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ABSTRACT

Urban trees are growing within extreme
conditions. They are influenced by different
factors which minimize their natural growth
and development. The space above the sur-
face through the intensive use of public open
space, traffic space and buildings, limits the
development of stem and crown develop-
ment. In addition, the space underground
inhibits root growth through underground
services, dense soil conditions with a lack of
water and nutrients.

A good foundation provides a building the
needed basis to serve people for different
needs during decades. In nature and espe-
cially in the urban environment the tree pit
is the foundation for trees. Urban trees can
provide various benefits to the urban envi-
ronment such as its shadow for people and
buildings, living space for animals, natural air
conditioning through transpiration and the
reconnection to the nature of cities.

The vitality and the intensity of the benefits
of urban trees depend mainly on the quality
and the size of the tree pit. Especially within
the climate change the growing conditions
for urban tree become more extreme due to
rising heat, surface sealing and pests.

The purpose of this Master’s thesis is to de-
termine adequate growing conditions for ur-
ban trees. This can be achieved successfully
by the technical design of the tree pit and the
interception of stormwater.

Theinclusion of the three topics, trees, storm-
water management and urban environment
define the crucial demands which can be met
in an advanced system of tree pits.

The techniques of applied practice are includ-
ed in the development of the advanced sys-
tem based on the empirical research through
case studies. German legal documents and
technical requirements finally form the ad-
vanced system of tree pits.

The advanced system provides suitable grow-
ing conditions for urban trees, however, the
entire analysis clarifies that there is no gen-
eral system for all locations but the tree pit
has to be adapted to the specific condition
of each location. Climate impact, adjacent
buildings and vegetation, existing soil com-
position and underground facilities should be
considered when planning new tree plantings
in an urban environment.

The topic of urban trees is a broad interna-
tional research field regarding planting and
preparation techniques, materials and cli-
mate adapted tree species. Urban trees are
becoming more and more politically appreci-
ated with an increasing financial investment.

Urban trees can be part of the solution in
terms of urban development and stormwa-
ter management within climate change: in-
creasing the biodiversity of urban nature and
reconnect citizens to nature, protecting the
urban surfaces against heat and using storm-
water in the natural water cycle. Cities will
benefit economically, ecologically, socially
and visually from vital urban trees.

The sustainable system of Advanced Urban
Trees serves as a first basis to rethink the
technique for tree pits and shall be adjusted
by professional and interdisciplinary work.

Keywords

Urban trees; decentralized stormwater man-
agement; advanced tree pit; Stockholm Solu-
tion; structural soil; urban nature
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1 INTRODUCTION

Trees are connected with the history of
mankind and can therefore be found in
the development of cities (Konijnendijk
et al. 2005 p.23ff). Until today, trees have
been used for different reasons. Within
former times, timber was used as reliable
building material and firewood.

Hence, it can be declared as a relevant
economical resource. Trees have also
been serving as a cultural, social and tra-
ditional symbol for many countries in the
world (e.g. Christmas tree, Maypole or
Trees for Topping Out) (Vieth 1995 p.14).
Trees have been cultivated in orchards
and farmed in relation to the daily fruit
supply (Balling 2005). As a design element
trees, were and are still are used in the
broad application of the architecture of
the urban and rural environment. Besides
that, trees also comply with high ecologi-
cal requirements (BMUB 2015a p.23).

The fact that most of us have been climb-
ing trees in our childhood also show their
cultural and social significance. Humans
are connected with trees. Mankind en-
counters trees in our daily surrounding
here and hereby not only in the rural side

but also in the urban environment such
as in dense cities.

With the industrialization in the 18th cen-
tury in Germany, large land reclamation
was carried out by drainage of fields and
the artificial water table drawdown. In
the 19th century with the development
of motorized vehicles, surfaces have
been sealed for better traffic efficiency.
With urban development in the 20th cen-
tury more and more surfaces have been
sealed, especially with the reconstruction
of cities after the Second World War (Hol-
zapfel 2012 p.7).

In correlation with urban development,
the organization of water management
was initiated. Due to hygienic problems
and diseases (e.g. plague and cholera
pandemic), the negative image of the city
and especially the economic factor of the
harbor were increasing (Wilderotter and
Dorrmann 1995 S.237).

Wastewater was transported out of the
city and disposed in nearby rivers. The
city of Hamburg, Germany was one of
the pioneers in Europe with the innova-

tive construction of drinking water and
sewage systems in 1850, designed by
the English engineer William Lindley. By
sealing natural areas, rainwater was also
discharged into the sewage system (HW
2016c).

Due to increasing mobility and transpor-
tation, especially in the second half of the
20th century, streets and roads were de-
veloped and expanded in order to cope
with the traffic load within and outside of
cities. For safe driving, the fast discharge
of surface water had been perfectly engi-
neered. Throughout history, green areas
have been removed for the construction
of surface and underground infrastruc-
ture (BMUB 2015a p.9). In addition to
streets, routes for pedestrians and cy-
clists have been built and open surfaces
have been sealed continuously (Holzapfel
2012 S.82ff).

The pressure through the impact of hu-
man development increases and the ur-
ban greenery is significantly limited from
above and below (EUC 2016). Street trees
in particular are exposed on a bigger
scale. There are several factors that affect



the tree and inhibit its natural growth:
the high load of vehicles on the roots, the
consequential compaction of soil, and the
lack of water by the discharge of storm-
water into the sewer (FLL 2015 p.16).

These factors disturb the natural pro-
cess of growing and living of street trees.
Old trees, which developed their roots
before the intense urban expansion, are
more or less stable with these circum-
stances but are becoming weaker (Rol-
off 2013 p.30). New tree plantings have
little chance to survive in this restricted
environment. They are inhospitably sand-
wiched in a narrow strip between streets
and sidewalk.

If street trees start to disappear, the ur-
ban greenery will decrease in diversity
and lose the connected network through-
out the urban landscape. The current
situation is in need of change, but which
elements and factors need to be changed
and how can we proceed?

Fig. 1.01 Trees in a natural environment
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Fig. 1.02 Trees in an urban environment



1.1 A fundamental rethink and political inclusion of urban trees

A change is already in progress. Climate
change has been one of the initiator for
rethinking. By detecting the impact and
especially the recognition of climate
change, many institutions deal with the
causes, effects and consequences. The
weather is already changing and cannot
be stopped anymore, but the progression
and the impacts can be can be slowed
down (Schrader 2016).

Urban environments, especially dense
cities are extremely affected by the im-
pacts of climate change. An overall con-
cept for dealing with the impacts must
be developed and adapted for the vari-
ous requirements of different locations.
Based on scientific work, climate change
has become a wide debate in policy (EUA
2016).

Among many solutions, numerous pub-
lications from different institutions refer
to the importance of a green infrastruc-
ture network in cities. These networks
can provide “vegetation, natural habitats
and soils which manage water effectively
and create healthier urban environment”
(US EPA 2014).

Within the state of Germany, the Federal
Ministry for the Environment is currently
working on a paper called the Green City.
For the first time, a clear statement by
the Federal Ministry will be given to pro-
mote the development of urban green
infrastructure. This paper underlines the
value of urban green infrastructure with
a profound effect on planning and financ-
ing (BMUB 2016).

Besides having important values to peo-
ple (e.g. in terms of local recreation),
urban green infrastructure is playing
a significant role in relation to climate
change. Green infrastructure is primarily
a producer of clean air by oxygen release,
binding of fine particles and carbon diox-
ide sequestration and storage in vegeta-
tive material (BMUB 2015a p.17; p.54 ff).
In addition to this, green areas offer un-
sealed (natural) surfaces for sustainable
stormwater treatment. Stormwater can
be retained and infiltrated in a sustain-
able manner without large far-reaching
structural changes in urban space (BMUB
2015a p.31).

Based on these considerable reasons,
urban infrastructure is promoted and
supported politically and financially. Be-
sides parks, cemeteries and playgrounds,
street greenery and street trees are
also part of green infrastructure (BMUB
2015a p.7). Trees in parks or along streets
are especially one of the most productive
plants in terms of oxygen production and
improvement of air quality. A progressive
development should mainly consider to
increase the number of new tree plant-
ings (BBSR 2015; BMUB 2016).

Conclusion

To sum up, trees should not only be in-
cluded as theoretical planning tools of ur-
ban strategies for climate change in these
reports, but they must become a realistic
part of actual projects.
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1.2 Assumption and research questions

To make trees part of these projects and
to meet the expectations, especially for
street trees, their provided growing and
living conditions in urban areas must be
changed and must be improved.

Hypothesis

The system currently implemented for
tree pits does not provide the best foun-
dation for tree growth. To achieve better
water availability, decentralized storm-
water management can be part of the
solution. To meet the demands of decen-
tralized stormwater management, an ad-
vanced system for urban tree pits is re-
quired.

Prediction

By extensive technical adaptations of tree
pits and structural changes, street trees
can be offered an improvement of grow-
ing condition. By extension of non-com-
pacted soil volume, healthy trees will
shape the urban landscape over decades
and improve the ecological value of the
city.

With the application of proper materials,
trees can become part of the solution of

stormwater management by intercepting
stormwater in the tree pit with numerous
positive side-effects: cleaning of storm-
water in a (natural) way, natural irriga-
tion, stormwater retention and delayed
discharge.

Research questions

This Master’s thesis is structured based
on five research questions and intend-
ed to show the extent to which the pre-
sumption can be supported by facts.

1. How can street trees be offered
species-specific growth conditions in
highly dense urban space?

2. What technical requirements must
be met in order to intercept stormwa-
ter in the street tree pit?

3. Which components of internation-
al implemented systems of tree pits
can meet the demands of street trees,
the decentralized stormwater man-
agement and the urban conditions in
Hamburg?

4. What German legal framework and
guidelines must be applied to an ad-
vanced system of tree pits for street
trees?

5. Who is involved and which respon-
sibility do these actors assume in the
planning and implementation process
of advanced tree pits?

Based on the findings of the research, the
approach of the advanced system for ur-
ban tree pits is discussed and developed
further to achieve more sustainable loca-
tions for street trees.



1.3 Structure and method of research

This Master’s thesis is part of the re-
search project Urban tree within Climate
change: Monitoring of Climate Impacts
and adaptation. The project develops
strategies for adapting urban trees to the
effects of climate change in Hamburg. In
cooperation with the Ministry of Environ-
ment and Energy of the City of Hamburg,
the University of Hamburg, the HafenCi-
ty University of Homburg and Institute of
Soil Science at the University of Hamburg,
an overall concept on how to deal with
the tree stock and new plantings in the
future in the City of Hamburg is to be ap-
proached.

This Master’s thesis is about street trees,
which are trees along traffic areas in dif-
ferent street hierarchies or in sealed sur-
faces such as open spaces and plazas. It
focuses on the planting of new trees and
the preparation of the tree pit, including
the materials, the construction process
and the maintenance, including monitor-
ing and evaluation.

Structure
After an historical overview, the impact of
urban development is displayed briefly.

Within the first two parts of the work, the
two main topics (trees and stormwater
management) will be described in detail.
The demands and influences of the urban
environment are identified for both top-
ics including the planning framework and
its key actors.

The empirical part of the report is pre-
sented in Chapter 4. Here, four different
internationally implemented systems are
illustrated and compared in detail. These
systems have been studied and evalu-
ated by specific criteria. The results are
summarized as implementation crite-
ria, which are suitable as a basis for the
development of an advanced system.

To apply this system in Hamburg, the ex-
isting conditions in the city have been an-
alyzed and will be explained in Chapter 5.
In addition, the system of tree pits, which
is currently used as a standard in Germa-
ny, is included in the process and is also
displayed.

The overall findings are summarized in
Chapter 6. The approach shows how the
evaluated implementation criteria can

form the advanced system. The techni-
cal design of Engineered Street Tree pits
is described in detail on the basis of the
legal framework and the involved key ac-
tors.

In the last chapter, the benefits of ad-
vanced system is presented in detail. It
serves as a basis for further adjustments
and aims to trigger an interdisciplinary
discussion.

Method of research

For the development of an advanced sys-
tem for urban trees, the qualitative meth-
od was chosen. On the basis of case study
(empirical) research, the influence of ap-
plied practices are included. The overall
findings, relayed through practical ex-
perience, literature research and expert
interviews, this Master’s thesis reflects
a professional analysis and delivers solu-
tions and answers to the research ques-
tions.
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2 THE TREE: ITS FUNCTION, DEMANDS AND INFLUENCES WITHIN THE URBAN ENVIRONMENT

In forests, trees are not only standing
side-by-side, but influence each other
through the soil. By soil organisms, espe-
cially by the exchange of soil fungi such
as mykcorrhiza (increase root function),
trees support each other’s nutrient up-
take through roots. Furthermore, the
soil fungi benefit from the products trees
produces in the crown and are trans-
ported into the soil (LWG 2004). The soil
conditions are optimal; a natural entry of
organic material through leaves and ani-
mals regulates the nutrient content and
the pH value (Bartsch and Roéhrig 2016
p.275f). An ideal air balance can be ad-
justed naturally without compaction by
heavy weight loading. The water capaci-
ty is controlled by a natural water entry
through infiltrated stormwater, while
groundwater is available enabling a suf-
ficient water supply through the roots
(Bartsch and Rohrig 2016 p.244ff).

In cities, nature is still present, but usually
it is not grown nature but an established,
man-made nature. Most of the park ar-
eas and street greenery in cities cannot
be classified as a natural environment.
However, it can display naturalistic condi-

tions. Besides green spaces, urban trees
are part of the green infrastructure in cit-
ies which has a balancing function for the
urban climate, and therefore an impact
on climate change. This is only possible if
the greenery and urban trees are offered
adequate growing and living conditions
(BMUB 2015a p.55).

Trees can be very resistant and have the
ability to adapt to different conditions.
Nevertheless, the whole of the urban and
climate-related changes put a very high
strain upon trees. The greenery is weak-
ened in its health and vitality and is there-
fore more vulnerable to disease and min-
imized stability (Bartsch and Réhrig 2016
p. 34 ff). However, cities must guarantee
traffic safety and prevent trees to be-
come a danger to citizens (FLL 2010 p.13).

Section 2.1 explains how trees function in
general and what parameters such as soil
properties are important with regards to
street trees. In Section 2.2 it is describes
the benefits and the influences on urban
trees, as well as the use of climate-adapt-
ed trees. In Section 2.3, the key actors
responsible for tree planting in cities are

shown including their responsibilities and
their interconnections. The legal frame-
work and other guidelines for tree plant-
ing and maintenance in cities are clarified
in Section 2.3. The implementation crite-
ria influencing an advanced system of ur-
ban tree pits are summarized in Section
2.4.
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2.1 Tree anatomy and soil properties

A tree is a living organism which has cer-
tain requirements in order to grow. The
original location of a tree is nature, where
it can find sufficient amount of resources
such as rooting space, nutrients, light and
gases for growth and development within
a closed ecosystem. In order to present
the basic functions and the processes of a
tree it is divided into two parts: the visible
part above the surface and the invisible
below the surface (Bartsch and Rohrig
2016 p.12 ff).

THE UPPER PART: ABOVE SURFACE

THE LOWER PART: UNDERGROUND

Fig. 2.01 The upper and lower part of a tree



The upper part of a tree

The trunk and the crown, with its branch-
es, twigs and the foliage with leaves, are
in the upper part of the tree.

Leaves

% Twigs and
branches

CROWN

d

TRUNK
\ I
',/-—
¢
|

Fig. 2.02 The upper part of a tree

Through the trunk, water is transported
from the soil by the roots towards the
leaves in the crown to distribute nutri-
ents to the required locations. The leaves
capture carbon dioxide from the atmo-
sphere and by the process of photosyn-
thesis, produce chemical energy through
the use of solar light energy. The recuper-
ated energy is distributed within the tree
and oxygen (and also carbon dioxide) is
released into the atmosphere (Schopfer
and Brennicke 2010 p. 255ff).

Through the stomata, situated on the
underside of leaves, a process of transpi-
ration takes place. This drives the water
transport of the tree (Bartsch and Rohrig
2016 p.231). The amount of water re-
leased varies with the different species
of trees (Mayr 2011). The light intensity,
ambient temperature and wind speed in-
fluence the processes which takes place
in the upper part of the tree. Further-
more, leaves also take up and bind gas-
eous contaminants such as carbon diox-
ide and other harmful gases. The amount
depends on the size and the age of the
tree. They can also bind dust and other
fine particulate matter on their leaf sur-

faces. To guarantee ideal operating pro-
cesses, trees need sufficient space above
the surface for the healthy development
of the crown and the trunk (Roloff 2013
p.15).

