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A B S T R A C T   

Cultural ecosystem services (CES) of urban and peri‑urban forests (UPF) contribute to the urban population’s 
health and well-being. However, UPF face numerous threats from increasing urbanization and climate change. A 
comprehensive understanding of the flow of the forests’ CES between urban and peri‑urban areas was lacking. 
Further, there is little empirical evidence of how people valued and used UPF during the COVID-19 pandemic. In 
this study, we assessed residents’ perceptions of CES provided by UPF, and their spatial distribution in Karlsruhe 
and Rheinstetten, Germany, using a participatory map-based questionnaire survey. Respondents (n = 501) were 
asked to indicate five preferred locations of UPF and to rate the individual UPFs’ importance concerning various 
CES. Heatmaps were created to visualize the results, and normalized ratings of the perceptions were examined. 
The study demonstrated that residents prefer nearby locations for all studied CES but place a higher value on 
peri‑urban forests regardless of their frequency of use. The survey results show an increase in visits to UPFs 
during the COVID-19 pandemic. The importance of urban forest for citizens’ stress reduction during the 
pandemic was highlighted by the participants. We recommend considering these findings in urban forest 
planning.   

1. Introduction 

Urban and peri‑urban forests (UPFs) make an important contribution 
to the health and well-being of cities’ inhabitants and provide a wide 
range of cultural ecosystem services (CES) (Breuste, 2019; Götzl, 2015). 
UPFs are defined by the Food and Agriculture Organization (FAO) as 
"networks or systems comprising all woodlands, groups of trees, and 
individual trees located in urban and peri‑urban areas; they include, 
therefore, forests, street trees, trees in parks and gardens, and trees in 
derelict corners" (FAO, 2020). UPFs are declining and losing their po-
tential to provide cultural ecosystem services (CES) (Fischlin et al., 
2007) due to urbanization (Referowska-Chodak, 2019), climate change 
impacts (Dobbs, Eleuterio, Amaya, Montoya, & Kendal, 2018), and plant 
diseases (Sieghardt et al., 2005; for definiton of CES see Millennium 
Ecosystem Assessment, 2003, p. 58). 

In a city, where natural open environment is limited and the avail-
ability of CES is restricted, UPFs make an important contribution to the 

physical and mental recreation of the urban population (Jay, Selter, 
Wurster, & Schraml, 2016). UPFs are used as a meeting place (Vries 
et al., 2013) and enhance the appearance of the city (Tyrväinen, Pauleit, 
Seeland, & Vries, 2005). UPFs offer a source of inspiration (Riechers, 
Barkmann, & Tscharntke, 2016) and have symbolic, cultural, historical 
(Tyrväinen et al., 2005), spiritual and religious significance for many 
individuals (Davies et al., 2017), which enhances the emotional bond 
that people have with places (Salbitano et al., 2016). Further, the urban 
forest holds important potential for the education of the urban popula-
tion and their knowledge about nature, tree species and wildlife (Davies 
et al., 2017; O’Brien, 2009). 

UPFs provide preventive health-related services to residents through 
ecosystem services (Götzl, 2015; Liu & Russo, 2021; Wu & Kim, 2021). 
The World Health Organization (WHO) recognizes this contribution, as 
shown in its 12 key considerations to prepare cities for the COVID-19 
pandemic. One of the considerations is the assurance of access to 
green spaces in urban areas to promote physical and psychic well-being 
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of the cities’ inhabitants (WHO, 2020). 
The survey for this study was conducted in August and September 

2020, a year in which everyday life was at times strongly influenced by 
the COVID-19 pandemic. To contain the global spread of respiratory 
tract infections of COVID-19, severe movement restrictions were at 
times imposed worldwide, restricting or prohibiting gatherings of 
groups of people. The social life of many people was limited to a mini-
mum. Especially during this period, urban trees and forests moved into 
the focus of discussions as recreational areas, which contribute to the 
health and stress-minimization of urban residents. Evaluations of mobile 
tracking data from Google show a 134% increase in visits to parks during 
the pandemic in Baden-Württemberg, the German federal state in which 
the study area of Karlsruhe and Rheinstetten is located, compared to the 
reference period before the crisis in January and February 2020 (Google 
October 4th, 2020). Even though this may partly be due to the better 
weather conditions in spring, the indicated increase in visits is immense. 
Although there are still few publications on this topic, as the pandemic is 
still ongoing, studies by Derks, Giessen, and Winkel (2020), Ugolini 
et al. (2020), Venter et al. (2020), Xie, Luo, Furuya, and Sun (2020), and 
Viezzer and Biondi (2021) highlight the importance of UPFs as part of 
critical infrastructure especially during times of crisis. 

Valuation of CES is needed to maintain or enhance the provision of 
CES from UPFs. However, CES are difficult to characterize, measure, and 
spatially represent (Gould, Morse, & Adams, 2019). In the face of a lack 
of integration of CES in urban forest planning, an increasing number of 
authors emphasize map-based approaches to assessing CES as particu-
larly important for decision-making (e.g. Baumeister, Gerstenberg, 
Plieninger, & Schraml, 2020; Jay et al., 2016). Jay et al. (2016) 
emphasized that a description of the CES of urban forests, whether 
qualitative or quantitative, and spatial visualization of them in maps can 
help to make the quality-of-life factor of urban forests more visible. The 
spatial visualization of the CES can help foresters and urban planners to 
design future plans to improve or transform urban green infrastructure 
(Baumeister et al., 2020). Nitowslawski et al. (2019) found evidence that 
novel smart forest technologies, including citizens’ engagement and 
participative mapping platforms can maximize green benefits for all city 
dwellers. 

