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Abstract 

Street trees are an important part of urban vegetation due to their provisioning of ecosystem 

services and recreational values. Urban trees endure many different stress factors not present 

in a natural growth environment. One important stressor is the widespread use of impervious 

surfaces in the vicinity of trees which affect their water and oxygen supply. Few studies have 

directly evaluated the effects of surface permeability on urban tree growth. 

Ground compaction is also a stress factor for tree growth in urban environments. Constructed 

structural soil is a commonly used solution to counteract problems associated with impaired 

tree growth and tree mortality due to ground compaction, but knowledge about the effects of 

constructed structural soil on tree vitality is lacking.  

The aim of this study was to investigate the direct effects of surface permeability and 

constructed structural soil plantings on tree growth in Gothenburg. Measurements on stem 

diameter growth and current-year shoot length were related to soil structure and surface 

permeability in a total of 228 trees at three sites on Hisingen.  

The results of the study showed that a larger fraction of permeable surface materials in the 

vertically projected tree crown area leads to faster stem growth greatly enhanced current-year 

shoot growth at one of the sites. The study also showed that constructed structural soil has a 

positive influence on stem growth in street trees. 

The study confirms that constructed structural soil is useful for better growth of urban trees 

and the results can also possibly be used in formulating a standard for how permeable surfaces 

can be used to enhance growth and vitality of street trees. 

Keywords: Surface permeability, Urban tree growth, Constructed structural soil 

  



Sammanfattning 

Gatuträd är en viktig del av urban vegetation på grund av deras tillhandahållande av 

ekosystemtjänster och rekreationsvärden. Urbana träd utsätts dessvärre för många olika 

stressfaktorer som inte finns i en naturlig växtmiljö. En betydande stressfaktor är den utbredda 

användningen av ogenomsläppliga ytmaterial i närheten av träd, vilket påverkar trädens 

vatten- och syretillförsel. Få studier utvärderar direkt effekterna av ytskiktets permeabilitet på 

tillväxten hos urbana träd. 

Markkompaktion är också en stressfaktor för trädens tillväxt i stadsmiljö. Skelettjord som 

marksubstrat är en vanligt förekommande lösning för att motverka problem förknippade med 

försämrad trädtillväxt och ökad dödlighet på grund av markkompaktering, men kunskapen om 

effektiviteten av skelettjord är bristfällig. 

Syftet med denna studie var att undersöka de direkta effekterna av ytskiktets permeabilitet och 

skelettjordsplantering på trädtillväxt i Göteborg. Mätningar av stamtillväxt och årsskott 

relaterades till jordstruktur och ytpermeabilitet hos totalt 228 träd på tre olika lokaler på 

Hisingen. 

Resultaten av studien visade att en större andel genomsläppliga ytmaterial i den vertikalt 

projicerade kronytan leder till snabbare stamtillväxt och starkt ökad skottillväxt vid en av 

undersökningslokalerna. Studien visade också att skelettjord har en positiv inverkan på 

stamtillväxten hos gatuträd. 

Studien bekräftar att skelettjord är användbart för att öka tillväxten hos urbana träd. 

Resultaten kan också möjligen användas för att utveckla en standard för hur ytpermeabilitet 

kan användas för att öka tillväxt och vitalitet hos gatuträd. 

Nyckelord: Ytpermeabilitet, Urban trädtillväxt, Skelettjord 
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1 Introduction 
Healthy park- and street trees are an important part of urban vegetation in cities. Urban trees 

provide locally generated ecosystem services such as filtering the air from pollutant gases and 

harmful particles, and micro-climate regulation by shading and transpiratory cooling. Urban 

trees are necessary for the creation and preservation of biodiversity and help create habitats 

for different species (Sjöman & Slagstedt 2015). They also create recreational and cultural 

values for the inhabitants of cities. (Bolund & Hunhammar 1999). Knowledge of how the 

urban growth environment influences growth and vitality of trees is essential for sustainable 

city management and the creation and maintenance of green spaces. 

1.1 The urban growth environment 

In past centuries, urban trees didn’t have to compete for space with human society as much as 

today, when the population living in urban areas is on a constant increase. The mortality of 

urban trees was probably much lower before the 20
th

 century (Sjöman & Slagstedt 2015). 

Today, new challenges not present in a natural growth environment have emerged with the 

ongoing urbanization and particularly street trees often have high mortality rates and low 

average lifespans compared to trees growing in natural conditions (Roman & Scatena 2011). 

A very large number of factors can influence the growth rate and vitality of urban trees. They 

are subjected to pollution, excess heat and funneled winds and shade by surrounding 

buildings. The soils in urban areas are often poor and infertile. The trees also have to endure 

ground compaction, limited soil volumes, drought and toxic runoff due to de-icing salts and 

other chemicals. Humans also directly damage trees by vandalism, car accidents and 

infrastructure installations and maintenance work. (Konijnendijk, Nilsson, Randrup & 

Schipperijn 2005) 

It is important to note that a city is not a homogenous growing environment. There can be 

large disparity in microclimate throughout a city and there are differences in what challenges 

park- versus street trees face. Even in adjacent areas, for example a street lined with tall 

buildings on one side, two totally different microclimates may emerge on each side of the 

street due to excessive shading in one direction. Access to water can also vary much 

throughout an area, leading to different growth conditions. Different tree species also have 

distinguished individual properties and develop strategies that make them more or less 

suitable for different urban growing environments. Factors and stressors influencing tree 

growth also interact with each other, making it hard to determine which conditions are 

causing a certain growth or vitality problem in a specific situation (Sjöman & Slagstedt 2015). 

1.2 Stress factors affecting growth of urban trees 

Stress factors influencing tree growth and vitality can be divided in biotic and abiotic factors. 

Biotic factors include pest and disease problems, while abiotic “non-living” factors are closely 

related to aspects of the growth environment such as wind climate, light and moisture 

(Roberts 1977). Common stress factors affecting tree growth in an urban environment are 

described below. Special emphasis is put on soil compaction and surface impermeability. 
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1.2.1 Stress caused by soil compaction  

A large problem with the growth environment of urban trees is compacted soils leading to 

limited soil volumes for root development. Compaction takes place due to pressure from 

traffic and buildings and causes a rearrangement of soil particles and decreased pore spaces. 

This decreased soil porosity may cause soil oxygen deficiency and decreased soil water 

holding capacity (Gemtos & Lellis 1997). The decreased porosity of the soil causes decreased 

air and water permeability and hinders root development. A compacted soil also shows 

decreased activity of soil micro-organisms which are important for decomposition of organic 

matter and release of nutrients (Gemtos & Lellis 1997).  

Densification and compaction of urban soils is necessary in that it supports and strengthens 

pavement and prevents soil material from settling under or around artificial structures. It also 

reduces the effects of shrinking and swelling of soils that occur with water movement or frost 

action (Grabosky & Bassuk 1995). Unfortunately, compaction causes lack of rooting space 

which is arguably the most limiting factor affecting a street tree's water and nutrient demands 

over time (Grabosky & Bassuk 1995).  

A small growing environment for tree roots caused by ground compaction can make the roots 

seek up and intrude in defective pipelines or sewer pipe joints to satisfy the water and nutrient 

needs of the tree. This causes damage to the pipes, and can be observed as a certain tree 

growing to much larger sizes than nearby trees which do not have this extra access to 

nutrients (Östberg, Martinsson, Stål & Fransson 2012).  

Smiley et. al. (2006) summarized the cumulative effects of soil compaction in a study 

covering a variety of growth and health parameters. Trees planted in non-compacted 

treatments showed significantly higher growth and health benefits than trees planted in 

compacted soil treatments. 

 

To limit the problems associated with soil compaction, planting solutions such as constructed 

structural soil is a possibility.  

1.2.1.1 Constructed structural soil  

The concept of constructed structural soils (or skeletal soil) was invented in Huizen, the 

Netherlands in around 1984 and was introduced in Sweden the beginning of the 1990’s. 