Tree species differentiate in size and in
mature crown spread. In literature and in
(German) tree nurseries, they are divided
into three categories which also deter-
mine the necessary above ground space
requirements of trees (FLL 2015 p.19).

The data refers to a natural development
of the tree. In cities however, this space
is usually not available, particularly in
streets where space is restricted by adja-
cent buildings and other obstacles above
and below ground space. Trees cannot
attain full development of its final natural
size under these hindering urban condi-
tions (Reichwein 2009; FLL 2015 p.16).
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1. Class 2.Class | 3.Class

Height (in meter) | 20-40 15-20 7-15

Width (in meter) | 15-20 10-15 5-10

(crown diameter)

Space demand | 4.000 1.500 1.000

(in cubic meter)

Fig. 2.03 Space demand accodring to tree size

The lower part of a tree

The invisible part of the tree is under-
ground: the roots. Through the network
of roots the treeis anchored to the ground
(Kiick and Wolff 2014 p.117). Depending
on the type and tree species, roots grow
to different depths and widths. The differ-
ent root types are heart root (lime tree,
hornbeam, maple), tap root (oak, elm)
and flat root (ash, alder). The structure
of root systems are basically the same
for all species. The more branched the
roots are, the better a tree can anchor in
the soil and the higher the supply of nu-
trients. Different sizes of roots form the
root system, ranging from under 1 mm to
50mm or bigger. From the main roots, the

fine roots grow. The most active roots of
the tree are the hair roots, which are the
finest roots of the system. Through the
hair roots, trees absorb nutrients and wa-
ter and are crucial for tree’s growth and
health (Bartsch and Rohrig 2016 S.19ff).

In nature, the root volume complies with
the volume of the tree crown. That means
that the tree also needs enough space be-
neath the ground. There has been inten-
sive researches on roots, their growth be-
havior and volume in natural and urban
areas in the last decades.

According to the German guideline FLL,
it is assumed that trees have an average
root volume of a minimum 300 m* (FLL
2015 p.19). However, it is stated in the
standard DIN 18920 that “in undisturbed
locations roots are even growing out far
above the canopy drip. For the protection
of vegetation another 3.00 m in addition
to the diameter of the crown must be cal-
culated to guarantee that the roots are
not damaged” (DIN 18920, p.3).

If the volume of the root system is equal
to the volume of the crown, the space

needed underground can be deduced by
the given information in the figure 2.03
and 2.05. The figure displays the natural
root volume which trees need for a stable
and healthy growth.

Taproot

RooOTS

Hair roots

Fig. 2.04 The lower part of a tree



Root growth is dependent on the quali-
ty of the soil (FLL 2010 p.17). The soil is
a complex system which is influenced
by many factors and where a numerous
processes run. For simplicity, only the

main factors are explained which can be
influenced by the result of this report.
The three principal factors are: the min-
eral and organic composition of the dif-
ferent types of soil, the pH and the water

1. Class

Fig. 2.05 Different tree sizes and their above and underground space (according to a natural development)

2. Class

and gas availability of the soil. The better
the quality of the soil, the better the root
growth and thus the stability of trees and
absorption of nutrients. In natural soil, all
factors are dependent on each other.

Soil types

The mineral content of the soil can be di-
vided into different classes depending on
the grain size distribution and the pore
size. The main components of soil are
fines (clay), silt, sand and gravel. In addi-
tion there are organic components (dead
plant and animal material). The compo-
sition and the mixing ratio of a type of
soil can be determined by a sieve analy-
sis according to the sizes of the materials
(Blume et al. 2010 p.173ff).

Depending on the composition of the
soil, it can have different properties such
as root penetration, water and gas hold-
ing capacity, and nutrient content (Figure
02.07). The basic minerals that serve as
nutrients (phosphorus, iron, calcium or
nitrate (nitrogen) are released by the
decomposition of organic substances by
microorganisms (Bartsch and Réhrig 2016
p. 177ff; p.251).
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Pollutants (oil, etc.) may limit the decom-
position and the processes and thus the
availability of nutrients (Blume et al. 2010
p.33ff).

pH- value

The quality of these processes, release
and transport work, effect nutrient avail-
ability and are dependent on the pH of
the soil. At a pH level that is too high or

low, this availability is no longer guar-
anteed. A lack of nutrients restricts root
growth and overall the vitality of trees.
The main nutrients are best available for
trees within the neutral to slightly acidic
range (Figure 02.07). Furthermore, it also
depends on the tree species and their re-
lated ideal pH. A large number of trees
require a slightly acidic to slightly alkaline
soil (LWG 2014b).

Fine soil Coarse soil
Soil type Clay Silt ‘ Sand Gravel Boulder
I I (round/angualar) I (round/angualar)
Sizeinmm | <0,002 ' 0,063-0,002 ' 2-0,063 63-2 >63
Air content | 0-15% 30-40% 40-60%

Pore voids 2
Air feed-thorugh <2
Water flow §

Root growth

H,0 holding capacity
Plant available H,0
Nutrient content

high

Fig. 2.06 Different soil types and their properties

intensive/high

poor

The pH-value depends on the chemical
constitution of the soil, which is specified
by the concentration of hydrogen ions
(H,0). The higher the concentration, the
more acid the soil is. These hydrogen ions
are created in different ways; for exam-
ple, by the biological respiration activity
(decomposition of organic substance by
microbes and roots respiration), washed
out mineral content of the soil (e.g. gran-
ite) or fertilizers (nitrogen and sulfur)
(Bartsch and Rohrig 2016 p.227).

Adding different natural (e.g. humus) or
chemical products (e.g. fertilizers) to the
soil, can influence the pH. By using natu-
ral material, the reaction takes longer but
also serves as a long-term constant pH.
On the other hand, chemicals can have
a fast influence but with a short-term
effect (Zeitz 2003). For example, adding
chalk can achieve a pH of 6-8 depending
to the existing soil conditions (DWA-138
2005 p. 17).

The productivity of soil microbes also de-
pends on the temperature, moisture and
oxygen content of the soil (Zeitz 2003).



idael pH
for trees

Manganese

e e —

acid 4 5 6 7 8

Fig. 2.07 Availability of nutrients within the different pH

Gas and water content

The gas, and especially oxygen, content
is important for the respiration of the
roots that ensures proper root functions
and the microorganisms needed oxygen
for the decomposition process. The soil
should not be saturated with carbon di-
oxide (CO,) and nitrogen (N), which is pro-
duced by the respiration of the roots and
the microorganisms. The gas exchange

with the atmosphere is essential. This ex-
change is regulated by the air voids in the
soil. Only loose soil contains air pores. In
a compacted soil without air voids no bi-
ological and chemical processes can take
place (Schopfer and Brennicke 2010 p.
125; p.206; p. 250).

Water takes up and transports nutrients.
The presence and amount of water in the

soil depends on whether it has rained or
whether plants have been irrigated and
water can infiltrate or through water ta-
bles in the soil. However, not all water in
the soil is available for trees. The water
that is available for plants is held in the
pores between the soil particles, the so-
called Capillary Water. The other type of
water available for plants is the gravita-
tional water, which is held by the tension
of soil particles (see Figure 2.08) (Blume
etal. 2010 p.181).

The quantity of water which is actually
available for the plants depends on the
soil composition and texture. Different
types of soil can hold and bind different
amounts of water. The denser the soil,
such as in types of clay, the more water
it can hold. The higher the quantity of
large pores present, the less water can be
bonded (Blume et al. 2010 p.182).

This water permeability is defined by the
kf-value (DWA-1382005 p. 15).Sand keeps
little water and has high water permeabil-
ity. In contrast, silt and clay hold a lot of
water and make it available to plants. The
higher the silt and clay content, the more
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Fig. 2.08 Plant-available water in the soil

water can be kept but on the other hand
a too high clay content can cause water-
logged soil. However, with too much wa-
ter (meaning too much moisture), roots
can start to rot. In contrast, without
enough water they can dry out and die.
In addition, if implemented in an urban
environment the soil must also meet the
demands of load bearing capacity. The

FIELD CAPACITY
capillary H,0

WILTING POINT

Ja1em

PLANT AVAILABLE
sajpnJed |10s

L e
SPIOA Jie

Evaporation/ Transpiration

soil composition must be balanced out on
the different materials with its properties
to achieve an optimum of water and gas
supply in the soil (FLL 2010 p.39).

To conclude, the function of a tree must
be seen as an entire system. The process-
es taking place in the ground form the
basis for the development of the tree. If

a tree has the best possible conditions in
the upper visible part, without the lower
part having the same conditions, a spe-
cies-appropriate development of the tree
cannot be guaranteed. A tree can cope
with damage to the crown or the trunk
when it has a good foundation that pro-
vides sufficient nutrients, air and water.

In particular, this shows that the soil is the
most important component of a tree’s
health and growth. An optimal location
provides optimal growth conditions. In
nature, these soil structures have grown
over the centuries and fitin the circulation
of an ecosystem with sufficient resourc-
es. The location of the city is created arti-
ficially and offers poor conditions. There-
fore, it is essential to prepare the tree
pit with proper materials so that a more
natural development can be achieved.

Only under these conditions can trees be
strengthened in an urban environment
and be resilient against fluctuations in
nutrient and water supply and disease.



2.2 Trees in cities: benefits of trees and the influences by urban environment on street trees

2.2.1 Benefits of Urban Trees

A tree with good vitality has many advan-
tages to the city. They characterize the
city not only in the aesthetic appeal as
landscape elements, which contribute to
the cultural and social identification with
seasonal interest and welfare impact of
citizens, but also have particular econom-
ic and ecological benefits for a city (FLL
2015 p.14f).

After storms and accidents, trees are
mentioned in the news with negative
headlines. If a tree causes any kind of
damage, it is published that it was the
tree’s fault by growing inappropriately
or that it has an aggressive root growth.
However, falling trees or branches, and
superficial roots causing tripping are of-
ten an effect of poor vitality due to lim-
ited space, and declining health (WDR
2016; WZ 2015; B. B. C. News 2016; Chan-
nel New Asia 2016).

Beside such negative views of urban
trees, there are many positive effects
highlighted in various political, scientific,
or public reports and journals.

Many benefits of trees are not visible or
are perceived only indirectly. As a result,
sometimes trees are not valued with ap-
preciation and esteem, compared to their
benefits. But they contribute significantly
to the urban ecosystem.

One effect, which can be recognized
broadly, is its shadow which provides
higher amenity in parks, open spaces and
along streets during warm and hot peri-
ods. Sealed surfaces or building facades,
which are normally heated up by the sun
and radiate heat back into the environ-
ment, are protected by the shadow pro-
vided by the crown of the tree. The direct
sunlight is reduced and, in return, reduc-
es the urban heat island effect (BMUB
2015a p.88).

The larger the tree crown, the more shade
atree can provide. The exact interception
of solar radiation and also precipitation
interception can be measured by the leaf
area index (LAl). It depends on the sum-
marized size of the leaf surface in context
of the covered surface (Bartsch and Roh-
rig 2016 p. 139).

The crown also acts as natural air con-
ditioning with an effect on the microcli-
mate: Through transpiration of leaves,
the water that evaporates cools the envi-
ronment (BMUB 2015a p.55). The actual
transpiration activity varies between dif-
ferent species. Trees directly improve the
air quality by taking up and binding harm-
ful gases as well as fine particles (see sec-
tion 2.1). They also provide habitat for
a variety of plants and animals and thus
contribute significantly to biodiversity in
the city (Roloff 2013, p.20).

Urban greenery can contribute to an in-
crease in property values. For example,
old solitary trees by its quality and identi-
fication feature (TEEB 2016 p.197).

Trees are an investment in the future.
They deliver their benefits as a return
of the investment of being planted and
maintained properly. The main goal of
tree planting should always be to achieve
a fully and healthy developed tree.
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2.2.2 Influences on street trees by the urban environment

To provide such positive effects trees
must have the basic conditions and soil
requirements met, as mentioned in Sec-
tion 2.1. For example, transpiration and
energy conversation cannot be achieved
during times of water scarcity (BMUB
2015a p.55). As a result of a decreased
transpiration, the temperature of the
leaf surface itself increases and heat the
environment. The microclimate cannot
be improved, but rather increases the
ambient temperature (Leuzinger, Vogt,
and Korner 2009). In the urban environ-
ment there are various factors which re-
strict trees in growing and developing in
growth and development.

Intensive Use of Public Open Space

in cities

Public space must accommodate sev-
eral different needs: pedestrian flow,
sitting areas, bicycle lanes, streets,
parking areas and public transporta-
tion. For all of these needs, the surfaces
become sealed with different materi-
als such as asphalt, concrete slabs and
stones to meet the respective load-
ing bearing capacity (FGSV 2012 p.7).

Street trees especially are extremely ex-
posed to these situations, growing along
streets that need to withstand high traffic
loads, depending on the street hierarchy.
Since the volume of traffic in cities in-
creases (HSH 2015), the mechanical forc-
es on the surfaces rises immensely. High-
er forces lead to a stronger compaction
of the soil.

As a result of standing on dense soil, tree
roots cannot grow into deep soils but only
grow superficially where they find space
and can reach sufficient oxygen and air
for the gas exchange. Sealed surfaces
can be deformed by tree roots, becoming
dangerous for pedestrians, bikers and ve-
hicles (Reichwein 2009). The other effect
of sealed surfaces is that the soil cannot
breathe, which means the gas exchange
is interrupted. In addition, the stormwa-
ter of the surfaces is just discharged into
the sewer system and does not reach the
soil and infiltrate (BBSR 2015 p.8).

Urban use also causes damage to the
upper part of the tree. A free-standing
trunk on the one hand can be damaged
by strong solar radiation, which results in

broken bark, due to of high temperature
differences (Schneidewind 2010). Fur-
thermore, mechanical forces can happen
with cars hitting the trunk or bicycles be-
ing locked to the trunk. If the bark of a
tree is damaged, the softer inner timber
is exposed. The tree is highly vulnerable
and its vitality starts decreasing (Jeschke
2011).

Soil conditions

As already mentioned, the sealing of the
surfaces and thus compacting the soil has
far-reaching problems for street trees.

Due to the compacted soil pores are
crushed, which normally provide aeration
and water holding capacity. As stated in
Section 2.1 p.21, deep-growing roots sta-
bilize the tree. With the main roots only
in superficial soil layers, the tree cannot
stand against forces like storms. As a re-
sult, trees can become a danger to peo-
ple’s life.

Available water in the soil is scarce in ur-
ban soils. On the one hand, water table
drawdown brings water to a depth not
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reachable by trees (Lehmann and Stahr
2007 p.250). On the other hand, water
cannot infiltrate due to compacted soils
and sealed surfaces. There is only a tiny
amount of water in the upper centime-
ters under the pavement, such as con-
crete slabs. This is another reason why
tree roots grow near the surface to reach
that small amount of water (Roloff 2010
p.196). During warm periods, these upper
layers dry out quickly due to rapid heat-
ing of those sealed surfaces. The conse-
quences are that trees are more exposed
to drought.

Squeezed between buildings, lanterns
and overhead lines of trams, trees can-
not establish their crown properly or are
pruned immensely. Besides the negative
effects for the tree, a small crown has a
small habitat for birds and insects, which
decreases the biodiversity in the city. The
tree has only a slight shadow and cannot
contribute as much as usual possible to
the reduction of urban heat islands (Rol-
off 2013, p.22).

Urban soils

In urban environment there are almost no
natural soils. Urban soils are mainly com-
posed of different soil types in unilateral
and small-scale layers. Building materials
such as crushed concrete and other resi-
dues can also be found, which can cause
excess water. The very low nutrient con-
tent in the mixture of soils and materials
reflects a disturbed soil property, which is
inappropriate for plant growth (Lehmann
and Stahr 2007 p.248ff).

In urban environments, the use of de-ic-
ing salt is tremendous. Through splash
water from streets and stormwater
from sidewalks, high amounts of salt are
washed into the tree pit. The nutrient up-
take is impaired by the high salt content.
If no more nutrients are delivered into
the cells of the tree, they die slowly. This
can be seen at the marginal brown area
of leaves, which is an indicator for the so-
called Tree necrosis. In the soil, microbes
and soil fungi are also severely damaged
or die due to a high salt content, with
the soil activity steadily declining (GALK
2011a).

