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Preface

Many of the tree plantings in Stockholm were carried out at 
the end of the 19th century. At that time, the soil materials 
in the streets had more of an open structure and the roots 
could spread relatively freely underground. Since then, 
the streets have been paved, pipelines have been laid in 
the ground and the root systems of trees have often been 
severely damaged by excavations and compacted back-
fill. This means that the city’s trees no longer have air and 
water to grow and deliver ecosystem services as they have 
done previously. When the Traffic Administration in 2001 
made an overall status assessment of street trees in Stock-
holm, it showed that two thirds of all trees in the inner city 
were dead or dying. A solution was therefore needed to 
help the trees to recover. In the years since, many different 
techniques and materials have been tested.

The system currently used to build planting beds in Stock-
holm has been inspired by various structural soil and plant-
ing bed projects in Europe.

The most important sources of inspiration are sites in the 
Netherlands, research on structural soil conducted at the 
university in Hanover, Germany, and the various projects 
led by Klaus Schröder in Osnabrück. These structural soils 
are planting beds built with the help of stones which pro-
vide bearing capacity for traffic and at the same time 
create cavities that allow the trees to spread their roots. 
An article in the Swedish trade magazine ”Utemiljö” (1998) 
describes an aeration layer on top of the Danish variant of 

structural soil, called “gartnermakadam” (freely translat-
ed horticultural macadam). This, together with the booklet 
”The oxygen requirement of plant roots in relation to soil 
aeration” by E. E. Free (1907), has inspired the Stockholm 
structural soil design with an aeration layer and aeration 
wells. This part of the structure enables gas exchange for 
the root system, as well as intake of stormwater to meet the 
trees’ need for air and water in paved surfaces. 

The Stockholm system strives to use as much renewable 
and local materials in the planting bed as possible. Macad-
am from local infrastructure projects is used in most con-
structions. Biochar, usually produced locally from garden 
waste, is used together with compost mixed with macadam 
as a plant substrate.

The city’s high proportion of hard surfaced areas creates 
large flows of stormwater that must be managed in or-
der not to overload the drainage system. Different types 
of planting beds provide good opportunities for delay-
ing stormwater by using the cavities in the material at the 
same time as the stormwater irrigates the trees.

Tests performed by the Swedish National Road and Trans-
port Research Institute (VTI) in 2014 shows that Stockholm 
structural soils provide good bearing capacity and can be 
used under lanes in streets and parking lots, as well as un-
der pavements.

Björn Embrén, tree specialist for the City of Stockholm, 
in an enlightened moment. Photo Magdalena Möne.
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The contents and use of the handbook

This handbook is intended for everyone who plans, builds and man-
ages environments with trees for the City of Stockholm and should 
be a support in the planning, design and construction of new plant-
ing beds as well as for measures near existing trees. Planting beds 
in the City of Stockholm will be used together with the Technical 
Handbook and AMA1. Planting beds in the City of Stockholm are 
coordinated with the AMA version described in the Technical Hand-
book regarding AMA codes. The Technical Handbook is available 
on the City of Stockholm’s website and is updated regularly.

1	 AMA (freely translated to General Material and Work Description) is a reference document, 
used in close relationship with technical specifications. AMA includes requirements for proven materials, 
methods and technologies. AMA is used in the preparation of technical descriptions and execution of civil 
works.

Overview – governing documents

Stockholm City Plan

Vison 2040 – A Stockholm for Everyone

Teknisk handbok

Freely translated to Technical 
Handbook. Only Swedish  
version available

Planting beds in the City of Stockholm

Grönare Stockholm

Freely translated to 
Greener Stockholm. 
Only Swedish version 
available Gata Stockholm 

Freely translated to Street 
Stockholm. Only Swedish  
version available

1.
Urban plant 

beds

2. 
Measures near 
existing trees

3.
Control, fines & 

maintanance

Appendices

The handbook begins with a descrip-
tion of the conditions of urban trees and 
the problems that often arise. Methods 
for new plantings of trees developed in 
Stockholm are also described here.

Overview – contents

Chapter 2 describes what is important to 
keep in mind when working near existing 
trees. It also describes how planting bed 
renovation works.

Chapter 3 describes routines for inspec-
tions during the work, guarantee mainte-
nance, irrigation and the City of Stock-
holm’s policy regarding fines in the event 
of damage.

The handbook includes appendices 
such as detailed facility descriptions and 
standard detail drawings. These draw-
ings must always be used in projects 
with the City of Stockholm as the client.

Planning and design considerations 
– p. 14.
Planning and evaluation of actions (for
existing trees) –  p. 19.

Pilot study or
planning

When to use the handbook?

Fines for damages –  p. 25.
Guarantee maintenance –  p. 25.
Irrigation – p. 27.

Completion

Planning and design considerations 
– p. 14.
Guidelines for control plans –  p. 24.

Appendix: Standard detail drawings
Design

Construction considerations –  p. 17.
Root protection –  p. 20. 
Guidelines for control plans –  p. 24.
Appendix: Implementation descriptions
Appendix: Control plan

Implementation

This handbook was originally developed as part of the Stockholm 
Biochar Project – one of the winning ideas in the Bloomberg 
Philanthropies 2014 European Mayors Challenge competition.  
Bloomberg Philanthropies have contributed to the translation of 
the Swedish version of this handbook as part of efforts to support 
the replication of the Stockholm Biochar Project globally and so 
that other cities, developing their plans for urban planting with 
biochar, can learn from the models and examples developed in 
Stockholm.



 5

VÄ
X

TB
Ä

D
D

A
R

 I STO
C

K
H

O
LM

S STA
D

 – EN
 H

A
N

D
B

O
K

  2018-01-18

INTRODUCTION

 5

plastic, rubber or 
bentonite clay.

Geotextile separates 
the planting bed from 
the hard surfacing 
and prevents small 
particles from being 
transported down into 
the aeration layer 
below, clogging the 
cavities. 

Hardwood chips are 
chipped deciduous 
wood that is used as 
ground cover around 
trees to help retain 
moisture and keep 
away weeds.

Leveling layer is laid 
between the geotextile 
and the aeration layer 
to protect the geo- 
textile from tearing. 

Macadam consists of 
single-sized angular 
stones. Lacks fine 

fraction (0 mm).

Particle size 
distribution is 
the percentage 
distribution of the size 
of mineral particles in 
a certain soil or in rock 
material, and is often 
reported in a particle 
size distribution curve, 
or a sieve analysis, 
after a soil test has 
been performed.

Pipeline roots are very 
thick roots that are 
responsible for the 
main supply of water 
and nutrients (see 
picture on p. 7). Dam- 
age to pipeline roots 
can cause trees to die.

Planting bed means 
the entire volume 
of the constructed 
planting area. 
Planting beds can 
be constructed using 

Aeration well allows 
oxygen and water 
to access the roots 
and releases carbon 
dioxide from the soil. 
When the well is filled 
with stormwater, the 
water flows into the 
aeration layer and 
is distributed in the 
planting bed. At the 
same time, the water 
removes accumulated 
carbon dioxide out 
of the aeration layer 
and leaves room for 
oxygen.

Aeration layer, enables 
gaseous exchange to 
the planting bed. 

Biochar consists of 
plant biomass that 
has been heated in 
an oxygen-depleted 
process, called 
pyrolysis. 

 

Biochar-macadam is a 
mixture of macadam, 
nutrient-enriched 
biochar and compost.

Crushed rock is unsort- 
ed crushed stone with 
a fine fraction (0 mm) 
that is often used in 
road construction. 
Crush- 
ed rock should not be 
used in planting beds 
as the fine fraction 
means that the 
material is packed too 
hard.

Drip line is the 
imaginary line on the 
ground around a tree 
that describes the 
outer limit of the tree 
crown. 

Geomembrane seals 
and protects against 
water ingress and can 
be made of various 
materials such as 

The existing trees on the right have been given new planting beds – Birger Jarlsgatan.

Concepts used in this handbook

Stormwater is surface 
runoff of rain and 
snowmelt.

Stockholm structural 
soil gives planting 
beds sufficient pore 
volume and prevents 
the planting bed from 
being compacted.

Support strip of 
macadam without 
fine fraction (0 mm) is 
applied at vegetation 
surfaces that adjoin 
hard surfaces so that 
stormwater is led into 
the planting bed.

The structure of the 
soil describes how its 
particles (organic and 

various methods such 
as Stockholm structural 
soil and biochar-
macadam or specially 
adapted, for example 
for marsh plants.

Plant substrate is a 
term for materials 
included in a planting 
bed, corresponding to 
a soil.