Originally, lava blocks were used as structural material mixed together with the soil. In 

Sweden, blasted rock in fractions of at least 100 mm is used. The proportion is usually 1/3 soil 

and 2/3 structural material (Runander 2014). 

The purpose of constructed structural soil is to increase available noncompacted soil volume 

and pore spaces for tree roots and improve access to water and nutrients for the trees.  It is 

also important that the soil is packed in such a way that it is able to carry the weight of traffic 

above ground (Runander 2014). 

Planning officials for urban trees in several Swedish cities claim that the knowledge base 

about constructed structural soil is poor in many aspects, but it is considered an effective 

solution to the problems associated with soil compaction (Pettersson 2006). 
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Andreasson, Fransson, Andersson & Eriksson (2015) show in a study on constructed 

structural soil and its effect on growth of trees along a street in Sundsvall, Sweden that these 

types of soil are likely to provide better living conditions for trees in urban areas. Two stands 

of Tilia cordata planted at the same time in traditional soil pits versus in constructed structural 

soil were measured 17 years after planting. The study showed that the trees growing in 

structural soil had a larger stem circumference as well as more developed crowns than the 

trees planted in traditional soil pits. A similar study from Brooklyn and Ithaca, The United 

States focus on the difference in street tree shoot growth between trees of several different 

species planted in traditional sandy soil pits and those planted in constructed structural soil. 

Differences in shoot growth between the two planting situations showed either comparable 

growth between the normal planting situation and the constructed soil installations or that the 

trees in the constructed soil had a higher growth rate (Grabosky, Bassuk & Marranca 2002).  

1.2.2 Stress caused by surface impermeability  

According to “A dictionary of geology and earth sciences” (2013), the term permeability 

refers to the ground surface ability to allow water to percolate into the soil. 

Impermeable/impervious surfaces are dense and solid surfaces that do not allow water to 

penetrate, forcing it to run off.  

1.2.2.1 Types of permeable and impermeable surfaces  

Common permeable surfaces around urban trees include mulch (organic or mineral) and turf 

(grass). The most common impervious surface type used in urban areas is pavement. 

Mulch is used over bare soil or existing vegetation around trees in order to prevent soil 

moisture from evaporating and prevent development of weeds. The most common types of 

mulch are organic bark or wood chips, and mineral mulch such as gravel or lava rocks. Both 

organic and mineral mulch are very effective against both weeds and unwanted evaporation 

(Iles & Dosmann 1999; Singer & Martin 2008; Scharenbroch 2009). A thick layer of organic 

mulch also has the ability to protect trees from low ground temperatures in cold weather and 

keep the soil below cool during heatwaves (Montague, Kjelgren & Rupp 1998). Organic 

mulch has the capacity to decrease soil pH due to organic acids being released during 

decomposition (Himelick & Watson 1990) while mineral mulch usually raise pH of the soil 

due to leaching of calcium (Iles & Dosmann 1999). 

There is a lack of consensus in the literature whether thick layers of mulch of any kind can 

lead to a decrease in aeration of the soil below (e.g. Gouin 1983; Greenly & Rakow 1995), but 

it could be plausible that any material covering the soil can lead to some degree of decreased 

aeration of the soil. 

Grass surfaces around trees, while permeable, can still have some negative effects on tree 

growth. Grass can compete with trees for soil moisture and nutrients such as nitrogen. This is 

especially evident in the trees early development (Clary, Save, Biel & De Herralde 2004; 

Coll, Balandier & Picon-Cochard 2004) while negative effects of turf on mature trees can be 

considered minimal (Trowbridge & Bassuk 2004). Grass surfaces also have the ability to 

increase relative humidity through evapotranspiration, reduce air temperatures and reduce leaf 

vapor pressure deficit. This creates a favorable atmosphere for increased photosynthesis and 
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decreased transpiration in the tree canopy as well (Montague, Kjelgren & Rupp 2000). A 

grass cover underneath trees also effectively catches fallen leaves and other plant litter which 

leads to increased organic input and biological activity in the soil (Sjöman & Slagstedt 2015). 

A defining characteristic of the urban environment is the widespread use of impervious 

surfaces such as pavement.  The primary function of a pavement is to transmit loads to the 

underlying soil. Pavements can include several structural layers, but at least a compacted 

gravel base on which the surface course is mounted. Modern flexible pavements 

contain sand and gravel or crushed stone compacted with a binder material, such as asphalt or 

tar. Rigid pavements are made of concrete, composed of coarse and fine aggregate 

and cement. Rigid pavements are usually reinforced with steel rods or mesh (Britannica 

Academic 2015). 

1.2.2.2 Effects of impervious surfaces on tree growth  

Several articles support the theory that impervious surfaces in the near vicinity of urban trees 

negatively influence their vitality and growth (Quigley 2004; Schröder 2008; Iakovoglou, 

Thompson, Burras & Kipper 2001; Jim 1997). There is however, differences in how different 

tree species are affected by impervious surfaces in urban conditions, and negative effects on 

growth does not necessary mean shorter total lifespan of individual trees (Quigley 2004). 

A well-known effect of impervious surfaces is that they preclude infiltration of water to the 

soil, which can cause moisture deficiency in street trees (Roberts 1977). Such surfaces can 

also limit evaporation, thereby increasing soil moisture (Wagar & Franklin 1994). How a 

certain tree will be affected depends on the local environmental and climatological setting.  

Urban trees surrounded by impervious surfaces may have access to very little natural 

precipitation in summer, followed by too much water in the winter season due to low soil 

evaporation (Craul 1985).  

Trees growing in dry conditions react in different ways to the stress depending on the severity 

of the drought. During moderate drought, the tree reacts by reducing growth processes. This 

can be seen as smaller leaves and shorter shoots. The stomata also partially close to save 

water and avoid dehydration and desiccation. (Sjöman & Slagstedt 2015). This prevents 

carbon dioxide from entering the leaves which leads to reduced photosynthesis and 

subsequent possible carbohydrate starvation (Trowbridge & Bassuk 2004). 

Excessively wet conditions can lead to oxygen deficiency in the soil. It can also cause a 

change in decomposition processes of ground humus from aerobic to anaerobic (oxygen 

deficient) decomposition. This leads to the creation of methane, which is a powerful 

greenhouse gas and can also be directly harmful for tree roots (Sjöman & Slagstedt 2015). 

As mentioned before, soil alkalinity can also play a part in limiting growth of urban trees. 

Concrete pavements are believed to affect soil chemistry. Runoff from acid rain has the 

capacity to dissolve limestone and concrete which can lead to a raise of pH of the soil. The 

alkaline soil negatively affects the availability of plant nutrients to trees (Ware 1990).  

http://academic.eb.com.ezproxy.ub.gu.se/EBchecked/topic/552611/soil
http://academic.eb.com.ezproxy.ub.gu.se/EBchecked/topic/521875/sand
http://academic.eb.com.ezproxy.ub.gu.se/EBchecked/topic/242331/gravel
http://academic.eb.com.ezproxy.ub.gu.se/EBchecked/topic/38957/asphalt
http://academic.eb.com.ezproxy.ub.gu.se/EBchecked/topic/131278/concrete
http://academic.eb.com.ezproxy.ub.gu.se/EBchecked/topic/9076/aggregate
http://academic.eb.com.ezproxy.ub.gu.se/EBchecked/topic/471199/portland-cement


5 
 

The soil temperature can be significantly higher beneath impervious surfaces, especially in 

larger paved areas such as parking lots and areas exposed to high levels of solar radiation. Soil 

temperatures can sometimes exceed thresholds of heat-resistance leading to growth reductions 

and injury to root tissues of urban trees (Celestian & Martin 2004; Graves 1994). The air 

temperature above impervious surfaces such as asphalt is also usually higher and the relative 

humidity lower. This results in a high vapor pressure deficit, which has negative effects on 

leaf gas exchange and consequently, tree development (Montague & Kjelgren 2004; Mueller 

& Day 2005). 

As discussed before, underlying soil compaction necessary for stabilizing impervious surfaces 

is a severe limitation to tree growth in urban areas.  