The pH of urban soils is rather basic. Due
to concrete and limestone debris being
washed into the soil, the pH level can vary
from 7.5 to pH 8.5. A high pH limits the
solubility of nutrients (chemical elements)
and limits root growth and health (Beede
et al. 2005). Substrates for tree planting
are often in an alkaline range with pH val-
ues between 7.2 and 7.5, sometimes as
high as 8. Rarely there are substrates that
are below a pH of 7. These results are
based on the raw materials for substrates
such as sand, gravel, grit and organic part
compost, with most of them having a pH
above 7 (LWG 2014b).

Tree nursery
5-6,5

Substrates
7-8

Urban soil
7-8,5

acid 5 8 basic

Fig. 2.10 pH of different soils and substrates



Underground services

There is another factor inhibiting urban
trees: the underground utilities for drain-
age and sewer pipes, electric and tele-
phone cables, power lines and local heat
network occupy the soil needed by vege-
tation. Despite the pressure tightness of
pipe joints (according to DIN 4060 / EN
681), roots are able to grow into pipe-
lines, occupy the free space and reduce
their functionality considerably.

According to ATV-damage classification
(Standard terms and conditions (ATV):
ATV 1989-1), roots of trees cause the
most frequently occurring cases of dam-
age to cables. These have to be cleaned
from the roots and soil particles, which
is a labor and cost intensive work to fur-
ther guarantee a safe discharge of water
(Brennerscheidt 2011 p.7).

Climate change

Based on weather observations from dif-
ferent time periods (over the past 30 and
60 years) there are numerous scenarios
which show changes in temperatures
and rainfall. This concerns in particular
the observations of regional and local

weather changes and the displacement
of seasonal characteristics. The decisive
factors are an increase in extreme weath-
er, temperature extremes and of heavy
rain events (BMUB 2015b p.11). The
number of summer days with extreme
temperatures (> 30°C) is increasing, while
the number of frost days significantly de-
creases. Predictions assume that precip-
itation will be shifted from the summer
(June-August) into the winter months
(December-February) and that precipita-
tion in the summer will decrease by up to
10 percent while increasing in the winter
by 10 percent (Schrader 2016).

A strong increase on the frequency of
heavy rainfall of 10 mm within one hour
to 20 mm within six hours, and in ex-
treme rainfall with a precipitation of up
to 50 mm per hour (BBSR 2015 p.17), can
be seen (DWD 2016).

Especially for cities, this increase in
weather extremes is difficult to cope with
(NDKB 2016). The urban heat island ef-
fectis already present but will have major
consequences on the urban microclimate
due to the extreme temperatures and

heating up of surfaces. Trees also have to
deal with higher temperature and tran-
spiration rates. Water scarcity for trees
will develop into a larger problem, which
cannot be compensated by the natural
water table of the soil (BBSR 2015 p.10).
The problem cannot even be solved by
the higher amount of rainwater of the
heavy rainfalls because the water must
be infiltrated into the soil but not be dis-
charged.

Conclusion

To sum up, the analysis clearly shows that
trees and urban environment have differ-
ent and opposite needs and demands.

While urban environment needs a high
load bearing capacity with a pressure
strength (E,,) of 45 MN/m?on the exist-
ing soil and 100-180 MN/m? on the base
course and frost blanket course, depend-
ing on the type of surface and the sub-
base (FGSV RSTO 2012). In contrast to
that, the FLL requires for tree pits a lower
pressure strength on the substrate (45
MN/m?) (FLL 2010). On the other hand,
the analysis demonstrated that trees ac-
tually need a completely uncompact soil

THE TREE

w
o



THE TREE

w
=

without any load pressure nor load bear-
ing capacity for a high amount of pores
for a good soil for growing.

If the existing soil and the base course is
compact to meet these demands, the re-
quired infiltration capacity for tree pits of
>5,0x 10°cannot be met (FLL 2010 p.13).

Surface stormwater must be discharged
from urban surfaces (FGSV RSTO 2012
P.8) but trees need water in the soil to
grow.

In addition, by the sealing of surfaces
there is no continuously natural entry of
nutrients into the soil through organic
material and decomposing of microor-
ganisms like in forests (Bartsch and Roh-
rig 2016 p.275f). The tree development
and vitality depends on nutrients.

The required salt content for tree pits is
quite low (150mg/100g) (FLL 2010 p.41),
however, the use of de-icing salt on side-
walks and streets increases immense-
ly the salt content in the tree pit (GALK
2011a).

The more needs of the urban environ-
ment are satisfied, the more trees suffer
in cities and the current human life styles

to accomplish both needs and demands:
trees have to be able to grow within an
urban environment while an intensive ur-

exacerbate their conditions. The struc-
ture of the tree pit has to be designed

ban use is possible.
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Fig. 2.11 Influences on Trees in a Urban Environment



2.2.3 Climate adapted trees

Choosing the right tree does not seem
to be difficult, since there are already
many lists of recommendations of spe-
cies which are said to be adapted and
resistant to the urban conditions and
the climate change. These lists dis-
play trees that are evaluated, assessed
and categorized by various criteria.

The lists are developed by numerous re-
search projects with scientists, tree nurs-
eries and practical experiments dedicated
to the search for the perfect urban tree.
In times of urban development, climate
change and tree mortality caused by par-
asites and pests, it is important to look for
suitable trees and test them in the urban
environment.

In the following paragraph, a few of these
lists and their authors are mentioned.

e Citree by Technische Universitait
Dresden: This is a database-planning tool
for woody species for urban spaces (TUD
2016).

e Climate Species matrix for urban tree
species (Klimaartenmatrix fiir Stadt-
baumarten): is a research study by Prof.
Dr. Andreas Roloff, Dr. Stephan Bonn and
Dipl.-Forstw. Sten Gillner where over 250
woody species used European-wide are
classified and assessed based on different
criteria (Roloff, Bonn, and Gillner 2010).

o Galk List of Street Tree (StraBenbaum-
liste) : Since 1994 the work group of Mu-
nicipal Gardens and Parks Heads Confer-
ence is testing and evaluating street trees
at nationwide locations in German cities
with different tree species. The results
are available online (GALK 2016d).

e The climate tree catalogue (Der
Klimabaum-Katalog): The catalogue is a
list of trees which are suitable for urban
environment published by the tree nurs-
ery E. Sander in Tornesch (Sander 2016)

e Urban Greenspace (Stadtgriin) 2021:
The Bavarian State Institute for Viticul-
ture and Horticulture performs a street
tree test at three locations in Bavaria
(Germany), including the test of mycor-
rhiza treatment (LWG 2016).

e Urban trees- Fit for the future (Stadt-
baume- Fit fiir die Zukunft): An evalua-
tion of trees which seem to be suitable
for urban environment, published by the
tree nursery Lorenz von Ehren in Ham-
burg (LVE 2016)

The selection of trees are based on differ-
ent weighted criteria, such as:

e drought and heat resistance,
¢ soil moisture,

e |ate frost risk,

e pH-value,

e de-icing salt stress,

e maximum tree height or

e crown radius.

The location of the city, and in particu-
larly along the street is a location with
extreme conditions and requirements
for trees (BBSR 2015 p.40). “The less de-
manding the tree is in relation to soil, nu-
trients and climate, the better suitable it
is for the urban environment” (Dr. Bauer
2015 p.4).
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These lists serve as a good basis for de-
cisions of tree species. It is also import-
ant to mention tree species that have not
been proven as good street trees to be
able to select the right tree Species; these
are clearly shown by the GALK list. Nu-
merous tree species have already been
excluded.

The discussion of non-indigenous species
has been ongoing for years, especially
with the foundation of nature conserva-
tion (Naturschutbund). It is important to
clarify exactly what the differences are
between indigenous, non-indigenous and
autochthonous trees and to where to
start in history to define the terms (GALK
2011b).

Having a higher variety of tree species
and an increasing biodiversity in the cities
is recommended by many experts (GALK
2016a; LWG 2014a).

A 100 percent security of growing by the
selection of a right tree is hard to guar-
antee. Further research, experimentation
and experience are still needed to know
how resilient trees really are (Kiihne

2016). In the end, it is always difficult to
select the ideal tree as every tree is a liv-
ing organism and responds differently to
various urban influences.

2.3 Key actors for new street
tree plantings

A tree is passed through several hands
until it actually arrives and is planted at
its determined location. The figure 2.12
shows the involved key actors and their
interrelations.

It explains in general who and what is
involved into the process of planning,
implementing and planting a new urban
tree. There are three groups:

e the administrative (orange),
e the specialist planners (green) and
e the executers (brown).

The orange group which represents the
city as the administrative part and the
green group (specialist planners) are par-
ticularly shown very simplified. Depend-
ing on the size of the city and the ad-

ministrative part, different and more or
less key actors and departments can be
involved in the process of new tree plant-
ings.

The political vision (administrative group)
is not a direct key actor but an influenc-
ing instrument. It is usually developed by
the current government during each par-
liament term. A vision describes the pres-
ent political, economic, and social situa-
tion of the city and is intended to serve
as a guide for sustainable growth and
development. In terms of tree planting,
it defines the importance of green infra-
structure and further development (FHH
2014a).

The group of executers also depends on
the size of the city and the structure. The
company for maintenance can either be
contracted externally or be a part of the
citie’s municipality services (Wahli, Gei-
ger, and Kahle 2016).

In the following paragraph the individual
tasks of each key actor are described.



CITY POLITICAL STATEMENT (INSTRUMENT)

e Political vision: as an instrument it sets
the frame for urban development and
green network

CITY DEPARTMENT OF ROADSIDE GREENERY
AS CONSULTANT

e Advising other specialist planners

e Communication with citizens

e Contracting specialist planners and ex-
ecuter for construction, maintenance and
tree inspector

SPECIALIST PLANNERS AND CITY DEPART-
MENT OF ROADSIDE GREENERY AS PLANNER
e Planning and tendering tree projects

e Definition of requirements concerning
materials and construction process

e Monitoring of planning, requirements
and construction process

e High knowledge about legal frame-
work and other guidelines

¢ Instruction/ admonition of contractors
e Cooperating among other specialist
planners

e Documentation of construction site
including delivery, treatment and instal-
lation of all materials

TREE INSPECTOR
e Inspections for tree safety
e Advise/ instruction for maintenance

CONTRACTOR FOR MAINTENANCE, ARBORIST
e Professional knowledge for tree pruning
e Documentation and proof of correct
pruning

e Feedback to the city about vitality of trees

CONTRACTOR FOR CONSTRUCTION, LAND-
SCAPING COMPANY

e Monitoring and inspecting tree deliv-
ery on required quality

e Monitoring and inspecting all the oth-
er material on required quality

e Planting and initial tree pruning

e Maintenance in first, second and third
year (tree establishment/ development)
e Documentation and proof of correct
construction

TREE NURSERY

The tree nursery sets the base of a tree’s
life which depends on vitality and quality
of the tree and its root ball. The tree must
be in perfect condition for urban use.

e Cultivating and growing trees

e Transplanting and pruning trees regularly

e Breed trees with strong vitality and a
good architecture of the root ball

e Preparation for transportation and de-
livery to the site

e Adapt tree selection based on eco-
nomic and ecological influences

e Advising in tree selection and maintenance

CITIZEN

The residents are only involved indirectly
in the process of planting new trees. In-
formation should be supplied by the city
to help with understanding the function
and benefits of street trees. The construc-
tion process especially can cause troubles
if a tree needs to be pruned or planted.
The city must provide information and
contact persons for communication to
avoid misunderstandings. Nevertheless,
citizens can support the city with infor-
mation about the condition of the trees,
for example through daily monitoring of
the trees near their house or quarter.
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Contractor for Maintenance:
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2.12 Key actors for the planting process of new street trees (simplified)

City Department of Roadside
Greenery (as planner)

Landscape Architects,
Landscape Planners

Traffic planners

THE SPECIALIST PLANNERS



2.4 Legal Framework and guidelines for tree plantings and urban environment in Germany and Hamburg

In the following paragraph the legal
framework for Germany is displayed,
which is completed by the laws released
by the city of Hamburg. They are official
laws and legally binding.

Federal Act for the Protection of Nature
(BNatSchG) (2009) sets regulations and
targets for “protection and security of
diversity, uniqueness, beauty and recre-
ational value of nature and landscape,
in particular such as avenues, one-sided
rows of trees” (BNatSchG §1, cl. 1). It es-
pecially refers to the protection period
and the authorized and prohibited main-
tenance for the different types of vegeta-
tion within the specific time.

Based on that, the Hamburg Act of Execu-
tion of the Federal Act for the Protection
of Nature (2010) sets further details on
the protection of nature and landscape
within the city of Hamburg.

By the Tree preservation order of Ham-
burg (1948) all trees and hedges are pro-
tected. Damage and felling is possible
only under certain conditions.

In addition, there is the Practical Guid-
ance of Execution of Tree preservation
order of Hamburg (2015). This provides
the basic demands for quality and quanti-
ty of substitute planting of trees after fell-
ing, with the target of restoring the land-
scape. It also gives more requirements
for the maintenance of trees.

In addition, the Hamburg district offices
summarize the key points of these laws
on the Datasheet of Tree preservation
(2011).

The development of the following stan-
dards and guidelines is based on de-
scribes laws. These publications and
guidelines are not legally binding. They
are based and developed on techni-
cal and scientific know-how, experi-
ence and results. The application is not
binding but they represent the current
state of the art. They are continuously
reviewed and adjusted to include new
findings and standards. If they are in-
cluded in the tendering, the executing
company must meet their requirements.
In the following paragraph, several guide-
lines are listed that have a direct impact

on the development of an advanced sys-
tem of urban tree pits. It does not exclude
other laws and regulations in terms of
tree planting and maintenance.

The main norm in Germany is the Ger-
man Industry Norm (DIN). For Vegeta-
tion technology in landscaping two main
norms are applicable: The norm DIN
18915: Soil working (2002) which gives
regulations for the treatment and han-
dling of the soil to retain and improve its
properties (DIN 2016).

In addition, DIN 18916: Plants and plant
care (2002) provides a framework for
plants and plant care. It regulates the
treatment of the plants before, during
and after the planting process and the
demands for the materials, especially the
soil and the substrate for the tree pit.

The FLL (Landscape Research, Develop-
ment and Construction Society) is a Ger-
man organization with various working
groups of environmental planning and
construction. It publishes standards for
differenttopics of green environment(e.g.
green roofs, maintenance of greenery,
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decentralized stormwater treatment).
The organization, founded in 1975, works
independently and non-profit based on
professionals with their knowledge and
experiences from practical work. The
publications are rulebooks and guidelines
and provide technical standards for plan-
ners and executers (FLL 2016).

The FLL part 1 recommendations for tree
planting: Planning, planting and mainte-
nance (2015) provides information about
laws to be involved in tree planning and
general information about tree size. It is
explained how to proceed and what to in-
clude into the tendering and contracting
companies. The process of planting and
maintenance is described.

The FLL part 2 recommendations for
tree planting: Preparation of the plant-
ing bed, structure and substrates (2010)
gives general information about tree pit
preparation regarding size, soil mixture
(substrate) and its properties. It provides
detailed technical drawings for different
sites (e.g. within greenery or sealed sur-
faces).

The FGSV (Road and Transportation Re-
search Association) was founded in 1924
and is technical-scientific society. Numer-
ous working groups specified on different
topics develop guidelines for the planning
and construction process of roads and
traffic (FGSV 2016).

FGSV 232 instructions for road plant-
ing in built-up areas (2006) provides the
same information as the FLL recommen-
dations for tree planting including extra
information about (street) trees in the ur-
ban environment.

FGSV 939 data sheet for trees, under-
ground pipes and sewers (2013) provides
information about the distances to trees
and underground utilities and the pro-
cess of planning. It also includes the pro-
tection of underground utilities of tree
roots.

The FGSV RSTO 499 guidelines for the
standardization of the superstructure of
traffic areas (2012) regulate the dimen-
sioning of the superstructure of traffic ar-
eas inside and outside of built-up areas.
It depends on the use and the expected

traffic load. According to different ma-
terials for the surface and the sub-base
it determines the different materials of
each layer and the degree of compaction.

The listed guidelines refer to each other
and have the similar information depend-
ing on the focus (traffic or trees).



2.5 Implementation criteria

Tree conversation, new and
compensation planting

In general, trees in Hamburg are protect-
ed if they have a circumference of more
than 25 cm (measured at 1.00 m height of
the trunk). The felling of street trees due
to street construction requires a special
permit and can only be carried out by the
district office. Pruning may only be done
from October to March (BNatSchG § 39,
cl. 5) and for street trees also from July
to October, as they have a small habitat
function due to their location (FHH 2015b
p.24).

