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Abstract 

 

Urban trees contribute to better human health by providing shade and regulating urban 

temperatures, improving air, water and soil quality, reducing noise pollution, and providing a 

space for recreational and physical activities to take place. However, urban areas are 

challenging environments for ensuring the well-being of trees as there are heavy pollution 

concentrations, limited space above and underground, impermeable surfaces affecting the 

hydrological cycle, heavy construction and elevated temperatures. Climate change is only 

making these environments more challenging with increased severity and frequency of floods, 

droughts and heatwaves. Therefore, it is important to gain better insight into the factors that 

affect what tree species are to be planted in these places by identifying expert knowledge on 

the subject. This project aimed to widen the knowledge of urban stressors affecting trees in 

Southwestern Sweden as well as the best suited tree species to withstand such stressors by 

introducing an expert perspective who have practical experience in the field of urban trees. 

This project also seeked to provide some insight into which tree characteristics influence the 

choice of tree species in urban environments. Data was collected through an online survey 

addressed to Swedish experts that have practical experience working with urban trees. A list 

of 17 common urban species in South-western Sweden were selected to study. Out of this group, 

species deemed highly suitable for park environments were Fagus sylvatica and Quercus robur 

while Ulmus minor and Pinus nigra were best suited for street environments. Species deemed 

very ill-suited for street environments were Aesculus hippocastanum and Fagus sylvatica while 

Picea abies and Betula pendula were the least suited species for park environments. Drought 

and heatwaves together with soil compaction and available space underground were 

considered to be the most important pressures affecting the well- being of urban trees. 

Tolerance to extreme weather environments and disease tolerance were the most significant 

considerations in the selection of street trees while contribution to ecosystem services affected 

the species selection process for park environments the most. Experts expressed that there are 

substantial knowledge gaps within the field. Future research could look into the optimisation 

of plant bed design and improving understanding on the interaction of newly introduced 

species with their environment. 
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1. INTRODUCTION  

Growing urbanisation since the Industrial Revolution puts half of the current global 

population living in urban centres. By 2050, the present urban population is estimated to 

double where 70% of humankind will live in urban areas (World Bank, 2023). Therefore, it is 

important that cities suppose a healthy environment for humans to inhabit. One way to 

achieve a more sustainable community is by improving the green infrastructure in cities. 

Green infrastructure includes all vegetation present in urban areas. Urban plants can 

positively contribute to human health in numerous ways such as improving air quality 

(Szkop, Z., 2016), reducing stress levels and improving sleep quality (Ali Khan et al., 2023), 

establishing recreational spaces (Turner-Skoff & Cavender, 2019), and regulating urban 

temperatures (Aram et al., 2019).  Trees are of special interest as they have a larger biomass, 

including larger and deeper root systems than other plant counterparts. This in turn supposes 

a contribution of ecosystem services that other plant types cannot provide (Sierra-Porta et al., 

2023; Velarde et al., 2007; Szkop 2016; Armson et al., 2012).  There are many benefits to 

planting trees in urban areas which cover environmental, social, economic and cultural 

dimensions.  

 

1.1 Provision of ecosystem services  

Poor air quality is a great environmental and health concern in many cities worldwide (Pascal 

et al., 2013). An increase in green infrastructure can help reduce air pollution as trees absorb 

air pollutants during carbon uptake processes (Nowak et al., 2006; Sierra-Porta et al., 2023). 

The resulting improved air quality has been largely linked to improved respiratory health 

(Szkop, Z., 2016; Nowak et al., 2013). Urban trees have been shown to reduce the number of 

deaths and hospitalisation among citizens (Tiwary et al., 2009). Aside from air pollution, 

trees are even helpful at contributing to reducing noise pollution, an increasing problem of 

growing urban centres, because they act as a natural barrier absorbing a significant amount of 

noise (Ali Khan et al., 2023). Research has shown that noise reduction has beneficial effects 

on sleep quality and stress levels (Ali Khan et al., 2023), improving both the physical and 

mental well-being of people living in urban areas.  

 

Green infrastructure can also help cities better cope with the challenges of extreme weather 

events. Through interception, tree canopies can delay the time it takes for precipitation to 
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reach the ground (Decina et al., 2020). Once it has reached the ground, water infiltrates the 

soil and is absorbed by its characteristically large root systems (Decina et al., 2020). Armson 

et al. (2012) showed that the presence of trees decreased water surface runoff by 62%. Green 

infrastructure has even the potential to reduce the strain on present drainage systems (Richter 

et al., 2024). This has positive implications for the alleviation of flood risk (Decina et al., 

2020; Armson et al., 2012; Richter et al., 2024; Zabret & Šraj, 2019)  

However, flood risk is not the only weather challenge that urban areas are susceptible to. Due 

to the materials and surfaces that prevail in urban centres which have high heat absorption 

and storage qualities, cities are exposed to the urban heat island (UHI) effect (Sankar Cheela 

et al., 2021). In short, this entails large differences in temperature levels between urban and 

rural areas (Sakakibara & Owa, 2005). The presence, or lack thereof, vegetation contributes 

greatly to the experienced temperatures in urban areas (Wang & Akbari, 2016). Urban trees 

specifically provide shade cover which reduces the solar energy reaching the ground beneath 

them (Wang & Akbari, 2016). Trees are also able to reduced ambient temperatures through 

evapotranspiration processes (Aram et al., 2019). Therefore, increasing the presence of urban 

trees aids in reducing temperature extremes (Aram et al., 2019). This in turn limits the cases 

of heatstroke-related deaths and hospitalisation (Stone Jr et al., 2014; Kilbourne et al., 1982).  

 

Due to all the aforementioned ecosystem services presented so far, it is clear that the 

introduction and preservation of vegetation in cities becomes a great mitigating factor for 

climate change in urban areas. However, there are other types of services that green 

infrastructure is able to provide aside from regulating local urban climate and environmental 

conditions.  Parks and other green areas provide a space for urban dwellers to engage in 

recreational activities where physical exercise and socialising are promoted (Aram et 

al.,2019; Turner-Skoff & Cavender, 2019). This, in turn, has significant positive effects on 

human physical and mental well-being (Turner-Skoff & Cavender, 2019). Indeed, research 

has shown that just the mere sight of vegetation already provides mental health benefits to 

citizens (Velarde et al., 2007).  Nevertheless, urban vegetation is not only beneficial for 

humans but also provides a habitat for urban wildlife. Animals like squirrels and birds rely on 

city trees for food and shelter (Magle et al., 2019). Moreover, pollinating insects can carry 

out their duties in urban areas because of the presence of green infrastructure (Daniels et al., 

2020; Hall et al., 2017). 
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Due to the significant improvement to human health that urban trees can provide, citizens are 

able to save money otherwise spent on healthcare which, in turn, also could potentially help 

government bodies significantly reduce the costs of healthcare services in the long term 

(Feng et al., 2024). However, in order to reap the benefits of increasing green infrastructure 

in urban areas, the well-being of trees needs to be ensured. Trees that grow into large 

individuals contribute significantly more to the provision of ecosystem services than smaller 

younger trees due to their magnitude (Sierra-Porta et al., 2023; Velarde et al., 2007; Szkop 

2016; Armson et al., 2012). Similarly, unhealthy trees are not able to provide as many 

ecosystem services as their healthy counterparts (Lovett et al., 2006). In order for a tree to 

grow to a substantially large size, it requires a healthy state. Furthermore, planting trees in an 

urban environment is an expensive endeavour so it is important that the individuals will be 

able to live a long period of time in their new environment.  