The benefits of ecosystem services from the peri‑urban areas sur-
rounding cities have become increasingly important due to urbanization 
and densification. Urban inhabitants not only receive ecosystem services 
from trees and forests within the administrative boundary of the city, 
but also get benefits from the neighboring suburban areas (Breuste, 
2019). Forests in the urban hinterland serve as recreational areas for 
urban residents. Especially where urban forests cannot meet the pop-
ulation’s needs, green spaces outside the city contribute to urban resi-
dents’ healthy living conditions. Therefore, green space conservation is 
crucial not only for the well-being of peri‑urban populations but also for 
those in urban areas. Ecosystem services are utilized not only by the 
residents from peri‑urban areas but also by the urban inhabitants. 
Studies such as the one from Machado Junior et al. (2021) highlight the 
importance of incorporating the relations of dependence in cities with 
their surroundings, especially in times of crisis. Luederitz et al. (2015) 
however, identified a knowledge gap in the scales of scientific investi-
gation regarding the local provision of ecosystem services and the wider 
spatial distribution of potential beneficiaries. Hence, in this study, 
comprehensive research on the public perception of cultural ecosystem 
services was undertaken in a large city (Karlsruhe) and a neighboring 
peri‑urban city (Rheinstetten) in southwest Germany. We aimed to 
quantify CES from the UPF and mapped their spatial distribution pattern 
through a novel participatory map-based survey during the time of 
COVID-19 related lockdown. 

In order to fulfill the aim of this study, two research questions were 
formulated:  

1 How do residents of Karlsruhe and Rheinstetten evaluate cultural 
ecosystem services of UPF and how do these perceptions differ between the 
two municipalities? 

Thereby, it will be assessed whether:   

a) the residents of both municipalities value the same cultural ecosystem 
services for urban forests as they do for peri‑urban forests, and 

b) the citizens value cultural ecosystem services from urban and per-
i‑urban areas within their own administrative borders differently than 
their counterparts from the other municipality.  

2 How does the COVID-19 pandemic influence people’s perceptions of 
ecosystem services of trees and forests? 

Thereby, it will be assessed whether:  

a) the respondents’ use of urban forests changed during the pandemic, and  
b) to what extent the UPF contributed to the respondents’ well-being during 

the pandemic. 

2. Material and methods 

2.1. Study area 

The study took place in Karlsruhe and Rheinstetten, in the south-
western part of Germany (Fig. 1). With a total population of 304.009 
inhabitants, (September 2020), Karlsruhe is the second largest city in the 
state of Baden-Württemberg (Stadt Karlsruhe, 2020). Population growth 
averaged 1% per year over the last decade, which corresponds to twice 
the national growth rate of Germany (World Bank, 2016). By the end of 
2018, the population density of Karlsruhe was 1786 inhabitants per 
square kilometer. This is more than 2.5 times as many inhabitants per 
square kilometer as in the municipality of Rheinstetten, which has 675 
inhabitants per square kilometer and a total of 20.973 inhabitants (Stadt 
Karlsruhe, 2020). 

We considered forest in Rheinstetten as peri‑urban forest, whereas 
the forest in Karlsruhe was regarded as an urban forest. This classifica-
tion is justified by the proportions of land use forms of both munici-
palities. Fig. 1 shows that in Rheinstetten, the built-up area is only about 
20% of the total administrative area, while 73% of the area is used for 
agriculture or is woodland and other vegetation. However, in Karlsruhe 
almost half of the city is covered by residential and transport areas 
(Statistisches Landesamt Baden-Württemberg, 2020). The size, popula-
tion density and land use proportions of the two municipalities are 
comparable with numerous middle-sized cities and their surrounding 
peri‑urban areas in Germany, and across Europe, which are located in 
similar climate zones. Results may therefore be considered as useful 
beyond the study area. 

The constantly high population growth in Karlsruhe leads to great 
pressure on the urban forests, as described above. Thus, the city faces the 
challenge of maintaining an adequate proportion of green space 
(Nachbarschaftsverb and Karlsruhe, 2019). Creating knowledge con-
cerning the urban forests’ value to the city’s population is therefore 
important to support the creation of holistic and shared conservation 
and management of trees and forests by the city and surrounding 
communities. 

The first COVID-19 case in Karlsruhe was confirmed on February 
27th, 2020 (Hofheinz, 2020). Due to the rapid spread of the virus, social 
distancing policies were imposed in Baden-Württemberg in March, April 
and May 2020. On 17th March 2020, operations in cultural and 
educational institutions of all kinds were suspended, as specified in the 
COVID-19 regulations. On 21st March 2020, restaurants were closed. In 
addition, from March onwards, no more than three people were allowed 
to meet in either private or public spaces (Landesregierung Baden--
Württemberg, 20AD). From 1st July the number of people allowed to 
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gather in public and private spaces was increased to 20. Further, res-
taurants and other leisure facilities opened again, following hygienic 
restrictions (Landesregierung Baden-Württemberg, 23AD). After the 
first wave of severe restrictions, in August and September 2020, the time 
during which the survey for this study was conducted, comparatively 
few restrictions affected public life. 

2.2. CES included in the study 

Table 1 shows the CES from urban trees and forests considered in this 
study as defined by the Millennium Ecosystem Assessment (MEA). Short 
descriptions were added to the questionnaire so that respondents could 
make a direct association and connection with them (Millennium 
Ecosystem Assessment, 2003). 

Following other studies such as Plieninger, Dijks, Oteros-Rozas, and 
Bieling (2013), the two additional CES cultural diversity and knowledge 
systems, as defined by the Millennium Ecosystem Assessment (MEA), 
were not considered in this study as they are not applicable for assess-
ments on the local level, and cannot be translated to meaningful services 
of urban forests. Tourism as a cultural ecosystem service was also not 
included in the study since the focus was on the perceptions of the 
residents of the two municipalities of Karlsruhe and Rheinstetten. 

Multiple demographic information from each respondent and bio-
physical characteristics of the selected locations were gathered during 
the survey to examine their influence on perceptions of CES. These are 

presented in Table 2. 

2.3. Questionnaire 

The questionnaire for this study was created using the survey-tool 
Maptionnaire (https://maptionnaire.com), which allows the integra-
tion of different survey question types with mapping exercises and the 
collection of spatially referenced answers. The original questionnaire is 
included in the supplementary material S1. 