Tree pit

The required size of tree pits should be a
volume of at least 12 m?® with a minimum
depth of 1.50 m (FLL 2010 p.33), or at
least 16 m3 (DIN 18916 2002 p.6). At the
same time, it should also be 1.5 times big-
ger than the size of the root ball. The tree
pit should be aerated with aeration and
irrigation pipes to a depth of 1.50 to 3.00
m to encourage root growth into deeper
layers. To enlarge the rooting volume, the
tree pits should be connected with each
other by trenches (width of minimum 30
cm) which are filled with coarse gravel of

8to 22 mm. To avoid excess water in clay-
ey soils, the tree pit has to be drained by
a drainage pipe at the bottom of the tree
pit (FLL 2010; DIN 18916 2002).

Urban surfaces and tree protection
The urban surfaces, which also includes
the tree basement, must meet the load
bearing capacity of each specific location.
It must be calculated and planned accord-
ing to the expected use. The main target
is to achieve a walkable and safe surface
over the tree pit without risk of tripping
and to protect the tree base from dam-
age. Therefore, it is suggested to install
a tree grade above the open soil of the
basement on the same level as the bor-
dering pavement with a size of 6 m?. To
protect the trunk, a tree guard is useful
as a long-term solution (FGSV 2012; FLL
2010 p.40). The trunk should also be pro-
tected against solar radiation with, for
example, trunk whitening or reed mats
(Schneidewind 2010).

To avoid root growth in the superstruc-
ture and the pavement, a one-piece com-
ponent should be installed (e.g. concrete
bunker) to direct the roots downwards

(FGSV 2006 p.30).

Trees delivery and planting
If the tree is delivered it must be proven
regarding:

e |oading conditions on the truck,

e quality of the tree: height, trunk cir-
cumference, crown size and structure as
required in the order/ tendering,

e the root ball: moisture content, soil
guality and quantity,

e damages by heat or cold at the crown
like broken off branches or the trunk
damages like broken off bark (FLL 2004;
FLL 2015; DIN 18916 2002 p.23f, p.5ff).

A documentation based on photographs
is recommended (Balder 2012) to clarify
the sources of possible damages.

The responsible person (planner and exe-
cuter)isin charge of supervising and mon-
itoring the process of delivery and plant-
ing. The planner must have a professional
knowledge and must be able to recognize
and criticize insufficient properties. In
such a case, the tree delivery should be
refused and sent back (FLL 2015 p.34).
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When transplanting, the root ball is re-
duced and the root mass is minimized sig-
nificantly. For the balance and the vitality
of the tree, the crown should be pruned
to encourage the growth of roots and
new branches. The tree thereby grows
out new shoots, which start anchoring in
the ground and has a better overall vitali-
ty (Balder 1998).

Onsite and during transportation, the
root ball should always be kept moist.
Longer periods where the tree is not in
the soil should be avoided and therefore
be planted as fast as possible. This pre-
vents the root ball from drying out and
roots become damaged (DIN 18916 2002
p.5f).

A young tree in good shape and with high
vitality can save costs for maintenance
and pruning within the first years after
planting.

Planting soil (substrate)

Soil work must be carried out according
to different soil types to avoid the loss of
soil properties such as soil pores due to
mechanical compaction. Soil with unsuit-

able properties for vegetation should be
improved with specific aggregates or be
replaced. Soil properties must be prov-
en by test certificates and reports (DIN
18915 2002; FLL 2010 p. 5f; 12f; p.34).

There are high demands on tree sub-
strates. The right composition of differ-
ent soil types can meet the demands of
root growth. Particularly angular materi-
als such as lava ensure high position sta-
bility with high compressive strength (FLL
2010 p. 33). It must meet the technical
vegetation demands and the load bear-
ing capacity at the same time. The grain
size is said to be between 0 and 32 mm
and the distribution should have a con-
stant grading curve to prevent material
displacement and high compaction. Tree
pits in urban environment should have an
organic matter of 1 to 2 percent of mass,
25 percent of water holding capacity, 10
percent of areal capacity and a pH be-
tween 5.0-pH 8.5 (FLL 2010 p.34ff).

Planting, maintenance and pruning

Planting must be supervised in detail.
Initial pruning and watering should be
carried out right after planting. Main-

tenance during the first year, until the
tree is established, should be followed by
monitoring of development in the second
and third year after planting. This mainte-
nance processes includes pruning, irriga-
tion and weeding (DIN 18916 2002 p.9f).
Especially for street trees, the vehicle
clearance (4.50 m) must be guaranteed
by regular pruning (FGSV 2006 p.12). Wa-
tering should be done with the help of a
circular mound of earth at the edge of the
root ball (FLL 2010 p.40). A layer of mulch
should only be applied if the soil proper-
ties/substrates are calling for an extra nu-
trient source (DIN 18916 2002 p.8).

Costs and time can be saved by specifies
trained staff and suitable equipment with
proper technical function. Maintenance
should be minimized as much as possible
because it requires machineries, which
produce carbon dioxide, and there-
fore can harm the environment. Trees,
which require less intensive maintenance
should be planted to save emission, as
this is important for the overall balance
of carbon-dioxide-storage by trees.



Underground utilities

Underground utilities must be protected
by technical solutions such as root resis-
tant pipes or geomembranes. The most
effective protection is achieved by pro-
viding large rooting volume in layers (Re-
ichwein 2009) which are specific aerated
and not connected with the layer where
the pipelines lie. Interdisciplinary cooper-
ation for tree planting and construction
of any kind of underground utilities must
be carried out to avoid root damage and
decrease of tree vitality (FLL 2010; FGSV
2006 p.20; p.14).

Choice of tree species

The choice of the tree species depends
on the location and its influences (FLL
2015 p.20). Due to the climatic conditions
and the failure of the native tree spe-
cies due to parasites and pests, non-na-
tive trees have to be used in the future
(GALK 2016c). However, further study
is needed to test the effects of indige-
nous species to the flora and fauna, like
feed for insects and microorganisms. A
problem with the selection of more ex-
otic trees is the availability in the tree
nurseries, which would need to be in-
creased over time (Dr. Bauer 2015 p.3).

When planning new trees, these lists
should be included in any case, since they
are based on established knowledge. The
following list shows a selection of trees
which could be possible as tree species.
This list does not exclude other suitable
trees. The selection was made based on
the list referred to in Section 2.2.3 and
the following criteria: drought risk, heat
risk, de-icing salt stress, soil moisture, soil
compaction and mature tree size.

e Dutch elm (Ulmus x hollandica Mill.
Sorte Lobel)

e Japanese zelkova (Zelkova serrata
Makino Sorte Green Vase)

e Japanese honey locust (Gleditsia ja-
ponica Micq.)

e Field maple (Acer campestre L. subsp.
campestre)

e Azarole (Crataegus azarolus L. var. aza-
rolus)

e Western catalpa (Catalpa speciosa
(Warder ex Barney) Engelm.)

e Black tupelo (Nyssa sylvatica Marshall)
e Semisour cherry (Prunus X eminens
Beck Sorte Umbraculifera)

e Sweet gum (Liquidambar styraciflura L.)

Fig. 2.13 Semisour cherry
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Fig. 2.16 Japanese honey locust

Fig. 2.15 Field maple

Fig. 2.14 Sweet gum
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3 STORMWATER MANAGEMENT AND TREATMENT

In both natural and urban environments,
rainwater falls on surfaces. In nature,
stormwater is brought back into the nat-
ural water cycle through infiltration into
the soil, evaporation of water bodies and
transpiration by plants. In the urban en-
vironment, stormwater reaches primarily
sealed surfaces where infiltration is al-
most impossible (TEEB 2016 p. 87).

Stormwater can be discharged quickly
and almost invisible from urban surfaces
by central wastewater and stormwater
management. Due to historical urban de-
velopment in many German cities, waste-
water and stormwater are discharged
and transported to wastewater treat-
ment plants in a combined sewer system
(HW 2016c¢).

During heavy stormwater events, it can
occur that the capacity of the stormwa-
ter system is overloaded quickly due to
the high amount of discharged stormwa-
ter. As a consequence, mixed storm and
wastewater can flow back through gut-
ters and flood streets, which is a risk for

citizens and buildings (TEEB 2016 p.90).
In addition, to prevent such flooding,
the untreated mixed water is discharged
through emergency overflows into close
water bodies like nearby rivers and lakes.
This can lead to strong biological and hy-
drological damage to the water through
the highly contaminated mixed waste-
water (F. Sieker, Kaiser, and Sieker 2006
p.24ff).

In a separated sewer system, stormwa-
ter and wastewater are discharged into
separate drainage pipes (RISA 2015 p.16).
Thus, the sewage system is not overload-
ed with stormwater during heavy rainfalls
and the negative effects described above
can be reduced or prevented. Stormwater
is discharged separately and sometimes
also pre-cleaned before it is discharged
into water bodies (BBSR 2015 S.17).

This system seems to be a more natural
way of treating stormwater as it leads the
water back into the natural water cycle.
However, this return does not happen at
the point where the rainwater hits the

surface, which still contradicts the natu-
ral water cycle (FHH 2006a p.6).

In 2000, the European Water Framework
Directive (EG-WRRL) was passed. It in-
cludes mainly targets to protect water
bodies and groundwater by reducing the
pollution, especially by stormwater dis-
charge (EG-WRRL 2000).

Due to the continuous surface sealing be-
cause of urban densification and growth,
there are areas urgently needed which
absorb, retain and infiltrate stormwater.
Surface sealing must be minimized and
already sealed surfaces should be re-
stored to (natural) permeable surfaces
(FHH 2006a p.22ff).

There is a precarious situation with cli-
mate change through the increase of ex-
treme weather in terms of heavy rainfalls
(see figures 3.01 and 3.02). To meet these
challenges, it requires an urban concept
for decentralized stormwater manage-
ment as an alternative to conventional
stormwater discharge from urban areas.
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This can be dealt with in a sustainable
and more natural approach of treating
and using stormwater.

An advanved system of urban trees pits
could become a part of decentralized
stormwater management. They can
work as a new method of stormwater
treatment combining different methods
such as infiltration, retention, cleaning
and transpiration. The development of
the new method must meet German re-
quirements according to the legal frame-
work including the involved key actors of
stormwater management.

In Section 3.1 the general concept and the
implementation of a decentralized storm-
water management, and in Section 3.2.
the main actors involved in the process
are explained. The policies and guidelines
for handling stormwater are discussed in
Section 3.3. In the last Section, the main
implementation criteria are explained for
the development of an advanced system
of urban trees pits.

Fig. 3.01 Heavy rainfall in June 2011, Hamburg

Fig. 3.02 Heavy rainfall in October 2016, Hamburg



3.1 Decentralized Stormwater Management: definition of different terms and methods

In an international context there are dif-
ferent terms for Stormwater Manage-
ment:

Best Management Practice or Low Impact
Development (USA), Sustainable Urban
Drainage System (UK), Water Sensitive
Urban Design (Australia), BlueGreen Solu-
tions (UK / EU), Decentralized Stormwa-
ter Management (German: Regenwasser-
bewirtschaftung) (D) (Sieker et al. 2009).

All these terms describe a sustainable
use and treatment of stormwater on the
basis of the natural water cycle and bal-
ance. There are differences in content
and importance of the individual issues.
For this report, the German term Decen-
tralized Stormwater Management (DSM)
has been chosen considering the main
target to develop an advanced system for
urban tree pits for the city of Hamburg,
Germany.

Decentralized stormwater management
comes along with different strategies
for dealing with stormwater. The priori-
ty is that the stormwater is directed back
into the natural water balance on-site
where the runoff is generated (Sieker

2016). As a result, the on-site treatment
and use shall reduce the runoff and with
it the peak flow of the sewer systems
caused by heavy rainfalls (FHH 2006a).
This improves particularly the flow dy-

Surface infiltration

Swale infiltration

Infiltration ditch

namics within the settlement area, the
groundwater recharge, the cleaning per-
formance of sewage treatment plants and
urban waters and the ecological status of
urban quarters (TEEB 2016 p.184).

Soak-aways

Fig. 3.03 Different strategies of decentralized stormwater management
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Different Methods of Dezentralized
Stormwater Management

The different processes of retention, in-
filtration, evaporation, storage and use of
stormwater can be performed as single
methods or combined at the same site
(DWA-138 2005 p.24ff).

A new project must be examined indi-
vidually regarding whether decentralized
rainwater management is the preferable
alternative solution compared to the con-
ventional stormwater discharge system.
It must be discussed with which system
the highest economic and ecological ben-
efit can be achieved in terms of materi-
als, construction, maintenance and treat-
ment (RISA 2015 p.7).

The second step is to identify the suitable
method for each individual site accord-
ing to local conditions. The parameters
of the soil, the groundwater level, space
availability and requirement, the quantity
and quality of the discharged water, de-
sign possibilities and the financial aspects
influence the decision.

The dimensioning is based on calculation
formulas specified in the relevant regula-
tions and standards (see Section 3.3).

Stormwater can be infiltrated through
infiltration ditches, perforated pipes and
soak-aways and evaporated over de-
tention areas, swales, drainage ditches
and combined swale-infiltration ditch-
es. Stormwater can also be retained and

INFILTRATION

vVVeevw

Surface infiltration

Swale infiltration

Infiltration ditches

Swale-infiltration ditches

SPACE AVAILABILITY

Soak-aways infiltration dit&h

Soak-aways

RETENTION

bl

stored for a time-delayed infiltration or
discharge into the stormwater system
(DWA-138 2005 p.24ff). For example,
stored stormwater can be used for irri-
gation. This may require filters or settling
tanks for cleaning the polluted stormwa-
ter. The regular maintenance is also set
by the regulations and standards, or by
the manufacturer of each individual sys-
tem (FHH 2006a p.28ff).

DISCHARGE

INFILTRATION CAPACITY OF SOIL

Fig. 3.04 Different strategies of decentralized stormwater management



3.2 Key actors for new street tree plantings

The key actors for (decentralized) storm-
water management in Germany are dis-
played similarly to the key actors for tree
plantings in Chapter 2.

Hereby, three main groups exist:

* the administrative (orange)

e the specialist planners (blue) and
e the executers (brown)

In regards to stormwater management,
an additional key actor is included:

e the Water Supplier and Wastewater
Disposal Company (blue).

Depending on the administrative struc-
ture of the city, there are different sys-
tems of organization. In most German
cities however, the Water Supplier and
Wastewater Disposal Company are a city-
owned companies (Spehl and Gensheimer
2006 p.9ff).

Also for the figure 3.05, the orange group
which represents the city as the adminis-
trative part and the green group (special-
ist planners) are particularly shown very
simplified. Depending on the size of the
city and with it of the administrative part,

different and more or less key actors and
departments can be involved in the pro-
cess.

The political vision (administrative group)
is not a direct key actor but an influenc-
ing instrument. It is developed by the cur-
rent government during each parliament
term. A vision describes the present polit-
ical, economic, and social situation of the
city and is intended to serve as a guide
for sustainable growth and development
In detail, it defines the general stormwa-
ter treatment, if decentralized and the
main directive of the development (FHH
2014a).

In the following paragraph the individual
tasks of each key actor are describes.

SOOOOOOO00S  Advising

e o o o o o (ontracting

wmmnn— INfluencing
Informing

== == == Monitoring

Planning
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Contractor for Maintenance:
Pipe Cleaning and Landscaping

Contractor for Construction:
Civil Engineering

Citizens for Maintenance

ADMINISTRATIVE: THE CITY

J <

Political vision
(urban development)

City Department of
Streets and Roads

City Department of
Water Management

(as consultancy)

00.0..)