There are few examples in the literature of directly relating surface permeability to tree 

growth parameters, but Vrecenak, Vodak & Fleming (1989) directly related surface 

permeability under the tree crown to tree stem growth in over 600 urban trees and failed to 

find a significant correlation.  The article states that the use of a large number of trees 

scattered across several different types of tree communities may have contributed to the 

unexplained variation in the study. A similar investigation of groups of trees in communities 

with similar growing conditions (except for surface properties) is called for (Vrecenak et. al 

1989; Konarska et. al 2015).  

1.2.2.3 Pervious pavement  

A possible solution for the problems associated with impervious surfaces in urban areas is 

different types of pervious pavement. There are different types of pervious pavement which 

are permeable to air and water. Pervious types of pavement reduces peak flow runoff and lets 

water infiltrate to the soil below (Carbone, Mancuso & Piro 2014).   

One type of pervious pavement creates a patterned surface comprised of impermeable 

material separated by open permeable areas whose size depends on the application (Scholz & 

Grabowiecki 2007). Another type of pervious pavement is porous pavement, which is capable 

of infiltrating water across the entire surface due to its total porosity caused by the exclusion 

of fine aggregates from the pavement mix. Unfortunately, the same large pores left by lack of 

small aggregates in the pavement mix of porous pavement that allow infiltration are also 

prone to clogging by loose particulate matter. The clogging renders the porous pavement 

impermeable and makes it loose its purpose (Scholz & Grabowiecki 2007).  

There are few studies investigating the direct effects of pervious pavement on tree growth, but 

several authors argue that there are probable benefits of these types of surface material to 

urban trees (Brown 2003; Ferguson 2005; Tennis, Leming & Akers 2004).  

1.2.3 Damaging temperatures   

Appropriate temperatures are essential for the different physiological processes of trees. Heat 

causes trees to loose water faster and may also directly damage leaves under extreme 

conditions. In urban areas, buildings and asphalt surfaces can reflect and reradiate heat which 

makes urban trees more exposed to possibly damaging high temperatures. Problems 

associated with lower temperatures in urban areas are not that common since temperatures are 
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often higher in the city than in the surrounding countryside. Most trees used for urban 

plantings also have the capacity to tolerate quite low temperatures, even during the summer 

months. (Trowbridge & Bassuk 2004) 

1.2.4 Sunlight deficiency  

Trees generally require full sun four to six hours per day during the growing season in order 

to thrive, but there is a large difference between how different tree species tolerate shade. An 

urban growth environment with tall buildings can effectively limit the amount of sunlight 

received by trees. Trees planted on the northern side of high buildings will receive much less 

sunlight than trees planted in other directions. Lack of sunlight can cause reduced 

developmental rates and changed growing patterns such as changes in crown shape and leaf 

size. (Trowbridge & Bassuk 2004) 

1.2.5 Wind 

Wind speeds in the urban landscape can vary substantially and depend on the orientation and 

width of streets and the height and shape of buildings. Long, straight and wide streets will 

lead to higher wind speed while narrow, winding streets will repress wind speed. Differences 

in air pressure and temperature within a city can also cause increased wind speeds. In general, 

wind speeds are lower in urban areas than the adjacent countryside, but turbulent wind throws 

are more common in cities. In environments characterized by strong wind speeds, trees and 

other plants can show reduced developmental rates. How a certain tree will be affected by 

strong winds is also dependent on the soil quality and depth at the growing site and if the tree 

is able to entrench itself steadily in the soil. (Sjöman & Slagstedt 2015) 

1.2.6 Air pollution  

Air pollution in urban areas consists of both gaseous pollutants and particles. The most 

common and problematic air pollution substances in cities include NOx, SOx, PAHs, aerosols 

and tropospheric O3. Human activities in cities contribute to air pollution mainly by pollutants 

emitted during combustion processes from industry and transport and particles dispersed in 

the air during wear of asphalt and vehicle components. The stomata (leaf pores) of tree leaves 

can absorb gaseous pollutants and some particles but on the trees, most particulate pollution is 

retained on the surface of leaves. The uptake of pollutants by trees has a positive effect on 

local air quality but also negatively affects the trees (Sjöman & Slagstedt 2015). Different 

pollutants have different negative effects on tree vitality, but most common are damage to 

foliage and reduced growth related to high levels of SO2 and NOx in the ambient air (Shyam, 

Verma & Bhargava 2006). 

 

1.2.7 Soil pollution  

Soil pollution is widespread in urban areas of today due to hundreds of years of human 

activities generating harmful substances. Trees are affected both by pollutants settled in the 

ground from old industries and waste management, but also by the constant flow of new 

pollutants generated by traffic and traffic maintenance (Migeon, Richaud, Guinet, Chalot & 

Blaudez 2009).  
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The pH of the soils in urban areas can often vary substantially due to leaching from building 

materials and concrete pavement or debris in the soil. Too acid or too alkaline soils can make 

nutrients such as K, N and P more or less soluble; making them less available for uptake by 

tree roots (Trowbridge & Bassuk 2004).  

The most common soil pollutants affecting urban trees are petroleum based substances from 

vehicles, but the soil pollutant having the most serious effects on urban trees is the NaCl used 

for de-icing on pervious surfaces during winter. Damages due to NaCl can be seen in the form 

of chlorosis or necrosis (cell and tissue damage) to leaves and branches. Other possible effects 

are reduced growth rates and late bud development in spring. The overall development of 

trees is significantly reduced when affected by high levels of NaCl in the ground (Sjöman & 

Slagstedt 2015). NaCl can also affect the pore structure in clay-rich soils leading to less 

oxygen in the soil. When the soil is saturated with NaCl, a weakened water potential gradient 

could make it more difficult for the tree to take up or retain water. (Konijnendijk et.al. 2005).  

1.2.8 Light pollution  

Lights from street lamps and other types of illumination have the capacity to affect urban tree 

growth.  The artificial lighting can impair the trees ability to hibernate on time, which can 

lead to frost damage. Especially juvenile trees are at risk of being affected by this.  

Uninterrupted illumination during the summer half of the year can also lead to damage to tree 

leaves. The constant illumination causes the stomata to stay open for longer periods, leading 

to higher water consumption and making the trees more susceptible to damages from air 

pollution and/or drought (Chaney 2002). This is especially evident if the light sources contain 

blue light, which has a greater effect on stomatal opening (Assmann 1988). 

1.2.9 Pests and pathogens  

There are too many types of pests and diseases, insects and fungi that affect trees for them to 

be discussed here, but general effects from different types of pests can be observed on all 

parts of trees. Damages to roots and bark are common. Urban trees are at special risk of 

damages from pests and diseases due to their already largely unfavorable growing conditions. 

Urban green areas often have low species diversity, meaning that many trees in an area may 

be affected by pest and disease outbreaks (Tomlinson, Potter & Bayliss 2015). Especially 

herbivorous arthropod pests are often more abundant in urban than in rural areas, possibly due 

to the higher temperature in urban areas compared to their surroundings (Raupp, Shrewsbury 

& Herms 2009).  

1.3 The issue in Gothenburg 

There are about 53.000 trees accounted for on maps of city grounds in Gothenburg, and even 

more if trees on private grounds are accounted for. Many of the trees are old, but new trees 

are being planted continuously. Active planning is needed to reduce or eliminate problems 

related to the challenges urban trees face. Soil compaction and competition for space with 

infrastructure both above and below ground are considered the largest challenges to the 

growth and vitality of trees in Gothenburg (Göteborgs Stad 2015).  

In Gothenburg, constructed structural soils have been used as a solution for problems related 

to soil compaction in most urban tree plantings in hard surfaces since 1995. Here, structural 
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material make up 65% of the total soil volume and planting soil the remaining 35%. The 

fractions of structural material are varying in size between 90-150 mm (Pettersson 2006).  

The structural soil material at the planting site in Gothenburg is usually divided into two 

layers; a first layer of mineral soil and a second layer of organic soil with high clay content. 