Before conducting the survey in Karlsruhe and Rheinstetten, four 
experts with backgrounds in social science, environmental psychology, 
ecology, and forestry reviewed the questionnaire. The pre-test was 
carried out both on computers and smartphones to identify any diffi-
culties in the display of the questions and the map. In total, 17 people 
engaged in two rounds of pretesting. This included students from 
different disciplines as well as retirees and employees of different ages, 
levels of education and working sectors. The structure of the question-
naire, the framing of questions, and technical aspects of the spatial 

Fig. 1.. Location and land-use of the study area Karlsruhe and Rheinstetten (Remark: this figure should be in color on the printed version).  

Table 1. 
Definitions of CES in the questionnaire.  

CES Description 

Recreation Use of UPF for leisure activities and exercising 
Social relations UPF as meeting places with friends 
Inspiration UPF as places for relaxation and sources of inspiration for 

new thoughts, ideas, and creative expression 
Esthetic values Special beauty 
Sense of place A feeling of home and/or connections 
Cultural heritage 

values 
Historically important UPF 

Educational values UPF as a place of learning about plants and animals 
Spiritual and religious 

values 
Spiritual or religious connection to UPF  

Table 2. 
Demographic variables of the respondents and biophysical characters of selected 
locations that are expected to influence respondents’ perceptions of cultural 
ecosystem services.  

Explanatory variables in regression analyses Indicated by respondents 
Demographic/personal 
variables 

Physical variables Biophysical variables of the 
selected location of UPF 

Age Land use  
1 Artificial area  
2 Agricultural area  
3 Forest and semi- 

natural area 

Diversity of tree species 
Gender Quietness 
Employment status Size and vastness 
Income Stunning design 
Population density at 

place of residence 
Naturalness 

Nationality Proximity to water 
Access to private or 

shared garden 
Well-developed road network   

Wide range of information 
available   
Wide range of events   
Proximity to the place of 
residence   
Attractive location  
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mapping exercise were improved in accordance with the expert review 
and suggestions from pre-test. 

In the introduction, short information on the purpose of the survey 
was provided. The questionnaire was available in German and English. 
The questionnaire was divided into six parts. 

The first part explored the respondents’ familiarity with trees and 
forests in Karlsruhe and Rheinstetten in general. This included the fre-
quency and duration of participants’ visits to UPFs in the two munici-
palities as well as neighboring municipalities. The respondents’ 
satisfaction with their city’s management of trees and forests, as well as 
whether or not the respondents had access to a private or shared garden, 
were explored. 

The second part was a more general assessment of respondents’ 
valuation of CES from urban trees and forests. Each of the CES presented 
in Table 1 was measured on a 7-point Likert scale from 1, not important 
at all, to 7, very important to the respondent (Likert, 1932; Riechers, 
Strack, Barkmann, & Tscharntke, 2019). The odd-numbered scale 
allowed a middle value whenever a respondent did not have a clear 
opinion on the CES. The 7-point scale serves as an ordinal scale, how-
ever, the demand of abstraction and differentiation by respondents is 
relatively low (Porst, 2014). This allowed us to reach people from all age 
groups as well as different educational and professional backgrounds. 

The third part of the questionnaire assessed respondents’ apprecia-
tion of trees and forests in Karlsruhe and Rheinstetten, including a 
participatory mapping exercise. Participants could highlight up to five 
locations on a map of Karlsruhe and Rheinstetten, indicating where they 
perceive and appreciate UPFs. A Google-Map was provided since it was 
confirmed during the pre-testing of the survey that most participants are 
familiar with it. To identify different locations, participants could zoom 
in and out, or move on the map as they liked. Furthermore, an option to 
search for addresses was provided. The administrative boundaries of 
Karlsruhe and Rheinstetten were demarcated on the map, which allowed 
the respondents to identify the two cities. After selecting a point on the 
map, four pop-up questions appeared on the respondent’s screen. First, 
respondents were able to value the eight CES on a 7-point Likert scale for 
each of the locations. Then, the participants were able to choose from a 
list of predefined answers, based on the literature, of how they use the 
selected location. In the next question, the reason for visiting the 
selected location was asked. Predefined answers for the causes of 
appreciation were mainly based on the findings of Boll, Haaren, and 
Ruschkowski (2014), Breuste (2019), and Larson et al. (2019). All 
questions were in multiple-choice format, and answers were saved 
spatially referenced. The mapping exercise was either done online or 
manually on paper maps. The locations mapped on paper by question-
naire respondents were subsequently digitalized using ArcGIS. 

In the fourth part, respondents were asked how the COVID-19 
pandemic influenced peoples’ perceptions and valuations of ecosystem 
services of trees and forests. Items were presented as statements con-
cerning the use and importance of UPFs for respondents’ well-being 
during the pandemic. Respondents were asked to indicate their agree-
ment on a 7-point Likert scale (1= do not agree at all; 7= fully agree). 

In part five of the questionnaire, demographic data were collected for 
each respondent. These included age, gender, level of education, 
employment status, nationality, and the postal code of the respondent’s 
residence. 

Finishing the survey with part six, the respondents had the oppor-
tunity to comment on both the questionnaire itself and the trees and 
forests in Karlsruhe and Rheinstetten. A free text field was provided for 
answers. A contact e-mail address was also provided for possible queries. 

2.4. Survey 

The survey was primarily conducted online to obtain the largest and 
most representative sample possible. It was distributed via various 
channels such as e-mail distribution lists, newsletters, and social media. 
5000 flyers with a short information text and a QR-code leading to the 

survey were also distributed to pedestrians and mailboxes in the two 
municipalities. News with information on the survey were published in 
the official gazettes of the two municipalities. Since the online survey 
was expected to be a barrier for the participation of elderly people, an 
analogous paper version was created which was available in the city 
halls of both cities. The survey ran from August 12th, 2020, to October 
1st, 2020. 

2.5. Data analysis 

2.5.1. Data preparation 
The non-spatially referenced responses from the survey were 

downloaded from the Maptionnaire software and stored in a Microsoft 
Excel spreadsheet. The spatially referenced data were downloaded and 
stored in shapefiles. The incomplete responses as well as responses from 
non-residents of either city were not included in this study. An addi-
tional variable "population density at the place of residence" has been 
calculated and added to the data. This variable was based on the postal 
code indicated by the respondents, the population data per postal code 
as of 09/2020 provided by the statistics office of the city of Karlsruhe, 
and the size of each postal code area. Selected UPFs which were outside 
the boundaries of the two cities were not used for data analysis. IBM 
SPSS Statistics 26, ArcMap 10.7.1, ArcGIS Pro and Excel 2013 and 2019 
were used for the analysis and visualization. 