(lll
.
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Construction and Maintenance

Construction and Design

Fig. 3.05 Key actors for stormwater and wastewater management (simplified)

Supplier

® © © © 6 o 6 o & o & o 0o 0 0o 0o o o

e &6 o o o o

-GS

Water
Supplier and
Wastewater

Disposal
Company

L)

City Department of Water
Management (as planner)
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CITY POLITICAL STATEMENT

e Political vision: as an instrument it sets
the frame for urban development and
green network and sustainable stormwa-
ter management

CITY DEPARTMENT OF WATER MANAGEMENT
AS CONSULTANCY

e Advising other specialist planners

e Contracting specialist planners and ex-
ecutor for construction and maintenance
e Communication with citizens/resi-
dents

CiTY DEPARTMENT OF STREETS AND ROADS

e Cooperating with the Department of
Stormwater Management for planning
and construction of street drainage

SPECIALIST PLANNERS AND CITY DEPART-
MENT OF WATER MANAGEMENT AS PLANNER
e Planning and tendering tree projects

e Definition of requirements concerning
materials and construction process

e Monitoring of planning, requirements
and construction processes

¢ Instruction/ admonition of contractors
e Cooperating among other specialist
planners

e Knowledge about legal framework and
other guidelines

e Documentation of construction site
including delivery, treatment and instal-
lation of all materials

WATER SUPPLIER AND WASTEWATER DIs-
POSAL COMPANY

e Supplying Drinking Water and coordi-
nating wastewater/stormwater system

e Monitoring of maintenance, planning,
construction

e Contracts with citizens (service fee)

CONTRACTOR FOR CONSTRUCTION, CIVIL EN-
GINEERING

e Procurement, installation and con-
struction of materials

e Monitoring and inspecting all the oth-
er material of required quality

e Documentation of construction

e Proof of functionality of stormwater
system

CONTRACTOR FOR MAINTENANCE, PIPE
CLEANING AND LANDSCAPING

e (Cleaning Stormwater devices

e Maintaining greenery

e Documentation of maintenance

CITIZENS FOR MAINTENANCE

e Decentralized Stormwater Manage-
ment on private property

e Meet obligations of function of
DSM-System

e Regular maintenance

e Provided with information and sup-
port by the city

CITIZENS

e Consumer of drinking water and pro-
ducers of wastewater

e Payment of service fees

STORMWATER MANAGEMENT AND TREATMENT
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3.3 Legal framework and guidelines for Stormwater Treatment and Management in Germany and Hamburg

Numerous guidelines and recommenda-
tions for dealing with stormwater exist
worldwide. This section describes the
guidelines which form a legally binding
basis for the production of systems for
stormwater management in Germany.

Federal Soil Protection Act (2015) sets
the framework for the protection of the
soil and groundwater against contami-
nation, the high-level features (e.g. filter
media) and drinking water precautions
have the highest priority.

The EU Water Framework Directive
(WFD) passed in 2000 aims “to achieve
good status in all surface waters and
groundwater” (WFD, cl. 25, p.5). It is the
environmental background of decentral-
ized stormwater management: The pro-
tection of all waters and groundwater,
and to restore the ecological function
of waters. By separating the stormwa-
ter from the combined sewer system
and by the reduction of the discharged
amount of stormwater, overflows of the
combined sewer and wastewater system
though emergency overflows shall be
minimized.

The Water Act (WHG) (2016) is the legal
basis for the decentralized stormwater
management at the federal level. Accord-
ing to the Water Act and the Hamburg
Sewage Act (HmbAbwG) (2013) storm-
water is legally considered as wastewater
when collected and drained from built-up
or sealed areas (WHG 8§54, cl. 1, no. 2).
Since wastewater must be disposed prop-
erly (WHG §56), consequently also storm-
water has to be discharged but “should
be infiltrated {...} on the property where
it hits the ground and not be discharged
or mixed with wastewater” (WHG §55,
cl. 2). Discharging wastewater can be
achieved by various methods, as long as
it is “for the public good” (WHG §&55 cl.
1) and not a risk, due to contamination
and hazard substances for example for
the groundwater. It is stated, that instead
of discharging the clean stormwater into
the rainwater system it can be infiltrated
on the property, on public green space or
discharged into a surface water (HmbA-
bwaG §9, cl. 3).

Through the Building Code, which is
based on the land-use plan and binding
land-use plans principles for soil and wa-

ter conservation in terms of water drain-
age as by infiltration or retention (green
roofs), can be imposed on (new) settle-
ments.

These laws can be supplemented in the
legislation at the state level. For example,
in the Free and Hanseatic City of Hamburg
under the Water Act and Stormwater In-
filtration Regulation (2003), infiltration
of stormwater on private property is pos-
sible without permission in accordance
with certain specifications. The Water
Conversation Regulation by the City of
Hamburg sets further regulations for in-
filtration within water protection areas.
It determines which type of infiltration
systems may be built under which site
conditions.

The development of the following stan-
dards and guidelinesis based on described
laws. These publications and guidelines
are not legally binding. They are based
and developed on technical and scien-
tific know-how, experience and results.
They do not have be used but they rep-
resent the current state of the art. They
are continuously reviewed and adjusted



to include new findings and standards.
If they are included in the tendering, the
executing company must meet the re-
quirements.

In the following paragraph, there are
guidelines listed that have a direct impact
on the development of an advanced sys-
tem of street tree pits. It does not exclude
other laws and regulations in terms of de-
centralized stormwater manaagement.

DIN 1986-100: 2016-09: Drainage sys-
tems on private ground - Part 100 (2016):
Specifications in relation to DIN EN 752
and DIN EN 12056: For the planning pro-
cess of drainage of private properties, all
the possibilities of decentralized storm-
water management should be taken into
consideration. This standard explains the
basics for the calculation of stormwater
retention areas. It mainly refers to the
DWA-A 138.

FLL-Requirement for stormwater infiltra-
tion and retention (2004): This guideline
explains the different methods of decen-
tralized stormwater management and the
requirements of function in terms of soil,

groundwater, load bearing capacity and
traffic load including specific information
about the dimensioning of the different
systems.

The categorization of the outflows, di-
mensioning and maintenance of the dif-
ferent types of infiltration systems are
defined by the DWA-A 138: Planning,
construction and operation of storm-
water infiltration systems (2005). This
involves the infiltration of precipitation
from permeable and impermeable sur-
faces. It serves as a basis for calculating
the stormwater runoff from different ar-
eas and the dimensioning of the inflow to
the infiltration systems.

If stormwater of streetsis discharged with-
in water protection areas, the FGSV 514
Guidelines for constructions on streets
in water protection areas (2002) and the
FGSV 548 Notes for construction on ex-
isting roads in water protection areas
(1993) must be applied. These two guide-
lines regulate the treatment and process
of infiltration.

The evaluation of the quality of stormwa-

ter runoff and the demands on the qual-
ity of the discharged stormwater is given
by the DWA-A 153 Recommendations for
handling with stormwater (2012).

The FGSV 950 Instructions for infiltra-
tion of stormwater in street space (2002)
points out the requirement of load bear-
ing capacity for streets. In addition to the
hydrological properties of the system, the
distances to buildings has to be exam-
ined. There are information given about
the maintenance and monitoring of the
system.

The Hamburg planning notes for city
streets PLAST (2013) serve as a supple-
mentary basis of the FGSV RSTO 499 for
the construction of roads in the City of
Hamburg. It includes design and techni-
cal specifications, as well as the deriva-
tion of surface water. For the infiltration
of stormwater of streets it refers to the
DWA-A 138. An individual analysis of the
design and installation of the systems is
recommended in every law and guideline
due to the different site conditions, and
the individual parameters, which need to
be assessed in each single case.
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3.4 Implementation criteria

To sum up, this section lists the main re-
guirements of the guidelines listed above,
which are relevant for the dimensioning
and construction of an advanced system
of urban tree pits.

Dimensioning of decentralized
stormwater systems

To calculate the hydrological properties
of the infiltration system, the connect-
ed area, inflows, infiltration rate of the
soil and the storage capacity need to be
considered. Depending on the location
and size of the system, the individual pa-
rameters must be adjusted. The site-spe-

cific rainfall data (KOSTRA DWD) and the
amount of rainfall in the predetermined
duration of the rain need to be analyzed
for each individual site. For the calcu-
lation, it is recommended to consider a
rainfall event of 5-years frequency with
a duration of 15 minutes (DWA-138 2005
p.20). All the formulas and parameters
for the calculation are included in the
DWA-A 138.

Run-off of different types of surfaces
Depending on the surface type (level of
sealing) and slope of the surface, the
percentage of stormwater running off

TYPE OF SURFACES TYPE OF SURFACES Y
Pitches and flat roof Metal, tiled, tar paper 0.8-1.0
Green roof (slope 15-25°) Vegetation soil < 10 cm 0.3
Vegetation soil 210 cm 0.5
Streets,pathways, plazas Asphalt, concrete without joints 0.9
Pavement stones with narrow joints 0.75
Pavements stones with open joints 0.5
Interlocking Pavement with large joints 0.25
Turf stones 0.15
Lawn, grassland, natural Steep or flat terrain 0.1-0.3
surfaces

Fig. 3.06 Runoff coefficient of different surfaces

surfaces can be calculated with the run-
off coefficient. Based on precipitation
data of a specific location, the amount
of stormwater is defined. This data must
be included in the calculation of the to-
tal run-off for the chosen system (DWA-
138 2005). Stormwater gutters along the
street should not be placed close to trees
to prevent clogging by leaves and dirt
(FHH 2006b ER4 p.8). For the implemen-
tation of an advanced system, this is a
fact which clearly cannot be followed and
needs to be changed.

Source of stormwater

Even when the stormwater s still in the air
as rain, it accumulates particulate matter.
From the surface, when the rain hits the
ground, it takes up further substances.
The resulting contamination depends on
the use of the surface and its material. In
addition to organic solids, such as waste,
road building materials, parts of plants or
fuels, chemical and heavy metal compo-
nents can adversely affect stormwater
guality (DWA-138 2005 p.11).

According to DWA-A138, stormwater
runoff of paved areas is divided into three



categories depending on the concentra-
tion of pollution and the possible result-
ing impact on the groundwater:

e Harmless (infiltration possible without
pretreatment),

e Tolerable (infiltration possible after
pretreatment or purification process) and
¢ Intolerable (discharged into the sewer,
infiltration only after intensive pretreat-
ment).

The division into these three categories
is based on the use and the motorized
traffic load. The classification refers to
the average of daily traffic (DTV). Traf-
fic flow, proportion of parked cars, ve-

TRAFFIC LOAD (DTV)

hicle weight classes and intensity of
street cleaning must be included in the
analysis. Other factors such as winter
maintenance and accidents also have an
impact on the pollution of stormwater.
The type of infiltration system also plays
a decisive role. The discharge of toler-
able stormwater in underground infil-
tration systems is either partially admis-
sible or admissible only in exceptional
situations. Stormwater from residential
building roofs (fertilizers and pesticides
prohibited), terraces and courtyards are
harmless and could be infiltrated with-
out treatment (DWA-138 2005 p.12ff).

Streets
5.000 - 15.000 vehicles/day

Tolerable

Treatment of polluted Stormwater

To protect the groundwater, infiltrated
stormwater has to be passed through a
vegetated topsoil zone. It is proven that
a topsoil zone can be used for the remov-
al of pollutants by infiltration (FGSV 2002
p.5). The target is to effectively remove
key pollutants from stormwater, such as
total suspended solids, phosphorus, ni-
trogen, metals, oil and grease. If pollut-
ants cannot be removed from the storm-
water in a natural way, manufactured
systems such as sedimentation and ab-
sorption filters must be used (e.g. Funke
Gruppe). The type of filter and its exact
function should be adapted to the level of
pollution (DWA-153 2007).

Streets
>15.000 vehicles/day | |
‘ Industrial and ‘
‘ airport areas ‘

Intolerable ‘
|

Harmless |
D ————

CONCENTRATION OF POLLUTION

Fig. 3.07 Type of surfaces of stormwater run-off and the concentration of the pollution
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Load bearing capacity

The surface and bearing layers must meet
the requirements of load bearing capac-
ity. These can be achieved through the
use of suitable material, for example only
a small amount of fine material (material
smaller than 0,063 mm less than 3 per-
cent of mass) (FLL 2005 p.28ff).

Composition and properties of soil

The condition for infiltration of stormwa-
ter is the sufficient permeability of the
soil, which is defined by the kf-coefficient
(water permeability value, see Section
3.4). This is based on the properties of
the different types of soil, such as grain
size, storage density and water holding
capacity. These components determine
the size, number, shape and distribution
of the pores in the soil that allow infiltra-
tion of water (DWA-138 2005 p.15ff).

The composition of the soil also affects
the cleaning quantity of stormwater. For
ideal cleaning properties, the humus or
compost content should not exceed 1
to 3 percent by mass. The clay content
should not exceed 10 percent by mass in
order to ensure a uniform flow through

the soil and prevent clogging (DWA-138
2005 p.16ff).

It must be prevented that excessive
stormwater is gathering in the infiltra-
tion system due to a high difference of
grain size distribution of the existing and
installed soil layers (German: kapillarer

Grain size

s (Clay

Fine gravel and coarse sand

Bruch) (FLL 2005 p.29). This means, for
example, that the correct proportion of
clay in the planting soil must be selected.
A lower clay content in the planting soil
than in the prevailing soil may cause a
water accumulation at the bottom of the
tree pit.

Drainage |++

Coarse gravel

Fine and medium sand  m—

Sandy coarse silt

Eeeesssesssss—— Silt

s Clay silt

10710 1078
Coefficient of permeability (kf)

m/s

Fig. 3.08 Soil distribution, drainage capability and permeability coefficient (kf)



Distance to buildings

Damage to buildings by stormwater infil-
tration systems must be prevented. The
distance to the buildings is crucial if the
building foundation is not provided with
a water pressure-bearing sealing. If the
groundwater level is below the basement
floor, the distance between the infiltra-
tion system to the building should be at

> 6,00 meter

least 1.5 times the depth plus 50 cm of
the building excavation pit, or in general
at least 6 m in distance from the building
(DWA-138 2005 p. 19; FGSV 2002 p.10). If
such a sealing protects the building foun-
dation it must be decided in each indi-
vidual case whether the distance can be
reduced.

> 1.5 x foundation depth

> 0,50 meter
 ——
g / , -_
S oo /
o C
s g £ K R
Y—
S 3 3 /,\\\“Qo
® 5 c s & Infiltration facility
T = o ’F
€ g = 0
= o] 7 Q
° 2 kel Y
L c >
—— 3 ‘3
fins 7
—I_—I ¢
Vs
_________ L 7
/

Fig. 3.09 Distance to non-waterproof building foundation

Water/drinking water protection areas
Stormwater infiltration within water and
drinking water protection areas must be
discussed in each individual case, depend-
ing on the level of pollution and the type
of stormwater infiltration system. If an
advanced system of urban tree pits can-
not meet these requirements it should
not be applied in such areas unless a spe-
cific investigation and adaptation is car-
ried out (DWA-138 2005 p.6ff). At sites
with contaminated soil, infiltration of
stormwater should not be installed due
to the high risk of hazardous pollution of
groundwater (FGSV 2002 p.5f).

Infiltration and emergency overflow
It has to be ensured that there is no hy-
draulic overload of the infiltration system.
To prevent overflows, an emergency
overflow pipe should be installed (FGSV
2002 p.11).

Surface infiltration facilities water should
be infiltrated within 24 hours. If not pos-
sible in a natural way due to subsoil con-
ditions or properties, a drainage pipe
should be connected to the sewer system
(DWA-138 2005 p.23).
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Maintenance and monitoring
Regularinspection and maintenance must
be carried out to guarantee proper func-
tioning of the systems (FGSV 2002 p.16).
This includes cleaning, changing of filters
and, if needed, other construction mate-
rials. The function of the systems should
be monitored, especially the water inflow
and outflow (DWA-138 2005 p.36f).



4 INTERNATIONAL CASE STUDIES

Worldwide, numerous systems of tree
pits have been developed by research
projects, contractors or cities. For this
report, different systems in various cities
have been investigated and evaluated in
detail. Therefore, the following chapter
will give a deeper understanding of case
studies, which will provide the basis for
the empirical research of this report.

During the intensive analysis, a classifi-
cation of four categories was evolved to
compare the systems. These categories
are based on the particle sizes of the
structural substrate, which is used for the
construction of the tree pits (compare
(TDAG 2014 p.96ff):

e 1. Large-size stones,
e 2. Medium-size particles,
® 3. Fine particles and
e 4. Crate/cell system.

Each category was investigated by dif-
ferent case studies. Due to the amount
of data, one case study of each category
was chosen to explain in detail. The sys-
tems had to met the five main require-
ment criteria:

Infiltration of stormwater

Retention of stormwater

Cleaning of stormwater

Supply of high rooting
volume

= 4
EHE 3

o
-]

Load bearing capacity

Fig. 4.01 Selection criteria of case studies

Furthermore, information about the sys-
tems had to be available online includ-
ing detailed drawings, pictures or videos
about construction and implementation
processes and the used materials.