Pumice is an airy mat- 
erial with good water- 
holding capacity, used 
in plant substrates 
and together with rock 
dust as wearing course 
(applied on top of base 
course).

Rock dust comes from 
crushed rock with 
fractional limits of 0-8 
mm. Common fractions 
are 0/2, 0/4 and 0/8  
mm. Crushed rock 
also occurs in coarser 
fractions.

 
Root collar of a tree  
is placed at the same 
ground level as in the 
nursery. Adjust the 
height if necessary 
with macadam in the 
bottom of the tree pit 
(see picture on p. 17).

Root zone is the area 
where the tree’s roots 
grow or are expected 
to grow.

Site improvement ref- 
ers to how the 
tree’s conditions 
underground can be 
improved, i.e., access 
to air, water and 
space.
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inorganic material) are 
arranged. 

The texture of the 
soil is the fraction 
distribution of its 
inorganic particles, 
that is, how much 
rough and fine 
material the soil 
contains.

Superstructure or 
surface course is 
usually the part of the 
ground construction 
that is applied to 
the subgrade. In this 
context, however, it 
means the part that is 
applied to the top of 
the planting bed.
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In the city, buildings, green structures and open water create great 
variations in the trees living environments. The air and ground hu-
midity are often low and many surfaces are paved, which gives an 
uneven water supply. Stormwater is an important resource that can 
be used for irrigating trees and other plants. Delaying stormwater 
in planting beds also reduces the load on the drainage system. 

Common problems for urban trees
The urban environment cause several problems 
that inhibit the growth of trees. For example, there 
is great variation in water supply between different 
locations and throughout the season. There may be 
a shortage of water, but when sudden floods occur, 
all stormwater is diverted to the stormwater drain-
age system. A layered ground profile also adverse-
ly affects the supply of water.

Hard, impermeable surfaces and compact soils 
lead to a lack of oxygen, which causes the roots to 
die from carbon dioxide poisoning. Oxygen defi-
ciency sometimes occurs when excess water is not 
discharged due to poor drainage of the soil. 

As many functions need to be accommodated in 
the street space, planting bed volumes often be-
come too small for the root systems. This causes 

poor development of the tree as well as problems 
with roots that lift the paved surface.  

Excavations and loads on the root zone by traffic 
and storage cause physical damage to the roots. 
Collision and incorrect pruning cause damage to 
trunk and branches. Damage can occur if road salt 
accumulates in the planting bed. Clay soils are 
particularly sensitive, as they become compacted 
by salt. 

Root distribution
The root distribution of trees is strongly depend-
ent on the location. Roots grow towards the best 
conditions; spaces with good oxygen and water 
supply. Therefore, the root systems of urban trees 
differ from trees in natural environments where the 
tree roots are generally located in the topsoil layer. 
Under hard surfaces, roots search for oxygen and 

Damage to the paving caused by roots.

1. Urban planting beds

Compacted 
material

Surface course

Carriageway

Paving

A compact planting bed with limited volume makes the tree develop poorly and can cause problems with roots that lift the paving.
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Common problems 

•	 The planting bed is too small

•	 Paving or compacted soil leads to lack of 
oxygen for the roots 

•	 Paving or compacted soil leads to lack of 
water in the root zone

•	 Salt damage and compaction of soils 

•	 Physical damage to root system, trunk or 
large branches during construction work 
leading to wood exposure and the entry 
of decay fungi

•	 Competition for space underground 
between roots and pipes or conduits

•	 Leaking gas lines

Roots and conduits compete for space underground.

Pavement leaves no space for the tree trunk.

water in pipes and deeper into the ground. 

Since the ground conditions in the city vary great-
ly, the roots of an urban tree can be far outside 
the tree’s drip line or have an extremely one-sid-
ed distribution. The trees can develop thick roots, 
so-called ”pipelines”, which account for the main 
part of the tree’s supply of water and nutrients. 

Space for roots and conduits
The trees’ need for space underground can af-
fect technical installations. The roots of the trees 
seek their way into the loose gravel around un-
derground installations due to the good growing 
conditions there which causes blockages in sewers 
and drains. 

It is also common for existing trees to be seriously 
damaged during excavation work for the construc-
tion or maintenance of cables and due to leaks 
from gas pipelines. This makes tree placement in 
relation to underground pipes and conduits an im-
portant aspect of urban planning.

Pipeline roots exposed during excavation.

Excavation damage.

Urban trees with poor growth – Odengatan.The trees in the median strip were planted at the same time as 
the trees in parkland to the right in the picture.

URBAN PLANTING BEDS
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Stockholm structural soil
This method is well established and evaluated in 
Stockholm. The Stockholm structural soil cre-
ates cavities in the planting bed which allows gas 
exchange for the tree roots, as well as a stable 
structure with a bearing capacity which prevents 
the planting bed from being compacted. The soil 
has been tested by the Swedish National Road and 
Transport Research Institute (VTI) and has been 
shown to have such good load bearing capacity 
that it can be used under paved surfaces for car-
riageways and parking areas. 

The Stockholm structural soil consists of 90/150 
mm stones with plant substrate in the cavities. For 
the planting bed to have the desired properties, it 
is important that the stones are laid out and packed 
in layers. The plant substrate is then laid out in 
thin layers upon each layer of compacted stones 
and flushed into the cavities with a strong jet of 
water. For this to work, the substrate must have a 
low content of clay and organic material (see Ap-
pendix: Particle size distribution curve for plant 
substrate type B). 

The subgrade in the planting bed is covered with 
a thin layer of unfertilized biochar. This layer is 
intended as a filter to purify stormwater. If the 

The Stockholm system
To solve the problems affecting urban trees, the City of 
Stockholm has developed several methods to improve 
both new and existing planting beds.

planting bed is located under a paved surface, aer-
ation wells are installed which, together with an 
aeration layer consisting of 32/63 mm macadam, 
transports air and water to the roots of the trees. 
Above this, a leveling layer of 8/11 mm macad-
am is added to protect the geotextile that is laid on 
top. The geotextile prevents fine particles  
from infiltrating the underlying  
planting bed, clogging the cavities  
and thereby destroying the good  
properties of the  
planting bed.

Planting bed with Stockholm 
structural soil
1.	 Paved surface and base course
2.	 Stormwater gutter
3.	 Aeration well: inlet for stormwater and 

oxygen/carbon dioxide exchange
4.	 Tree grille
5.	 Stone mulch, macadam 4/8 mm
6.	 Root collar placed at same level as in 

nursery
7.	 Macadam 2/6 mm + 25% by volume mix-

ture of nutrient-enriched biochar and 
compost (50/50)

8.	 Tree pit foundation in concrete
9.	 Geotextile
10.	 Leveling layer, macadam 8/11mm
11.	 Aeration layer, macadam 32/63 mm
12.	 Stones 90/150 mm with plant substra-

te type B or nutrient-enriched biochar 
flushed in cavities

13.	 Biochar
14.	 Gas exchange (oxygen/carbon dioxide) 

URBAN PLANTING BEDS
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Planting bed with biochar- 
macadam
1.	 Paved surface and base course
2.	 Stormwater gutter
3.	 Aeration well: inlet for stormwater and oxy-

gen/carbon dioxide exchange
4.	 Tree grille
5.	 Tree guard
6.	 Root collar placed at same level as in nursery
7.	 Stone mulch, macadam 4/8 mm
8.	 Macadam 2/6 mm + 25% by volume mixture 

of nutrient-enriched biochar and compost 
(50/50)

9.	 Tree pit foundation in concrete
10.	 Geotextile
11.	 Leveling layer, macadam 8/11 mm
12.	 Aeration layer, macadam 32/63 mm
13.	 Biochar-macadam, macadam 32/90 mm +  

15 -25 % by volume mixture of nutrient- 
enriched biochar and compost (50/50)

14.	 Biochar
15.	 Gas exchange (carbon dioxide/oxygen)

Ginkgo (Gingko biloba) in planting bed with Stockholm structural 
soil – Hornsatan.

Biochar-macadam
Planting beds with biochar-macadam are under 
development in Stockholm. Tests show very good 
growth in trees in these planting beds.

Compared with Stockholm structural soil the con-
struction process is simpler and faster. The 90/150 
mm stones with plant substrate is replaced with 
biochar-macadam, composed of 32/90 mm mac-
adam with a 15-25% by volume mixture of 1 part 
nutrient-enriched biochar and 1 part compost.  

Cherry trees (Prunus avium) planted in a mixture of soil and char-
coal (50/50), the 2nd growing season – Herrhagsvägen.