2.5.2. Visualization of map-based assessments of the selected UPFs by 
respondents 

Heat maps were created using Kernel density estimation. This has 
been highlighted by several authors as the most accurate in the identi-
fication of hotspots (Hart & Zandbergen, 2014). For the calculation, the 
standard search radius (bandwidth) was used. For datasets with low data 
density, the calculation thus leads to a larger search radius than for 
datasets with high data density. Since larger search radius parameters 
result in a smoother, more generalized density grid, the maps for the CES 
for which fewer points were indicated on the map, appear accordingly. 
The maps on which more points were indicated appear more highly 
differentiated. Using the standard radius however, avoids the phenom-
enon of a ring and the dots that occur with low-density datasets. More 
information on the functionality of Kernel density estimation is provided 
in ESRI (2020). 

2.5.3. Normalizing the perceptions of CES in Karlsruhe and Rheinstetten 
To quantify the values of perceptions for each CES in Karlsruhe and 

Rheinstetten by the residents of the two municipalities, all values have 
been normalized independently from the total amount of respondents 
and indicated as locations per municipality. For the exact procedure 
please consider the supplementary material S2. 

2.5.4. Statistical analyses 
Frequencies and median values were used for descriptive analyses 

because responses were ordinally scaled. A Mann-Whitney U test was 
used to identify whether statistically significant differences could be 
detected in the perceptions of the different CES, both between different 
locations as well as between the residents of Karlsruhe and Rheinstetten. 
This is a nonparametric test that, unlike the independent-samples t-test, 
can be used if the independent variable is measured on an ordinal scale 
(Laerd Statistics, 2015a). Furthermore, another Mann-Whitney U test 
was used to identify whether statistically significant differences could be 
detected in the level of agreement with the statements concerning the 
COVID-19 pandemic between the residents of Karlsruhe and the resi-
dents of Rheinstetten. 

Ordinal logistic regression has been used to determine whether de-
mographic and land-use variables had a significant influence on the 
perceptions of the different CES. Further, ordinal logistic regression was 
used to identify which demographic variables influenced the degree of 
agreement with the statements concerning the influence of COVID-19 on 
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perceptions. Variance Inflation Factor (VIF) was used to identify mul-
ticollinearities, which occur whenever one predictor variable in a mul-
tiple regression model can be linearly predicted from the others (Laerd 
Statistics, 2015a). Variables that showed multicollinearities have been 
excluded from the model. 

3. Results 

3.1. Respondents’ profiles 

A total of 706 people took part in the survey, of which 501 valid 
responses have been included in the analyses. A majority (80%) of re-
spondents were from Karlsruhe and the others from Rheinstetten. In 
total, 216 participants were male, 277 were female and 6 diverse. The 
average age of the participants was 43 years. About 95% of the re-
spondents were German, although 18 nationalities were represented 
among the participants. The majority of the respondents (66%) had a 
university degree. 48% of the respondents had full-time job and the 
majority (55%) were employed in the service sector. Respondents’ 
household incomes were relatively evenly distributed among the income 
categories (Table 3). 

3.2. Respondents’ familiarity with trees and forests in Karlsruhe and 
Rheinstetten 

About 46% of respondents visited the urban forest in Karlsruhe one 
to three times a week. A further 35% of participants visited the urban 
forest in Karlsruhe daily. 41% stayed for an average of 30 to 60 min. 

Most respondents (about 53%) visited the peri‑urban forest in 
Rheinstetten less often than once a year. However, of the 260 re-
spondents who visited it more frequently, most of them (101 people) 
stayed for an average of one to less than three hours. 72% of participants 

stated that they also visited the peri‑urban forest in neighboring com-
munities. Ettlingen, which is a neighboring community of Rheinstetten, 
was named most frequently. Approximately half of the respondents 
(57%) had a garden or access to a shared garden. Graphical figures 
concerning the respondents’ familiarity with urban forests in Karlsruhe 
and Rheinstetten can be found in the supplementary materials S3, S4 
and S5. 

3.3. The general perception of cultural ecosystem services 

In general, almost all CES from UPF were valued as important. Me-
dians were between five (moderately important) and seven (very 
important) in both cities. However, the spiritual and religious CES were 
not highly valued by most respondents (see supplementary material S6). 
The most highly valued for both groups was recreation, with a median of 
seven in the valuation. No significant differences between the percep-
tions of the residents of Karlsruhe and the residents of Rheinstetten were 
detected. 

3.4. Perceptions of cultural ecosystem services from UPF in Karlsruhe and 
Rheinstetten 

3.4.1. Spatial distribution of indicated locations 
In total, 1580 locations were marked on the map as perceived most 

important for the supply of CES by trees and forests in Karlsruhe and 
Rheinstetten. Their distribution, weighted by the sum indicated impor-
tance for the eight CES, are presented in the maps in Fig. 2. 

In the density maps it becomes evident that both groups of in-
habitants perceived CES mainly within their own administrative bor-
ders. However, some hotspots may also be identified in the other 
municipality. For example, the castle and its park in Karlsruhe had a 
wide-reaching importance for inhabitants of both Karlsruhe and 
Rheinstetten. 

Table 4 summarizes the most important places perceived as most 
important for each of the CES. These have been identified from differ-
entiated heatmaps that can be found in the supplementary material S7. 
They indicate locations that were often chosen by the different user 
groups as important to their perception of the individual CES and that 
consequently appeared as hotspots. It becomes clear that some locations, 
such as the castle and its surrounding parks in Karlsruhe, or the Ferma 
Lake in Rheinstetten, were perceived as important for the provision of 
multiple CES. Other locations, such as cemeteries, were almost exclu-
sively perceived as important for the supply of spiritual and religious 
services. Further, important locations have been highlighted by both 
groups of residents, from Rheinstetten as well as Karlsruhe. 