The case studies also must be applied un-
der real conditions in urban and dense
space and not only carried out as a re-
search project in the open field where
the decisive factors such as lack of space
through infrastructure, heat or pollut-
ants would be missing. The chosen cities
should have the similar climate indicators
as the city of Hamburg. Furthermore, the

systems should already have been ap-
plied between five to ten years, with eval-
uation and monitoring reports.

Best Practice:

1. LARGE-SIZE STONES: STRUCTURAL
SOIL IN STOCKHOLM, SWEDEN

The Best Practice Example is the City of
Stockholm with the Stockholm Solution
which belongs to the first category. It is
a skeleton system that uses rocks of the
size up to 150 mm (Embrén et al. 2009).
The numerous online available informa-
tion and further reports, offered an ideal
basis for a detailed analysis. A personal
interview with the responsible people
from the City of Stockholm, site visits to
the trees and construction sites in Stock-
holm completed the analysis.

CLIMATE INDICATORS: STOCKHOLM, SWEDEN

CE
Y annual: 650 mm

@ monthly lowest: January:
@ monthly highest: August:

46 mm
77 mm

Temperatures _5°C

@ monthly lowest: January: 22°C
@ monthly highest: July:

(SMHI 2016¢)
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The other Case Studies:

2. MEDIUM-SIZED PARTICLES:
CU-STRUCTURAL SOIL IN NYC, NEW YORK
In New York, City the system of structur-
al soil is used, which is based on material
that has a particle size up to 20 mm (me-
dium size) (Bassuk, Grabosky, and Trow-
bridge 2005).

CLIMATE INDICATORS: NEW YORK CITY, USA

Rainfall

Y annual: 1,056 mm

@ monthly lowest: October:
@ monthly highest: April:

73 mm
99 mm

Temperatures
@ monthly lowest: January:
@ monthly highest: July:

(NWSFO-NY 2010)

3. FINE PARTICLES:

RAINGARDEN TREE PITS IN
MELBOURNE, AUSTRALIA

Significantly smaller (fine) particle sizes
are used in the Raingarden tree pits in
Melbourne. This system uses coarse sand
with a grain size of maximum 0.22 mm
(CM 2016a).

CLIMATE INDICATORS: MEELBOURNE, AUSTRALIA

Rainfall
Y annual: 650 mm
@ monthly lowest: January: 47 mm
@ monthly highest: October: 66 mm

Temperatures

@ monthly lowest: July:
@ monthly highest: January:

(AG 2016)

4. CELL/CRATE SYSTEM:

SILVA CELLS IN TORONTO, CANADA

The fourth system is made of prefabricat-
ed components like plastic cells, which
are filled with fine material up to 2 mm
of grain size. Toronto is chosen as a case
study, which uses the products Silva Cells
(DeepRoot 2011a).

CLIMATE INDICATORS: TORONTO, CANADA

Rainfall
Zannual: 782 mm
@ monthly lowest: January: 46 mm
@ monthly highest: August: 84 mm

Temperatures

@ monthly lowest: January: -8°C
@ monthly highest: July: 27°C

(GC 2013)

Each following section describes one of the four categories with its case study within the operating city: In Section 4.1 the structural soil
in Stockholm, in Section 4.2 the CU-Structural Soil in New York City, in Section 4.3 the Raingarden tree pits in Melbourne and in Section
4.4 the Silva Cells in Toronto are explained in detail. The implementation criteria for every system are pointed out in Section 4.5 which
will display the best growing conditions for urban trees according to the overall anaylsis and research.



4.1 Large-size stones: Structural Soil in Stockholm, Sweden

Since 2004 the City of Stockholm uses
their system Stockholm Solution for urban
tree pits in public space but mainly for
street trees. Over the last fifteen years,
the system has been adapted and further
developed. In 2009, the City of Stockholm
published the Handbook ,Planting Beds
in the City of Stockholm” (Embrén et al.
2009) which is available online.

Bjorn Embrén and in collaboration with
Britt-Marie Alvem, Orjan Stal and Alf Or-
vesten, are working for the City of Stock-
holm. They developed a standard design,
planting and renovation methods for
trees in Stockholm. In general it describes
the techniques to improve the growing
conditions for urban trees in different
locations such as vegetation and paved
areas. Beside the description of plant-
ing bed renovation, several examples of
planting beds for new trees are described.

A personal interview with Ms. Almen and
Mr. Embrén and a tour guided by them
to numerous tree locations, renovations
and construction sites in the City of Stock-
holm, provided the latest insights into the
developed system and their daily work.

Bjorn Embrén is the initiator of the Stock-
holm Solution. Influenced by European re-
search projects, particularly the research
project trees in city streets of the Institute
of landscaping and garden architecture at
the University of Hannover, he took over
the principle of structural soil and devel-
oped it further to the Stockholm Solution.

Over ten years ago, after Mr. Embrén
gained the information in Hannover, he

convinced the City of Stockholm to im-
plement the adapted system for tree pits
and test their effect. Shortly after the im-
plementation, the new system was a suc-
cess through rapid growth and enormous
development of the trees along streets.

Since 2007, Bjorn Embrén is together with
Britt-Marie Alvem the tree specialists
(Swedish: trad specialist) and responsible
for street trees in the City of Stockholm.

RESULTS OF THE RESEARCH PROJECT OF THE UNIVERSITY OF HANNOVER:

From 1989 to 1994 and 1979 to 1999 the University of Hannover, Institute of landscaping and
garden architecture, performed research in different locations within the cities of Hannover
and Minster with different soil types on the optimization of rooting volume and site conditions
for street trees. Various systems of tree pits for new plantings have been applied: linear aera-
tion ditches between the tree pits, vertical deep drillings for aeration between 1.50 m and 2.30
m and horizontal air-conducting base course of gravel instead of mineral mixture, larger tree
pits (1,60 m x 3,10 m x 1,20 m) compared to the normal size of 1,60 m x 1,60 m x 1,20 m.

The results were positive already within three to four growing seasons: The ventilation meth-
ods clearly showed that the roots in the area strongly grew and especially deep into the sail,
even in very damp/ wet locations, roots were growing into the large-pore structure. The roots

were growing quickly out of the normal size of the planting pit and therefore the larger tree pit
was more effective. The trees were growing faster and had a larger crown diameter and trunk
circumference than in normal tree pits within shorter time (Losken, Schittek, and Wolschke-
Bulmahn 1999).
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In their team, they also developed
methods for planting bed renova-
tion. For this report, only the planting
beds for new plantings are explained.

Before the Stockholm Solution was de-
veloped, the tree pits were made of a
concrete boxes (load-bearing part, about
1,20 m x 1,20 m and 60 cm deep) and
filled with planting soil. However, the
growth and development of the trees was
low. Within a short time, the tree already
grew out of the supplied planting hole.
With its roots the tree also reached the
surrounding underground of the pave-
ment and stopped growing.

“The most important component is un-
compressed rooting volume for a good
development of the tree in urban space”,
clarified Bjorn Embrén in the interview.
This also guarantees water and air in
the soil. A simple air inlet simultaneous-
ly ensures the water supply in the com-
pressed environment and serves for the
gas exchange from the root zone. A good
nutrient content can be guaranteed by
humus in the planting soil and long-term
fertilization. If these properties are avail-

able, trees are able to grow in an urban
environment and establish a high vitality.
This can be achieved with the Stockholm
Solution, because the stone skeleton of
the structural soil offers a pore volume of
40 percent for uncompact soil.

There is no legal document by the City
of Stockholm which enforces the use the
Stockholm Solution. Nevertheless, street
tree plantings on public ground are al-
ways planned and installed accoring to
the mentioned handbook which used is
a guidline and standard. (Embrén and Al-
vem 2016).

Fig. 4.02 Trees in structural soil in the City of Stockholm with Bjérn Embrén, Britt-Marie Alvem and Thilo Beeker




The information of the following para-
graph are based on the Handbook
»Planting Beds in the City of Stockholm®
(Embrén et al. 2009) and the personal in-
terview with Bjoérn Embrén and Britt-Ma-
rie Alvem (Embrén and Alvem 2016).

The Stockholm Solution is technically not
complex, but it requires a detailed mon-
itoring and control during the construc-
tion. The material must be properly in-
stalled so that it meets the requirements
and can offer appropriate bases for the
trees: For example, the air inlet must cor-
respond to the height of the aeration lay-
er, the geotextile needs to be laid on and
not under the aeration layer and the use
of a premixed structural and planting soil
should be avoided.

There is one specialist who is appointed
by the City of Stockholm and performs
the monitoring of the construction and
the maintenance. The system is applied
in every street hierarchy besides bus
stops and highways.

Structure of the system in general
The system is a multilayer structure. The
bottom layer (600 mm) consists of ho-

mogenous angular crushed rock with a
stone size of 100-150 mm. The crushed
rocks are laid in layers of 250-300 mm
and are compressed. By compressing the
stones they tilt to one another and form
voids. The planting soil is laid in layers of
20 mm and hosed in manually with small
amounts of water but high pressure un-
til the voids are saturated. This layer is
called structural soil.

A concrete bunker is placed (with foun-
dation) on the crushed rocks and defines
the planting hole for the tree, which is
filled with planting soil and carries the
tree grill. Outside the concrete bunker,
the second layer, the aeration layer of
angular crushed rock with a grain size of
32-63 mm is laid and compacted. To pro-
tect the aeration layer a geotextile is laid,
which prevents fine particles from enter-
ing and blocking the voids. The air inlet is
a drain with perforated base and an air
hole with larger holes in the walls. The
cover is a simple cover of a street gutter.
The inlet reaches from the level of the
pavement into the structural soil at the
bottom. The subbase and the pavement
are installed on top of the system.

Preparation of tree pits

When a new residential area or construc-
tion of streets is planned, the locations of
new tree plantings are already set in the
planning process. The new tree pits will
be prepared completely during the con-
struction of the area or the road. The tree
pit can be built as large as possible includ-
ing the area under the sidewalk and part
of the street. For the size of the prepared
tree pit the size of the tree ball also must
be considered.

Tree trenches

With the planning it is always ensured
that not an individual tree, but at least
three trees are planted in a connected
trench. Thus, more natural growth condi-
tions are created, and may arise a natural
and vital exchange of nutrients and mi-
croorganisms.

Tree size

The trunk circumference of at least 30-35
cm is set as a planting standard. The stem
with this size is already stable against wind
or sun and more resistant to mechanical
damage. Another reason is the visual ef-
fect that creates a tree after planting.
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Trees that grow on structural soil have a
huge growth rate. This is clearly reflect-
ed in the increase of the trunk circum-
ference. For example trees (30-35cm),
which were planted in 2004 already have
a trunk circumference of between 40 and
50 cm after ten years.

Air inlet/ Discharge of stormwater
The air inlet was developed with a drain-
age company. The stormwater passes
through the downspouts of the roofs on
the sidewalks, plazas and parking areas. It
is then diverted via open drainage chan-
nels into the tree pit. From the streets
the water is diverted directly into street
gutters, which are connected with the air
inlet. By the physical effect, stormwater
fills up the pores in the planting soil and
pushes up the lighter gas (carbon dioxide
and nitrogen) out of the tree pit.

There are no additional filters installed in
the air inlet. The biological and chemical
processes in the planting soil serves as
a sufficient media for removal of pollut-
ants. The trees in the City of Stockholm
clearly show that their vitality is not af-
fected for example by the de-icing salt.

During winters with high use in de-icing
salt, a few trees have marginal brown
areas of their leaves, which is the effect
of tree necrosis. But the tree regenerate
quite fast based on the good growing
conditions and the planting soil.

Infiltration

In Stockholm, the water table is generally
very low and infiltration is possible. The
clay content of the planting soil depends
on the existing soil conditions of each in-
dividual site. The terrace of the tree pit
should be with a small slope (1-2%) for
drainage in compacted or very clayey
soils. A geomembrane is installed to keep
infiltrated water from foundations of
buildings.

Costs

The construction of a tree pit (15 m?) with
structural soil costs about 120,000 SEK
(€ 12,500). Half of the cost is used for the
construction of the pavement and the
sub-base.

Interdiscplinary and (inter)national
cooperation
The cooperation and communication

with other planners of the underground
facilities (e.g. water, electricity and tele-
phone department) is important and has
been increasing with the implementation
of the Stockholm Solution.

Bjorn Embrén is providing a lot of infor-
mation (presentations) for other planners
to improve the communication and the
sensibility of civil engineering companies.
Another step is to pass the appreciation
of the urban trees on to its own citizens.
Furthermore, Bjérn Embrén and Britt-Ma-
rie Alvem are very open to the interna-
tional interest on the Stockholm Solution
and are willing to share information for a
good cooperation.

Maintenance

The intensity of the maintenance is quite
the same compared to normal trees with-
out structural soil. However, while nor-
mal trees must be periodically restored by
e.g. removing old branches for road safe-
ty, trees on structural soil need a higher
pruning due to the intensive growth rate.

The air inlet must be periodical-
ly cleaned of solids such as garbage



or debris to ensure the intercep-
tion of stormwater into the tree pit.
If a tree dies off, it can be replaced by
opening easily the tree grill on the con-
crete bunker. The tree is cut of by the
roots, which will rot and serve as organic
material. Only the planting soil has to be
filled up around the root ball of the new
tree. This safes high construction costs.

Irrigation

Watering bags help with the irrigation for
the first two years after planting. These
are plastic bags which are placed around
the trunk and are filled with water once
a week with up to 90 liters. The watering
bags released the water slowly through
micro-holes in the bottom of the bag. The
time required of manual irrigation can be
significantly minimized. Additionally, wa-
tering bags also protect the lower part of
the trunk until it is established. They also
cover the soil at the bottom of the tree
and decrease the evaporation of the soil.

Biochar

In the last four years, biochar has been
added in the tree pits. Biochar is charcoal
that by the process of pyrolysis (thermal

decomposition) can be used as a carri-
er for nutrients (Spokas 2016). Thereby,
acidification of the soil can be prevented.
Biochar can store high amounts of water
by its high porosity and makes it available
for plants. The biochar is produced locally
based on plant and garden residues (gar-
den and park waste). The resulting ener-
gy is sustainably fed into the district heat-
ing network.

Recycled concrete

An experiment of the City of Stockholm
was to replace the granite-crushed rock
by recycled concrete. The structure and
preparation are identical to the Stock-
holm Solution. After five to ten years it
can be seen that the trees show no differ-
ences in vitality and size compared to the
granite-crushed rock and therefore can
be a cheaper alternative.

(Non)indigenous trees

In Stockholm and in Sweden, the same
discussion exists about the use of native
and non-native species as in Germany.
The number of native trees in Sweden is
limited to only 20 species. Hence, a di-
verse selection compared to Germany is

difficult. According to the tree specialists
of the city of Stockholm, in the street tree
planting it is important that many differ-
ent trees in type and species are plant-
ed to have a higher stability within the
climate change (e.g. against pests). Even
though, this increases the use of non-na-
tive trees.

Water System of the City of Stockholm
According to the Stockholm Water De-
partment (Stockholm Vatten) the Stock-
holm Solution of tree pits have a high
potential for stormwater infiltration and
treatment.

In older parts of the city of Stockholm the
stormwater and wastewater are diverted
in the same pipe (combined sewer, about
50%) and are treated in the sewage treat-
ment plants before it enters the Baltic
Sea. In heavy stormwater events emer-
gency outlets into the sea prevent flood-
ing of basements in the city. The waste-
water is directed without treatment into
the sea.

In newer areas, which were built after
1960 the waste and stormwater is trans-
ported in separate pipes. The stormwater
is directed into the nearest lake or to the
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sea. In some cases it is treated in ponds or
settling tanks, but not intensively cleaned
before it is released.

The stormwater from roofs flows onto
the sidewalk through open downspouts
(heated during the cold period). In the
last decades, the downspouts are directly
connected to the pipe system. However,
Stockholm Vatten is developing a system
where the stormwater is directed onto
green or permeable areas for retention
or infiltration (Sensitive Urban Water De-

sign).

There is a one-time payment when a new
building is connected to the pipeline sys-
tem. Itis ca. € 6,000 for connecting water,
stormwater and wastewater and only €
3,500 when only water and wastewater is
connected. The annual fee for wastewa-
ter varies between € 200 for single-family
houses up to € 400 for apartment houses.
Drinking water costs € 0.50 per m3. The
fees for stormwater are fixed for family
houses of € 40 per year. For apartment
houses and industries as well for the com-
munal ground this fee is based on the size
of the property in m2.