URBAN PLANTING BEDS
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The upper part of the tree pit foundation (height dimension x) 
must be adapted to the thickness of the base course to prevent 
fine particles from the surface course from falling into the tree pit 
and mixing with the plant substrate.

X

Stones that fall into the foundation openings cause the founda-
tion to be fixed.

Tree pit foundations and equipment
Tree pit foundations can be prefabricated or built 
by using granite road kerbs or concrete ledges as 
a frame around the tree’s root ball. The tree pit 
foundation gives the root ball space during plant-
ing and stabilizes and separates the base course 
and its fine particles from the planting bed. The 
tree pit foundation is filled with plant substrate 
and can be covered with a tree grille or macad-
am. Tree grilles must be made of durable material 
such as ductile iron or corten. The type of founda-
tion and associated equipment (tree grille and tree 
guard) is selected based on the project’s condi-
tions. Special solutions, where several sections are 
built together into larger boxes, must be designed 
so that they can withstand the load of traffic. It is 
important that the top of the tree pit foundation 
is high enough to separate the crushed rock and 
fines from the planting bed, while allowing the 
tree roots to reach the surrounding planting bed. 
The tree pit foundation is levelled on the stones, 
and subsequent macadam layers are allowed to 
fall into the openings of the foundation to prevent 
subsidence.

Aeration well and support strip
The planting bed must be designed with drainage The planting bed must be designed with drainage 
and good infiltration capacity. In paved surfaces, and good infiltration capacity. In paved surfaces, 
aeration wells are placed at low points to direct aeration wells are placed at low points to direct 
stormwater runoff to the planting bed and create stormwater runoff to the planting bed and create 
an exchange of oxygen and carbon dioxide for the an exchange of oxygen and carbon dioxide for the 
tree roots. The aeration well must be perforated tree roots. The aeration well must be perforated 
at the height of the aeration layer and have holes at the height of the aeration layer and have holes 
in the bottom. A well with a volume of 60 litres in the bottom. A well with a volume of 60 litres 
is placed per tree. To optimize water intake, wells is placed per tree. To optimize water intake, wells 
with side inlets can be used in the kerbstone facing with side inlets can be used in the kerbstone facing 
the carriageway. For vegetation areas that adjoin the carriageway. For vegetation areas that adjoin 

paved surfaces, a hard strip of macadam without paved surfaces, a hard strip of macadam without 
fine particles is laid so that stormwater is led into fine particles is laid so that stormwater is led into 
the planting bed.the planting bed.
Stormwater retention
Several technologies are being developed and 
evaluated to design project-specific solutions for 
stormwater retention and irrigation of trees. How-
ever, there are some common basic (pre)condi-
tions:

•	 good infiltration capacity of the planting bed
•	 good drainage / lateral flow that prevents 

standing water
•	 planting bed volume that can handle expected 

amount of stormwater 
•	 reasonable level of operation and maintenance 

 

Existing soil
Parks and natural environments with naturally 
formed soil are a resource that should be handled 
with care so that the soil is not compacted. There 
are several advantages to using existing soil with an 
undisturbed structure for planting beds that are con-
structed in the existing park or natural environment. 

Utilizing existing soil that has been excavated and 
stored is the second-best option. However, there 
is a risk that the soil’s microbiological life will be 
damaged and the aggregate structure destroyed.  

By improving the soil of existing or recovered land, 
transport and resource consumption are reduced. 
Over time, manufactured plant substrate seems to 
require more extensive fertilization, and may lack 
the microbiology that fosters good soil properties. 

Stormwater well cover with side inlet.

Stormwater gutter with aeration well connected to planting bed.

Remember to... differentiate 
between weight percent and volume  
percent when calculating quantities.

THVB022TYPE DRAWING

URBAN PLANTING BEDS
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Biochar
Biochar consists of plant biomass that has 
been heated in an oxygen-depleted pro-
cess called pyrolysis. Biochar removes car-
bon from the atmosphere, reduces nutrient 
leaching and binds heavy metals. Unlike 
charcoal, there are regulations and differ-
ent quality requirements for biochar based 
on the intended use. For easier handling, it 
should contain some moisture. Biochar used 
by the City of Stockholm must be certified 
according to the European Biochar Certifi-
cate (EBC) or have equivalent properties.

The purpose of using biochar is to create 
sustainable and long lasting planting beds 
made up of materials that can be produced 
locally. Biochar can be mixed with soil to im-
prove its structure and provide it with better 
water and nutrient holding capacity. Com-
pared to peat moss or compost, which have 
similar properties, biochar doesn’t decom-
pose as fast. 

Biochar in itself doesn’t have a strong fer-
tilizing effect and during construction, the 
planting bed should therefore be fertilized 
with mineral or organic fertilizer.

Biochar. Photo Kari Kohvakka for Stockholm Vatten och Avfall.
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Soil analysis and soil improvement 
Soil analysis must always be performed before soil 
is applied to the planting bed, regardless of whether 
it is manufactured plant substrate or existing soil. 
The soil sample is analysed in the laboratory and 
should result in a particle size distribution curve, 
humus content, pH value and long-term nutritional 
status (in Sweden, the latter is done by the so called 
AL method). The soil in the planting bed should be 
homogeneous in the entire profile, without separat-
ed packed layers or layers of material with differen-
tiating particle size distributions.

Soil improvement is performed based on the soil 
analysis and considering the requirements of the 
plants. When planting trees and shrubs, the humus 
content in the top 400 mm of the planting bed 
should correspond to 5-8% by weight. Perennial 
plantings can have a higher content, while grass 
can handle a humus content lower than 2% by 
weight. Below 400 mm of depth, the humus con-
tent should always be less than 2% by weight. 

When compost or similar organic material is used 
to increase the humus content, there is a risk of 
future subsidence of the planting bed and that the 
nutrient and water holding capacity will deteri-
orate unless new organic material is continuous-
ly added. By adding nutrient-enriched biochar or 
pumice, the soil acquires similar properties while 
maintaining a good structure over time.  

If an existing soil is improved before planting, any 
construction work must be planned so that the area 
is blocked off. Storage or machines that may com-
pact the soil must not be allowed in the area. 

Perennial planting under trees carried out in conjuction with plant- 
ing bed renovation after two growing seasons – Norr Mälarstrand.

Perennials in planting bed with biochar-macadam at planting and 
after two growing seasons – Pilgatan.

Perennials in planting bed with biochar-madacam at planting and 
after one growing season.

Perennials and trees in planting bed with biochar-macadam –  
Råcksta. Photo Hildegun Varhelyi.
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Soil and plant substrate
When flushing soil or substrate into the stone 
layers, manufactured plant substrate type B is 
used. After soil analysis the substrate must have 
a particle size distribution curve that fits within 
the green field in Appendix: Particle size distribu-
tion curve for plant substrate type B. The substrate 
must meet the general requirements for nutritional 
status according to “AMA Anläggning 13” Table 
RA DCL.23/1. In order for it to be easily flushed 
down, the humus content should be less than 2% 
by weight and the clay content 4-8% by weight.

Around the root ball, a plant substrate is used that 
meets the newly planted tree’s need for air- and 
moisture-retaining materials. This applies to plant-
ing beds in paved surfaces as well as in parkland 
and regardless of whether it is Stockholm structural 
soil or biochar-macadam. The substrate can consist 
of a blend of macadam 2/6 mm and 15 to 25% by 
volume mixture of nutrient-enriched biochar and 
compost, alternatively pumice and compost. A low-
er concentration of biochar and compost provides 
a drier and more nutrient poor substrate, while the 
opposite creates a more humid and nutrient rich 
substrate. The above also applies to perennials and 
shrubs – alternatively, macadam 4/8 mm can be 
used in the mixture. The above substrate is also rec-
ommended for grass surfaces, but for higher stabili-
ty, macadam 2/8 mm can be used.

The compost should be mature, and the biochar 
nutritionally enriched with hygienized organic fer-
tilizer or mineral fertilizer NPK 5-1-4 with micro-
nutrients. 

Japanese cherry (Prunus ’Umineko’) in planting beds with Stockholm structural soil – Kocksgatan.

Linden (Tilia x vulgaris ’Pallida’) in planting beds with Stockholm 
structural soil – Odengatan.

Dawn redwood (Metasequoia glyptostroboides) in planting beds 
with Stockholm structural soil – Grindsgatan.

Tree planting beds in parkland
In the case of the soil profile being disturbed – for 
example due to compaction, completed soil reme-
diation or backfilling – the planting bed must be 
dimensioned with the same volume as for a street 
tree, i.e. at least 15 m3. If the roots of the newly 
planted tree can eventually spread to a larger veg-
etation area with a natural soil profile, the planting 
bed can be smaller when planting.  