 

1.2 Challenges of the urban environment  

The management of trees’ well-being in urban areas is rather challenging. Cities are densely 

populated areas where there is limited space for vegetation to grow both above and 

underground (Czaja et al., 2020). The presence of underground pipelines, cables and wires 

largely reduces the number of locations in a city where trees can establish. Tree crowns and 

branches are limited by surrounding buildings and have to be carefully managed so that they 

do not invade and damage urban infrastructure. In addition, there are many narrow streets 

where sunlight is highly limited which makes it difficult, if not impossible, for a tree to live 

in such an environment (Takebayashi et al., 2017). Urban centres are also characterised by a 

large percentage of impermeable surfaces made of concrete or asphalt (Sankar Cheela et al., 

2021). These surfaces prevent water infiltration to be dispersed and is mostly transported by 

drainage systems which, in turn, reduces groundwater levels, heavily affecting soil conditions 

for urban trees (Day et al., 2010). Soil compaction is largely present in urban environments 

due to high levels of construction and heavy traffic which largely affects root growth and 

expansion in a negative way (McGrath & Henry, 2016). Urban centres are also exposed to 

high concentrations of pollutants in the air, water and soil which can have detrimental effects 

on the vegetation present (Czaja et al., 2020). One pollution stressor of note is the exposure to 

de-icing salts. These salts change the pH of the soil and water interacting with urban 

vegetation, easily disrupting their growth (Day et al., 2010).  
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Apart from the many stressors that urban environments and the associated anthropogenic 

activities suppose on the establishment and well-being of trees, there is also an ongoing 

climate crisis which entails a challenging future for humans and plants alike (Hirt et al., 

2023).  Winters in Southwestern Sweden are predicted to become milder in temperature but 

with heavy precipitation while summers are expected to get a lot hotter with no significant 

increases in precipitation (Fonseca-Rodríguez et al., 2023; Chen et al., 2021).  Hot summers 

with uncertain drought risk, followed by periods of harsh precipitation, will most likely 

intensify the risk of flash flooding in the area (Teutschbein et al., 2023). Flash floods are 

especially damaging to the affected areas as they are harder to control due to their 

considerably fast development (Zhai et al., 2021) Western Sweden is already rainier than 

most of the country and sea level along the Swedish Westcoast is expected to rise up to 1m 

throughout the 21st century (Lundqvist, 2016; Boholm & Prutzer, 2017).According to 

Lundqvist (2016), Southwestern Sweden is predicted to be the Swedish region most heavily 

impacted by precipitation increases due to climate change (Lundqvist, 2016). Higher local 

temperatures and irregular water distribution means that urban trees must endured frequent 

drought stress and water-logging because of this. With drought and flood periods becoming 

more severe, and extreme temperatures more frequent, the climate crisis only intensifies the 

already challenging climatic conditions of urban trees. Moreover, due to these changing 

conditions, urban trees are becoming more susceptible to diseases and pests (Thomsen et al., 

2016). Dutch Elm disease and Ash Dieback are key examples of diseases that have had a 

significant effect on the population of street trees worldwide (Thomsen et al., 2016).  

 

Due to the severe conditions that plants are exposed to in urban environments, it is crucial 

that the vegetation being introduced into such environments are attentively taken care of and 

cautiously selected so that they can have a high chance of living a long and healthy life. 

Therefore, tree species need to be assessed to determine if their properties make them suitable 

for urban life. Urban trees have gained research interest in recent years and there are several 

studies that look into their ecological performance (Petruzzellis et al., 2022; Nitschke et al., 

2017; Ogurontimi et al., 2017) 

 

However, although this type of research is important, it needs to be expanded by taking into 

consideration the knowledge from experts who have practical experience working with urban 

trees. Only a few studies have relied on expert knowledge to examine the performance of a 

limited number of urban tree species (Carol-Aristizibal et al., 2024; Ramage et al., 2013).  
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Roy et al. (2017) performed a study where factors affecting species selection for urban trees 

were examined by municipal officials relevant for tree management. Nonetheless, there is no 

available research where experts within the field of urban trees directly contribute to the 

discussion of said factors. Indeed, there is a lack of understanding in the amount of 

knowledge possessed by professionals who have practical experience in the field of urban 

trees. Therefore, it is important to further research the expertise that this group can provide in 

order to increase the scientific knowledge surrounding the impact of stress factors on urban 

trees and the best suited species to withstand such stressors. 

 

1.3 Aim 

This project aims to widen the knowledge of urban stressors affecting trees in Southwestern 

Sweden as well as the best suited tree species to withstand such stressors by introducing an 

expert perspective who have practical experience in the field of urban trees. This project also 

seeks to provide some insight into which tree characteristics influence the choice of tree 

species in urban environments.  

Therefore, this project aims to answer the following research questions:  

• Which tree species are more and less successful in the urban environment and how 

does this differ between park and street environments? 

• What are the most important urban stressors for trees in Southwestern Sweden and 

how does this differ between park and street environments? 

• What factors are most important to consider when it comes to species selection and 

how does this differ between park and street environments?  

• What knowledge gaps do experts see within the field of urban trees? 

 

2. METHODS 

 

This research project has the Gothenburg Region as a start position but expands to coastal 

regions within Southwestern Sweden which is assumed to have similar climate and 

environmental conditions.  The region studied is characterised by a maritime climate and 

includes the Southwestern coast of Sweden. According to Köppen-Giger Climate 

classification, the area has a climate type with cool summers, mild winters and fully humid 
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conditions (Peel et al., 2006). This study addresses experts working in the region with urban 

tree species selection which can include landscape engineers, government officials, gardening 

experts... etc.  

 

The research project collected most of its data through an online survey. The questionnaire 

has been created through Microsoft Forms and was distributed online as a link or QR code 

through personal contact by email to 30 experts in the field. All information from respondents 

was handled anonymously. The questionnaire was formulated in Swedish to increase 

accessibility for regional experts. I have contacted several experts in the field to receive 

feedback on preliminary drafts of the survey in order to reduce the risk of formulating 

irrelevant and inadequate questions. The questionnaire was divided into five sections closely 

linked to the different research questions of this study. The Appendix (p. 38) contains a 

detailed view of the questionnaire used in this research project which has been translated to 

English. The first section concerned some background questions to get a better understanding 

of the study group in general. The second section referred to the perceived tolerance by 

participants of common tree species present in urban areas towards specific urban stressors as 

well as their perceived suitability for different urban environments. Question formats in this 

section include multiple-choice and rating questions using a Likert scale where 1= very ill-

suited and 5=very well-suited. There was also the rate option “I don’t know”. Thirdly, the 

next section touched on the most important environmental and climactic stressors affecting 

the well-being of urban trees. The fourth section aim to retrieve information on the most 

relevant factors affecting tree species selection for urban environments. These two latter 

sections consisted mostly of ranking questions where participants were asked to rank the 

elements presented. The fifth and final section of the questionnaire entailed an open question 

where participants were encouraged to discuss potential knowledge gaps that they encounter 

within their line of work.  