If water is infiltrated and not directed into
the drainage system, there is a possibility
of reduction on the connecting fee. De-
pending on the area where the stormwa-
ter will be treated on site and not be dis-
charged, the fee can be reduced between
25-50%. This corresponds to a reduction
between € 350-700. In addition, the year-
ly stormwater fee can be reduced by 50-
100% if stormwater is infiltrated on site
(Pramsten and Vall 2016).

Fig. 4.03 Decentralized Stormwater Management (Infiltration Raindarden) in Norra Djurgdrdsstaden, Stockholm




Large-size stones: Structural Soil in Stockholm, Sweden
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Fig. 4.06 Air and stormwater inelt

Fig. 4.07 Different types of tree grates

Application Criteria

The Stockholm Solution provides a large
rooting volume and load-bearing ca-
pacity and meets almost all targets in
terms of stormwater management.
As the water department already noted,
the discharge of stormwater from roofs
on public surfaces (sidewalks) is not a
mature technology. On the other hand,
a high amount of water can be directed
into the tree pit through the sidewalk.
The city of Stockholm has a variety of im-
pressive vital trees in dense urban areas.
The choice of some exotic species, such as
Metasequoia (Dawn redwood), and Mag-
nolia is rare, but by their different habit
they conjure a vivid picture in the streets
of Stockholm. The system of Stockholm
solution is basically produced from a
waste product: With each deeper excava-
tion, granite is dug out. The product must
be adjusted to the correct size and can
then be used directly as a building mate-
rial for the tree pits. However, the use of
recycled concrete is an economical alter-
native. The openness to implement new
systems should be declared as a potential
role model for other cities.
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Rooting volume

e 80cm

e Trees trenches

e Tree pit increased under sidewalk and
street

Planting soil

e Uncompact planting soil

e Four mixtures for different locations:
e Planting Soil A: normal soil conditions
high clay content

e Planting Soil B: salty environments low
clay content

e Planting Soil C: pumice-based, light
above basements, paved areas used in
planting hole

e Planting Soil D: for structural soil/
planting hole, normal clay and humus
content

e Biochar as a nutrient- and water-hold-
ing component

e 1 m3crushed rock = 0,25 m3 planting soil
e (Clay content minimum 4 % by weight
e QOrganic matter (humus) maximum

3-4 % by weight

e Slow release fertilizer 100 gr/m?

Water interception

e |nlet on streets or on sidewalks

e Water from roofs, sidewalks and
streets

Gas exchange
e Air inlet which also serves for gas ex-
change (CO,, N, 0,)

Filter
e No extra filter
e Soil functions as filter for pollutants

Adaption in urban space

e All street hierarchies (besides bus
stops and highways)

e Open space, plazas, sidewalks

e Variety of tree grates and tree guards

Construction process and planning

e Constructed in layers of 250 -300 mm
e Compact skeleton material before
adding planting soil

e Complete tree pit preparation during
road constructions until planting

e Geomembrane to protect building
foundation of infiltrated water

Maintenance

e Removable tree grill: simple exchange
of trees easy
e |Irrigation with watering bags

Trees

e High diversity (biological and visual)
through indigenous species

e Tree size: trunk circumference 30-35
cm



Fig. 4.08 Preparation of tree pits in construction process

Fig. 4.09 Biochar in tree pit and planting bed

Fig. 4.11 Structural soil and aerated bearing layer
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Fig. 4.12 Stormwater interception (roof and sidewalk)

Fig. 4.13 Watering bags

Fig. 4.14 Aesculus hippcastanum ‘Baumannii’ in structural soil



4.2 Medium-sized particles: CU-Structural Soil in New York City, New York

In the mid 1990s the Cornell University in
Ithaca, New York developed a soil type,
which is called CU-Structural Soil ™, a
mixture which should meet the demands
of urban trees and the load-bearing ca-
pacity for urban surfaces like streets,
parking lots and sidewalks (Day and Dick-
inson 2008 p.8). The system is similar to
the Stockholm principle but differs in the
type of installation and the size of the
rocks. Therefore, it is classified in the cat-
egory of medium-sized systems.

Since 1999, the developer Amereq,
Inc. “holds the sole patent right to Cor-
nell’s CU-Soil™ Urban Tree Planting Mix“
(AmereqInc. 2016). They provide detailed
drawings and construction information on
their website. The first trees were plant-
ed already in 1993. Until today the system
is used worldwide (Amereq Inc. 2016).

The main component is homogeneous
angular crushed rock (e.g. granite) with a
size of 1,9-3,8 cm (3/4 to 1 1/2 inches),
which also serves as the load-bearing lay-
er. With a thickness between 610 mm-
910 mm (36 inches) it provides a rooting
volume between the stones (stone-on-

stone compaction) (Bassuk, Grabosky,
and Trowbridge 2005 p.3) with a 26% po-
rosity, which are filled up with the second
component, the planting soil (Day and
Dickinson 2008 p.9).

The rocks and the soil are mixed together
prior to installation. The amount of plant-
ing soil must be accurately calculated. A
tackifier (chemical component: increases
the stickiness of the planting soil to the
rocks) is added in order to guarantee the
uniform mixing and to prevent a separa-
tion during transport or installation The
amount of organic matter is between
2-5%, the clay content should be at least
20 % to obtain a high water-holding ca-
pacity of the planting soil (Bassuk et al.
2015 p.11ff).

Stormwater enters through special open-
ings in the curb into the structural soil
and infiltrates inside of the tree pit. In
order to drain excess water a perforat-
ed drainage pipe at the bottom of the
tree pit is installed and connected to the
storm water system (Day and Dickinson
2008 p.15). The tree basement can be
designed in different ways. The opening

around the trunk should be minimum 180
cm (6 feet) of diameter, which can either
be left open with a layer of 7cm (3 inches)
of bark mulch on top of the structural soil
or covered with a tree grate (Bassuk, Gra-
bosky, and Trowbridge 2005 p.15).

The system has been used and observed
for over twenty years. The result is clear:
trees develop an enormous root system
without lifting pavements and have a
high vitality (Bassuk et al. 2015 p.15).

Due to the good infiltration capacity the
stormwater can be returned in the nat-
ural water cycle and the sewage system
can be relieved (Day and Dickinson 2008

p.6).

In accordance with the List of Amereq,
Inc. especially in New York City in the US
state of New York, the system of CU-Struc-
tural soil was used in numerous locations
(Amereq Inc. 2016).

In terms of Stormwater Management
New York City uses the system of raing-
ardens or enhanced tree pits for the
treatment of stormwater. Raingardens
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are planted areas along the sidewalks
on the streets, which collect stormwater
from these surfaces, retain and infiltrate
it. The size varies, depending on the avail-
able space between 4.0-6.0 m lengths,
1.0-2.0 m width and 1.50 m depth. They
are also constructed with a rock layer in
the bottom and engineered soil, a type of
structural soil (NYC 2012 p.102ff).

The published brochure Standard designs
and guidelines for green infrastructure
and practices provides detailed draw-
ings and descriptions for the construction
(NYC 2016).

In the Guidelines for the Design and Con-
struction of Storm Water Management
Systems, tree pits are mentioned as a sys-
tem to manage stormwater onsite (NYC
2012 p.7) and raingardens for retaining
higher amounts of stormwater (NYC 2012
p.5, 104)

Fig. 4.15 Street Trees in CU-Structural Soil, NYC

Fig. 4.16 Crushed rocks with tackifier and planting soil
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Application Criteria

The New Yorker tree pit design based on
structural soil clarifies, like the Stockholm
Solution that sufficient root volume can
be provided in high-density road space as
long as a load-bearing structure such as
structural soil is included in the tree pit.

A high amount of stormwater can be ab-
sorbed by the applied system of Raing-
ardens, even though that system needs
more space. Tree pits based on structural
soil can be used much more efficient in
space.

Using a premixed soil simplifies the con-
struction process, safes time and storage
costs on the construction site. But on the
other hand, it is also the limitation of the
system. While installation and the me-
chanical compaction, the pores within
the planting soil are becoming compact-
ed densely if not the exact amount of
planting soil is added to the rocks. This
restricts enormously the rooting volume,
the water and air capacity within the tree

pit.

Rooting volume

e 60-90cm

e Trees trenches

e Tree pit under increased under side-
walk

Planting soil

e Clay content minimum 20 wt-%

e QOrganic matter maximum 2-5 wt-%
(Bassuk, Grabosky, and Trowbridge 2005)
e QOrganic matter maximum 7-12 wt-%
(NYC 2014)

Filter
e No extra filter
e Soil functions as filter for pollutants

Water interception
¢ Inlet on streets
e Water from sidewalks and streets

Adaption in urban space
e All street hierarchies



4.3 Fine particles: Raingarden Tree Pits in Melbourne, Australia

Melbourne is the second largest city in
Australia and the state capital of Victoria.
Under the term of Water Sensitive Urban
Design (WSUD) Australia has been de-
veloping concepts for stormwater man-
agement (MW 2013). With the headline
Discover how water creates a livable city”
on the official website City of Melbourne-
Urban Water Melbourne makes it clear
that the topics of water and livable city
and can only be achieved in a common
context (CM 2016b).

In Melbourne, based on Sustainable Wa-
ter Management, each water consump-
tion and water use in public areas is mon-
itored in detail. This intensive monitoring
and evaluation process provides accurate
data on water quantity and quality, in-
cluding values for soil quality. This allows
precise adjustments to improve the indi-
vidual processes (CM 2015c).

Through different strategies Melbourne
specifies a particular direction to be a
more sustainable city (e.g. strategies for
Open Space, Watermark and Urban For-
est) (CM 2016c). The WSUD Guidelines
are crucial for the planning and imple-

mentation of stormwater management.
They serve as a basis for the implemen-
tation of water projects and provide de-
tailed design standards such as drawings
and information on the required material
(MW 2013).

In 2006, Melbourne launched the Raing-
arden Tree Pit program. Raingardens are
actually larger vegetation areas along
streets that can retain and infiltrate high
amounts of stormwater. These features
were integrated into the smaller system
of Raingarden Tree Pits. Besides inter-
cepting, retaining and cleaning storm-
water, Raingarden Tree Pits provide
improved growing condition for trees.
Thus urban cooling and amenity can be
improved by transpiration and greenery
in the urban environment. In addition,
manual watering can be reduced and by
minimizing water intersection into the
water system the overflow of the sewage
system will be minimized (CM 2016d).

The system is optimized for urban lo-
cations, particularly along streets. The
Raingarden Tree Pits is a sand-based sys-
tem. The main component is loamy sand

and coarse sand, with a particle size of
0.22 mm. The amount of organic matter
is kept small at 4-5 percent by weight, as
well as the amount of clay at 2-4 percent
(CM 2015a p.5f).

The tree pit is set right on the curb, where
the rainwater is discharged into the tree
pit by a roadside gutter. Through the
multi-layered structure several purposes
are met simultaneously (CM 2015b p.2):

The height difference of 50 mm between
the adjacent surface and the first layer
creates a retention area for stormwater
before it infiltrates into the substrate (air
void layer). Trash and debris can also ac-
cumulate on that area, which can be easi-
ly removed by the weekly cleaning. A ver-
tical pipe connected to the drainage pipe
controlsthe waterlevel and prevents from
water flowing back on the street. The sec-
ond layer, a rocky mulch layer retains the
moisture in the soil. The thrid layer, the fil-
tration layer (min. 450mm) removes pol-
lutants like phosphorus and oils. Added
compost (in the top 10 cm)supports the
biological activity of this layer. Plant roots
remove the nitrogen and soil bacteria. It

INTERNATIONAL CASE STUDIES

~
N



INTERNATIONAL CASE STUDIES

~
(3]

contains “80 percent loamy sand, 10 per-
cent vermiculite and 10 percent perlite”
(CM 2015a p.5f). The materials for this
layer should be mixed manually on site.
The fourth layer, transition layer (100
mm), composed of coarse sand, provides
voids for root growth and good filtration
capacity. The drainage layer (100-150
mm) at the bottom of the system en-
sures infiltration and holds the perforat-
ed drainage pipe, which is connected to
the sewer system to drain excess water.
It is composed of fine and clean washed
gravel of a size of 2.5 mm. The basement
of the tree can either be made of open
soil with vegetation. In more busy urban
areas a tree grate including a tree guard
should cover it. The City of Melbourne
uses growingringsin the tree grate, which
can be cut away with the tree growth (CM
2015b).

During the construction it must be en-
sured that the built-in layers are not con-
taminated by sediment and debris, or
garbage from sidewalks or streets, which
are flushed in and remain inside the lay-
ers (CM 2015b p.6). Depending on the
design and the street hierarchy, the costs

vary between €2,800-5,500 (4,000-8,000
AS). The main part of the costs are for the
tree grate, tree guard and the bollards
(CM 2015a p.1).

In Melbourne, a variety of different tree
species is planted, such as Turkish hazel
(Corylus Colurna), Pin oaks (Quercus pa-
lustris), London planes (Platanus x acer-
ifolia) and Waterhousia (Waterhousia
floribunda), which are not (besides the
waterhousia) part of the native trees in
Australia . However, the tree species are
carefully selected based on the Urban
Forest Strategy by the City of Melbourne
(CM 2015a p.5).

The periodic maintenance is performed
manually or by using suction hoses. Es-
pecially the gutter and the surface of the
tree pit have to be cleaned to guarantee
a proper flow of stormwater into the tree
pit (CM 2015a p.7).

According to the City of Melbourne, de-
tailed monitoring construction and main-
tenance, and regular evaluation with con-
tinuously adaption of the processes is the
success of the system (CM 2015c).

Fig. 4.18 Raingarden tree pits
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Application Criteria

The City of Melbourne displays that im-
plementation of stormwater manage-
ment is possible within an urban scope.
The inclusion of the Raingarden Tree Pits
in urban guidelines and the large amount
of information for planners and locals
facilitates the planning process is simpli-
fied significantly. The air void layer of the
system provides an area to accumulate
a significant amount of stormwater like
in swales. That decreases the amount of
discharged stormwater in heavy rainfalls
and relieves the pipes of the drainage
system. The planting of non-native trees
extends the range of species and diversity
within the city.

Rooting volume
e 80cm
e Raingardens

Planting soil

e Different layers

e Clay content 2-4 wt-%

e QOrganic matter 4-5 wt-%

e Rock mulch layer retains moisture in
planting soil

Filter

¢ No extra filter

e Filtration layer: soil functions as filter
for pollutants

Water interception

¢ Inlet on streets

e Stormwater retention layer: air void
e Water from sidewalks and streets

Adaption in urban space

e All street hierarchies

e Open space, plazas, sidewalks

e Removable rings for trunk growth

Maintenance
e Removable tree grill: simple cleaning
process

Trees
e High diversity (biolocial and visual)
through indigenous species

Fig. 4.20 Water Inlet and removable rings



4.4 Cell/Crate System: Silva Cells in Toronto, Canada

The crate systems are soil boxes or cell
structures made of plastic or concrete
in different sizes. They can be modularly
stacked into each other, connected with
spikes and decks, whereby the system
can be extended in height and length. The
cells are filled with planting soil but not
compressed, so that the soil pores can
serve as perfect rooting volume for the
trees. Depending on the product, the sys-
tem can provide up to 90% rooting vol-
ume underground. A geotextile prevents
other materials (e.g. fine particles, con-
struction materials from streets) to enter
into the planting soil. The cells and boxes
have a high load bearing capacity and can
be used in highly frequented traffic areas.
Underground utilities can be integrated
into the cells, or cells can also be left out
to bypass pipes and cables. The cell sys-
tem can also be applied in raingardens
to reach rooting volume and a higher
volume for the retention of water (TDAG
2014 p.105ff).

Stormwater can be directed from the
streets through inlets at the curb or di-
rectly via downspouts from buildings that
are connected to the cell system (Deep-

Root 2011b p.3; 6). The inlets and pipe
system require regular maintenance and
cleaning, with the aim of correctly inter-
cepting stormwater into the tree pit. At
the bottom of the system a perforated
pipe drains excess water.

There are numerous suppliers of these
soil boxes such as Silva Cells or Stratacell.
The costs vary depending on the provider
and the used material. The city or a par-
ticular specialist by the company should
supervise the installation.

Silva Cells are developed and distributed
by the company DeepRoot Green Infra-
structure. They offer detailed information
on their website and detailed descriptions
for installation and particularly in terms
of stormwater interception. The system is
based on a 70-85 vol-percent sand (grain
size of 0,05-2,0 mm) and 15-30 vol-per-
cent clay and silt (<0,05 mm). There are
no parts of stones with a grain size of 2-20
mm or higher (DeepRoot 2013 p.4).