Planting beds for grass, shrubs and peren-
nials 
The construction of planting beds for shrubs and 
perennials is adapted to the plants’ needs in terms 
of nutrient content, pH and water supply. It is 
important to consider the maintenance aspect. 
Plantings that require irrigation after establish-
ment should be avoided. Also to be considered 
is the expected level of weeding and the need for 
pruning, for example. 

For grass surfaces, the function, expected wear 
and tear and planned level of maintenance must 
be considered. An ornamental lawn that is to be 
mowed often, a utility lawn with heavy wear or a 
dry meadow with a very low level of care places 
different demands on the planting bed and the de-
sign therefore needs to be adapted accordingly. 

THVB025DRAWING

THVB025

URBAN PLANTING BEDS
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Trees on structures 
In the city, floor structures often occur under 
squares and streets to support the roof over a ga-
rage or subway, for example. The prerequisites 
for planning and design of planting beds on such 
structures are project-specific. The goal of the 
planting design, the composition of the planting 
bed and the construction of the floor structure are 
adapted to each other. Therefore, no specific solu-
tions are provided in this handbook. Detailed solu-
tions are described in Grönatakhandboken [the 
Swedish Green Roof Handbook] (Pettersson Skog, 
A. et al. 2017) which is available online – www.
gronatakhandboken.se.  

In most cases, a plant substrate with incorporated 
lightweight materials is required to provide suffi-
cient pore volume and reduce the load on the floor 
structure.

Recommended substrate depths, i.e. planting 
bed depths, for different types of vegetation are 
described in Table 5 in the Swedish Green Roof 
Handbook.

For small trees and shrubs, the minimum substrate 
depth is 600 mm. For larger trees, a depth of more 
than 1000 mm is required. The depth of the plant-
ing bed in combination with the pore volume of 
the substrate affects the balance of the vegetation’s 
access to oxygen, water and nutrients. Shallow 
planting beds require a relatively high proportion 

of pore volume for excess water to be drained 
away. 

In a coarse gravelly or sandy soil, the water and 
nutrient holding capacity is limited. Without con-
tinuous irrigation and nutrient supply, only plants 
adapted to drought and nutrient poor environments 
can survive. 

In street environments where there is limited space, it is possible 
to make raised planting beds with an aeration layer under the 
surrounding base course (see above). Stormwater is introduced 
via several, shallow aeration wells. The image above is an illus-
tration of a possible situation and does not describe a technical 
solution.

Geotextil

Waterproofing layer

Structure

300 mm macadam 2/6 mm + 25% by 
volume nutrient-enriched biochar and 

compost (50/50)

Biochar-macadam

Aeration well

Geotextile

Raised planting bed – Hornstull.

By incorporating pumice or biochar, a high pore 
volume and a relatively high water holding ca-
pacity is achieved. The properties of these mate-
rials allow the soil to supply the plants with water 
while at the same time maintain good drainage 
and oxygenation. However, it is important to con-
sider the extra load that the water constitutes on 
the structure. 

URBAN PLANTING BEDS
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Planning and design considerations

Planning 
The location of trees should be planned in the ear-
ly stages of a project. During the detailed planning 
phase, the trees must be given space in the street 
section, both below and above ground. Coordina-
tion with underground services, parking and ac-
cess, lighting, balconies, public transport and more 
is required. Consideration should also be given to 
how the slope or height setting of the street can 
create opportunities to utilize the stormwater as a 
resource for irrigating the trees. This is important 
for a good design and a reasonable level of opera-
tion and maintenance.

The possibility of preserving existing vegetation 
must be weighed against whether it is feasible 
during the construction phase. Such an assessment 
can only be made after the trees’ crown and root 
zone have been examined. Methods for moving 
trees are not covered in this handbook.

Design
During the design phase, coordination from the 
planning stage continues at a more detailed level. 
As the technical description have priority over the 
drawings in the contract documents, it is important 
that these are delivered together for review and 
that they are consistent. 

The planting bed must be large enough – the vol-
ume of the Stockholm structural soil must be at 
least 15 m3 per tree – and the entire planting bed 
must be continuous. 

The elevation and disposition of the ground must 
allow water to be directed to the planting bed. 
In paved surfaces, one aeration well is installed 
per tree and placed in low points, for example in 
depressions or gutter channels. The planting bed 
must be designed with thought given to drainage 
and good infiltration capacity. It is important to 
find out how the water will flow and where it ends 
up. If the Stockholm structural soil becomes wa-
ter-logged, the excess water must be able to access 
the ordinary stormwater drainage system. In the 
case of a heavily sloping subgrade, dams should 
be constructed to prevent water from being trans-
ported away from the planting bed too quickly. 

Aeration wells are placed at enough distance from 
trees that damage from roots penetrating the well 
is avoided.

Air supply to the planting bed must be secured 
to prevent oxygen deficiency from damaging the 
planting bed during construction and the period 
leading up to the completion of aeration wells, the 
superstructure and planting.

TREE SPECIES SELECTION 
The species selection should be adapted to the 
conditions provided by the site, such as space, wa-
ter supply and lighting conditions. Newly planted 
trees in public spaces should maintain a certain 
size and trunk height to prevent vandalism, as well 
as allow traffic to pass them. Generally, a trunk 
girth of at least 30-35 cm is recommended, which 

is measured 1 m above the ground. The trunk 
height should be between 180-220 cm. Over time, 
most urban trees are pruned to over 450 cm trunk 
height so that traffic can pass under the canopies. 
ROOT BALL
The root ball of a tree with a girth of 30-35 cm is 
about 100 cm in diameter and about 60 cm deep. 
The root ball must fit inside the tree pit founda-
tion – standard size 1400x1400 mm has an inner 
dimension of 1200x1200 mm. It is good to have 
about 100 mm margin on all sides because the root 
ball can be very irregular. To avoid the tree being 
planted too deep, the root collar should be posi-
tioned so that it is level with the finished surface 
as in the drawing. Be aware that some construc-
tions can result in the root collar ending up too
deep and if this is the case, another solution 
should be chosen. 

Not all trees can be saved during a new construction. This tree has 
no chance of survival.

A narrow tree is suitable near a facade. Photo Lovisa Hell.

The root ball of a tree with a trunkgirth of 60-70 cm

The geotextile dam in aeration layer.

URBAN PLANTING BEDS
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Report of planting bed 
distribution in as-build 
document with aeration 
well (AW) marked.

AMA BJB.29

GEOTEXTILE
The geotextile should prevent fine particles from 
mixing with the permeable subbase. The leveling 
layer prevents the geotextile from tearing against 
the subbase. Therefore, the geotextile is placed on 
top of the leveling layer and is folded up against 
the edge of tree pit foundations, aeration wells and 
more. The drawing should clearly indicate where 
the geotextile is to be located. The most common 
drawing error is that the geotextile is not clearly 
marked, or is drawn with such a thin line that it 
becomes difficult to interpret.

When planting beds are placed in direct connec-
tion to existing pipes, the pipes can be protected 
with geotextile, class N2 or N3 (see basic section-
al drawing on p. 16). For planting beds near the fa-
cade, a 0.5 mm thick LDPE geomembrane is laid 
against the excavation edge on the facade side.

KERBSTONE 
Kerbstones that cut through a planting bed must 
not create interruptions – all layers of the planting 
bed must be continuous.

MEASURES IN EXISTING VEGETATION AREA 
If work is done within the root zone of existing 
trees, the roots must be taken care of and any stor-
age within the root zone should be avoided. If the 
root zone is still affected, careful excavation and 
reinstatement with a suitable planting bed is pre-
scribed. See Chapter 2. 

D
rip

 li
ne

Drip line (mainly thicker roots)General root zone 2.5 m

AS-BUILT DOCUMENT 
As-built documents must be made and delivered 
to the Swedish Transport Administration for 
archiving according to the Technical Handbook 
part 1, and for entry in the city’s facility register 
for park data according to the Technical Hand-
book part 2, appendix 7. 

The distribution of the planting beds must be dig-
itally documented and reported with coordinates 
as below:

•	 Surface with Stockholm structural soil must be 
hatched so the distribution of the soil is clear. 
It is suitably hatched with parallel lines (AN-
SI31) or dots (DOTS).

•	 Aeration well is clearly marked (see below).

In natural environments, the root systems of the trees are often shallow and wide as 
the roots seek out the upper soil layer with access to oxygen and nutrients. However, 
this varies depending on the tree species and soil conditions. The city’s paved sur-

faces make the root distribution completely different, which is why test excavation 
is crucial before general excavation within the root zone begins. The tree root zone 
generally extends 2.5 m horizontally beyond the tree canopy (the drip line). 
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The root collar of the tree is 
placed at the same ground 

level as in the nursery. 