In order to create an effective and well-designed questionnaire, common errors and 

limitations need to be considered and ,if possible, avoided. If questionnaires are too long and 

require very elaborate answers, it is inevitable that survey engagement and response will 

remain limited as a lot of respondents will not have the time or energy to answer to the best 

of their ability (Egleston et al., 2011). Therefore, in order to avoid survey fatigue and both 

increase and improve survey response, this questionnaire was carefully created to be as 

concise as possible while still receiving clear and useful answers. Hence, there are lot of 
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multiple-choice questions and closed questions that respondents can answer quickly without 

having to reflect too much on the right formulation of the answer (Brace, 2008). Due to the 

significant amount of multiple-choice questions, preparatory research had to identify what 

choices to provide respondents with. This mainly concerns common tree species used in 

urban environments, potentially relevant urban and climactic stressors, as well as potential 

factors affecting the tree species selection process. I have carefully selected a list of tree 

species as they appear to be common species used in urban planting projects in the region 

(Sæbø et al., 2003; Sjöman et al., 2012; Lind et al., 2023) which can be found in the Appendix 

(p.38). In addition, research has also identified potentially relevant urban and climactic 

stressors affecting trees’ wellbeing. (Sjöman et al., 2012; Carol-Aristizabal et al., 2024; Sæbø 

et al., 2003; Czaja et al., 2020). Available scientific knowledge was utilized to best shape the 

potentially relevant factors affecting the species selection process for urban trees. Czaja et al., 

(2020) provides an extensive review of the opportunities and relevancy of green 

infrastructure in urban environments. In addition, Roy et al. (2017), researched the different 

aspects that are considered by Australian municipalities in choosing what trees to plant in 

urban areas.  

 

Due to the limited availability of options, there is a risk that possible significant tree species 

and species characteristics as well as environmental stressors might have been left out in the 

survey (Smyth et al., 2018). In order to limit such risk, there are specific questions within the 

survey that aim to tackle these potential gaps where respondents can mention information 

they find relevant that has not been addressed in the questionnaire.  

Furthermore, a lot of questions present in the survey are similarly formulated and it is 

therefore important to provide some visual aid for respondents to easily identify the small 

differences and answer correctly (Brace, 2008). This visual aid takes form in the use of 

colours, bold fonts, and underlining (Appendix, p. 38).  

The survey responses were collected in Microsoft Forms and transferred to an Excel 

spreadsheet. Excel (version 2303, Excel Industries Ltd., Redmond, WA, U.S.A.) was used to 

manipulate the data in order to calculate mean values for the participants’ answers as well as 

create data figures that comprehensively display the study’s findings. Ranking answers were 

translated into a score. Each ranking position had an associated score where the highest 

position was attributed a score value equal to the number of possible ranking positions and 

the lowest position had a score value of 1. For example, if a respondent placed a factor in first 
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place in a ranking question with 10 factors, this factor receives a score of 10 associated to the 

respondent’s answer.  All answers were added up in order to calculate the average score for 

each factor. Standard deviation was used to determine any significant variations in participant 

responses. Results from open questions were categorised into different subjects through the 

identification of key words and their repetition in order to find possible links between 

categories.  

3. RESULTS 

From the 30 experts that the questionnaire was sent to, a total of 12 participants decided to be 

part of this study. The target group consists of a range of different experts within the field of 

urban trees. There are landscape engineers, garden specialists, tree specialists, garden 

consultants, and horticulturists. All participants have working experience in Southwestern 

Sweden with a large concentration on the Gothenburg Region but Skåne was also mentioned. 

The experts participating have varying degrees of experience ranging from 5 to 40 years.  

3.1 Tree species tolerance  

The participants were asked to answer multiple-choice questions in order to determine the 

most tolerant species towards specific urban stressors (Figure 1). Out of the 17 species 

provided,  there were only 10 that were considered by the study group as most tolerant to any 

of the stressors being studied (Figure 1). Pinus nigra is seen by 5 out of 12 participants as 

best withstanding de-icing salts and air pollution. Although there was a large variation in the 

chosen species for most tolerant towards soil compaction, Ulmus glabra gained most votes (3 

out of 12). Salix alba was seen by 50% of the participants as best suited to withstanding soil 

and water pollution. The species with the overall most votes when assessing its tolerance 

towards the selected urban stressors was Pinus nigra with a total of 11 votes out of the 

maximum 48 that could have been granted. Salix alba ended up second in this regard with 8 

overall votes.  
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Figure 1. Perceived tolerance against 4 urban stressors. Each score point represents a vote for 

most tolerant against that urban stressor. Each participant was allowed one vote on the most tolerant 

species against each stressor (right side). The species shown are those that received any overall votes 

concerning their particularly outstanding tolerance levels towards each of the stressors provided. 

Votes for the provided stressors were aggregated for each of the shown species in order to show the 

total votes allocated to each species.   

 

3.2 Tree suitability for urban environments 

When assessing the suitability of selected tree species in different urban environments, the 

minimum average suitability score that a species could receive was a 1 and the maximum was 

a 5. All species received a higher score in the park environment than in street environment 

(Figure 2) This means that these species are perceived by experts to be better suited for park 

environments than street environments. In addition, there was a larger variation of perceived 

suitability between species in the street scenario than in the park scenario (Figure 2). Scores 

in the park environment ranged from 3.75 to 4.75 while in the street environment, tree species 

had a score ranging from 1.33 to 3.8. There were a few species that received an “I don’t know 

“ score by one or two participants. Namely, Pinus nigra, Quercus robur, Salix alba, and 

Ulmus minor.  In this case, the average suitability score was calculated on the basis of how 

many participants did not answer with “I don’t know” but rather gave the species a numerical 

score.  
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In park environments, the species with highest scores were, Fagus sylvatica and Quercus 

robur(4.75), Quercus rubra (4.67), and Carpinus betulus (4.58). Tree species with lowest 

scores were, Picea abies and Betula pendula (3,75), Prunus avium and Sorbus x intermedia 

(3.92) and Salix alba (4). In street environments, tree species that had highest scores were 

Ulmus minor (3.8), Pinus nigra (3.73), and Carpinus betulus and Tilia x europaea (3.42). 

Tree species with lowest scores in this scenario were Aesculus hippocastanum (1.33), Fagus 

sylvatica (1.75), Picea abies (1.92).  Aesculus hippocastanum was close to unanimously rated 

as very ill suited for street environments with 8 participants rating it a 1 and the remaining 

rating a 2. Therefore, this species scored significantly lower than any other species in this 

scenario. However, the species scored relatively well in park environments and was one of 

the top-rated species for park environments (4.5). Indeed 75% of participants gave Aesculus 

hippocastanum a score of 5 when assessing its suitability to urban parks. Similarly, the tree 

species with highest suitability scores in park environments had 10 or even 11 participants in 

agreement that these species deserved a rating of 5.  

