map (own classification) (cartography: Volker Schniepp).
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Figure 3. Climate zone classification map of Karlsruhe’s urban districts (cartography: Volker Schniepp).

In addition, a classification of the response options was also made with regard to the heat events.
The question was phrased as follows: “How do you perceive hot days (temperature maximum of
>30 °C) in your everyday life?” and “How do you perceive nightly heat stress (temperature maximum
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of >20 °C)?” The answer categories were “very stressful”, “stressful”, “neither/nor”, “pleasant”,
“very pleasant”. In cases in which the answers were “stressful” or “very stressful” we continued
to ask “Which symptoms do you experience? Please name up to three symptoms”. These answers
were analyzed by age, climate zone, and living conditions (own property/rent) in the city. We also
surveyed individual adaptation strategies, e.g., moving the times for sports activities or working hours,
or whether constructional changes were undertaken.

What must be noted for the entire study is that a little more than half the interviewees were
18 to 29 years old. This overrepresentation was owed to the student interviewers having preferred
to interview people of their own age group and was accounted for when interpreting the findings.
Notwithstanding this limitation, we achieved interesting results especially for elderly respondents.
Furthermore, we would like to point out that this survey was a pilot study that makes no claim
of completeness, representativeness or reproducibility. Nevertheless, the results and methods can
demonstrate how subjective data collected at the district level can contribute to the upstream processes
of sustainable urban planning.

In order to register the interviewees’ assessments, perceptions, and user behavior in a controlled
fashion, the interviews were conducted based on partially standardized questionnaires, and the
sustainability indicators were operationalized. The questionnaire ended with socio-demographic
questions and all in all took 15 min to complete. The interviews were conducted during a three-week
period from the end of July to the beginning of August 2018 by random street surveys in different
city districts. After coding the data electronically, we analyzed them by using the SPSS 24 program
(provided by IBM Corporation, Armonk, NY, USA).

We also conducted a document search for studies on bicycle use and heat results in Germany
with regard to sustainable urban development processes. By means of a comparative descriptive
analysis, the results of our study are related to the results of the document research in the following
result section.

4. Results of the Pilot Study Survey

With this pilot study, we wanted to contribute to improving the analytical options of urban
sustainability indicators, how they are constructed and—most importantly—how they are interpreted.
Our approach was built on bringing in subjective, spatial, and temporal dimensions. The indicators
we chose allowed a better understanding of (a) seasonal and spatial differentiated mobility behaviors
(economic—ecological) and of (b) how seasonal heat events are perceived in the districts of the city of
Karlsruhe (social-ecological).

4.1. Sustainable Mobility: Bicycle Use in City Districts and throughout the Year

The topic of mobility was central for all workgroups and was surveyed in great detail. With regard
to the concept of sustainability, the mode of transport in our study connected in particular to
both the economic and ecological dimensions. By being mobile without using one’s own car and
instead using public transport, car-sharing services, or, as described in more detail below, the bicycle,
sustainable action is taken, especially in an ecological sense. In addition, the economic dimension
should not be underestimated since ticket prices decide who can afford using public transport. “Mode of
transportation” thus combines ecologic, economic, and social dimensions of sustainability.

Considering the great importance of this topic and the special significance of bicycles for everyday
mobility in Karlsruhe, this example was intended to show how differentiated an evaluation of subjective
data can be carried out.

In Karlsruhe, bicycle riding is a means of transportation that can be used independent regardless
of age or physical fitness. This is owed to the city’s topography and the circumstance that for the most
part it is located in the fairly flat Upper Rhine Rift; only four smaller districts are situated in more hilly
parts and are known as “mountain villages” (Bergdorfer). The bicycle path network was systematically
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expanded, and in 2019, Karlsruhe won the German Cyclist’s Associations annual prize (Allgemeiner
Deutscher Fahrrad-Club) as Germany’s “most bicycle friendly mayor city”.