The structural material is commonly pre-mixed with the soil material before planting. The 

total depth of the planting bed is usually 1 m and the thickness of the constructed structural 

soil layer is around 800-850 mm. The pre-grown tree with its root system is planted in normal 

planting soil above the constructed structural soil layer and a fiber cloth is used as a divider 

between the structural soil and surrounding material. Tree plantings in Gothenburg usually 

consist of larger interlinked planting beds for several trees, but the planting bed volume for 

each tree should be at least 16 m
3 

(Pettersson 2006).  

According to Eva-Maria Hellqvist, tree intendant at the Park- and Nature management 

authority in Gothenburg, a decline in the mortality of street trees have been observed since 

constructed structural soil was introduced in Gothenburg in the mid 1990’s.
1
 

City officials of Gothenburg has a developed a comprehensive greenery policy. It is stated in 

the document that “Another threat to the survival of the trees is dense materials near the tree 

that prevents gas exchange and prevents water from reaching the roots.” (Park- och 

naturförvaltningen Gothenburg 2005). Permeability is thus a factor in decision-making related 

to urban greenery in Gothenburg and it is valuable to see how planting decisions in different 

sites have affected growth of the trees. 

A study by Konarska et.al (2015) investigated the transpiration of urban trees in Gothenburg 

and its cooling effect (an important ecosystem service). In general, trees with a higher 

proportion of permeable surfaces within the vertically projected crown area were found to 

have a higher transpiration than those surrounded by impervious surfaces. This could possibly 

mean that trees in Gothenburg surrounded by more permeable surfaces also have higher 

vitality and growth rates.  

As mentioned before, porous pavement is one possible solution to reduced water infiltration 

and soil aeration linked to pervious surfaces. It has been investigated if this is a possible 

arrangement in Gothenburg. However, there is a risk that the sand and gravel used for de-

icing purposes during winter would clog the pores in the porous pavement. It is thereby not 

considered a viable option for surface material in Gothenburg
2
.  

1.4 Purpose and research questions 

The purpose of this study is to investigate the influences of surface permeability and 

constructed structural soil on tree growth and vitality in Gothenburg.  

                                                           
1
 Eva-Maria Hellqvist, tree intendant at Park- & Naturförvaltningen Gothenburg, personal conversation 2015-

09-18. 
2
 Eva-Maria Hellqvist, tree intendant at Park- & Naturförvaltningen Gothenburg, personal conversation 2015-

09-18. 
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Constructed structural soil is regarded to have a positive effect on growth and vitality of street 

trees in Gothenburg. It is assumed that constructed structural soil improves the living 

conditions of trees in urban environments and leads to faster tree growth compared to normal 

soil plantings. It is also assumed that a larger permeable surface around a tree will lead to 

faster stem and shoot growth of the tree. 

 

1.4.1 Research questions  

-Does the fraction of permeable surfaces within the vertically projected tree crown area affect 

stem and shoot growth of trees in Gothenburg?  

-Does constructed structural soil have a positive effect on stem and shoot growth of trees in 

Gothenburg? 

2 Materials and methods 

This study used quantitative statistical analysis of collected data to investigate the relationship 

between growing conditions and tree growth. The study had a focus on street trees, where the 

relative size of the permeable surface could be easily measured. 

2.1 Tree species 

A total of 228 trees of two very similar species were included in the study.  

Tilia cordata (small-leaved linden), is a deciduous tree native to Sweden. It can reach 20-25 

meters in height and has compact, low-hanging and often irregular crowns. Due to the crown 

irregularity, it has rarely been used as a street tree in Sweden in the past. However, it has 

become more commonly used in parks and alleys in urban areas in recent years (Bengtsson 

2000). Figure 1 below displays a stand of Tilia cordata at Sannegårdsgatan, Gothenburg, 
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Figure 1: A young stand of Tilia cordata at Sannegårdsgatan, Gothenburg (Eniro 2015). 

Tilia x europaea (common linden) is considered a hybrid between Tilia cordata and Tilia 

platyphyllos (large-leaved linden). It grows to a size of 20-25 meters in height with a conical 

shaped crown. It is a very commonly used in urban areas in Sweden, especially in older alleys 

and parks (Bengtsson 2000). Figure 2 displays an alley of Tilia x europaea at Lindholmsallén, 

Gothenburg. 

 
Figure 2: Tilia x europaea, at Lindholmsallén, Gothenburg. The species is commonly used in alleys in Sweden (Eniro 2015). 

2.2 Study area and site selection 

Three sites were selected for the study. Lindholmsallén (with the cross-streets Pumpgatan and 

Götaverksgatan), Sannegårdsgatan and the northern part of Östra Eriksbergsgatan and  the 

southern part of Östra Eriksbergsgatan, all located on Hisingen, Gothenburg 
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(57°45′N 11°54′E).  Figure 3 shows the location of these sites on a map. The sites were 

selected due to their within-site homogeneity in planting years and variability in permeable 

surface conditions. The selection of sites was based on information provided by Park och 

naturförvaltningen, Gothenburg in a GIS database (MapInfo).  None of the study sites receive 

irrigation, but the tree crowns have been trimmed (raised) approximately twice since planting 

at all sites. The trees at all sites were around 8-10 years old (20 cm circumference) at the time 

of planting on site and have access to at least 16 m
3
 of growing space for the root system 

which is the standard in Gothenburg. 

Figure 3: Map of the three sites used in the study, located on Hisingen, Gothenburg (Lantmäteriet). 

2.2.1 Site 1: Lindholmsallén  

Lindholmsallén is a large alley consisting of about 400 Tilia x europaea trees. The trees were 

planted in 1999 in normal soil planting beds on top of ground containing some construction 

waste. The surface layer around the trees was covered with grass. This also applies for the 

cross-street Pumpgatan. The trees on the other cross-street, Götaverksgatan were also planted 

in 1999, but the surface layer consisted of gravel with some small patches of asphalt. A total 

of 95 trees were measured in Lindholmsallén and its cross-streets. 

2.2.2 Site 2: Southern Östra Eriksbergsgatan 

The trees on the southern part of Östra Eriksbersgatan were planted in 1992 in normal soil 

planting beds. The trees on one side of the street were planted in a continuous planting bed 

with a grass surface. The trees on the other side of the street were planted in separate soil pits 

with a surface layer of permeable gravel mulch. 72 trees were measured here, all of the 

species Tilia cordata. 

https://tools.wmflabs.org/geohack/geohack.php?language=sv&pagename=Hisingen&params=57_45_N_11_54_E_type:isle_region:SE
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2.2.3 Site 3: Sannegårdsgatan and Northern Östra Eriksbergsgatan 

All trees in the northern part of Östra Eriksbergsgatan as well as on Sannegårdsgatan were 

planted in 2004. 30 trees on Sannegårdsgatan were planted in constructed structural soil with 

a gravel mulch surface layer and 30 trees located on both Sannegårdsgatan and Northern 

Östra Eriksbergsgatan were planted in normal soil beds with a grass surface layer. In general, 

the trees planted in constructed structural soil had much smaller permeable surface areas than 

the ones planted in normal soil beds (see below). A total of 60 trees were measured in 

Sannegårdsgatan and the northern part of Östra Eriksbergsgatan. All trees at this site were of 

the species Tilia cordata. 

2.3 Field measurements 

Tree stem circumference and diameter are common and favorable as comparative 

measurements for a study investigating possible growth reduction due to environmental stress 

factors. Tree shoot length is also a commonly used method for assessing growth rates and 

vitality of trees in urban areas and it is the main measuring method used by Park- & 

naturförvaltningen in Gothenburg for these purposes. The report “Standard för 

trädinventering i urban miljö.” by Östberg (2015) was used as a guideline for measurements 

of tree stems and shoots during the study. 

The measurements were conducted during 3 weeks in late September to early October 2015.  