Another interesting aspect to look at is the score difference between park and street 

environments. There were certain species that did not necessarily receive the highest scores 

out of the list but the difference in suitability between the two scenarios was rather small. 

This means that these species are perceived by experts to be similarly suited to both 

environments.  Ulmus minor(0.28), Pinus nigra (0.36), and Sorbus intermedia (0.58) had the 

smallest score difference of all species meaning that they had similar scores in both scenarios. 

On the other hand, Aesculus hippocastanum and Fagus sylvatica  had large differences in 

their perceived suitability for park environments as opposed to street environments. Both 

species performed really well when assessing their suitability for park environments but are 

seen as very ill suited for street environments.  
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Figure 2. Comparison between perceived suitability for street and urban park environments for 

17 common urban species. The x-axis represents the perceived suitability scores for street 

environments. The y-axis represents the scores for park environments. In both axis, 1 is the lowest 

score a species could be assigned and 5 is the maximum. A higher score represents a better perceived 

suitability for an urban environment. The upper right corner of this diagram is representative of the 

best suited species to both street and park environments. 

 

 

3.3 Environmental factors 

3.3.1 Climate stressors  

Respondents were asked to rank a list of climate stressors affecting the well-being of urban 

trees from most to least impactful (Figure 3). The majority of participants (9 of 12) were in 

agreement that Drought was the climatic factor with the most impact on urban trees' well-

being. Snowstorms were ranked by the large majority (8 of 12) as the least impactful factor. 

The factors that overall ranked in between first and last place had a much more varied 

response (Figure 3). Nonetheless, heatwaves were seen as second most important to drought 

in affecting urban trees overall well-being whereas low temperatures was ranked as second 

least impactful stessor.  
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Figure 3. Average score for the perceived impact of climate stressors on urban trees’ wellbeing. 

Common climate stressors affecting the well-being of urban trees are ranked from most to least 

impactful. An associated score was developed and is the numerical value shown for each stressor in 

this figure. The stressor with the highest score was ranked as most impactful. The error bars represent 

the standard deviation.   

 

Participants were offered the option to comment on possible important climate factors that 

were missing from the questionnaire. Since this question was not mandatory, there were a 

total of 7 answers. There were two recurring themes amongst the participants. Firstly, climate 

factors related to seasonality were mentioned by several participants. Growing seasons, 

summer and autumn temperatures, transition periods and transition rates between seasons 

were mentioned as important factors affecting the wellbeing of urban trees. Another recurring 

theme concerned the atmosphere where air circulation and the formation of wind tunnels in 

cities were brought up.   

 

 

 

 

 

 

3.3.2 Urban stressors 
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Respondents were asked to rank a list of urban stressors affecting the well-being of trees in 

streets and in urban parks from most to least impactful (Figure 4). In both park and street 

environments, all types of pollution stressors (air, water and soil pollution) were ranked at the 

bottom of the list. Space availability above ground was also seen as one of the least important 

stressors overall. The three most important urban stressors overall were space availability 

underground, soil compaction and mechanical damage. Available underground space was the 

highest pressure in street environments with 8 out of 12 ranking it in first place. In the park 

scenario, 75% of participants placed soil compaction as first or second most impactful 

stressor affecting urban trees’ wellbeing which makes this stress factor rank number 1 overall 

in the park environment. The overwhelming majority of participants (75%) were in 

agreement that air pollution was the least important factor in the well-being of street trees.  

a) b)  

 

Figure 4. Average score for the perceived impact of urban stressors on the wellbeing of urban 

trees. Common urban stressors affecting the well-being of trees are ranked from most to least 

impactful. A comparison is established between street and park environments. An associated score 

was developed and is the numerical value shown for each stressor in this figure. The stressor with the 

highest score was ranked as most impactful. The error bars represent the standard deviation. a) Street 

environment. b) Urban park environment.   

 

Participants were offered the option to comment on possible important urban stressors 

affecting the well-being of urban trees that were missing from the questionnaire. Since this 

question was not mandatory, there were a total of 8 answers. All participants that decided to 

answer this question had very different topics to bring up. Some participants decided to focus 
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on direct consequences of anthropogenic activity on urban trees like city development and 

incorrectly executed excavation work. Another theme that was brought up more than once 

was water availability. 

 

3.4 Factors for species selection 

Respondents were asked to rank a list of factors affecting species selection for urban tree 

planting in streets and in urban parks from most to least impactful (Figure 5). In both park 

and street scenarios, participants ranked nativeness, cultural historical value and tolerance to 

pollution at the bottom of the list. In the case of street environments, Nativeness was ranked 

in last place by 7 out of 12 participants meaning that the absolute majority were in agreement 

that nativeness was the least important factor affecting the species selection process for street 

trees. In the street scenario, the most important factor was species tolerance against extreme 

weather events while contribution to ecosystem services was seen as the most relevant 

characteristic when assessing the suitability of tree species in urban park environments. 

Disease tolerance was seen as the second most important factor to consider in both scenarios. 

However, in street environments, the two most important factors, tolerance to extreme 

weather events and disease tolerance had almost identical scores with just a few decimals of 

difference. This means that both factors were seen as almost equally important for species 

selection in street trees. On the other hand, contribution to ecosystem services in park 

environments was seen as distinctively more relevant for species selection than disease 

tolerance. The most significant difference between the two scenarios is the fact that aesthetic 

reasons was ranked quite high in the park environment being placed as the third most 

important factor while in the street environment it ended up in sixth place at the lower half of 

the ranking.  
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a) 

b)  

 

Figure 5. Average score for the perceived importance of tree characteristics during the species 

selection process. Ten factors affecting species selection in urban environments are ranked from most 

to least impactful. A comparison is established between street and park environments. An associated 

score was developed and is the numerical value shown for each stressor in this figure. The factors 

with the highest score were ranked as most impactful. The error bars represent the standard deviation. 

a) Street environment. b) Urban park environment.   

 

Similar to previous sections in the survey, participants were offered the option to comment on 

possible important tree characteristics that were missing from the questionnaire. Since this 

question was not mandatory, there were a total of 5 answers. One tree characteristic that was 

brought up several times as relevant but missing from this survey was shape. Participants 

expressed varied reasons as to why shape was important like the fact that it should harmonise 

with its environment or the minimal pruning requirements for tree species with fixed crown 
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shapes. Another recurring theme was biodiversity. One participant mentioned the fact that 

provenance diversity amongst species was important while another expressed that diversity, 

in general, linked to resilience performance was a relevant aspect affecting the selection of 

tree species. 

 

3.5 Potential knowledge gaps 

As a final question in the survey, participants were offered the option to discuss potential 

knowledge gaps present in their field of work. As opposed to other similar questions present 

in this questionnaire, all 12 participants decided to comment on knowledge that is lacking 

within the topic of urban trees. There were a lot of different subjects being discussed. Most 

participants focused on the management and care of urban trees when expressing concerns 

over existing knowledge gaps. Two main topics arised as they were repeatedly mentioned. 