Surveys on the bicycle situation in Karlsruhe itself have already been conducted by the city’s
statistical office. By means of a document analysis, we complied these statistics and compared them
according to the guidelines we proposed for a more human-centered sustainable urban planning
(see Section 2). One result the comparison showed was that figures on the cycle path network and
the paved roads for pedestrians and cyclists measured by length in kilometers were used as objective
indicators [44]. Another result was that, in regard to the choice of means of transport and the mobility
behavior, data on subjective indicators had also been collected, on namely the choice of means of
transportation broken down by distance in kilometers or by destination, as well as the frequency
of use of the means of transport [45]. Only the results of a modal split were surveyed according to
the districts and thus temporally differentiated. Seasonal fluctuations were found in particular in
the use of bicycles [45]. However, the overall survey was also carried out here for the entire urban
area of Karlsruhe and not at the district level. This generalization does not do justice to the different
topographical and distance-related differences of the individual districts (see also Figure 2), and thus
makes it more difficult to use the results for concrete planning processes.

Using a bicycle as a means of transportation is dependent on outside weather conditions,
especially temperatures and precipitation, and its attractiveness varies depending on the seasons.
The meteorological conditions in Karlsruhe, however, are rather favorable for bicycle riding throughout
the year. Monthly mean temperatures during the winter months November, December, and January
range between 2 and 3 °C, and during the summer, between 18 and 20 °C [46]. Notwithstanding
these mean temperatures, it can be assumed that the frequency with which bicycles are used a means
of transportation varies depending on the season, as already confirmed by a survey of the city of
Karlsruhe [45].

In order to capture those temporal variations, we asked the interviewees how often they use their
bicycles both during the summer and the winter months. Indeed, the frequency with which they are
used varies depending on the season: during summer months, 48% of the interviewed Karlsruhers
use their bicycles on a daily basis, whereas that share drops to 31% (still a high share) during winter
months. When aggregating “daily”, “two to three times a week”, and “once a week” to “regular bicycle
usage”, then that share reached 73% for summer months and 55% for winter months (see Figure 4).
Both shares were much higher than in cities of comparable size. The German Bicycle Monitor 2019
(Fahrrad-Monitor Deutschland 2019) only registered between 15% and 46% of those surveyed as
regular bicycle riders without, however, differentiating between seasons [47]. One reason why the
share of (year-round) bicyclists was higher in our sample was that university students were clearly
overrepresented. With this understanding, we strongly advise distinguishing seasonal frequencies
when collecting data on this means of transportation. The high bicycling frequency is as remarkable as
the similar frequency both in summers and winters. This cannot only be explained by mild winters
and few snow days but instead suggests that for many interviewees, bicycles are their “main means of
transportation” and that less favorable weather conditions are tolerated and accepted as a fact.

In order to learn whether the distance to the city center indicates how often bicycles are used as a
means of transportation, we divided the interviewees spatially by their distance to the city center, i.e.,
core city, close to the city, outskirts, and other locations outside Karlsruhe. Our findings, however,
did not confirm this assumption. With the exception of interviewees that lived close to the city, between
45% and 50% of the interviewees used their bicycles on a daily basis during the summer and around
30% during the winter. A total of 40% of the interviewees who lived close to the city used their bicycles
on daily basis during the summer and 23% during the winter (see Figure 5). Despite the latter group
using bicycles less frequently, the distance between place of residence and the city center did not
seem to be decisive for riding a bicycle. This might be owed to the fact that Karlsruhe’s city centers
(Mitte and Durlach) can be reached from all districts in roughly 30 min by bicycle, making temporal
variabilities more decisive than spatial variabilities. One policy implication that can be concluded
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is that in the winter months public transport services must be adjusted and increased accordingly.
The aim here is to increase the attractiveness of public transport for cyclists who do not use their
bicycles in the winter and instead take the bus or train rather than using their own car.

B daily M daily

M 2-3 times a week W 2-3 times a week

O once a week W once a week

O several times a month O several times a month
Orare Orare

Onever Onever

Figure 4. Bicycle use in summer (left) and winter (right).