The tree crown’s vertically projected area was estimated by measuring the crown width in two 

perpendicular directions with a measuring tape. The shape of the crown was assumed to be 

circular and any irregularities were not taken into account. The two values were averaged to 

represent the diameter of the crown. The diameter was then used to calculate the vertically 

projected crown area. A separation was made between impervious and permeable surfaces 

around the tree stem. The term permeable surface in this case refers to soil covered with grass 

or loose gravel mulch. A rough test of the permeability of the surface materials was 

performed by pouring water over the surfaces and timing the infiltration. 

The size of the permeable surface around the trees was measured using a measuring tape and 

the area was calculated.  

The diameter and circumference of the trees were measured in millimeters at 130 centimeters 

height with a measuring tape and a slide caliper.  

The lengths of three current-year shoots on each tree were measured in a southern-facing 

direction as far up in the crown as possible with the aid of a 3.4 m averruncator and measuring 

tape. On certain trees, most of the branches were too high to reach. This meant that only two 

or fewer shoots were measured on these trees. A mean length of the shoots for each tree was 

calculated. A typical shoot is displayed in figure 4.  
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Figure 4: A long current-year shoot of Tilia cordata. It is reddish-brown in color and the starting point of the shoot is clearly 

visible. 

The height in meters of typical trees at each site was measured using a Nikon laser 

rangefinder. The tree height was only measured in a few trees at each site due to the fact that 

the trees were of very similar height and the differences were hard to capture with the 

measurement equipment. 

2.4 Analysis  

The stem annual diameter growth was calculated in order to get an equivalent comparative 

number for all sites. Site 1 is the site most suitable for analyzing the effects of permeable 

surface size due to the even distribution of different sizes of permeable surfaces. The planting 

conditions and soil type are also the same throughout the area. The growing conditions at site 

2 made it unsuitable for analysis of permeable surface size (see below). Site 3 is the site 

suitable for assessing the effects of constructed structural soil versus normal planting soil on 

tree stem and shoot growth. Statistical analyses (t-test, regression analysis) were made in 

Microsoft Excel. 

2.5 Limitations 

There is a level of uncertainty in this study due to the large number of factors that can affect 

tree growth in the urban environment. Some complications during the study could possibly 

further increase the level of uncertainty. 

The latest trim of the trees at the side plantings at site 1 started during the time fieldwork was 

conducted for this study. The trim meant that a total of 33 trees growing on the sides of the 

southern part of the alley had to be excluded from the study due to a possibly significant 

change in crown size which could affect the results of the study.  
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The current-year shoots had to be measured on branches in the lower parts of the crown due to 

the height of the trees. In some cases, the height of the tree branches made it impossible to 

reach and measure more than one or two current-year shoots. In a few trees, the crown was 

too high up for any direct measurements. In these cases, the current-year shoots were 

inspected with binoculars and an approximation of the shoot length was made using a ruler. 

Ideally, measurements of three different current-year shoots in the upper parts of the crown of 

each tree would be preferable.  

At site 1, 10 trees were too tall for three current-year shoot measurements At site 2, 6 trees 

were too tall and at site 3, 5 trees were too tall. 

Site 2 was added as a location due to the fact that the permeable surfaces of many trees were 

small and a variation in permeable surface size was sought for the study. However, the 

growing environment was too varied and inconsistent to generate any reliable results for this 

study.  The spread in different permeable surface sizes at this site turned out to be low during 

field work (they were mostly small). The trees at this site were also exposed to a number of 

different stress factors mentioned in this study. The street was quite heavily shaded, and the 

trees on one side of the street were growing in slightly leaning grass surfaces. Some of the 

trees were also subjected to stronger winds due to their location in relation to cross-streets 

leading to the harbor. A few trees at this site had a stem circumference more than double that 

of other trees on the same side of the street. This is probably due to sewer pipe intrusion by 

these trees roots according to EvaMaria Hellqvist, Park & Naturförvaltningen Gothenburg. 

The conditions at this site thus proved to be less than ideal during the measurements and 

investigations at this site could have been skipped without much loss. 

3 Results 

Analyses of stem growth and current-year shoot growth were made both with the measured 

vertically projected crown area and with a 1.5 times larger vertically projected crown area. 

The latter index captures also the effects of precipitation just outside the tree crown, which 

may be important since much of the precipitation intercepted by the crown is evaporated and 

thus does not reach ground. 

3.1 Overview 

A summary of the measurements at all sites is demonstrated in table 1. 
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Table 1- Measured variables at all three sites. The table displays the mean values, standard deviation and the 

0.05- and 0.95 percentiles. 

 

Due to the fact that the height was measured in only a few trees at each site, data on 

percentiles and standard deviation is lacking for tree height. 

The results of the measurements correspond quite well with the age of the trees. Site 2, where 

the trees were the oldest showed larger average stem circumference, stem diameter and crown 

surfaces, but the average annual stem diameter growth and average current-year shoot length 

was larger at site 1. This would suggest faster growth and more favorable growing conditions 

in general for site 1, both on a long-term scale (demonstrated by faster stem annual diameter 

growth) and in the short term (longer current-year shoots).  

Site 3 includes measurements from trees growing in both normal soil pits and constructed 

structural soil and the results are difficult to summarize in the same table, but measurements 

on stem diameter and circumference and vertically projected crown diameter from site tree 

were consistent with the age of the trees.  

3.2 Site 1 

The results at site 1 showed a positive correlation between mean current-year shoot length and 

fraction of permeable surfaces in the vertically projected crown area. The relationship 

between stem growth and fraction of permeable surfaces were not as clear. 

3.2.1 Stem growth  

Figure 6 depicts the relationship between stem growth and the fraction of the vertically 

projected crown area that is composed by permeable ground surfaces at site 1. A weak 

positive relationship was established between stem growth and fraction of permeable surfaces 

 Site 1 
mean ±SD 

0.05 %ile – 0.95 %ile 

Site 2 
 mean ±SD 

0.05 %ile – 0.95 %ile 

Site 3 
 mean ±SD 

0.05 %ile – 0.95 %ile 

Average tree height (m) 09.0 
- 

10.0 
- 

08.0 
- 

Average stem circumference (cm) 68.9 ±07.3  
53.7 – 80.3 

72.1 ±12.5 
55.4 – 92.1 

56.7 ±03.9 
49.5 – 63.0 

Average stem diameter (cm) 21.7 ±02.2 
17.0 – 25.0 

23.5 ±04.0 
18.1 – 29.7 

18.1 ±01.4 
16.0 – 20.0 

Average stem annual diameter 
growth (cm) 

00.9 ±00.1 
00.7 – 01.2 

00.8 ±00.2 
00.5 – 01.0 

01.1 ±00.1 
00.9 – 01.2 

Average vertically projected 
crown diameter (m) 

06.5 ±00.8 
05.1 – 07.9 

06.9 ±01.7 
04.2 – 10.2 

05.2 ±00.6 
04.2 – 05.9 

Average faction of permeable 
surfaces within vertically 
projected crown area (%) 

71.7 ±21.9 
31.7 – 100.0 

26.4 ±20.1 
04.0 – 63.4 

51.1 ±29.8 
15.0 – 96.1 

Average current-year shoot length 
(cm) 

28.7 ±11.0 
13.7 – 45.2 

17.0 ±05.3 
10.3 – 26.0 

19.5 ±05.4 
12.0 – 29.1 
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at 1.5 times vertically projected crown area (R
2 

= 0.04; P = 0.035).  

 

Figure 6: The relationship between fraction of permeable surfaces in the 1.5 times vertically projected crown area (x-axis) 

and stem annual diameter growth (y-axis) at site 1. P = 0.035. 

3.2.2 Shoot length  

The results from the measurements of current year-shoot length at site 1 is shown in figure 7. 