One of the most mentioned topics amongst the group was the design of plant beds. Four 

answers mentioned the fact that plant bed design needs to be optimised. Several of the 

participants concerned about plant beds expressed the importance of their optimal design to 

accomodate  the tree species they are supporting. One participant linked their optimisation 

with the subject of newly introduced species. Nativeness was another recurring topic brought 

up by experts. According to several participants, more research is required to understand how 

newly introduced species interact with the present urban environment.  

 

4. DISCUSSION 

4.1 Tree species tolerance 

When assessing the perceived tolerance of particular species performance against specific 

urban stressors, there were three species that received the most amount of votes by survey 

respondents. Firstly, Pinus nigra was deemed by 5 out of 10 participants as most tolerant 

species against air pollution and de-icing salts. These results are in agreement with available 

scientific knowledge. In the guide Tree species selection for Green Infrastructure: A guide 

for Specifiers (Hirons & Sjöman, 2019), Pinus nigra is specifically described as being 

tolerant of air pollution and salt. Furthermore, this species is also described in the guide as 

“extremely robust for urban conditions” which can certainly explain why it was the highest 

scoring species in the street scenario within this current study. Secondly, when asked about 
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the perceived tolerance of tree species against soil and water pollution, Salix alba was chosen 

by half of the respondents as the best available answer. There is limited research available 

that describes tolerance levels of Salix alba against these stressors. However, Bousbih et al. 

(2023) assessed several species’ response to the exposure of industrial wastewater and found 

Salix alba to have a great removal capacity for heavy metals. The study suggests that this 

species “could be effective as a remediator of toxic-metal- polluted industrial effluent water”. 

The research done by Bousbih et al. (2023) is argued to be somewhat in agreement with the 

results found by this current study. Lastly, Ulmus glabra was voted the most tolerant species 

against soil compaction. There has been limited research that could help in assessing the 

relationship between the species Ulmus glabra specifically and soil compaction. However, in 

the guide Tree species selection for Green Infrastructure: A guide for Specifiers (Hirons & 

Sjöman, 2019), Ulmus spp. are mentioned to be well-suited for paved environments as well 

as transport corridors, which are heavily trafficked pathways with several modes of transport. 

According to Czaja et al. (2020), soil compaction in urban areas is caused by heavy traffic 

amongst other factors. Therefore, a possible reasoning for the perceived tolerance towards 

soil compaction of Ulmus glabra is the fact that it is well-suited for paved environments and 

heavily trafficked pathways. In addition, species within the Ulmus genus have been described 

as generally tolerant to a wide range of soil textures which could be potentially translated into 

their suitability for more densely compacted soils as soil porosity varies greatly depending on 

soil texture (Hirons & Sjöman, 2019; Dexter, 2004). Moreover, Carol-Aristizabal et al., 

(2024) found that Ulmus spp. are seen by experts within the field of urban forestry as 

significantly tolerant against soil compaction. Hence, although there was limited available 

research on the species Ulmus glabra, there is a lot of scientific knowledge that deems Ulmus 

species as tolerant species of urban environmental conditions. 

 

 

 

4.2 Best suited species for urban environments  

Aside from evaluating the best performing tree species against specific urban stressors, 

participants also had to assess the general suitability of tree species to different urban 

environments. Fagus sylvatica was one of the best rated species for park environments. 

However , Carol-Aristizabal et al., (2024) found Fagus sylvatica to be amongst the most 
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intolerant species to soil compaction. In addition,  Fagus spp. were found to be especially 

intolerant to drought stress (Carol-Aristizabal et al., 2024). According to this current study, 

drought and soil compaction were seen as the most impactful stressors on urban trees, both in 

park and street environments. Nonetheless, according to participants of this study, Fagus 

sylvatica is perceived to be the most suitable species for park environments while being very 

ill-suited for street environments. At first glance, these results appear to be contradictory. 

However, Hirons & Sjöman (2019), show to be in agreement with this current study as well 

as the study done by Carol-Aristizabal et al., 2024. Their species selection guide describes 

Fagus sylvatica as a species only suitable for park environments and no other urban 

environments. In addition, the guide labels the species as “moderately sensitive to drought” 

(Hirons & Sjöman, 2019). Therefore, this study found similar results to available scientific 

knowledge. Another tree species that was highly rated for the park scenario by the 

participants of this study was Quercus rubra. Carol-Aristizabal et al., (2024) found that this 

species was amongst the most tolerant species towards urban stressors, especially in regards 

to drought, snow, ice storms and strong winds. The results found by Carol- Aristizabal et al., 

(2024) are compatible with this study’s results as drought was deemed the most important 

climactic factor affecting the well-being of urban trees according to participants.  

 

Tilia x europaea is a species that is largely prominent in Gothenburg (27% of urban tree 

population; Sjöman et al., 2012). It was deemed by the participants of this study group as one 

of the best suited species for street environments. However, Tree species selection for Green 

Infrastructure: A guide for Specifiers (Hirons & Sjöman, 2019), advises strongly against 

planting this species in street environments because they are easily stressed. According to 

Hirons & Sjöman (2019), Tilia x europaea does not have the drought tolerance to perform 

well in such environments. Moreover, Czaja et al. (2021) found that drought stress has a 

significant impact on the photosynthetic performance of this species and its ecosystem 

services were severely reduced, as opposed to other Tilia spp. This exemplifies the fact that 

there are some discrepancies amongst expert knowledge. More research is needed to 

determine why these differences arise.  

Considering that Aesculus hippocastanum was close to unanimously declared as very ill-

suited for street environments, there is still a significant presence of this species in Malmö 

street environments (5.4%; Sjöman et al., 2012). There are several other species that were 

assessed to be much better suited for street environments and yet take up less than 2% of the 



   

 

  22 

 

urban tree population in this city (Sjöman et al., 2012). For example, Pinus nigra was top 

rated in its suitability for street environment and had a similar score in park environments. As 

aforementioned, these results go in accordance with available scientific knowledge. However, 

this species has a rather small presence in both Gothenburg and Malmö (Sjöman et al., 2012). 

One possible explanation could be the trees species and characteristics that are considered 

most attractive by the general public and the influence public preference has on what species 

end up being planted in urban areas. Dalros Sköld (2023) found that people prefer deciduous 

trees over conifers as long needles were considered to not be preferred. Indeed, a large 

majority of the urban tree population are deciduous trees (Sjöman et al., 2012). These 

findings suggest that public preference has a stronger influence on the species selection 

process than expected.  