Tree pit foundation

Carriageway

Subgrade
The root ball rests on the  
Stockholm structural soil

If subgrade is 
dense with high 
clay content, add 
drainage

Subgrade slope 1% 
towards drainage 
pipe

Conduits in Stockholm 
structural soil protected  
with geotextile

Stones, 600 mm macadam 90/150 mm  
with plant substrate type B or nutrient- 

enriched biochar flushed in cavities

Geotextile

Macadam 2/6 mm + 25% by volume mix-
ture of  nutrient-enriched biochar and 
compost (50/50)

Tree grille

Surface material

Leveling layer, 50 mm  
macadam 8/11 mm

Aeration layer, 150 mm  
macadam 32/63 mm

Surface course

The upper part of the tree pit foundation 
must ensure that the fines of the super-

structure does not come into contact with 
the planting bed. This dimension must 

therefore be adapted to the thickness of 
the superstructure. The tree pit foundation 

is adjusted in height so that the aeration 
layer and Stockholm structural soil fall into 

the cavities of the tree pit foundation.

Tree guard

Tree grille

Geotextile

Principle for Stockholm structural soilLayers of a planting bed with Stockholm structural soil. 

Planted trees with Stockholm structural soil after about eight 
growing seasons – Erik Dahlbergsallén.

Principles for Stockholm structural soil

SUPERSTRUCTURE FOR PAVING

GEOTEXTILE

AERATION LAYER

STOCKHOLM STRUCTURAL SOIL

Tree pit foundation

URBAN PLANTING BEDS
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Tree root collar placement at the same level as in the nursery. The 
height position is adjusted as needed with macadam in the bot-
tom of the tree pit. Photo Lovisa Hell.

Initial work and documentation
When excavating, the condition of the subgrade 
must be checked. The subgrade may prove dif-
ficult or unsuitable to loosen in the manner pre-
scribed by the documents. Dense subgrade surfac-
es must be drained and overly permeable sub-
grades must be sealed – for example by using clay. 

Complete documentation of the execution of the 
construction work is crucial for a good result. The 
control plan is described in more detail on p. 24.
Construction
To create enough cavities for the roots of the trees 
while maintaining a stable construction, the stones 
in a Stockholm structural soil must have an even 
size, usually between 90 and 150 mm. It is im-
portant to check that all the fractions used in the 
planting bed are in accordance with the instruc-
tions. 

A quite common and serious error is the use of 
crushed rock with zero fractions. Crushed rock is 
common in road construction, but in planting beds 
it does not work because the fines cause the mate-
rial to be packed too hard.

Pre-mixed Stockholm structural soil must also not 
be used. During transport, the properties of the 
material change. When the soil is then compact-
ed, the planting bed becomes too dense. This type 
of structural soil also does not have the bearing 

Construction considerations

capacity required, which entails a future risk of 
subsidence. However, pre-mixed biochar-macad-
am and pumice based soils are not affected in the 
same way by transport and can therefore be used.

FLUSHING SOIL
Flushing soil down into the structural layer is time 
consuming. To optimize the process, the soil is 
laid out in thin 2 cm layers and washed down with 
a hard jet. If the layers are too thick, it becomes 
difficult to flush the soil into the cavities.

TREE PIT FOUNDATIONS / AERATION WELLS
Tree pit foundations and aeration wells are level 
adjusted with macadam 2/6 or larger. Crushed 
rock (with zero fraction) must not be used.

During construction, stones from the Stockholm 
structural soil and aeration layer must fall into the 
side openings of the tree pit foundation at an angle 
of repose. Any attempt to prevent stones from fall-
ing into the foundation, by wrapping it in geotex-
tile for instance, can cause future subsidence of 
the surrounding base course.

The lower edge of the concrete floor slab must 
be placed lower than the upper edge of the tree 
pit foundation to avoid subsidence and to prevent 
roots from entering the sand. Alternatively, the 
concrete floor slabs are placed in concrete. 

The aeration well should receive stormwater and 
is therefore placed at low points. The aeration lay-
er should cover the entire perforated part on the 

side of the aeration well. 

GEOTEXTILE
The most common error when constructing Stock-
holm structural soils is that the geotextile is placed 
between the wrong layers. The geotextile must 
prevent the crushed rock in the base course from 
mixing with the aeration layer. The leveling layer 
prevents the geotextile from tearing against the 
aeration layer. Therefore, the geotextile is placed 
on top of the leveling layer. The geotextile is fold-
ed up against the edge of tree pit foundations, aer-
ation wells and kerbstones to prevent fines from 
entering the planting bed. Therefore, cut the geo-
textile after the base course has been laid out.

PLANTING
Tree planting should normally be done in late 
autumn. It is important that the trees are planted 
immediately after delivery. The root collar of the 
trees should be placed at the same level as in the 
nursery. 

EXISTING VEGETATION AREA 
When planting beds are constructed in existing 
vegetation areas, compaction damage often occurs 
through construction traffic and storage of mate-
rials. It is also common for existing trees to suffer 
damage to the crown or trunk. This is sometimes 
due to ignorance of the contractor and sometimes 
due to insufficient planning of the worksite layout. 
See further in Chapter 2.

Geotextile is spread across the leveling layer and the entire plan-
ting bed. It is important that the geotextile is folded up against 
tree pit foundations, wells and kerbstones to prevent the base 
course from mixing with aeration layer.

URBAN PLANTING BEDS
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Common errors

•	 Wrong fraction is used, e.g. crushed rock 
with fines

•	 Pre-mixed Stockholm structural soil is used 

•	 Adaptation to the nature of the subgrade 
has not been made 

•	 Soil is added in thick layers when it is to be 
flushed down into the stone structure

•	 Aeration wells are not placed at low points 

•	 Geotextile is placed between the wrong 
layers 

•	 Macadam is prevented from falling into the 
tree pit foundation with slabs or geotextile 

•	 Trees are placed at the wrong level

For measures on existing trees, the surface 
course must be separated from the planting 
bed with geotextile and the nearest row of 
stone/concrete slabs must be placed in con-
crete so that the roots do not find their way 
into the sand. 

Existing tree

New tree

Always place the aeration well 
at a low point so that it receives 
water. If it cannot be placed in a 
gutter or other natural diversion 
surface, adjust the ground level 
locally around the well so that it 
ends up at a low point.

Aeration layer should cover the entire perforated part of the 
aeration well. If the surface course is higher than the covering, 
extension rings can be used. Alternatively, the thickness of the 
base course is reduced locally around the well to make room 
for the aeration layer. The bearing capacity of the structure is 
not impaired by this measure.

The lower edge of the concrete floor slab must 
be placed lower than the upper edge of the 
tree pit foundation to avoid subsidence and to 
prevent roots from entering the sand. Alter-
natively, the concrete floor slabs are placed in 
concrete.

Fa
ca

de

G
eo

m
em

br
an

e

If kerbstone cuts through 
the planting bed, it is im-
portant to make sure that it 
does not cut off the plant-
ing bed. The entire planting 
bed, even the aeration lay-
er, must be continuous.

If the aeration layer 
collapses into the tree 
pit foundation, 90/150 
mm stones can be used 
to cover the openings.

Place LDPE geomembrane 
(0,5 mm) against excava-
tion edge near facade.

Subgrade

Geotextile

Tree pit foundation

Aeration layer, 150 mm 
macadam 32/63 mm

Stones, 600 mm macadam 
90/150 mm with plant sub-

strate type B alternatively 
nutrient-enriched biochar.

Some good advice

Design for each planting bed is reported in de-
tail in Appendix: Implementation descriptions.

Leveling layer, 50 mm  
macadam 8/11 mm
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the test excavation is carried out. The test excava-
tion is documented with pictures and protocols (see 
checklist p. 22).

Different species of trees vary in sensitivity to 
excavation, the severance of large roots and other 
work within the root zone. Altered conditions in 
water and light supply can also adversely affect the 
trees.

Planning and evaluation of actions
When working on a site with existing trees, an 
assessment of the value and condition of the tre-
es should be carried out early on to determine 
whether design and planning should be adapted 
to the trees’ locations. Such investigations should 
be carried out already in the detailed development 
plan.

The type of work is of great importance as to 
whether the tree can be saved or not. Deep exca-
vations for building foundations, for example, re-
quire greater distance to trees than smaller pipeli-
nes. Therefore, the feasibility of planned measures 
must be assessed.