A positive correlation between mean current-year shoot length and fraction of permeable 

surfaces within the vertically projected crown area was observed at site 1 (R
2 

= 0.23; P 

<0.001). This relationship is even stronger at 1.5 times vertically projected crown area (R
2 

= 

0.29; P <0.001).  

y = 0.0012x + 0.8872 
R² = 0.0468 
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Figure 7: The relationship between fraction of permeable surfaces in the 1.5 X vertically projected crown area 

(x-axis) and mean current-year shoot length (y-axis) at site 1. P <0.001 

3.3 Site 2  

The results from the analysis of data from site 2 exhibited p-values of 0.2 and 0.6 for analysis 

on stem growth (for 1 and 1.5 times vertically projected crown area, respectively). R
2
 values 

for these analyses were 0.02 and 0.004 respectively. 

For current-year shoot length, p-values of 0.6 and 0.8 were recorded. The responding R
2
 

values were 0.004 and 0.001. 

The results from site 2 were unreliable due to many influencing factors and are therefore not 

shown here (see section 2.5). 

3.4 Site 3 

At site 3, the influence of soil structure was analyzed in order to determine if constructed 

structural soil has a positive influence on tree growth.  

3.4.1 Effects of constructed structural  soil on tree growth  

A comparison of stem growth between planting regimes at site 3 revealed that the trees with 

access to constructed structural soil had a slightly higher annual diameter growth relative to 

the trees planted in normal soil pits (P = 0.002; Figure 8).  
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 Figure 8: Average annual stem diameter growth in normal vs constructed structural soil plantings at site 3. 

Standard error bars are displayed in the figure.  

When comparing average current-year shoot length, the trees planted in normal soil pits 

showed a slightly higher mean value (figure 9). This relationship is likely not valid (P = 0.36).  
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Figure 9: Average current-year shoot length in normal vs constructed structural soil plantings at site 3. Standard 

error bars are displayed in the figure. 

The trees planted in constructed structural soil generally had a much smaller fraction of 

permeable surfaces within the vertically projected crown area than trees planted in normal soil 

pits. See figure 10 for demonstration. Despite this, trees growing in constructed structural soil 

showed faster stem growth (Figure 8). The fact that the size of the permeable surface is 

proven to have an effect on tree growth and that the trees growing in constructed structural 

soil have smaller permeable surfaces have an impact on the interpretation of the results in 

figure 8 and 9. The above-ground growing conditions for the trees growing in constructed 

structural soil are not as optimal as for the trees planted in normal soil pits, and the results 

must be viewed in the light of this information. 
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 Figure 10: Average fraction of permeable surfaces within the vertically projected crown area in constructed 

structural soil vs normal soil at site 3. Standard error bars are displayed in the figure. 

3.5 Summary 

At site 1 (Lindholmsallén), a positive correlation exists between mean current-year shoot 

length or annual stem diameter growth and the fraction of permeable surfaces within the 

vertically projected crown area.  

Site 2 (Southern Östra Eriksbergsgatan) showed insignificant and unreliable (See section 2.5) 

results and were excluded from the study. 

At Site 3 (Northern Östra Eriksbergsgatan and Sannegårdsgatan), a link between faster tree 

stem growth and constructed structural soil plantings could be distinguished. 

4 Discussion 

4.1 Site 1 

Lindholmsallén was the only site where a positive correlation between the fraction of 

permeable ground surfaces and tree growth was found. It is a site with many trees and very 

similar growing conditions above ground throughout the area. The similar growing conditions 

likely created a situation where the relationship between permeability and tree growth had the 

potential to be detected more clearly. 

Below ground, the soil contains building waste spread out in the whole area. The fractions of 

waste could potentially create increased root space in the soil similar to a constructed 

structural soil, with the same results. The trees at this site generally showed high growth rates 
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except for a group of a few trees in the northern part of the area. Despite quite high fractions 

of permeable surfaces, these trees had short shoots, slow stem growth and thin crowns with 

prematurely yellowing leaves. According to Sjöman & Slagstedt (2015) this could be a sign of 

both water and/or nutrient deficiency. It is possible that the soil in this particular place was 

more compacted and contained less building waste creating root space for the trees than other 

parts of the area. 

The permeable surface material throughout the area consists mostly of turf, which has 

minimal negative effects on the growth of mature trees according to Trowbridge & Bassuk 

(2004). The 14 trees on Götaverksgatan are planted in gravel surfaces, but the growth rates of 

these trees correspond well with the rest of the trees at site 1 with no diverging measurement 

results.  

The shoot growth at this site was more strongly linked to the size of the permeable surface 

than the stem growth. A possible explanation for this is the time-scale. Annual stem growth 

was estimated as the mean since planting, while shoot growth can be easily measured on an 

annual scale. The measurements of stem diameter include the juvenile years of the trees. The 

importance of permeable surface size was possibly lower in the first years after planting than 

today, thereby decreasing the effects of permeability seen on stem growth. 

The spring and summer of 2015 experienced more precipitation than normal in western 

Sweden. During the months March-May, the precipitation in the Gothenburg area was 150% 

larger than normal (SMHI 2015). The large amount of precipitation has probably increased 

the overall supply of water for the trees and could have counteracted the positive effects that 

larger permeable surfaces have on water availability. On a dry year, the effects seen on shoot 

growth could thus possibly have been even larger. 

4.2 Site 2 

The conditions which led to the exclusion of the results from site 2 is discussed in section 2.5 

and left out from this section. 

4.3 Site 3 

Several factors point to the positive effects of constructed structural soil on tree growth at this 

site. The trees planted in constructed structural soil on average had a permeable surface 

fraction that was a third of that of trees planted in normal soil pits, but still 0.1 cm higher 

mean stem annual diameter growth. The side of the street with constructed structural soil pits 

is also quite shaded by high buildings in an eastern direction. The difference in growth rate in 

itself is not very large, but the fact that the trees planted in constructed structural soil showed 

faster stem growth rates despite aggravating circumstances would suggest that constructed 

structural soil is an important factor for tree growth at this site. These results correspond well 

with earlier similar studies on the effects of constructed structural soil on tree growth 

(Andreasson et. al 2015; Grabosky et. al 2002). 

The surface material also differs between planting regimes. The trees planted in constructed 

structural soil have gravel as surface material. The trees planted in normal soil pits are 

surrounded by turf. It is difficult to determine if this had any impact on the results, but no 
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differences in growth rate can be distinguished between different surface materials at site 1. 

The same situation could be expected to be valid also for site 3. 

5 Conclusions and implications 

-A larger fraction of permeable surfaces within the vertically projected tree crown area is 

proven to have a positive effect on current-year shoot growth at Lindholmsállen in 

Gothenburg. The effects on stem growth was also positive but not to the same extent.  

-Trees planted in constructed structural soil had faster stem growth than trees planted in 

normal soil pits at Sannegårdsgatan in Gothenburg despite otherwise aggravating 

circumstances such as smaller permeable surface fractions and a shaded growth environment. 

Constructed structural soil can therefore be interpreted as having a positive effect on stem 

growth. 

The results of this study confirm that constructed structural soil is useful for better growth of 

urban trees. The results can also be used in urban tree planning to better assess the use of 

permeable surface materials and possibly in formulating a standard for how permeable 

surfaces can be used to enhance growth and vitality of street trees. 

6 Future studies 

It would be beneficial to perform follow-up studies at site 1 and site 3 every year for a few 

years’ time to gather more data on which more grounded conclusions could be based. To 

carry out the same study over several years also diminishes the effects of the exceptionally 

wet spring and summer of this year which could have influenced the results. The 

measurements of current year-shoots could be perfected with higher reaching measuring 

equipment. Other more optimal sites for studying the effects of constructed structural soil 

could be included in order to enhance the importance of the results. 

To perform the same type of study at other sites with different conditions would also be an 

interesting follow-up study. 