 

4.3 Environmental factors 

4.3.1. Climate stressors 

In regards to pressures affecting the well being of trees, respondents had to rank climate 

factors from most to least impactful stressors. Participants were in strong agreement that low 

temperatures followed by snowstorms are the least impactful climate factors affecting urban 

trees’ wellbeing. These factors are largely connected as low temperatures facilitate the 

occurrence of snowstorms (Demirtas, M., 2022). Climate change and global warming are 

making winters in the region less cold meaning that low temperatures are increasingly less 

common (Oudin Åström et al., 2013). In addition to human-induced global warming, the 

considerable heat excess present in urban areas is making severe winters or extreme 

snowstorms not as severe or cold while at the same time enhancing the conditions to bring 

about severe droughts and extreme heatwaves (Ahongshangbam et al., 2023). Heatwave 

events and drought conditions are expected to increase in frequency and severity worldwide 

(Oudin Åström et al., 2013). However, Northern Europe is rather unfamiliar with such events 

and lacks substantial precedents which raises large concern and uncertainty of the impact 

such extreme weather events can have on the region (Dirmeyer et al., 2021). Study 

participants expressed that unregular seasonality patterns raised concern as it largely affects 

the growing season of trees. Indeed, due to increasing climate change worldwide, seasons in 

Sweden are and will continue to change, heavily impacting the well-being of urban trees. 

 

 

4.3.2. Urban stressors  
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When asked about the most important urban stressors, survey participants strongly agreed 

that pollution stressors in the air, soil and water were the least impactful environmental 

factors affecting the well-being of urban trees. Nonetheless, several review articles mention 

that many forms of pollution are present in urban environments and have an impact on the 

health of urban trees (Czaja et al., 2020; Day et al., 2010). A potential reason for these 

stressors being less harmful than other urban pressures is that there are corrective measures 

which are comparatively less difficult (Jim, C. Y., 1993). In addition, Day et al., (2010) 

mentions that most of the knowledge available surrounding the relationship between soil 

contamination and trees is in regard to cleaning up contaminated sites by root extraction. 

There is limited research concerning the long-term consequences of soil contamination on 

tree health (Day et al., 2010). Likewise, Livesley et al. (2016) presents a multitude of 

opportunities that urban trees can provide in order to mitigate air, water and soil pollution. 

However, there is limited scientific evidence of the lasting effects of pollution on urban trees. 

Similarly, one participant within this current study expressed that little is known about the 

effects of air pollution on different tree species and their life processes. Therefore, an 

additional possible explanation for the placement of pollution stressors at the bottom of the 

list is that there is a sizeable knowledge gap on the effects these stressors can have on the 

well-being of urban trees in the long run.  

 

At the top of the ranking, survey participants placed soil compaction and space availability 

underground as the most important stressors for urban trees. These stress factors are heavily 

intertwined as soil compaction is a below ground stress affecting tree vitality and contributes 

to space limitation underground (Day et al., 2010). Difficulty establishing root systems, 

limited water and nutrient uptake are main reasons why these stressors affect the well-being 

of urban trees (Day et al., 2010). A potential reason for these stressors being found at the top 

of the list is the fact that it is hard to limit their occurrence. There are deliberate as well as 

unintentional ways in which human activities affect soil density. Soil compaction is necessary 

in order to build and expand a city. Moreover, heavy traffic is one of the main causes for soil 

compaction according to Czaja et al., (2020). Considering that urban centres are densely 

populated areas, it becomes extremely challenging to improve ground and soil conditions for 

urban trees. According to Jim (1993) soil compaction is one of the urban stressors “least 

amenable to amelioration.” Moreover, Jim (1993) argues that corrective action after trees 

have been established is difficult and ineffective, heavily damaging the root systems. This 

article was published 30 years ago, yet, the information presented remains relevant today. 
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Several participants in this study expressed that space available below ground was one of the 

biggest challenges affecting urban trees and that more research was needed in order to 

decrease the impact of such a pressure on urban trees. A third of the study group specifically 

mentioned that design improvements of plant beds was highly valuable for counteracting 

such pressures. Research is ongoing but heavy input is still required in order to expand the 

knowledge on mitigation and corrective measure of soil compaction and overall space 

limitations underground, according to survey participants.  

  

The greenifying of urban spaces is a rather novel task for city governments whereas the 

management of pipeline systems has existed much longer (Garcia-Lamarca et al., 2021). 

Well-functioning electricity and water management systems are a basic need that 

municipalities must provide to its citizens whereas the introduction and increase of urban 

green spaces falls lower on the priority list (Grafakos et al., 2015). There are sites within a 

city where the physical limitations do not allow for trees to be planted. Workers need easy 

access to underground cables and wires.  In order to increase and preserve green 

infrastructure in a city, without interfering completely with existing pipeline systems, a large 

amount of resources are required to implement an improved city plan (Grafakos et al., 2015). 

 

Soil compaction appeared to be one of the most important urban stressors affecting the well-

being of both park and street trees. In addition, the tree species that was seen as best 

withstanding soil compaction was Ulmus glabra with 3 out of 11 votes. Nonetheless, this 

species did not receive a remarkably high score when assessing its suitability for urban 

environments. There were a lot of species from the provided list that scored significantly 

higher in both scenarios which makes Ulmus glabra end up at the bottom half of the ranking. 

Firstly, although Ulmus glabra received the most votes in identifying the most tolerant 

species against soil compaction, several other species received just one vote less and 

therefore Ulmus glabra does not necessarily stand out as a particularly tolerant species as 

opposed to Salix alba, Quercus robur, or Tilia x europaea which received 2 votes in the same 

survey question. Secondly, there are obviously many other factors affecting the suitability of 

a tree species in an urban environment aside from its tolerance against urban stressors.  

 

4.4 Factors for species selection  

The tree species selection process for urban environments appears to be different according to 

the different participants as there was large variation on what factors are most important 
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when choosing the adequate species. As opposed to other research questions tackled in this 

study, the factors affecting the species selection process is much more open to interpretation 

and allows for a great deal of subjectivity to be implemented. When considering what urban 

stressors are most impactful or the species suitability in urban environments, these questions 

rely more heavily on the scientific knowledge that the study group possesses. On the other 

hand, the experts’ work context weighs more heavily on their opinions over what factors they 

consider most important for species selection. Some participants work closely with the 

municipalities while others have more experience in private sectors. Different organizations 

will have different priorities and reasons for planting urban trees and therefore, the tree 

characteristics prioritised will greatly vary from workplace to workplace.  

When considering what tree characteristics affect the species selection process, the fact that 

tolerance to pollution ended in the lower half of the ranking goes in agreement with other 

results in this study. Namely, pollution stressors do not appear to be the most important 

factors affecting the well-being of trees, according to experts participating in this study. 

Another trait that was ranked as a smaller priority was nativeness. Although there is large 

discussion on the use of native species in urban landscaping (Kendle & Rose, 2000), 

participants in this study did not find it essential to prioritise native species over exotic ones. 

Research shows that non-native species can have a greater contribution to ecosystem services 

sought after in the area (Sjöman et al., 2016), a factor that according to this study, is highly 

prioritised when selecting species for urban environments.  Sjöman et al. (2016) argues that 

the Scandinavian region has a limited variety of native species which in turn negatively 

affects the resilience of urban tree populations. Considering the harsh conditions that urban 

environments entail, it is important that green infrastructure be particularly resilient. 