The tree inventory must be carried out in a pro-
fessional manner by, for example, an arborist. It 
includes a visual assessment of trunk injuries, 
previous pruning injuries, age, signs of ill-health 
and vitality. A systematic assessment of the tree’s 
conservation value is then made from several per-
spectives. The conservation value increases if the 
tree constitutes a significant part of the experience 
of the urban space or has a cultural and historical 
or biological value. 

Test excavation and root mapping are performed to 
find out the distribution and condition of the roots, 
as well as the exact location of existing conduits. 
Project conditions determine the extent to which 

2. Measures near existing trees 
There are many reasons to carry out work within the root zone of 
existing trees – new paved surfaces, buildings or conduits are some 
examples. Sometimes measures are taken in the root zone simply to 
give the trees better conditions. To reduce the impact on the trees, 
special procedures must be followed.

Knowledge base
Details that may be helpful in planning and/
or construction:

•	 Property boundaries

•	 Provisions in existing detailed development 
plans

•	 Existence of pipes and conduits

•	 Tree measurements; trunk and crown diam-
eter, ground heights as well as the pres-
ence of rock and possibly root mapping 

•	 Water table

•	 Control of soil texture (particle size distribu-
tion) and extent of compaction

Test excavation in Stockholm structural soil for evaluation of root distribution.

Tree inventory. Photo Anders Ohlsson Sjöberg.Measurement of trees with spot height, (S=trunk diameter, K=crown diameter).

Oak

Oak Oak

Oak

Pine
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Fig. 1. Fences are placed beyond the trees’ drip line. No storage, 
traffic or machines may occur inside the fencing. 

v

made with a building fence at least 2 meters high, 
which is anchored in the ground, without damaging 
the roots, so that it is not possible to move. Signs 
informing that this is a protected zone for trees and 
what rules apply should be attached to the fence. 

Smaller machines should be used for construction 
near existing trees and leveling of soil surfaces 
must never be carried out using the excavator’s 
bucket. If a vehicle must pass over the root zone, 
calculation of the load must be the basis for choos-
ing a protective measure. An example of a pro-
tective measure to counteract compaction is using 
geotextile covered with a layer of macadam, leve-
led with crushed rock 0/32. Alternatively, specially 
adapted ground protection plates can be used. Up-
on completion, the ground shall be inspected by an 
independent inspector. In the event of compaction, 
an action plan for reinstatement must be drawn up.

Protection of trunk and crown 
Tree trunk protection is done with short sections 
of building fence with tires mounted on the inside. 
In some cases, covering with non-rigid material 
closest to the trunk may be required. Attachment to 
the trunk must not be done with nails or screws etc.

To avoid damage to the crown caused by cranes, 
excavator arms, sheds or large vehicles, pruning 
can be done before work starts. When excavating 
near existing trees, it is important, for example, 
that the excavator’s arm does not go into the trees’ 
crowns. Any pruning is done by the city’s designat-
ed treecare contractor.

Planning of protective measures
Tree root systems are sensitive to both excavation 
and compaction. The crown and trunk must also be 
protected during excavation and storage. Materi-
als may not, for example, be leaned or anchored 
onto trunk or branches under any circumstances. 
Contact with the city’s representative for planning 
of protective measures for roots, trunk and crown 
must be made well in advance before the work 
starts.

Before construction work begins, all protective 
measures must be installed by personnel with 
knowledge of tree protection both above and below 
ground. Inspection of protective devices for the 
trees is carried out according to a set interval by an 
independent inspector who is not connected to the 
contract. Fines for damage to trees and violation of 
protective measures must be written into an agree-
ment with the contractor according to the city’s 
template for fines. Any damage must be reported 
immediately to the responsible inspector for pro-
tective measures. 

Protection of the root system
In theory, the root zone of the tree encompasses 
up to 2.5 m outside the outer dimension of the tree 
crown (the drip line), but this varies depending on 
tree species and age-phase, soil conditions and sur-
face cover (see illustration on p. 15). The most ef-
fective way to protect the root zone during construc-
tion is to maintain a distance by setting up a barrier 
(see Fig. 1). This is done to prevent vehicles from 
driving over or parking within the root zone or stor-
age taking place within the root zone. The barrier is 

No fencing and no protection against soil compaction

No barrier: parking of car and vehicles that repeatedly have driven 
in the root zone. 

No barrier: storage and construction fence within the root zone

Protection of roots, trunk and crown

AMA BCBTree protected with cover and boards during planting bed renova-
tion. Photo Lovisa Hell.

x

x

x

v
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Fig. 3. Root curtain of coconut mat mounted against wooden poles 
and moist soil. When backfilling work cannot be carried out imme-
diately, the root curtain protects the tree roots from drying out.

Covering of roots with biochar-macadam.

Roots cut with secateurs.

Irrigation of exposed roots.

Roots that have formed new fine roots after proper pruning. Tunneling of pipe under roots using vacuum excavation.

Excavation and pruning of roots
When excavation is necessary within the root zone 
where superficial, dense and thicker roots may oc-
cur, damage is minimized by means of careful  
excavation methods. Hand excavation can be used 
for smaller jobs, but for larger jobs, vacuum exca-
vators and compressed air lances are more effi-
cient. Soil conditions and weather also influence 
the choice of method, which should be considered 
during both design and construction. 

Excavation damage to the root system can lead 
to decay. Therefore, avoid scraping, tearing off 
or cutting thick roots. If roots need to be pruned, 
it should be done with a straight cut with saw or 
secateurs so that the root can seal quickly and form 
new roots. To stimulate the formation of new roots, 
good growing conditions are required by means of 
a planting bed with a good structure.

When constructing a cable trench within the root 
zone, ducting is carried out by tunneling under the 
roots by hand, vacuum or compressed air excava-
tion, to avoid damage.

Fine roots are more susceptible to cold and drought 
damage than thicker roots. Roots that are exposed 
during excavation work must therefore always 
be kept moist and watered. If tree roots are freely 
exposed for more than an hour, they should be cov-
ered, with a tarpaulin or similar to retain moisture. 
If the work is carried out in strong sunlight, wind 
or sub-zero temperatures, coverage of exposed 
roots must be carried out within fifteen minutes. 
Another protection method is a root curtain, built 
up of matting, made of coconut or geotextiles or 
similar, mounted against wooden poles and moist 
soil, which is described in the Technical Handbook 
drawing TH0002 (see also Fig. 3).

Irrigation is carried out so that the water infiltrates 
between the roots or in the subgrade floor. The pro-

Guidelines for pruning
•	 All tree roots should be cut in consulation 

with client.

•	 Within a 3 m radius of the trunk, no roots 
thicker than 30 mm should be cut.

•	 Beyond a 3 m radius from the trunk 30-
50 mm thick roots can be cut with secat-
eurs/pruners. Roots thicker than 50 mm 
can, in exceptional cases, be cut with a 
saw.

Overlapping 
geotextile

Excavation wall

Pole foundation

Existing paving
Existing base course

Existing aeration layer

Existing Stockholm 
structural soil

Overlapping  
geotextile

Gravel added around 
foundation

Existing   
geotextile

Subgrade

Gravel and Stockholm structural soil 
are separated with geotextile

Fig 2.Reinstatement when setting foundations in existing Stock-
holm structural soil.

AMA BCB.4 and BCB.5 (with subcodes)

THVB025DRAWING

tective devices are removed before backfilling.
Reinstatement 
The process for reinstatement of existing Stock-
holm structural soil should follow a work process 
adapted to the specific situation. Excavated soil 
should never be put back into the planting bed. 
That creates layers with different pore sizes. Thick 
roots are covered with macadam 2/6 and 25% by 
volume mixture of 1 part nutrient-enriched biochar 
and 1 part compost (see Fig. 4 on p. 23). For rein-
statement after setting foundations, see Fig. 2.

TYPE DRAWING
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MEASURES NEAR EXISTING TREES

Checklist for test excavation

Vitality and damage

Age and growth in recent years (shoot growth)

Tree species (species are differently sensitive to 
root damage)

Soil texture/structure (affects the choice of ex-
cavation method for subsequent work)

Soil volume and plant space (is there room for 
a new planting bed?) 

Distribution of the root system

Investigation prior to plan-
ting bed renovation

Test excavation of oak on Fiskartorpsvägen – rotting and 
dead thick roots were discovered at 60-70 cm depth

Planting bed renovations are costly, and it is 
therefore important to first determine if the 
condition of the tree will be improved by the 
work or not. A first step is a visual assessment. 
Is there room for a new planting bed and space 
for the tree when it starts to grow after the 
renovation? Are there any restrictions on how 
the place may change? Streets and kerbstones, 
land ownership conditions, pipelines and other 
underground installations must therefore be 
mapped.