The data needed for a replication of the study is available in the appendices.  
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Appendices 

Appendix A- Maps of measured trees  

Site 1-Lindholmsallén part 1 
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Site 1-Lindholmsallén part 2 
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Site 1- Lindholmsallén part 3 
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Site 1- Lindholmsallén part 4 
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Site 1- Lindholmsallén part 5 
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Site 1- Lindholmsallén part 6 
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Site 1- Götaverksgatan part 1 
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Site 1- Götaverksgatan part 2 
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Site 1- Pumpgatan 
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Site 2- Southern Östra Eriksbergsgatan part 1  

 



39 
 

Site 2- Southern Östra Eriksbergsgatan part 2  
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Site 2- Southern Östra Eriksbergsgatan part 3  
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Site 2- Southern Östra Eriksbergsgatan part 4  
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Site 3- Sannegårdsgatan part 1 
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Site 3- Sannegårdsgatan part 2 
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Site 3- Sannegårdsgatan part 3 
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Site 3- Northern Östra Eriksbergsgatan 
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Appendix B- Raw data tables of measurements 

Site 1-Lindholmsallén 

ID Tree 
height 

Stem 
diameter (cm) 

Stem 
circumference 
(cm) 

Annual stem 
diameter 
growth (cm) 

Vertically 
projected 
crown area 
(m/diameter) 

Current-
year shoot 
mean 
length (cm) 

Fraction of 
permeable 
surfaces 
(%) 

Fraction of 
permeable 
surfaces  X1,5 
crown area 
(%) 

A1 7 to 9 22 68,5 0,98 6,75 48 100 100 

A2   17 54 0,66 4,65 14 80 56 

A3   17 52 0,66 4,9 28,5 77 54 

A4   21 70 0,91 6,35 42 100 100 

A5   23 71 1,04 7,7 44 100 100 

A6   23 72 1,04 6,85 45,5 100 100 

A7   23 75 1,04 7,85 49,5 100 100 

A8   24 76 1,1 7,6 43 100 100 

A9   22 72 0,98 7,3 19,5 51 34 

A10   25 76 1,16 7,45 24 100 100 

A11   22 70 0,98 5,7 30 35 21 

A12   20 68 0,85 5,9 14 71 51 

A13   25 68 1,16 6,6 30 56 38 

A14   21 68 0,91 6,6 28,5 95 83 

A15   19 59 0,79 5,4 32 54 37 

A16   24 77 1,1 7 17 53 36 

A17   23 69 1,04 6,35 33 98 85 

A18   21 68 0,91 6,35 44 84 73 

A19   21 66 0,91 6,25 16 83 73 

A20   21 81 0,91 6,95 27 52 35 

A21   24 75 1,1 6,8 43 96 83 

A22   20 66 0,85 5,8 35 55 33 

A23   20 62 0,85 6,85 18 70 48 

A24   25 81 1,16 7,75 16 38 23 

A25   20 61 0,85 6,55 20 60 41 

A26   24 74 1,1 7,5 30 75 67 

A27   20 64 0,85 6 15 63 43 

A28   21 66 0,91 6,4 41 96 84 

A29   20 79 0,85 7,2 44,5 60 41 

A30   23 72 1,04 6,9 25 94 82 

A31   19 56 0,79 5,2 27 73 51 

A32   23 73 1,04 6,7 26 19 8 

A33   22 69 0,98 5,9 25 32 14 

A34   22,5 69 1 6,9 20 20 9 

A35   21 65,5 0,91 5,7 19 41 18 

A36   19 59 0,79 5 17 65 45 

A37   22 69,5 0,98 6,4 19 59 40 

A38   22 67,5 0,98 6,2 29,5 97 85 
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A39   23 69 1,04 6,5 18 96 84 

A40   25,5 77,5 1,19 7,25 32 67 47 

A41   21,5 68 0,94 5,6 72 99 87 

A42   22,5 68,5 1 6,25 35,5 77 68 

A43   23,5 74 1,07 7,6 44 91 79 

A44   23,5 71 1,07 7,25 38 93 80 

A45   21 66 0,91 6,05 33 75 67 

A46   20 60,5 0,85 6,4 25 61 42 

A47   22 68 0,98 6,8 17 56 38 

A48   19 62 0,79 5,9 28,5 64 44 

A49   21 66 0,91 6,5 21 90 78 

A50   22,5 76 1 6,8 31 88 77 

A51   22 73 0,98 6,6 28 89 77 

A52   22 71 0,98 6,25 35 91 79 

A53   22,5 73 1 7,05 38 87 76 

A54   20,5 63 0,88 5,4 23,5 95 83 

A55   19 60 0,79 5,8 26 93 81 

A56   21,5 68 0,94 5,6 22 94 82 

A57   20,5 67 0,88 5,8 39 93 81 

A58   20,5 67 0,88 5,65 22 94 82 

A59   20 63 0,85 5,95 24,5 92 80 

A60   22 71 0,98 6,4 38 90 78 

A61   22,5 72 1 6,4 37 90 78 

A62   20,5 66 0,88 5,9 39 93 80 

A63   22 75 0,98 6,7 45 72 65 

A64   25 79 1,16 7,95 44 88 77 

A65   25 80 1,16 7,3 28,5 91 79 

A66   20,5 66 0,88 6,4 16 56 38 

A67   22 71 0,98 7,25 23 53 36 

A68   24 79 1,1 7,15 20 53 36 

A69   24,5 75,5 1,13 7,3 23 51 34 

A70   21 70 0,91 5,7 17 66 45 

A71   20 64 0,85 5,85 13 65 45 

A72   27 84,5 1,29 8,15 17 46 31 

A73   22,5 74 1 6,8 23 53 36 

A74   22 70 0,98 6,5 34 59 40 

A75   19 60 0,79 5,65 11 66 45 

A76   19 64 0,79 5,4 9 72 50 

A77   20 64 0,85 6,8 23 25 15 

A78   20,5 66 0,88 6,75 16 31 14 

A79   22 71 0,98 7,1 31 37 23 

A80   23 73 1,04 7,1 20 55 38 

A81   23,5 78 1,07 7,3 28 54 37 

A82   22 70 0,98 6,2 13 62 42 

A83   18 59 0,73 5,95 12 65 45 
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A84   25 81 1,16 7,7 50 89 77 

A85   24 76 1,1 7,9 26 89 77 

A86   24 76 1,1 7,85 38 89 78 

A87   23 73 1,04 7,9 41 90 78 

A88   22 66 0,98 6,5 31 58 40 

A89   25 76 1,16 6,8 43 74 66 

A90   26,5 83 1,26 7,6 32 71 64 

A91   16 49,5 0,6 5,4 21 36 21 

A92   17 53 0,66 4,8 26 29 13 

A93   17 51 0,66 5,6 26,5 42 18 

A94   17 53 0,66 4,8 27 95 82 

A95   21 67 0,91 6,5 30 73 66 

 

  



49 
 

Site 2- Southern Östra Eriksbergsgatan 

ID tree 
height (m) 

stem 
diameter 
(cm) 

stem 
circumference 
(cm) 

annual 
stem 
diameter 
growth 
(cm) 

Vertically 
projected crown 
area(m/diameter) 

Fraction of 
permeable 
surfaces % 

Fraction of 
permeable 
surfaces  X1,5 
crown area 
(%) 

Current-
year shoot 
mean 
length (cm) 