3.4.2. Perception of CES flows 
The perceptions of the two groups of residents were assessed indi-

vidually and differences in perceptions between the two locations have 
been identified. Thereby, the flow of CES between the two communities 
is highlighted (see Fig. 3). 

It became evident that for Karlsruhe residents all CES, except spiri-
tual and religious values, were perceived as more important in Rhein-
stetten than within their own administrative borders. Rheinstetten 
residents also valued all CES from the peri‑urban forest higher than from 
the urban forest in Karlsruhe, except social relations values and spiritual 
and religious values. A flow of CES from the peri‑urban to the urban area 
is therefore more dominant than the flow of CES from the urban to the 
peri‑urban area. Results of the Mann-Whitney U test showed a statisti-
cally significant difference between Karlsruhe and Rheinstetten for the 
perception of recreational values. The recreational aspect was valued 
significantly higher in Rheinstetten than by the inhabitants of Karlsruhe 
in their own municipality. The flow of recreational values from the 
peri‑urban forest in Rheinstetten towards Karlsruhe’s residents has 
therefore been highlighted in Fig. 3. No statistically significant differ-
ence between Karlsruhe and Rheinstetten could be detected for any of 

Table 3. 
Demographic information of respondents (n denotes number of respondents).  

Attribute Characteristic Absolute Percentage 

Place of residence (n =
501) 

Karlsruhe 402 80.24%  

Rheinstetten 99 19.76% 
Gender (n = 499) Male 216 43.29%  

Female 277 55.51%  
Diverse 6 1.20% 

Age (n = 420) Average 42.59  
Nationality (n = 474) German 449 94.73%  

Other 25 5.27% 
Education (n = 500) Secondary school degree 

(without allowance to enter 
university) 

27 5.40%  

Secondary school degree 
(with allowance to enter 
university) 

82 16.40%  

Completed vocational 
training 

51 10.20%  

University degree 332 66.40%  
Other 8 1.60% 

Employment status (n 
= 499) 

Full-time employed (min. 35 h 
per week) 

240 48.10%  

Part-time employed (min. 15 
h per week) 

85 17.03%  

Trainee, pupil, student 85 17.03%  
Parental leave 10 2.00%  
Retiree, pensioner 54 10.82%  
Other 25 5.01% 

Net household income 
per month (n = 427) 

less than 750€ 36 8.43%  

750€ to less than 1.500€ 48 11.24%  
1.500€ to less than 2.250€ 64 14.99%  
2.250€ to less than 3.000€ 63 14.75%  
3.000€ to less than 4.000€ 83 19.44%  
4.000€ to less than 5.000€ 68 15.93%  
5.000€ or more 65 15.22%  
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the remaining seven CES perceptions by the inhabitants of Karlsruhe. 

3.4.3. Use of UPFs and reasons for its appreciation 
Within the mapping exercise, respondents were asked to indicate 

how they use their chosen location on the map. Predefined answers were 
given based on the literature review. For all locations, walking and 
relaxing were the most often indicated use, regardless of the partici-
pant’s place of residence. Hunting was the use stated for the fewest 

Fig. 2.. Heatmaps of CES perceptions of Karlsruhe and Rheinstetten residents. The maps were calculated using Kernel density standard search radius. (Remark: this 
figure should be in color on the printed version). 

Table 4. 
Most often indicated locations for the perception of the eight CES by the different groups of respondents as assessed from the created heatmaps (including locations 
with a perception value of at least 6/7 points on the Likert scale).   

Recreation Social 
relations 

Inspiration Aesthetics Sense of 
place 

Cultural 
heritage 

Education Spiritual 
and 
religious 
values 

Inhabitants of KA RH KA RH KA RH KA RH KA RH KA RH KA RH KA RH 

Karlsruhe                 
Castle (including castle venue, castle garden and park, and 

botanical garden) 
✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓     

Hardtforest     ✓        ✓  ✓  
Günther-Klotz-Anlage ✓  ✓  ✓  ✓  ✓    ✓  ✓  
Oberwald ✓    ✓  ✓  ✓      ✓  
Rheinaue in Daxlanden            ✓   ✓  
Lake Grötzingen               ✓  
Turmberg area               ✓  
City park and cemetery (east-west city)               ✓  
Cemetery and park Oberreut               ✓ ✓ 
Rheinstetten                 
Rheinaue around Ferma lake  ✓  ✓ ✓ ✓  ✓  ✓  ✓  ✓  ✓ 
Epple lake  ✓  ✓             
Hardtwald forest between Rheinstetten and Ettlingen      ✓  ✓  ✓  ✓     
Residential area Rheinstetten    ✓    ✓  ✓       
Inner Kastenwört (forest area in northern Rheinstetten)  ✓  ✓  ✓  ✓  ✓  ✓    ✓  
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locations. 
Karlsruhe residents used the urban forest within their municipality to 

meet friends (46% of locations) and to exercise (44% of locations). In 
Rheinstetten, exercising (48% of locations) was followed by observing 
and discovering plants and animals (43% of locations). In Karlsruhe, the 
respondents indicated an average of 3.4 different ways of using the 
urban forest in one location; in Rheinstetten the average number of 
different uses was 2.8. This indicates that the urban forest in Karlsruhe is 
used more diversely than the peri‑urban forest in Rheinstetten. 

The size and vastness of the location was the most often indicated 
reason to perceive CES. For the locations in Karlsruhe itself, the residents 
indicated proximity to their place of residence as the second most 
important reason (47% of locations), followed by quietness (43% of 
locations) and a well-developed road network (38% of locations). The 
proximity of water (63% of locations) as well as the naturalness (63% of 
locations) and quietness (63% of locations) of the locations was more 
often indicated as an important reason for them to use peri‑urban forests 
in Rheinstetten. For more details on the use and reasons for use of the 
different locations please consider the supplementary materials S8 and 
S9. 