Moreover, a significant amount of the native species present in Scandinavia, are highly 

susceptible to a variety of pests which can critically endanger their urban suitability (Sjöman 

et al., 2016; Thomsen et al., 2016). A main reason for a new focus on native-only greening 

initiatives is the belief that exotic species are inherently invasive. Kendle & Rose (2000) 

disprove this claim and argue that invasion risk is not too different between native and non-

native plants. Introducing non-native species can help alleviate the risk of diseases and pests 

destroying all urban vegetation as they might not be affected by native pathogens (Kendle & 

Rose, 2000). The introduction of exotic species can undoubtedly help improve the resilience 

of urban environments in general, and disease tolerance in particular. This further supports 
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the findings obtained by this study as disease tolerance was ranked amongst the top 3 most 

important factors when choosing adequate species for urban environments.  

 

The most important factor for tree species selection in urban parks, according to the 

participants of this study, was the species contribution to ecosystem services. One possible 

explanation for this aspect being placed as the top factor in parks specifically, could be the 

additional ecosystem services that large urban green spaces provide, as opposed to street trees 

(Turner-Skoff & Cavender, 2019; Aram et al., 2019; Konarska et al., 2016). Urban green 

spaces encourage for a wide variety of recreational activities, physical exercise, and 

socialising to take place (Turner-Skoff & Cavender, 2019). However, there is not much room 

for such activities under a street tree. On a similar note, urban green spaces have a larger 

effect on temperature regulation, and air pollution mitigation than a row of street trees (Aram 

et al., 2019). This is mainly due to the fact that urban green spaces are more vegetation dense 

and have more biomass contributing to these regulating ecosystem services (Konarska et al., 

2016).  

Roy et al. (2017) performed a similar study where municipality officers in Australia were 

asked to identify the most important factors governing tree species selection in street 

environments. Their results were rather different from this study. Firstly, Roy et al. (2017) 

found that policymakers prioritise size, nativeness, and maintenance requirements 

significantly over ecosystems services. The former factors were not particularly important 

aspects to consider according to the participants of this study while contribution to ecosystem 

services was seen as one of the most important factors affecting species selection both in 

street and park environments. The diverging results are most likely due to the difference in 

target groups participating in the research. Nonetheless, Roy et al., (2017) findings are not 

entirely irrelevant as there is still some overlap between study groups. Municipality officers 

have some practical knowledge on urban trees and tree specialists work closely with local 

governance, 

 

4.5 Knowledge gaps 

There was a surprising level of engagement from respondents in this optional question when 

compared to the engagement other optional questions received in this study. All participants 

decided to discuss knowledge gaps within their line of work while similarly formatted 
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questions received significantly lower responses. One main conclusion drawn from this fact 

is that all participants had something to add to the discussion of lacking expertise. It becomes 

quite evident that there are a lot of knowledge gaps present within the field of urban trees. 

Many participants mentioned that there is lack of knowledge when it comes to the effects of 

non-native species on the local ecosystems. Moreover, several participants established a link 

between the introduction of new species to a specific environment and the optimal design of 

plant beds that can support such species. The design optimisation of plant beds was another 

largely recurring subject brought up by participants.  The relationship between nativeness and 

plant bed design deserves some focus. Firstly, newly introduced species in urban areas have 

the potential of making similar or even larger contributions to ecosystem services than native 

species and they increase the resilience of green infrastructure (Sjöman et al., 2016). Overall, 

exotic species suppose great opportunities to improve urban environments. Similarly, 

adequately tailored plant beds have the potential to provide large health improvements for 

urban trees as they relieve many of the pressures present below ground affecting their well-

being (Suleiman et al., 2020). In this way, trees are better equipped to cope with overall 

stressors experienced in urban environments which in turn reduces their vulnerability risk to 

diseases (Thomsen et al., 2016). In addition, thriving tree individuals are able to contribute 

much more significantly to the provision of ecosystem services as opposed to unhealthy 

counterparts (Lovett et al., 2006). Non-native species and optimal plant bed design have the 

potential of helping with the provision of ecosystem services as well as increasing the 

resilience of urban tree populations.  

 

 

4.6 Limitations 

As it is with all research, this study had some limitations which are important to discuss as 

they affect the validity of the results obtained. For all the questions in the survey that asked 

the participants to rank the options presented, there was a clear agreement over which answer 

should be placed first as well as last. There was great variation over how factors or 

characteristics should be ranked in between the first and last place. This alludes to the fact 

that we need to consider the format of the question. If asked to rank the options presented, it 

forces participants to compare several factors and choose one over the other. In the case of 

the first and last places it is easier to be in agreement (Smyth et al., 2018). The participants 

need to evaluate which option deserves to be in this position. This is much easier to 
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determine as opposed to answering the question of which option is best suited for third place 

in this ranking. 

Moreover, the list of elements presented in said ranking questions is quite short with only 6 to 

10 elements to evaluate. The reduced list was intentional to avoid survey fatigue and increase 

survey response as the more items that are part of a ranking question exponentially increase 

cognitive efforts (Smyth et al., 2018). This has several implications. Firstly, one must 

consider the fact that factors ranked at the bottom of the list are not necessarily irrelevant to 

the selection process of urban tree species but rather play a less significant role in it when 

compared to the other options provided by the questionnaire. Secondly, due to the limited list 

of options available, there were many other aspects that needed to be excluded from ranking 

questions, which could be discussed by participants in optional open questions about missing 

ranking options. Several participants expressed that indeed there were elements missing from 

the questionnaire options and mentioned what those were in open-ended questions provided 

by the survey. However, these aspects discussed by participants are not able to be compared 

to the available ranking options regardless of the importance that experts expressed over 

additional factors that were absent. It is uncertain how different the results would be had 

these options mentioned by the participants themselves been included in the ranking. 

Furthermore, there were few participants that answered the optional questions where they 

could discuss any elements missing from the ranking questions. The limited number of 

participants that decided to mention additional factors could be due to two different reasons. 

One explanation for why not more participants chose to answer could simply be because 

these questions were optional and skipping them would mean they would take less time in 

answering the questionnaire (Egleston et al., 2011). However, there was one question that 

was not mandatory in order to submit a finished survey and yet all participants chose to 

discuss knowledge gaps within their field of work, the subject of the question. Therefore, 

another possible interpretation also arises which is worth to mention. The remaining 

participants that chose not to answer could also be assumed to be in agreement with the list of 

factors provided and not have anything to add. Nonetheless, it is uncertain whether 

participants did not respond because they wanted to be time-efficient or because they agreed 

with the provided ranking options. This could potentially limit the validity of conclusions 

drawn from the study. 
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Another risk that a survey-based study can run into is survey response rates and engagement. 