Most studies show that older people use their bicycles less often than younger people. The German
Bicycle Monitor 2019, for instance, reports that 55% of those aged 14-19 and 48% of those aged 20-30
use their bicycles several times a week, whereas this only applies to 33% of those aged 60-69 [47,48].
In Karlsruhe, 80% of those under 30 years use their bicycles at least once a week during the summer
and 66% during the winter; 50% of those older than 60 years use their bicycles at least once a week
during the summer and 42% during the winter. What is remarkable about this finding is that riding a
bicycle for older people living in Karlsruhe is a favored means of transportation regardless of the time
of the year and that they are less influenced by seasons than younger people. This finding definitely
deviates from common patterns.

According to the German Mobility Panel (Deutsches Mobilitdtspanel), households with children
under the age of 18 are the group that has the most cars and that also uses them the most [49,50].
This could lead one to assume that persons in these household types use their bicycles less often than
others. Both the results of the German Mobility Panel and ours, however, show that using a bicycle as a
means of transportation for adults in these household types reaches 45% and is thus the highest rate on
weekends [49]; those rates are somewhat lower on workdays according to the German Mobility Panel.
Our results revealed that 81% of persons in households with children under the age of 18 used their
bicycles at least once a week during the summer and in households without children that share reached
72%; during the winter those shares dropped to 66% and 54%, respectively (see Figure 6). The usage
frequencies for both groups did not differ significantly between the different places of residence in
Karlsruhe, which could be indicative that Karlsruhe’s city area has an extensive bicycle infrastructure.
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Figure 5. Bicycle use in summer (left) and winter (right) according to district clusters (absolute numbers
in brackets).

Another study on the mobility behavior of family households in cities in the German state of
Baden-Wiirttemberg underlined the efforts by the cities of Karlsruhe and Freiburg to improve bicycle
traffic [50]. Family households that regularly use bicycles as means of transportation year-round
contribute to sustainable traffic developments in more than one way: many of their trips are
climate-neutral, fewer spaces are needed for parking spaces, and children learn from an early
age that bicycles are an everyday means of transportation.

A differentiated analysis of subjective indicators allows taking individual perceptions, spatiality,
and temporality into consideration. This in turn allows gaining deeper insights into how means of
transportation are used as well as learning more about their specifics than when research is limited to
purely quantitative and one-dimensional analyses. A differentiated analysis also allows the different
interests different stakeholders might be led by to be taken into account. For example, the city of
Karlsruhe is planning a new Bicycle Policy Audit (BYPAD) in 2020, in which the situation of the cyclists
in the city will be assessed by the city administration, politicians, associations, and interest groups [51].
The survey, however, will not include a spatially differentiated representative survey of local cyclists.
Since data at the level city districts will not be collected, the perception of local cyclists and thus their
“doing sustainability” will not be included in the audit.

For negotiation processes in concrete planning, this means that direct argumentation and reaction
are possible, especially at the district level. This has the advantage for planners that planning projects
can be coordinated even more concretely with the citizens and thus a higher acceptance can be expected.
In this way, planning can be shaped more in line with the reality of citizens’ lives and their needs,
e.g., increase in the supply of public transport in winter, adapted timetables in different city districts,
and new aspects, such as temporary differences in the use of means of transport at a small-scale level,
can move into the focus of research and planning.

This example reveals how those studies can be used to derive initial trends in transport planning
and how they can highlight in which districts the need for alternative or new public transport services
in particular still represents potential compared to bicycle use.
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Figure 6. Bicycle use in summer of households without children under 18 years (left) and with children
under 18 years (right).

4.2. Climate Change in Cities: Heat Events in Urban Districts

Cities setting out to develop in a sustainable way need to consider developments connected
to climate change. The exceptional heat events during the summers of 2018 and 2019 are generally
understood as indicative of climate change. The previous section on means of transportation underlined
how important it is to take temporal differences into account when analyzing individual’s behavior
and assessments as an example of the ecologic—economic dimension of sustainability. The city of
Karlsruhe has not yet conducted a statistical survey on how heat waves are perceived, nor have they or
other studies from our document analysis surveyed how satisfied Karlsruhe citizens are with green
spaces, noise levels, and air quality. The socio-ecological sustainability dimensions that have been
surveyed [52] are seldom spatially nor temporally differentiated. Based on this knowledge, in the
following chapter we would like to show how important the collection of such spatially and temporally
differentiated perception data can be when implementing policy implications.