3.4.4. Demographic variables influencing the CES perceptions 
In all locations, increased age of participants was associated with an 

increase in the odds of valuing CES as important. Only social relation 
values were perceived as more important by younger residents. Na-
tionality was a statistically significant influencing variable for the 
valuation of spiritual and religious values in both municipalities, 
whereby the odds of a non-German resident perceiving these values as 
important was higher than of a German resident. Population density 
further influenced the perceptions of inspirational and aesthetical values 
in Karlsruhe. The odds of respondents living in the urban core with a 
high population density perceiving these values as important was 2.3 
times that of a person living in an area with a low population density. 

Interestingly, the variable access to a private or shared garden had 
different, statistically significant, influences on the perceptions of CES in 
the two municipalities. In Karlsruhe, the odds of participants who have 
access to a private or shared garden perceiving especially recreational 
and inspirational values as important was higher than for those who do 

not have such access. In Rheinstetten, access to a private or shared 
garden had a negative impact on the perception of social relational and 
aesthetical values. All significant outcomes of the logistic regression 
analyzing the influence of demographic factors on the perception of CES 
are presented in Tables S.2 – S.5 in the supplementary material. 

3.4.5. The influence of land use 
The land use classes of water bodies, agricultural areas, forest and 

semi-natural areas and artificial areas had a significant influence on the 
perception of CES for recreation, social relations, inspirational and 
educational values. 

The odds of a location in agricultural and forest and semi-natural 
areas being perceived as important were higher in Karlsruhe than for 
locations in artificial areas. The odds of educational values being 
perceived as important in locations of agricultural areas were 4.3 times 
that of locations in artificial areas. For locations in forest and semi- 
natural areas, odds were still 3.2 that of locations in artificial areas. 
However, the odds of a location in artificial areas showing high 
importance for social relations values was 2.7 times that of a location in 
forest and semi-natural areas and even 3.5 times that of a location in 
agricultural areas. 

Considering the locations which Karlsruhe’s residents indicated as 
important for the perception of CES in Rheinstetten, the influence of 
land use becomes explicitly clear when looking at inspirational values. 
Here, the odds of a location in water bodies showing importance for its 
perception was 52.3 times that of a location in artificial areas. In agri-
cultural areas it was 15.8 times that of a location in artificial areas, and 
the odds of a location in forests and semi-natural areas showing 
importance for inspirational values was 12.6 times that of a location in 
artificial areas. None of the variables included in the regression influ-
enced the perceptions of the other CES. All significant outcomes of the 
logistic regression analyzing the influence of land-use factors on the 
perception of CES are presented in Tables S.6 and S.7 in the supple-
mentary material. 

Fig. 3.. CES perceptions in Karlsruhe and Rheinstetten. Value marked with * shows statistically significant difference in the perceptions. (Remark: this figure should 
be in color on the printed version). 
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3.5. The influence of COVID-19 

3.5.1. Frequency of use of UPF 
70% of the respondents indicated high agreement of five, six or seven 

(fully agree) with the statement that they visited UPF in Karlsruhe more 
often during the pandemic restrictions than they did before (see Fig. 4). 

The outcome of the regression shows that especially those re-
spondents who do not have access to a private or shared garden, and 
those who live in the densely populated urban core, visited urban forests 
in Karlsruhe more often during the pandemic. The odds of respondents 
who do not have access to a private or shared garden agreeing to the 
hypothesis were 2.2 times that of a respondent who does have access to a 
private or shared garden. The odds of a resident of the urban core 
agreeing with the hypothesis were 3 times that of a resident of the 
peri‑urban area with the lowest population density within the study 
area. 

In contrast, most respondents did not agree that they visited UPF in 
Rheinstetten more often during the pandemic. Roughly 60% indicated a 
level of agreement of either one or two with this statement (see Fig. 4). 
The regression outcome shows that those who did agree with the 
statement were most likely to be from the least populated areas. The 
odds of a resident of the peri‑urban area with the lowest population 
density within the study area agreeing with the statement were 3 times 
that of a resident of the urban core. 

The results of the Mann-Whitney U test confirmed significant dif-
ferences in agreement with the two statements between the residents of 
Karlsruhe and those of Rheinstetten, highlighting that the participants 
primarily visited UPF that lay in their vicinity during the pandemic. The 
detailed outputs of the Mann-Whitney U test can be found in the ap-
pendix S11. 

3.5.2. UPF’s contribution to residents’ well-being during the pandemic 
Over 90% of respondents indicated the high importance of UPF for 

their well-being during the pandemic (see Fig. 4). 

The logistic regression showed that UPFs have been especially 
important for the well-being of those respondents who do not have ac-
cess to a private or shared garden, employees and students. The odds of 
respondents who do not have access to a private or shared garden 
agreeing with the statement of high importance of UPF for their well-
being during the pandemic is 2.2 times that of a respondent who does 
have access to a private or shared garden. The odds of part-time em-
ployees agreeing with the hypothesis were 10 times that of a retiree/ 
pensioner. The odds of a student were also 6 times that of a retiree/ 
pensioner. 

4. Discussion 

4.1. Perceptions of cultural ecosystem services in urban and peri‑urban 
areas 

We have found that residents put high importance on CES avail-
ability in the vicinity of the UPF. This finding is supported by a past 
study from the city of Karlsruhe, which identified the vicinity of green 
urban space as the most important factor when visiting and appreciating 
it. Zhou, Koomen, and van Leeuwen (2018) found that the residents of 
the Dutch city of Maastricht also preferred nearby locations for the 
provision of CES. The frequency of selected UPF locations was higher in 
areas closer to the city center, where population density was also high. 
This result is supported by the works of Plieninger et al. (2013) who 
identified that social relations, sense of place, and the inspirational value 
of urban and peri‑urban forests were most frequently ascribed to the 
settlement area of Gutau in Eastern Germany, within a wider research 
area. Rall, Bieling, Zytynska, and Haase (2017) also reported a decrease 
in the density of CES perceived from the inner to the outer areas of the 
city of Berlin. 

The most often selected locations during the mapping exercise by 
respondents during survey showed a high diversity of uses of CES. It 
emphasized the importance of CES for the sustainable management of 

Fig. 4.. Level of agreement on the influence of COVID-19 on the perceptions of UPFs (Remark: this figure should be in color on the printed version).  
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the UPFs and corroborated the findings of Chan et al. (2012), who 
stressed that a full understanding of the use and benefits of CES leads to a 
socially accepted integration of them into planning and management. 
We have also shown that the selected UPFs are being used by a variety of 
people, not only from the vicinity but also from other municipalities. 
This resulted in an even larger number of requirements towards the 
locations, and stresses adapted forest management to the population’s 
needs. 