Due to the fact that the questionnaire entailed voluntary participation, a small group of people 

ended up responding to the survey. Moreover, as opposed to surveys that are sent to the 

general public, the target participant in this study was a selective group of people. Namely, 

experts that work within the field of urban trees in a practical sense. The reality is that there is 

a limited amount of landscape engineers and tree specialists in Sweden. Within those that 

might classify as part of the target group, several could lack the specific knowledge required 

to answer these questions which might further limit the number of people that feel capable of 

responding to the questionnaire. Nonetheless, considering the limitations, more than a third 

(12 out of 30) of the people that were contacted to answer the survey decided to participate. A 

small study group like this significantly affects the external validity of the study  

 

 

 

4.7 Future Research 

According to the conclusive results drawn from this study, improving space underground is 

one of the most sizeable challenges affecting the well- being of urban trees. Moreover, 

experts expressed the role of plant beds in improving ground conditions for root systems and 

overall tree well-being. Therefore, future research should focus on the optimisation of plant 

bed design that appropriately tailors to the specific species being introduced and managed in 

urban environments. Further ramifications of such optimisation research could pay attention 

to the accommodation of newly introduced species. On a similar note, research could also 

center around ensuring that exotic species do not struggle to establish while simultaneously 

limiting their risk of becoming invasive in their new environment.  

 

 

5. CONCLUSION 
 

This study explored common urban tree species and their perceived tolerance against specific 

urban stressors as well as their perceived suitability for different urban environments by 

introducing an expert perspective who have practical experience working with urban trees. 

Species deemed highly suitable for park environments were Fagus sylvatica and Quercus 
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robur while Ulmus minor and Pinus nigra were best suited for street environments. Species 

deemed very ill-suited for street environments were Aesculus hippocastanum and Fagus 

sylvatica while Picea abies and Betula pendula were the least suited species for park 

environments. Nonetheless, all species were deemed at least moderately suitable for park 

environments and had a higher rating in the park environment than in street environment. 

Drought and heatwaves were considered to be the most important climatic factors affecting 

the well- being of urban trees which can be explained by the elevated temperatures in urban 

areas and ongoing climate change increasing urban tree exposure to such extreme weather 

events.  Soil compaction and available space underground were the most relevant urban 

pressures for both park and street environments as they are difficult stressors to be corrected 

and require significant efforts and research by city planners and landscape engineers to 

alleviate.  Tolerance to extreme weather events and drought tolerance were the most 

significant considerations in the selection of street trees because of their heightened 

environmental conditions while contribution to ecosystem services affected the species 

selection process for park environments the most since these spaces provide additional 

ecosystem services than street trees. Experts expressed that there are substantial knowledge 

gaps within the field. Future research could look into the optimisation of plant bed design and 

improving understanding on the interaction of newly introduced species with their 

environment. 
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8. APPENDIX 

 

The survey was distributed in Swedish. This is a translated version. 

 

SURVEY QUESTIONS 

Background (open questions) 

• What is your education and profession? 

• Which geographical area in Sweden do you work in? 

• How many years have you worked with urban trees? 

Tree species tolerance (multiple choice questions, only one species can be chosen per 

question)  

• In your experience, what species is most tolerant to soil compaction?  

• In your experience, what species is most tolerant to De-icing salts? 

• In your experience, what species is most tolerant to air pollution? 

• In your experience, what species is most tolerant to soil and water pollution? 

o Aesculus hippocastanum 

o  Acer platanoides 

o Betula pendula  

o Carpinus betulus  

o Fagus sylvatica 

o Fraxinus excelsior  

o Pinus nigra  

o Picea abies 

o Prunus avium 

o Quercus robur  

o Quercus rubra  

o Sorbus x intermedia  
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o Salix alba  

o Tilia x europaea  

o Tilia cordata  

o Ulmus glabra  

o Ulmus minor 

Tree suitability for urban environments (rating questions) 

• In your experience, how well suited are these tree species in street environments? Rate the 

following options on a scale from 1 to 5. 5 is very well suited.  “I don´t know” is also a rating 

option.  

o Aesculus hippocastanum 

o  Acer platanoides 

o Betula pendula  

o Carpinus betulus  

o Fagus sylvatica 

o Fraxinus excelsior  

o Pinus nigra  

o Picea abies 

o Prunus avium 

o Quercus robur  

o Quercus rubra  

o Sorbus x intermedia  

o Salix alba  

o Tilia x europaea  

o Tilia cordata  

o Ulmus glabra  

o Ulmus minor 

• In your experience, how well suited are these tree species in urban park environments? 

Rate the following options on a scale from 1 to 5. 5 is very well suited. “I don´t know” is also 

a rating option. 

o Aesculus hippocastanum 

o  Acer platanoides 

o Betula pendula  

o Carpinus betulus  

o Fagus sylvatica 

o Fraxinus excelsior  

o Pinus nigra  

o Picea abies 

o Prunus avium 

o Quercus robur  

o Quercus rubra  

o Sorbus x intermedia  

o Salix alba  

o Tilia x europaea  

o Tilia cordata  

o Ulmus glabra  

o Ulmus minor 

Environmental factors: Urban and Climate Stressors (ranking questions, open questions) 
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• What are the most important climate factors that affect the well-being of urban trees? Rank 

the following factors from 1 to 6. 1 is the most influential and 6 is the least. 

o Floods 

o Droughts 

o Wind 

o Low temperatures 

o Snowstorms 

o Heatwaves 

• Are there any climate factors that you believe have a significant impact on the well-being of 

urban trees that are NOT mentioned in the previous question? If so, briefly mention what 

these are. 

• Which urban stressors have the greatest impact on the well-being of trees in street 

environments? Rank the following stressors from 1 to 9. 1 is the most impactful and 9 is the 

least. 

o Air pollution  

o Soil and Water pollution 

o Space availability above ground 

o Space availability underground 

o Impermeable surfaces 

o Soil compaction  

o De-icing salts  

o Construction work 

o Mechanical damage 

• What urban stressors have the greatest impact on well-being in urban park environments? 

Rank the following stressors from 1 to 9. 1 is the most impactful and 9 is the least. 

o Air pollution  

o Soil and Water pollution 

o Space availability above ground 

o Space availability underground 

o Impermeable surfaces 

o Soil compaction  

o De-icing salts  

o Construction work 

o Mechanical damage 

• Are there any urban stressors that you believe have a significant impact on the well-being of 

tree species that are NOT mentioned in the previous questions? If so, briefly mention what 

these are. 

Factors for species selection (ranking questions, open questions) 

• Which tree characteristics are most important when choosing tree species for street 

environments? Rank the following options from 1 to 10. 1 is most important. 

o Growth rate 

o Tolerance to extreme weather events 

o Disease tolerance 

o Size 

o Nativeness 

o Contribution to ecosystem services 

o Aesthetic value 

o Cultural-historical value 

o Management needs 
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o Tolerance to pollution 

• Which tree characteristics are most important when choosing tree species for urban park 

environments? Rank the following options from 1 to 10. 1 is most important. 

o Growth rate 

o Tolerance to extreme weather events 

o Disease tolerance 

o Size 

o Nativeness 

o Contribution to ecosystem services 

o Aesthetic value 

o Cultural-historical value 

o Management needs 

o Tolerance to pollution 

• Are there any tree characteristics that you believe have a significant impact on tree species 

selection that are NOT mentioned in the previous questions? If so, briefly mention what these 

are. 

Potential knowledge gaps (open questions) 

• What knowledge gaps do you see when it comes to tree planting and species selection in 

urban environments? 

 