Through test excavation, information is gath-
ered about distribution of roots and other condi-
tions at the site. If the tree grows in a park envi-
ronment, three to ten hand-dug pits is sufficient. 
For hard surfaced areas, one to two pits of 
approximately one cubic meter each are exca-
vated. The location of test pits depends, among 
other things, on the size of the tree.

Linden in poor condition on Kungsbroplan, before planting bed 
renovation 2002. 

Planting bed renovation 

Conditions for the root systems of many urban 
trees have severely deteriorated over time. After 
examination and evaluation of the trees, a reno-
vation of the planting bed may be preferable to 
replacement with new trees and planting beds. A 
renovation helps extend the tree’s life and can con-
sist of:  

•	 construction of an airy planting bed for trees 
with poor growth due to compacted soil.

•	 increasing the root space for trees with a shal-
low root system that lifts the paving.

•	 change to more airy material around a tree 
trunk that is already submerged in the ground.

After necessary investigations have been carried 
out, a proposal for a new planting bed is made. 
Depth and structure of the planting bed are affect-
ed by the distribution of the tree’s root system, the 
prevailing problems and the design of the site. The 
process for planting bed renovation therefore dif-
fers from case to case. In general, it is carried out 
as follows:

•	 Through careful excavation, parts of the ex-
isting root system are exposed so that it can 
make contact with the new airy planting bed. 
The excavation ends when a larger number of 
fine roots are exposed. Normally this occurs at 
depths of 500-600 mm, but sometimes these 
are located directly below the surface and in 
other cases, fine roots are only found at over a 

meters depth.
•	 Exposed roots are protected immediately (see 

“Protection of the root system” on p. 20).
•	 Pruning of roots takes place only in exception-

al cases (see “Guidelines for pruning” on p. 
21).

•	 Where roots are not found, the subgrade is 
loosened up to a depth of 200 mm.  

•	 The new planting bed is laid out. It can consist 

Same tree after planting bed renovation 2013.

of Stockholm structural soil or biochar-mac-
adam, alternatively an aeration layer consist-
ing of macadam 32/63 mm or pumice 2/8 mm. 
Thick roots are covered with macadam 2/6 and 
15-25% by volume mixture of 1 part nutri-
ent-enriched biochar and 1 part compost (see 
Fig. 4 on p. 23). 

•	 Fertilization is made with slow-release ferti-
lizer 100g/m2 between widespread and packed 
layers.
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MEASURES NEAR EXISTING TREES

If the tree is located in a hard surface, at least one 
aeration well is set per tree and the planting bed is 
covered with geotextile before the base course is 
laid out. Other alternative solutions include distri-
bution of stormwater via infiltration pipes

If the tree is in a vegetation area, stormwater is 
led to the planting bed from the surroundings via 
a permeable support strip consisting of macadam 
4/8 mm without biochar. The vegetation surface is 
preferably planted with perennials or shrubs rather 
than a mowed lawn, as the latter absorbs a larger 
proportion of nutrients and water from the tree. 

Planting bed renovation at Birger Jarlsgatan.

DRAWING THVB024

Fig. 4. Reinstatement after excavation in the root zone.

Kerbstone

Ground covering vegetation or cover 
with 70 mm macadam 2/6 mm

Loosening of subgrade

Protective cover with macadam  
2/6 mm and 25% by volume of  

nutrient-enriched biochar  
+ compost (50/50)

Base course and 
superstructure

Macadam 32/63 mm

Pumice 2/8 mm

Macadam 2/6 mm and 25% by volume  
nutrient-enriched biochar  

+ compost (50/50)

Vacuum excavation / exposure of root system on adult trees with 
compressed air lance.

THVB020 / THVB021 / THVB022
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3. Control, fines and maintenance
Guarantee maintenance and control are important when estab-
lishing trees and plants. The inspection ensures that all steps in the 
construction are carried out in the right way and in the right order. 
It is advantageous for clients as well as contractors that the control 
plans are followed, and documentation takes place.

Guidelines for control plans
Control plans are designed to clarify and assure 
quality of the construction process. They are used 
to check and document how planting beds have 
been constructed and how planting and aftercare 
has been carried out. The control plan provides 
security for the client, construction manager and 
contractor. For a planting bed to be approved by an 
inspector, the contractor must be able to present a 
clear documentation of the construction process.

The contractor must measure the planting bed (sub-
grade surface, leveling layer, aeration wells) and de-
liver as a basis for as-built document (see p. 15).

Soil analysis with particle size distribution curve 
and nutritional analysis for all plant soil (manufac-
tured or existing) must be submitted to the client. 

Self-inspection at construction
The checklist below should be seen as a support for 
construction managers in dialogue with the contractor.

Check and review the construction documents. 
Pay attention to specially designed details such 
as tree pit foundations. Check the minimum di-
mensions and compare with the proposed tree 
size so that the root ball fits in the proposed tree 
pit foundation.

Review essential parts of the contract with the 
contractor’s staff, e.g. tree planting, preservation 
of existing vegetation, construction of Stockholm 
structural soil and planting bed renovation with 
vacuum excavation.

Take soil tests and check all mineral materials 
including structural stones and aeration layer. 

Establish a routine for delivery of image docu-
mentation of agreed key stages.

Continuously inspect the execution of key stag-
es on site.

Inspect plant material at delivery. Inspect plant 
storage. This is especially important in cold 
weather with temperatures close to 0°C.

Inspect completion maintenance work and guar-
antee maintenance work (see p. 25-26).

AMA YCQ.1112

AMA DCL.131 and DCL.149

AMA BJB.29

Key stages in new plantings
TREES IN HARD SURFACES

•	 Presentation and control of soil analysis and sieve 
analysis for mineral materials

•	 Excavation

•	 Control and possible measures to subgrade

•	 Laying out and compaction of stones or laying out bio-
char-macadam

•	 Where applicable: flushing of plant substrate into stone 
structure (reported for each layer)*

•	 Installation of tree pit foundations

•	 Installation of aeration well

•	 Laying out aeration layer

•	 Laying out leveling layers

•	 Laying out geotextiles 

•	 Delivery control of plant material and storage

•	 Planting with plant substrate and watering

•	 Tree guard, binding and tree grille

TREES IN VEGETATION AREAS

•	 Presentation and control of soil analysis 

•	 Excavation

•	 Control and possible measures to subgrade 

•	 Where applicable: laying out biochar-macadam**

•	 Where applicable: laying out aeration layer**

•	 Where applicable: laying out leveling layers**

•	 Where applicable: upper surface removal**

•	 Delivery control of plant material and storage

•	 Planting with plant substrate and watering

•	 Tree support and binding 

Key stages in planting bed renovation
IN HARD SURFACES

•	 Presentation and control of soil analysis and sieve 
analysis for mineral materials

•	 Exposure of roots with careful excavation
•	 Protection and irrigation of the excavated root system
•	 Control and possible measures to subgrade
•	 Laying out and compaction of stones or laying out bio-

char-macadam
•	 Where applicable: flushing of plant substrate into stone 

structure (reported for each layer)*
•	 Installation of aeration well
•	 Laying out aeration layer
•	 Laying out leveling layers
•	 Laying out geotextiles
•	 Irrigation 

Documentation of flushing biochar and compost into stone 
structure. Photo Hildegun Varhelyi.

Checklists and control plans must be signed by the 
contractor and construction manager, to be ap-
proved by the client.

KEY STAGES
Important stages during the construction process, 
so-called key stages, must be reported to the client 
on an ongoing basis during construction. The key 
stages are photo-documented and delivered digital-
ly to the client. The construction manager monitors 
the construction on-site. The ongoing information 
allows the client or construction manager to re-
spond to errors and correct them before the plant-
ing beds are completed. 

* Refers to planting bed with Stockholm structural soil ** Refers to planting bed with biochar-macadam



 25

CONTROL, FINE AND MAINTENANCE
PLA

N
TIN

G
 B

ED
S IN

 TH
E C

ITY
 O

F STO
C

K
H

O
LM

 – A
 H

A
N

D
B

O
O

K
 2017

Fines for damages 
Vegetation affected by construction must be pro-
tected in accordance with the instructions in SLU’s 
report “Standard för skyddande av träd vid bygg-
nation” [freely translated ”Standard for protection 
of trees during construction”] (Östberg. J and Stål. 
Ö. 2015).

If a tree is to be preserved, a fine is always set. The 
established amount of the fine must be clearly stat-
ed in construction documents so that everyone in-
volved has access to this information. This amount 
must be set before the work begins. The fine is de-
termined by the landowner. The amount of the fine 
is entered in Stockholm City’s fine template. Dam-
age to the tree’s trunk, roots or crown is assessed 
by an arborist appointed by the client. The fine is 
determined as a percentage in relation to the extent 
of the damage.