Considering perceptions of CES beyond their frequency of use, the 
results show that Karlsruhe residents stressed the importance of the 
selected areas outside the city, in Rheinstetten, for all CES studied except 
spiritual and religious values. This is especially evident for recreational 
values. Despite the fewer identified locations and lower frequency of 
use, respondents saw a greater value in the peri‑urban forests than in the 
urban forests. This finding is new to our knowledge; to date, few studies 
have been conducted that have examined urban populations’ percep-
tions of peri‑urban forests. Boll et al. (2014), examined the recreational 
value of UPF to urban populations. The authors also identified a high 
preference for recreational value in peri‑urban areas, and highlight that 
this is independent of frequency of use. However, their study did not 
include other types of CES. Other studies, such as those of or Pan, 
Marshall, and Maltby (2016)), Radford and James (2013), Riechers 
et al. (2016), who focused on the perceptions of CES on an urban per-
i‑urban gradient, also identified the high value of peri‑urban ecosys-
tems. The authors thereby highlight the adverse effects of urbanization 
in terms of the provision of ecosystem services and their perception by 
the population. However, Pan et al. (2016), Radford and James (2013), 
Riechers et al. (2016), and comparable studies only looked at one end of 
the gradient. They did not investigate the flow or exchange of ecosystem 
services between the different localities of investigation. 

The results of this study show evidence of the currently prominent 
scientific mismatch between the scales of investigations regarding the 
local provision of ecosystem services and the wider spatial distribution 
of potential beneficiaries identified by Luederitz et al. (2015). The study 
provides evidence for the hypothesized importance of peri‑urban forests 
for the urban population (e.g. Nowak and Walton (2005)) for all cultural 
ecosystem services. Therefore, it highlights the importance of scientific 
research on the role of UPF’s in providing ecosystem services beyond 
administrative borders. 

The results of the analysis concerning the influence of land-use 
variables on CES perceptions in different locations highlight the 
importance of agricultural and forest, and semi-natural areas compared 
to a less important artificial surface in Karlsruhe. This finding contra-
dicts findings from other studies. Baumeister et al. (2020) and Plie-
ninger et al. (2013) identified the increased importance of settlement 
areas for the supply of CES compared to other areas. However, the au-
thors correlated the land use classes with the number of locations 
indicated on participatory maps. This study’s findings show that these 
can differ strongly from the locations that are perceived as most valuable 
for the supply of CES by the residents. Considering the density maps, the 
results concerning the influencing land-use variables of this study would 
probably have been more in line with the literature, since clear hotspots 
have been identified mainly in the urban core. The consideration of only 
four CORINE landcover classes, however, seemed inappropriate for 
research on local scales. Baumeister et al. (2020) further highlight other 
physical variables such as proportion of tree cover or proximity to his-
toric sites as important landscape characteristics to influence CES per-
ceptions. Further research will be needed to create a more 
comprehensive understanding of the importance of different physical 
attributes of UPF for the perception of CES. 

Possible reasons for perceiving CES as important in peri‑urban areas 
as highlighted by Boll et al. (2014) could be higher quality of the visit. 
The authors state that these result from more diverse and authentic 
nature. Other authors such as Baumeister et al. (2020) noted the prox-
imity of water as an essential variable when analyzing CES perceptions. 
This is in line with this study’s results, where residents highlighted 

naturalness and quietness and the proximity of water as reasons for their 
appreciation of peri‑urban areas. Boll et al. (2014) further highlight 
longer stays or visits in peri‑urban areas as a possible reason for high 
perceptions of CES. This corroborates this study’s results, as respondents 
indicated a longer average duration of stay for visits to peri‑urban for-
ests in Rheinstetten than for visits to urban forests in Karlsruhe. The 
descriptive analysis did not allow more detailed conclusions regarding 
the explanations for higher perceptions of peri‑urban forest’s’ CES. 
Qualitative studies that complement this quantitative investigation 
could help create a deeper understanding of the different perceptions of 
CES. 

4.2. The influence of COVID-19 on residents’ perceptions of urban trees 
and forests 

High agreement was detected regarding the more frequent use of 
UPF during the COVID-19 pandemic. This is in line with the findings 
from Derks et al. (2020), who investigated an increased number of vis-
itors in the peri‑urban forest in Kottenforst near Bonn during the 
pandemic. Further studies such as those of Venter et al. (2020) in Oslo, 
Norway, show the same trend of an increased number of visitors to the 
urban forest. An increase in the number of visits to urban green spaces 
during the pandemic was also detected in the study by Berdejo-Espinola 
et al. (2021) in Brisbane, Australia. However, the results contradicted 
the findings of Xie et al. (2020) in Chendung, China, where the number 
of visits to urban green space decreased. An explanation for the observed 
patterns is related to the underlying restrictions on movement in the 
different locations at the time of the conducted surveys. While the sur-
vey in Chendung was conducted during a time of severe restrictions, our 
survey in Karlsruhe took place just after the first wave of severe re-
strictions when stay-at-home policies were loosened. The suggestion is 
supported by the findings of Larcher, Pomatto, Battisti, Gullino, and 
Devecchi (2021) who investigated how respondents in Piedmont, Italy, 
tended to use urban green spaces much more during the end of the 
lockdown. The international study of Ugolini et al. (2020), which took 
place in several European countries, also shows a decrease in visits 
during the lockdown phases. The same findings of decreased visits 
during lockdowns and increased numbers of visits to urban green space 
after lockdown was found by Lopez, Kennedy, and McPhearson (2020) 
in New York City, and Beria and Lunkar (2021) in Italy. 