Analyzing heat events, which in Germany occur during summer months, thus calls for
differentiating between day- and night-time temperatures as well as developing an understanding for
how these events affect subjective well-being and how heat stress is perceived by city dwellers. In order
to study the ecological-social dimension of sustainability, we analyzed how citizens perceive heat
events both during the day and the night, depending on the district and their personal perceptions.

The Upper Rhine Rift, which Karlsruhe belongs to, today already belongs to one of the regions in
Germany that experience more than twelve days of what are known as hot days, i.e., temperatures
above 30 °C [53]; according to prognosis, the number of those days could climb up to 40 days by
2100. Aside from the hot days, what are known as tropical nights are perceived as especially stressful,
when temperatures do not sink below 20 °C at night. Currently, the Upper Rhine Rift annually
experiences those types of night four times a year on average; long-term prognosis suggest that they
might occur up to 30 times per year by the end of this century.
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During the past 20 years, numerous studies have been dedicated to analyzing how heat events in
cities affect people’s health, as Franck et al. (2013) [54] and Kunz-Plapp (2018) [55] have demonstrated.
Among other things, this interest is related to the heat wave that hit all of Europe during August
2003 [56-58]. In those studies, as Franck et al. (2013) [54] pointed out that people’s well-being and
the effects on their health were typically connected to outdoor temperatures, despite the fact that
people spend much of their time indoors, especially during night hours. By contrast, Franck et al.’s
study published in 2013 referred to indoor temperatures, different building structures, and people’s
subjective perceptions [54]. They concluded that aside from the distance between a place of residence
to the downtown area, the most important factor influencing the subjective perception of heat stress is
evening indoor temperatures. Based on those findings, we concluded that utilizing both the temporal
and subjective perspectives in our study would serve attaining our research goal well.

We asked how the interviewees perceived what are known as “hot days” and tropical nights
and whether there are measures they can put in place to ease the situation. Age is a central analytical
category when it comes to studying vulnerability during heat waves as it can be assumed that older or
ill people are especially affected by heat. Typically, mortality or morbidity studies are referenced [57,59],
and they explain why older people are physically not so well capable of adjusting to high temperatures.
Interestingly, the study by Pfaffenbach and Siuda (2010) [60] on people over 50 years of age living in
Aachen found that only 50% reported that they perceived heat as not stressful or not stressful at all.
A total of 30% of those who were 80 years or older reported that they perceived heat as (very) stressful,
whereas only 20% of the younger interviewees reported heat to be a stressful experience [60]. Almost
half the interviewees with health issues (47%) reported heat as being stressful experience for them [60]
(p. 197).

We collected our data in September 2018, only a few weeks after a July and August heat wave.
A total of 65% of our interviewees reported that they perceived heat as (very) stressful during the day
and 50% reported the same for the night-time hours. This was especially true for the 51 to 65 year
old interviewees during the day and for those between 26 and 50 years during the night but not for
people older than 65 years. Since interviewees also mentioned stress related to working, it could be
that heat stress at work and obligations linked to gainful employment lead to heat stress feeling even
more unpleasant. Retirees are in a position to react to heat in a more flexible way, i.e., by not taking
up activities or moving them to a different time. Since recent studies, e.g., Schuster et al. (2017) [60],
have pointed out that age is far less significant in explaining how heat is perceived than overall
health or fitness [61], it seemed necessary to rethink how indicative age, measured in years, is as a
distinction criterion.