C1 10 to 12 20 60 0,59 5,1 18 8 23 

C2 
 

18,5 57 0,53 6,2 11 5 12 

C3 
 

24 73 0,77 7,2 8 3 14,5 

C4 
 

22 67 0,68 6,9 8 4 14 

C5 
 

22 67 0,68 6,35 13 6 12,5 

C6 
 

21 65,5 0,64 6,45 13 6 11 

C7 
 

26,5 80 0,88 7,5 9 4 26 

C8 
 

21,5 67 0,66 7 8 3 16 

C9 
 

19 57 0,55 6,45 9 4 15 

C10 
 

21,5 64 0,66 7,55 7 3 13 

C11 
 

27,5 84,5 0,92 9,45 4 2 21 

C12 
 

37,5 115,5 1,35 10,2 4 2 17 

C13 
 

30 94 1,03 10,6 3 2 14,5 

C14 
 

29,5 89,5 1 10,3 4 2 21 

C15 
 

27,5 84 0,92 10,2 4 2 26 

C16 
 

23,5 72,5 0,74 8,3 7 3 30,5 

C17 
 

28,5 87 0,96 9,45 6 3 23 

C18 
 

25 78 0,81 9,6 6 2 23,5 

C19 
 

25 77 0,81 8 7 3 13 

C20 
 

22,5 68 0,7 8,4 5 2 10 

C21 
 

20 62,5 0,59 6,8 11 5 11 

C22 
 

25 77,5 0,81 8,3 8 3 12,5 

C23 
 

31 96,5 1,07 10,2 5 2 17 

C24 
 

28,5 90 0,96 9,85 5 2 17 

C25 
 

23,5 72 0,74 7,2 6 3 20 

C26 
 

23,5 71,5 0,74 6 9 4 18,5 

C27 
 

20 61 0,59 4,8 17 7 9 

C28 
 

20,5 61,5 0,61 6,5 9 4 12 

C29 
 

21 65 0,64 5,9 15 6 15,5 

C30 
 

16,5 51 0,44 3,3 47 21 16 

C31 
 

18,5 56,5 0,53 4,3 28 12 14,5 

C32 
 

18,5 57,5 0,53 4,6 18 8 27 

C33 
 

19 58,5 0,55 4,6 18 8 23 

C34 
 

21 63,5 0,64 4,9 16 7 15 

C35 
 

23,5 72 0,74 4,9 16 7 31 

C36 
 

22 67,5 0,68 6,3 9 4 9 

C37 
 

19 57 0,55 4,95 16 7 19 

C38 
 

17,5 54 0,48 7 8 3 7 

C39 
 

16,5 50 0,44 3,6 29 13 12 
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C40 
 

20,5 62 0,61 4,15 24 11 21 

C41 
 

16 49 0,42 4 32 14 11 

C42 
 

25 76,5 0,81 6,5 68 49 20 

C43 
 

25 78,5 0,81 7,3 49 33 12,5 

C44 
 

25,5 82 0,83 6,3 51 35 18 

C45 
 

27,5 83,5 0,92 7,7 42 28 20 

C46 
 

25 75,5 0,81 6,6 51 34 11,5 

C47 
 

28,5 85 0,96 6 53 36 13 

C48 
 

27 79 0,89 6,2 50 34 13,5 

C49 
 

23,5 70,5 0,74 5,7 52 35 23 

C50 
 

25 75 0,81 7,5 40 27 16 

C51 
 

30 96 1,03 8,5 27 18 24 

C52 
 

24,5 74,5 0,79 6,7 34 23 13 

C53 
 

20,5 62 0,61 5,6 36 24 25 

C54 
 

26,5 80 0,88 6,2 32 22 20 

C55 
 

29,5 90,5 1 7,1 35 23 20,5 

C56 
 

22,5 70 0,7 5,7 48 32 16,5 

C57 
 

23,5 71,5 0,74 7,1 45 31 11 

C58 
 

19 57 0,55 5,1 62 42 16 

C59 
 

22 69 0,68 7,4 41 27 15 

C60 
 

22 67 0,68 5,6 54 30 10,5 

C61 
 

28 84,5 0,94 8,9 33 22 14 

C62 
 

25 77,5 0,81 6,3 45 31 19 

C63 
 

26 79,5 0,85 7,6 35 23 15 

C64 
 

24,5 74,5 0,79 7,1 39 26 13 

C65 
 

22,5 69 0,7 7,8 30 21 26 

C66 
 

28 86 0,94 8,8 24 16 17 

C67 
 

22,5 69 0,7 7,55 30 20 16 

C68 
 

29 89 0,98 8,8 19 11 20,5 

C69 
 

19,5 60,5 0,57 5,2 83 61 19 

C70 
 

21 63,5 0,64 6,7 65 46 15 

C71 
 

20 61,5 0,59 5,5 71 50 22 

C72 
 

23 69,5 0,72 6,5 56 39 11,5 
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Site 3- Sannegårdsgatan and Northern Östra Eriksbergsgatan  

ID Tree 
height (m) 

Stem 
diameter 
(cm) 

Stem 
circumference 
(cm) 

Annual 
stem 
diameter 
growth 
(cm) 

Vertically 
projected crown 
area(m/diameter) 

Fraction of 
permeable 
surfaces % 

Fraction of 
permeable 
surfaces  X1,5 
crown area 
(%) 

Current-
year shoot 
mean 
length (cm) 

Constructed 
structural 
soil 

B1 8 to 9 19 56 1,15 5,7 53 36 26   

B2   20 62 1,24 5,8 53 36 12   

B3   18,5 56 1,1 5,4 57 39 13   

B4   20 59,5 1,24 5,35 55 37 26   

B5   20 62,5 1,24 5,6 24 10 24,5   

B6   20 62 1,24 5,6 14 6 35 x 

B7   21 63 1,33 5,3 17 7 24 x 

B8   20,5 63,5 1,28 5,2 16 7 20 x 

B9   19 57 1,15 4,6 34 15 17 x 

B10   16,5 49,5 0,92 4,8 62 28 18   

B11   16 49,5 0,88 4,4 91 55 17   

B12   18,5 56,5 1,1 5,2 72 50 25   

B13   17 53,5 0,97 4,2 84 60 33   

B14 
 

19,5 59,5 1,19 4,5 42 19 20 x 

B15   20 61,5 1,24 5,6 26 12 11 x 

B16   16,5 50,5 0,92 4,1 52 26 23 x 

B17   19,5 60,5 1,19 3,6 40 18 12 x 

B18   19,5 60,5 1,19 5,4 31 14 18 x 

B19   17 52,5 0,97 4,3 82 36 28 x 

B20   16,5 49 0,92 4,2 42 19 16 x 

B21   18 54 1,06 4,35 25 10 24 x 

B22   17,5 53 1,01 4,7 24 11 19 x 

B23   20,5 62,5 1,28 5,5 18 8 28 x 

B24   18,5 56,5 1,1 4,25 30 14 16,5 x 

B25   17,5 56 1,01 5,5 28 12 13,5 x 

B26   17 53,5 0,97 5,8 15 7 15 x 

B27   20 61 1,24 6,1 14 6 15,5 x 

B28   17,5 55 1,01 5,4 18 8 24 x 

B29   18 54,5 1,06 5,6 16 7 12 x 

B30   19 57,5 1,15 5,8 28 12 16 x 

B31   17,5 54 1,01 5,5 26 11 18 x 

B32   19 58,5 1,15 5,2 33 14 16 x 

B33   18 53 1,06 5,3 18 8 11,5 x 

B34   18,5 55,5 1,1 4,3 26 11 18 x 

B35   19,5 61 1,19 5,45 15 7 20 x 

B36   19 59 1,15 5,9 25 12 21 x 

B37   18 54 1,06 5,2 19 8 26 x 

B38   19 57 1,15 4,9 21 9 17 x 

B39   20 61 1,24 5,6 31 14 11 x 
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B40   17 56 0,97 5,2 99 76 16   

B41   18 58 1,06 5,95 90 65 20,5   

B42   17 55 0,97 5,6 92 67 21   

B43   19 60 1,15 5,6 92 67 23   

B44   17 58 0,97 5,9 91 66 17,5   

B45   17 56 0,97 5,2 97 73 18   

B46   18,5 59 1,1 5,8 92 67 16   

B47   19 63 1,15 5,7 93 68 18   

B48   19 63 1,15 5,7 93 68 22   

B49   17 55 0,97 5,6 94 69 19   

B50   14,5 48 0,74 4 100 90 14   

B51   15 51 0,78 5,4 96 71 23   

B52   16,5 54 0,92 5,6 92 67 18   

B53   16 54 0,88 5,8 92 67 14   

B54   17,5 57 1,01 6,4 86 61 16   

B55   16 51 0,88 4,7 54 37 21   

B56   19 60 1,15 5,5 47 32 20   

B57   16,5 54 0,92 5,4 47 32 29   

B58   16,5 55 0,92 5,3 48 33 31   

B59   18 58 1,06 5,2 49 34 16,5   

B60   18 58 1,06 5,6 46 31 17   
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