This study’s findings show that respondents preferred to visit UPF 
within their vicinity, at least in their own municipality. This is in line 
with Xie et al. (2020), who concluded that this could be related to the 
government’s restrictions on long-distance travel. However, the results 
contradict the findings from the peri‑urban forest close to the city of 
Bonn, where researchers investigated an increased number of visitors, 
especially from the neighboring urbanized Rhine Ruhr metropolitan 
area. Reasons for the results of this study could be that Karlsruhe pro-
vides its residents with more urban forest than the Rhine-Ruhr metro-
politan region. However, the results must also be viewed critically. 
Investigations are only partly comparable as international differences in 
movement restrictions for nature visits differed immensely interna-
tionally. Further, in this study, only the neighboring peri‑urban forest in 
Rheinstetten was included. Forests in other neighboring communities 
were not considered. Since peri‑urban forests in other municipalities are 
visited more frequently by Karlsruhe residents than those in Rheinstet-
ten, other neighboring forests might have had a more important role and 
recorded a higher influx in visitors from urban Karlsruhe. 

The results of the study show strong evidence for the UPFs’ impor-
tant role in urban dwellers’ well-being during the time of the COVID-19 
pandemic. This supports the often-highlighted contribution of urban 
forests to the urban population’s health and well-being (Jay et al., 
2016). It is further in line with Xie et al. (2020), who highlighted the 
significant improvement of urban residents’ health status by visiting 
urban green areas during the pandemic. Participants in the studies by 
Berdejo-Espinola et al. (2021) in Brisbane, Australia, and by Lopez et al. 
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(2020) in New York City also highlight the important role of spending 
time in urban nature for their mental health. 

Especially employees and students, rather than retirees, stated that 
UPFs have been important for their well-being during the crisis. The 
findings are supported by the findings of Berdejo-Espinola et al. (2021), 
who also found that older people were less likely to increase their green 
space use during the pandemic. Salari et al. (2020) found that an in-
crease in age is associated with the increased risk of mortality as a 
consequence of a COVID-19 infection; however, it is the age group 21 to 
40 years, that show a significantly increased level of anxiety, depression, 
and stress, which could be an important reason for them to increase their 
urban forest use. Further, studies from the United States show that 
people aged over 65 tend to be more responsive to restriction orders 
(Engle, Stromme, & Zhou, 2020). The results of the study by Röhr, 
Reininghaus, and Riedel-Heller (2020) on mental and social health, 
which was conducted in Germany during the lockdown in April 2020, 
support the finding that older individuals are more supportive of gov-
ernment restrictions. However, the results of Fu and Zhai (2021), from 
analyzing social-distancing behavior during the pandemic in New York 
City, suggest that public reactions to the pandemic vary and change 
dynamically over space and time, especially depending on the level of 
restrictions. That is why the results of this study are only partly 
comparable. 

Besides students and employees, those respondents who do not have 
access to a private or shared garden stated that urban and peri‑urban 
trees have been essential for their well-being during the crisis. This 
highlights the importance of aspects of environmental justice in future 
urban planning. With increasing urbanization and densification in urban 
areas, a smaller share of the urban population will have access to private 
and shared gardens, leading to an increased demand for public urban 
forests and green spaces (Groenewegen, van den Berg, Vries, & Verheij, 
2006). 

This study’s key observation regarding the impact of COVID-19 on 
the perceptions of UPF highlighted an increased number of forest visits 
and the important role of UPFs for the residents’ well-being. It thereby 
revealed the essential role of UPFs as a critical part of the urban pop-
ulation’s infrastructure, especially during a crisis. The results can serve 
as a strong argument when communicating the UPFs’ societal functions 
in policy deliberations, serving as powerful evidence for policymakers 
and planners to support and advance their conservation. This not only 
refers to policy discussions that are directly related to the pandemic. 
Lessons learned from the COVID-19 crisis can also be drawn upon in 
future discussions. In particular, strategic coalitions between forestry 
and public health policy areas can be strengthened and intensified based 
on the results. This will allow forests to be better utilized for human 
health in the future. 

4.3. Limitations of the study 

While this study’s sample was representative of Karlsruhe’s and 
Rheinstetten’s populations regarding age, gender, and nationality, it 
was not representative of education and residential districts. The 
educational level of the sample was higher than the overall population. 
Similar phenomena occurred in other studies such as Boll et al. (2014); 
Krajter Ostoić, Marin, Kičić, and Vuletić (2020). The respondents were 
also not evenly distributed within the city. We tried to address this 
problem by normalizing respondents’ ratings of preferred locations of 
the UPF during the spatial mapping exercise. 

The questionnaire survey took place in a short period in the summer 
of 2020. Numerous authors, such as Martín-López, Gómez-Baggethun, 
Lomas, and Montes (2009), highlight the heterogeneity of CES provided 
by trees and forests in different seasons. Further studies would be needed 
to address this. 

We could not include more cities due to time and resource limita-
tions. However, as the results show, peri‑urban forests in other neigh-
boring communities are also used by residents of Karlsruhe - in some 

cases more frequently than the forest in Rheinstetten. This warrants a 
large-scale future study involving multiple cities. 

5. Conclusion 

While proximity to UPF plays an essential role in people’s percep-
tions, the study showed that, in addition, peri‑urban forests have an 
intrinsic value for the urban population, and are perceived by them as 
more valuable than urban forests in terms of their cultural ecosystem 
services. A common or joint management plan that incorporates diverse 
forest requirements, regardless of administrative boundaries, is needed 
to meet all residents’ needs. Further studies on unwanted trade-offs 
between the assessed perceptions and additional ecosystem services 
and biodiversity would help to develop these. 

During the COVID-19 pandemic, residents of Karlsruhe and Rhein-
stetten used UPFs significantly more than before. UPFs played an 
essential role in respondents’ well-being during the pandemic. It is ex-
pected that these findings can serve as strong evidence for policymakers 
and planners to support and advance UPFs’ conservation. However, 
further studies are needed to make informed statements about the long- 
term effects of the COVID-19 pandemic on the perceptions of UPFs. 
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Ein Handlungsleitfaden. Professur für Forst- und Umweltpolitik, Albert-Ludwigs- 
Universität Freiburg. Arbeitsbericht 01/2016. 

Karlsruhe, N. (2019). Umweltbericht. Flächennutzungsplan 2030 (http://www. 
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