We categorized the living environment with respect to the particular construction or structural
exposition to heat events by distinguishing between three climate zones within Karlsruhe (cp. Section 2).
These categories were “cool”, “middle”, or “hot”. The responses showed that heat during the day was
perceived as rather stressful in the “cool” zones, albeit without showing a clear pattern. The responses
to the situation during the night showed clear patterns in line with the climate zones (see Figure 7).
Many more interviewees, in “hot” zones, reported that tropical nights were perceived as (very) stressful.
Since university students and those gainfully employed do not spend time in their residential areas
during the day but at the university or at work, i.e., in other climate zones, the results cannot concur.
During the night, however, they are in their apartments/houses and they then perceived the urban
heat island effect directly at their own place of residence. This finding is in line with findings from
Francke et al. (2013) [53] that shows the strongest connection between evening indoor temperatures
and subjective heat stress. It is remarkable that there is one group that reports heat as being pleasant
both during the day and during the night; very often, they are under the age of 25.
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Figure 7. Heat stress according to climate zones on hot days (left) and in tropical nights (right) (absolute
numbers in brackets).

When asked about heat stress symptoms either during the day or at night, most often perspiration,
headaches, or exhaustion were mentioned. All these mentions have in common that they affect
performance capabilities and that they presumably affect especially those that are expected to perform
during certain times of the day, i.e., especially those gainfully employed and among especially those
holding full-time positions and subjected to fixed working hours. They are also those that are especially
affected by nightly problems since they cannot catch up on lost nightly sleep during the day. This might
be why surprisingly neither older interviewees in our or in Pfaffenbach/Siuda’s (2010) [60] studies
reported being especially (strongly) affected by hot temperatures. Employing subjective indicators and
differentiating them according to social, spatial, and temporal dimensions led to deeper insights into
the specific stresses caused by heat both during days and nights.

There are many different ways to protect oneself from heat during heat waves and/or to adjust
daily activities to the situation. One way is to undertake construction measures or to employ means
that contribute to making the situation in a building more durable. This could either be something
such as shading, e.g., through shutters or marquees, that prevent heat from getting into the rooms or
something such as cooling the inside of buildings, e.g., cooling fans or air conditioners. These measures
differ in how extensive and expensive they are. Renters do not have all the options owners have
since structural or architectural changes need to either be carried out by the owner or at least require
their consent. In our study, 39% of the interviewees were owners and 61% renters, with the latter’s
share being the highest (81%) in the downtown zone. That zone is also the zone with the highest
temperatures. Only 9% of all interviewees reported that they had an air conditioner in their apartment
or house; 64% of those interviewees that had an air conditioner own the property they live in. A total of
27% of our interviewees could create shade by using marquees; the share of owners reached 81% in this
group. A total of 83% of all interviewees had shutters, with 44% of those being owners (see Figure 8).
A total of 43% of all interviewees had cooling fans, with 38% of them being owners. As could be
expected, the more elaborate and expensive solutions (air conditioners, marquees) could be found
more often when interviewees were also the owners of their place of living, and the less elaborate
measures (cooling fans and shutters) could be found when interviewees rented the place they live in.
This imbalance, in combination with the higher share of renters in “hot” climate zones, was reflected in
how stressful heat was perceived during the nights: 51% of all renters perceived heat stress as (very)
high, whereas this was only the case for 40% of owners, despite the fact that they were much older
than renters.
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Figure 8. Measures to reduce heat stress according to property (left) and rent (right) (absolute numbers
in brackets).

Pfaffenbach/Siuda’s (2010) [60] study on Aachen revealed similar results: 48% of owners were
satisfied with their indoor climate, compared to only 28% of renters. The former had more opportunities
to stay in cooler rooms or to darken rooms [60]. Clearly, it is easier for owners to adapt to situations,
which suggests that in cities economic capital contributes to a stronger resilience against climate
change challenges.

Another strategy in dealing with heat events is changing one’s behavior. One can, for instance,
change where one spends time, spending more or less time outdoors, adapting work hours or time
for sport activities. When it becomes too hot indoors, one can move to cooler places, i.e., spending
time in parks or gardens during early morning or evening hours. In those cases, possessing a private
garden can certainly be viewed as a privilege; 59% of owners possessed a private garden, whereas
this was only the case for 28% of renters. Instead, renters (79%) frequented public parks much more
often than owners. For renters, public green spaces constituted an important recreational space during
heat events.