If damage occurs to vegetation that is not affected 
by the work and therefore does not have a prede-
termined fine, the damage is calculated using a cal-
culation model for urban trees, according to SLU’s 
report “Ekonomisk värdering av återanskaffning-
skostnaden för träd” [freely translated “Financial 
estimation of the replacement cost of trees”], the 
so-called “Alnarpsmodellen” (Östberg, J. Sjögren J 
Kristoffersson A. 2015).

Example of damage: the tree has been sawn off when mounting a 
scaffold.

Guarantee maintenance  
General and continuous supervision of the mainte-
nance area is included in the contractor’s commit-
ments for both new planting and planting bed reno-
vation. Trees, plants and green areas must be cared 
for in a professional manner and the site must look 
clean and generally attractive. The plants must 
show good shoot growth and development. Weed-
ing, cleaning and watering must be carried out on 
an ongoing basis. In connection with the start of 
watering for the season, spring cleaning is carried 
out, and at the end, autumn cleaning is carried out. 
Tree bindings must be kept in good condition and 
must not damage the tree. Tree support is removed 
at the time of the warranty inspection.

Weeding is performed mechanically in such a way 
that the plants are not damaged. Cutting grass with 
a trimmer is performed with care to avoid tree bark 
damage.

Pruning is always carried out in consultation with 
the client and must be carried out in a professional 
manner by personnel with documented knowledge 
of plant care. Any dead and damaged branches are 
removed continuously, as are root and stem shoots.  

Fines in case of damage to trees.

If compaction of soil has taken place, the client 
assesses the extent of damage and how it should 
be restored. If the damage in the tree’s root zone 
is substantial, another material can be selected for 
reinstatement to repair the damage.
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Fully established shrubbery. Photo Lovisa Hell. 

HANDOVER INSPECTION 
The guarantee maintenance is usually carried out 
for two years and ends with a handover inspec-
tion when the site is handed over to the respec-
tive administration. At the end of the guarantee 
maintenance, the site must have a well-established 
appearance.

During the handover inspection, the:
•	 grass surfaces should be evenly established, 

dense and well-cut.

•	 shrubs and perennials should be fully estab-
lished, with compact shoots and a healthy, 
lush and attractive appearance.

•	 trees should show full establishment and 
growth and give a healthy and lush impres-
sion. They must have fully developed leaves 
and annual shoots should have a satisfactory 
growth according to the species. For newly 
planted trees in grass areas, a 10 cm thick lay-
er of hardwood chips should be within a radius 
of 50 cm from the trunk. Note that no wood 
chips may be used during the guarantee main-
tenance period as this has a negative effect on 
the establishment of the plants.

Maintenance checklist
The checklist should be seen as a support for construc-
tion managers in dialogue with the contractor.

Binding inspection – binding must be in good con-
dition and not damage the tree

Mechanical weeding

Irrigation and fertilization

Pruning of root and stem shoots

Removal of dead and damaged branches

Lawn mowing

Continuous cleaning and removal of foreign objects

Spring cleaning

Autumn cleaning

AMA DHB.31 (with subcodes)

Fully established perennials. Photo Lovisa Hell.

Fully established urban tree.

For multi-stemmed trees, it may be difficult to mount the watering 
bags around the trunks. It is easier to mount them against a stake.
Photo Lovisa Hell.
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Irrigation 
For newly planted trees to quickly establish them-
selves, photosynthesis must work. Forming new 
roots is time consuming. It may take one to two 
seasons before the root system of a newly planted 
tree can supply the necessary water and nutrients.

A well-functioning photosynthesis depends on 
good access to water and all the necessary nutri-
ents. The most common cause of poor develop-
ment in tree planting is lack of water or nitrogen.

PLANT NUTRITION
At the time of planting and for a long time to 
come, most of the nutrient-absorbing roots are in 
the root ball. It is therefore not enough that the sur-
rounding soil has a good nutritional status from the 
beginning.

The uptake of the various nutrients from the soil 
solution takes place in mineral form. In organic 
fertilizers, the nutrients must first be converted to 
mineral form by means of microorganisms. This 
mineralization process depends on a well-function-
ing micro-life and this microflora may take time to 
develop in new planting beds. 

By supplying the nutrients in liquid form via a 
watering bag, the existing roots initially have good 
opportunities to gain access to both water and the 
nutrients. A liquid mineral fertilizer is preferred.

A liquid fertilizer must contain all plant nutrients in 
proportions that corresponds to the needs of the tree. 

Tree in rock dust surface with watering bag.

AMA YCQ.1112

AMA DHB.31 (with subcodes)

Excess nutrients can cause unnecessary leakage and 
deficiencies can interfere with photosynthesis. The 
nutrient content of fertilizers is normally stated as 
the percentage content of Nitrogen (N), Phospho-
rus (P) and Potassium (K), the so-called NPK value. 
Research carried out at SLU shows that the nutri-
tional needs of plants are very similar. The same fer-
tilizer recipe, NPK 5-1-4, can be used for all species 
(see Table 1), and fertilizers whose nutrient pro-
portions differ significantly from those given in the 
table should not be used. However, a 25% deviation 
is acceptable.  

Depending on the type of fertilizer, whether it is 
solid or liquid and whether the substances are in 
organic or mineral form, the NPK value varies. By 
converting the NPK value to weight proportions, it 
becomes easier to compare different fertilizers. See 
example below: 

Calculation example for NPK 11-2-5.	

%			   Proportion
N11			   100*
P2	 2/11 x 100 		 =18
K5	 5/11 x 100 		 =45  
*Nitrogen constitutes the basis of the comparison and is given 

the value 100

EXECUTION
Irrigation should be carried out from 15th April 
to 30th August. Trees with a trunk girth of 20-25 
cm or larger are watered with 140 L every week. 
This corresponds to two watering bags assembled 

together. In the water, 2 per mille of plant nutrients 
are added during the first two growing seasons. 
Irrigation may, depending on the weather, need to 
be extended to 30 September, but is in such case 
carried out without nutrient addition.

Irrigation frequency is adapted to the weather – the 
planting bed must never become dry, but clear-
ly moist down to a depth of 300 mm. The water 
should be infiltrated into the planting bed. The wa-
tering bag is therefore placed directly over the root 
ball – never out on the hardwood chips. The bag 
should be removed when it is emptied after each 
watering, to counteract problems with pests and to 
prevent it from being used as a rubbish bin.

The contractor reports when watering has taken 
place so that the construction manager can check 
that the work has been carried out correctly.

MACRONUTRIENTS	  	 Proportion 		 MICRONUTRIENTS	  	 Proportion
Nitrogen (N)		  100		  Iron (Fe)			   0.7
Phosphorus (P)		  13-19		  Manganese (Mn)		  0.4
Potassium (K)		  45-80		  Boron (B)			   0.2
Sulfur (S)			   8-9		  Zinc (Zn)			   0.06
Magnesium (Mg)		  5-15		  Copper (Cu)		  0.05
Calcium (Ca)		  5-15		  Chlorine (Cl)		  0.03
					     Molybdenum (Mo)		  0.003
					     Nickel (Ni)			   no value

Table 1. Necessary nutrients and their ideal proportions. Nitrogen constitutes the basis of this comparison and is given a value of 100. 
Other nutrients are stated as a percentage of the nitrogen content. 25% deviation from these values is acceptable.
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Planting beds in the City of Stockholm – a handbook (2017) has been produced on 
the initiative of the City of Stockholm through Björn Embrén and Britt-Marie Alvem. 
The handbook is a revision of Planting beds in the City of Stockholm – a handbook 
(2009) [only Swedish version available]. 

The translation has been financed by the City of Stockholm, Bloomberg Philanthropies 
and Vinnova within the framework of the project Residues to Best Use.

Reference group: Örjan Stål, VIÖS; Tom Ericsson, SLU; Lovisa Hell and David 
Zinders, Infrakonsult. 

Planting beds in the City of Stockholm – a handbook. 3rd edition 2017.
Texts: Britt-Marie Alvem, Traffic Administration Office and Rebecka Grönjord, Sweco 
Architects
Text editing, layout and illustrations: Hildegun Varhelyi, Varhelyi + Varhelyi
Translation: Jacqueline Hellmann, EcoTopic. Edit: Neil Ross.
Standard detail drawings: Rebecka Grönjord and Sara Brundin, Sweco Architects
Photo (where nothing else is stated): Björn Embrén for the City of Stockholm.
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