One can also adapt one’s temporal patterns by reducing or shifting one’s working hours or by
spatially moving one’s workplace to home, for instance. In order to find out whether these strategies
were an option for our interviewees, we asked how they felt about different propositions. Only 37% of
those gainfully employed were in favor of “If I had the opportunity I would rather work from home on
hot days”, whereas 58% were in favor of “If I had the opportunity I would take a vacation day on hot
days”, and 90% were in favor of “If I had the opportunity I would leave work earlier on hot days”.
These answers strongly suggest that being able to be more flexible on hot workdays is a favored means
in dealing with heat. This leads to the conclusion that those who can decide on when and where to
work can deal better with heat events. This situation can be found more for self-employed individuals
than for those who are gainfully employed. However, we did not survey how the interviewees are
employed directly. Pfaffenbach/Siuda’s study for the city of Aachen draws the same conclusion [60]
that self-employed interviewees feel the least impacted, maybe because they have more leeway in
setting their work hours.

Typically, people have the most influence on how to spend their time when it comes to free time,
and the interviewees did make use of that. When comparing the time spaces in which the interviewees
did sports on “normal” days to on hot days (see Figure 9), it became evident that they moved those
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activities to either the early morning or later evening hours, i.e., that they reacted to heat with temporal
flexibility. Thus, it can be concluded that temporal patterns are changed and that temporal flexibility is
seen as a good coping strategy when dealing with heat stress.
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Figure 9. Sports activities according to time on non-hot days and on hot days (absolute numbers in
brackets).

These temporal and spatial patterns are crucial—not only during heat events—in determining
everyday life, but they also determine whether means of transportation are used or not, and they are
essential when it comes to how stress and well-being are perceived and assessed. These results can thus
be used in negotiation processes to draw conclusions about the capacity of public transport at different
times of the year or day and, for example, about the need of multifunctional green spaces, which in the
event of a heat wave, can both cool the city center and serve as a leisure and recreational area.

In the following chapter, we will discuss these questions in connection with how urban
sustainability indicators can be further developed and how sustainable urban planning can become
spatially and temporally flexible.

5. Discussion and Conclusions

In this article, we set out to demonstrate that including subjective indicators—at the interface
of different sustainability dimensions and in a spatial and temporal differentiated manner—in the
more commonly used set of sustainability indicators allows a better understanding of how especially
social dimensions are linked to economic resources. Analyses of this type can contribute to a better
understanding of urban sustainable developments as a whole. Subjective indicators that show people’s
“doing sustainability” in the form of perception, decision, and (re-)acting in a more or less sustainable
way can serve as a fundamental basis for discussions in stakeholder negotiation processes.

Our findings are based on a pilot survey conducted in and around the city of Karlsruhe and they
show how important it is to not only collect data at the city level but to be able to allocate them at district
and quarter levels and differentiate them by seasons and times of day. Collecting data on how citizens
perceive the latter dimensions on an everyday basis and in their everyday spatio-temporal context
is a rather comprehensive endeavor and consequently not attempted often, especially at small-scale
spatial levels.
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Another limiting factor that contributes to not including economic and social dimensions is that
subjective indicators are seldom collected, whereas objective indicators typically are. By choosing a
perception geographical approach, we set our research off at exactly that research gap and focused
on finding out how sustainability is adopted in citizens’ daily lives. To do that, we chose indicators
that mirror everyday behavior in an urban context for our exemplary empirical analysis. The first
indicator we analyzed is the seasonal use of transportation means. This is an indicator that is related to
the ecological, economic, and social dimension of sustainability, and it affects environmental issues,
user’s economic resources, as well as his/her social integration (via accessibility and participation).
The second indicator analyzed how urban heat waves are dealt with during summertime, and it too is
closely related to all sustainability dimensions, particularly to measures that reduce heat stress and
to adoption strategies. Neither indicator is included in any of Karlsruhe’s statistic surveys at the
district level.

Especially the results that differ from what generally might be expected show what can be
gained and improved when considering urban sustainability planning issues. Through these spatially
and temporally differentiated indicators, it has become evident that bicycles are used as a means of
transportation for moving through the city of Karlsruhe in all quarters, in all age groups, and year-round
with only little variances. However, concrete planning projects, especially in the sense of sustainable
urban development, must start at this scale level in order to be ecologically effective and human-centered.

Our survey also showed that families with children under the age of 18 do not differ significantly
in bicycle use form the rest of the population—neither in terms of space nor in terms of seasonal
effects—which is rather different from the German average. Therefore, it can be assumed that children
who grow up with bicycle riding regularly being an important means of transportation will continue
this behavior as grownups. Our findings on bicycles as a means of transportation suggest that this is
an important vehicle of choice. Urban planning should take into account that all demographic and
social groups should be addressed as target groups for that means of transportation, especially since
we can expect a strong acceptance for bikes as vehicles in daily transport.

The other subjective indicator we surveyed from a social perspective was heat events and how
citizens perceive heat stress. Even though it can be expected that the citizens’ point of view on this
topic will become increasingly important, the city of Karlsruhe has not yet conducted any surveys,
that include questions of heat. Our results show that especially the working population between the age
of 26 and 65 that lives in downtown districts feels affected and stressed by heat events. This is mainly
linked to fact that nocturnal urban heat stress corresponds to urban heat island effects in so-called
tropical nights. This result demonstrates the importance of a well-considered temporal differentiation
of indicators. The interviewees devise various means in dealing with heat, e.g., by retreating into their
backyards and renters seeking to evade the heat relying on public parks. Again, the economic impact
on resilience strategies becomes apparent. Another measure in dealing with (heat) stress is being
flexible time wise, e.g., adjusting work hours (something many employees would appreciate). This is
a good example for how economic capital can counter ecologic events and thus how sustainability
dimensions are interlinked.

These results support our claim that subjective indicators should be included when collecting data
for sustainable indicators. Combining city-wide quantitative standardized surveys with small-scale,
i.e., district level, spatial surveys presents a possibility to include people’s subjective assessments
and will lead to a human-centered sustainable urban planning. Spatiality (district or quarter levels)
and temporality (time of year, workdays/weekends, day/night) are two more central dimensions for
gaining insights into sustainability in everyday life and for deriving policy implications.

There are a number of important questions of sustainable urban planning that can be addressed
based on such spatially and temporally differentiated surveys: How, for instance, can public transport
services ensure that bicycles can be taken along on buses and trains thus ensuring that bicycles as a
means of transportation can be used year-round? How can parking spaces for bicycles with trailers
be provided for, especially when we know that they are regularly used by families? How can the
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city provide for people who do not have a private yard to have access to parks and fresh air areas
close by? How can opening hours be adjusted during heat waves for employees and users of urban
infrastructure? How can temporal leeway and flexibilities, e.g., work and rest hours, be created and
thus contribute to sustainable and just cities? Which opportunities do temporary changes of land use
or interim land use hold?

To go beyond these questions, a combination of objective and subjective sustainability indicators
can also help planners to communicate between different stakeholders on a more fundamental and
lifelike level. The fact that planners not only have to resort to statistical values through collected
data, but also know citizens” assessment and perception of individual issues, leads to a more efficient
organization of participation and negotiation processes. Conflicts of use of space and interests between
different stakeholders can thus be managed in a more targeted manner and also more easily reconciled
with sustainable urban planning objectives.

From our research, it has become clear that sustainable urban planning goes far beyond built
infrastructure. It is not enough to only include spatial planning aspects, but temporal rhythms and
usage patterns of the city need to be included, especially if social justice is one of the goals attempted
to be reached through sustainability as Henckel and Kramer (2019) [62] suggested. If planning
sustainable cities entails taking inter-generational, social, geographical, and procedural equity issues
into consideration, as suggested by Haughton (1999) [9] (p. 241), then the traditional indicator based
approaches (typically focused on objective, quantitative aspects) need to be extended to including
subjective aspects. That way citizens’ subjective perspectives on temporal variabilities at micro-scale
levels in the city could be included during planning phases.

The results from our pilot study need to be substantiated through further studies on urban
sustainability indicators and through collecting perception geographic data at district levels. From a
planning perspective, questions relating to policy implications could arise that should include temporal
dimensions into spatial planning.
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