In Toronto, the largest city in Canada,
major projects that are based on the
cell systems are implemented. To treat

stormwater from public surfaces, the wa-
ter authority of Toronto (Toronto Water)
tested Silva cells in a small project about
their effect in the city. Successfully, wa-
ter could be introduced into the system,
retained and also cleaned using a 20 per-
cent water holding capacity of bioreten-
tion soil. The implemented system can
handle a 100-year rain event (DeepRoot
2014).

As a result numerous projects have been
implemented in Toronto. For example,
the redesign of Queens quay, a water-
front boulevard in Toronto. On almost 2
km, the entire upper and underground
infrastructure was renewed and a new
concept for the public space had been
developed. About 200 new trees were
planted as tree trenches on Silva Cells
(Waterfront Toronto 2014). They also use
watering bags for initial irrigation (Deep-
Root 2011b p.4).

Nevertheless, tree pits as a solution for
stormwater management are not men-
tioned in any guidelines or information
provided by the City of Toronto. How-
ever, in 2006 the city published the Wet
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Weather Flow Management Guidelines.
It is a general framework for stormwa-
ter management throughout the city and
also includes the demands of wastewater
management. It mentions to plant trees
and bushes on own properties and in
open space areas. It also illustrates that
,vegetation absorbs water, which will re-
duce the amount of stormwater runoff”
(CT 2006 p.5).

Toronto has a combined sewer system in
the main part of the town, which was built
before 1960. In 2011, the City of Toronto
launched the initiative of the Mandato-
ry Downspout Disconnection. All down-
spouts on buildings shall be disconnected
(until December 2016) from the sewer
system to mainly infiltrate the stormwa-
ter on the own property. This system
shall help, to direct less stormwater into
the sewer system and prevent flooding
of basement and that wastewater flows
into lakes and rivers through emergency
overflows (CT 2016). Therefore, the al-
ready used system of tree pits on Silva
Cells could be included into the initiative
for stormwater interception.

Fig. 4.23 Queens quay boulevard, Toronto
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Application Criteria

These projects show that even on a
large scale, such systems can be used
successfully. Through enormous root-
ing volume in the cell and box structure
trees can establish very well and a large
amount of stormwater can be inter-
cepted and infiltrated into the ground.
It may be questioned, whether these sys-
tems, despite their high infiltration capac-
ity can be declared as sustainable due to
its materiality. Particularly, the systems
of concrete need a large amount of ener-
gy to be produced. In addition, it is critical
that for the cells more and more plastic is
produced and installed into the soil. Re-
use and recycling must be considered if
such systems are implemented.

Rooting volume

e 40-120cm

e Trees trenches

e Tree pit under increased under side-
walk and street

Planting soil

e High amount of uncompressed plant-
ing soil, 90 %

¢ (Clay and silt (<0.05mm): 15-30 vol-%

Filter

e No extra filter

e Soil functions as filter for pollutants
e Settling tank

Water interception

* Inlet on streets

e Water from roofs, sidewalks and
streets

e Watering bag

Adaption in urban space
e All street hierarchies

Fig. 4.26 Construction process of Silva Cells

Fig. 4.27 Silva Cells with planting soil and pipes
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4.5 Summary of Implementation criteria

The general conclusion of the analyzed
case studies is the importance of trees
within the urban development. The indi-
vidual authorities provide a lot of materi-
al about the construction and installation
of each system to simplify the implemen-
tation.

This shows that urban trees are no lon-
ger considered by the municipality only
as cost effective urban equipment. The
benefits for the cities are much higher.
Tree plantings are included as strategies
in political guidelines for cooling, infiltra-
tion, retention and the green infrastruc-
ture network.

A further sustainable step is to integrate
specific systems of trees pits into the
stormwater management. The discharge
of stormwater into the water system
could be reduced and urban trees could
be watered in a natural way. Thus, the
natural water cycle could be closed a lit-
tle bit more.

Another finding from all case studies is
that by connecting individual tree pits to
tree trenches creates a more natural en-

vironment by the connection of the roots
(compare chapter 2). The tree pit should
also be enlarged into the area of the side-
walk and partially under the street to
achieve as much rooting volume as pos-
sible.

The costs for the construction of these
system are mostly more expensive than a
regular tree pit. On the other hand, costs
can be saved through reducing stormwa-
ter in the sewer system and wastewater
treatment plants by the interception of
stormwater into the tree pit. Further-
more, the benefits increase through large
and healthy trees that are not seen as
economic value, but as ecological or soft
benefit are mentioned in most of the po-
litical guidelines of the cities:

e |Improvement of air through increased
production of oxygen

e Storage of carbon dioxide

e Passive cooling through transpiration
e Amenity value

¢ |dentity for the city

e Cultural and social value

The technical knowledge

Especially from the Stockholm Solution,
one of the most important information
can be obtained: the gas exchange of the
soil. Due to the high percentage of sealed
surface in urban areas, a natural gas ex-
change between soil and the atmosphere
is restricted. The solution is the air inlet.
The deep level of about half a meter into
the rooting zone makes it possible, that
the poisoning carbon dioxide can be re-
leased.

As long as the air inlet guarantees the gas
exchange and water interception the tree
base can be completely sealed (pavement
or tree grate).

A comparison of the systems demon-
strates that the cell system has the high-
est proportion of uncompressed soil (90
percent), which is the ideal rooting vol-
ume and the skeleton system (Stockholm
Solution) which provides 40 percent of
rooting volume. Compared to the oth-
er two systems (sand-based and medi-
um-size particles), the skeleton and cell
system are the only two systems, which
even contain uncompressed planting soil



because it is not compressed after instal-
lation with heavy machines. If roots try
to grow in compact soil, they automat-
ically grow superficial under the pave-
ment. There they reach space, oxygen
and water. However, root growth can be
controlled and directed into deeper soil
layers if these resources are supplied in
deeper layers.

The only way to provide completely un-
compressed planting soil is the use of a
load-bearing structure in the tree pit.
Besides manufactured elements (e.g.
cells), angular crushed rocks achieve a
naturally physical load-bearing capacity.
The crushed rocks must be homogenous
within a small range of size. After com-
pressing, they create a skeleton structure
with voids. Compared to the manufac-
tured elements, it is more sustainable
to use natural or recycled material (e.g.
granite or concrete rocks).

In addition, compressed soil prevents
de-icing salt, intercepted by the stormwa-
ter, to settle in the dense pores and clogs
them. That causes oxygen and water de-
ficiency and prevents the nutrient uptake

of the roots. In large pores within the soil,
the de-icing salt is not settled constantly
but is flushed out with the stormwater.
On the other hand, by the use of filters
the de-icing salt can be prevented to en-
ter the tree pit at all.

In all systems it is described that the
planting soil operates as a good filter for
pollutants. Besides the experiences of the
case studies, further studies indicate that
stormwater tree pits have high pollution
removal rates (CRWA 2009 p.4).

In all systems, the nutrient supply is se-
cured by an initial fertilizing and humus
rich soil. But the nutrient content de-
creases significantly within the first years.
In the city of Stockholm biochar has been
used successfully for a long-term nutrient
and water supply.

An analysis of the existing soil determines
the mixture of the planting soil. For ex-
ample, the clay content must be appro-
priate for the water holding capacity in
correlation of the existing soil to prevent
excessive water in the tree pit. In addition
a drainage pipe can drain excess water.

Despite the debate about non-indigenous
tree species, the cities of the case studies
increase the number of planted non-in-
digenous tree species. These are usually
adapted to the rising temperatures and
longer dry periods in the city. If different
trees are planted in streets, they gain in
visual effect and biodiversity. If specific
tree species gets infested with pests, the
usage of different tree species prevent
that an entire street loses its greenery.

Before planning, it is essential to ana-
lyze the existing underground utilities.
Pipes provide perfect rooting conditions
through space, oxygen and water. To pre-
vent root growth into pipes new trees
should never be planted above under-
ground facilities unless root growth can
be prevented by a geomembrane (root
barrier). If constructions on pipes are nec-
essary, roots would get damaged and the
tree vitality decreases. In addition during
the tree pit construction, unexpected ca-
bles and pipes can cause time delays and
expensive rescheduling or problems with
storage of delivered materials or trees on
site.

INTERNATIONAL CASE STUDIES

00
s



INTERNATIONAL CASE STUDIES

[o0]
¥,

Civil engineering and maintenance com-
panies of underground facilities should
be aware of tree roots during work and
should be forced to include and arborist
for specific instruction to prevent dam-
age of tree roots. The initiative “dial
before you dig” initiated by the City of
Melbourne is a good example to locate
underground utilities in the city for civil
engineer construction companies (CM
2015a p.5).

When a new tree planting is planned, the
size of the root ball must be considered,
that it corresponds to the size of the tree
pit. Larger tree means larger root ball. A
subsequent pruning at the construction
site to fit the root ball into the already
built planting hole has severe conse-
guences to the vitality and the growing
conditions of the tree.

It should be achieved to intercept as much
stormwater as possible into the tree pit
to meet the high water demand of urban
trees. Especially in the summer heat a
moist soil can be essential for the vitality
of the tree. A drainage pipe at the bottom
of the system prevents long-term excess

water. The inlet should not be positioned
behind (in the direction of the stormwa-
ter flow) a connected inlet; otherwise no
water would run into the tree.

Continuous irrigation within the first two
years is essential. The tree can develop
a good root system to anchor itself into
the ground and take up sufficient water
and nutrients. A watering bag is the most
effective and cost-saving type of manual
irrigation. In addition the tree should be
tied in and be protected by temporary
wooden tree stakes. For the long-term
solution, a tree guard is the best protec-
tion for the stem. The basement of the
tree can either be sealed with pavement,
or by a tree grate.

All facts and criteria mentioned above
must be monitored at all times. With-
out intense and continuous monitoring,
problems will occur during the imple-
mentation and construction process. A
professional monitoring, evaluation and
adaption of processes and materials ef-
fects in good growing conditions for ur-
ban trees and good vitality from the be-
ginning of the planting.

Fig. 4.28 Vital trees in Structural Soil in Stockholm



5 EXISTING CONDITIONS IN THE CITY OF HAMBURG, GERMANY

To specify the general analyzed topics of
the previous part of this report, the exist-
ing conditions of the City of Hamburg are
analyzed in this chapter.

It is clarified, what fundamental parts like
materials, soil, water and urban condi-
tions influence the tree (pits) in the City
of Hamburg and should be taken into
consideration for the development of an
advanced system for urban tree pits.

Besides the urban conditions such as cli-
mate soil and water, the political situa-
tion is analyzed to evaluate the need of
an advanced system.

In Chapter 5.1 general data is given about
the existing trees and their living condi-
tions in the City of Hamburg. The system,
which is currently used for tree pits, is
displayed and described in detail. The
Chapter also includes the political and fi-
nancial scope with the development for
green infrastructure. Chapter 5.2 explains
what kind of soils can be found and their
effects on urban greenery. The impacts of
the climate change specifically for Ham-
burg is mentioned briefly in chapter 5.3.

The water network and the system in-
cluding the stormwater management are
clarified in chapter 5.4. In the last chapter,
the results of the analysis are summed up
as implementation criteria.

5.1 Trees: Urban conditions
and its effects

Tree stock

Within the history of the City of Ham-
burg, the number of trees continuously
decreased due to urban development
and the use of timber as building material
(foundation of buildings) for the swampy
area of the City of Hamburg. During and
after World War 2, trees were destroyed
by military attacks and some of the re-
maining trees were used as firewood
during the extremely cold winters in the
devastated areas (Vieth 1995 p.21ff).

Today, in 2016 the City of Hamburg owens
about 227.000 street trees (FHH 2016h).

On the public website Geoportal Ham-
burg, information can be found of most
of the street trees: the specie, planting
year, trunk circumference, crown diame-

ter, street name and the responsible bor-
ough (FHH 2016c).

The internal database of trees of the dis-
trict offices offers a variety of additional
information. The system has been sup-
plemented with information on the lo-
cation. For example in 2016, it has been
included, if and why a location is not suit-
able for new tree plantings. Based on this
method, these locations are not displayed
as a missing tree, but as an unsuitable lo-
cation, where none tree planting is con-
sidered anymore (Driefelmann 2016).

Fig. 5.01 Street Tree online data map
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The most common tree species of street
trees are Tilia (lime), Quercus (oak) and
Acer (maple). Furthermore, there are
species like Carpinus (hornbeam), Bet-
ula (birch), Sorbus (whitebeam), Fraxi-
nus (ash), Aesculus (horse chestnut) and
Robinia (locust tree) (FHH 2016a). There
are also non-typical street trees species,
which were already planted over 40 years
ago and are still growing in very extreme
condition. These species are also among
the current species selection for adapted
street trees (FHH 2016c¢):

e Ginkgo (Gingko) Luisenweg, planted in
1987/1992/2009,

e Corylus Colurna (Turkish hazel) Doh-
nerstralRe, planted in 1970er/2005,

e Amelanchier lamarckii (Juneberry),
GroRe BrunnenstralRe, planted in 1986,

Hamburg also has many old trees, par-
ticularly in the historical districts of Blan-
kenese, Rotherbaum, Uhlenhorst, Ep-
pendorf and Harvesterhude. Beside park
trees, also street trees that were planted
over 150 years ago are still growing in the
dense urban area (FHH 2016a).

e Platanus acerifolia (London plane),
year of planting. 1865, Loogestieg/
LoogestralRe

e Ulmus laevis (European White EIm),
1894, Kiebitzhof 5

e Aesculus hippocastanum
(horse-chestnut), 1865, Karlstralle 26
e Platanus acerifolia (London plane),
1910, Secshlingspforte

e Quercus robur (pedunculate oak)
1891, Heinrich-Barth-Stralie 28

(FHH 2016¢)

As already mentioned, urban trees grow
under tough conditions in urban envi-
ronments. The same situation can be ob-
served in the City of Hamburg. However,
the overall vitality of Hamburg’s trees is
good (DrieRelmann 2016; Wahli, Kahle,
and Geiger 2016).

An increasing problem is the spread of
pests: The spread of the oak procession-
ary (Thaumetopoea processionea), er-
mine moths (Yponomeutidae) and horse
chestnut leaf miner (Cameraria ohridella)
can also be seen in the city of Hamburg.
Favored by the climate change, urban
trees are particularly vulnerable, since

they are already exposed to a number of
stress factors (GALK 2016b).

Urban Development

The general influences on urban trees de-
scribed in Section 2.2.2 also occur in the
City of Hamburg.

Sometimes, a tree is too weak to with-
stand this urban pressure and must be
removed due to safety reasons. The
growing conditions for urban trees are
declining with the growth of the city and
the continuous urban development of in-
frastructures.

Since 2014, the housing program of Ham-
burg is implemented (BUE 2014 p.22f).
Unused areas are revitalized and built-
up. With this process of urban compac-
tion the sealing of surfaces is increasing
enormously. Over the years, trees have
been able to grow undisturbed within
these areas. Within the present situation
however, they must be removed for po-
litical and social important projects. In
addition, the necessary infrastructure is
being developed further and expanded.
As a consequence the list of tree felling is



extended continuously (FHH 2016g; FHH
2015d).

In 2014 the BUND (the German Federa-
tion for Environment and Nature Conser-
vation) published a report, which stated
that besides Berlin also Hamburg has a
high loss of urban trees. Not only park
trees are felled but also street trees with
up to 1.000 trees per year. In total, this
number of missing trees is not getting re-
placed by new trees (BUND 2014).

On the other hand, urban development
and tree felling always create opportuni-
ties for new tree plantings and advanced
tree pits for improved growing condi-
tions. However, new plantings must be
involved early in the planning process of
new developments to provide enough
space and good initial conditions for the
tree.

Fig. 5.02 Excavation around tree roots

Fig. 5.03 Construction excavation around root ball
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Fig. 5.04 Tree roots lifting pavement

Fig. 5.05 Stem damage through cars and bicycles

Fig. 5.06 Failed new tree planting



Compensation planting

In the City of Hamburg replacement
plantings are required based on the Tree
preservation order of Hamburg (Baum-
schutzVO § 1) and the Federal Act for the
Protection of Nature (BNatSchG§ 29). It
is crucial that the “destroyed values and
functions of the ecosystem or the natu-
ral and urban landscape are restored re-
specting the local conditions” (FHH 2015b
p.17).

To determine the quality and quantity
of replacement plantings, there is a data
collection form based on a point system
(FHH 2015b) attachment 1, p.35ff). The
basis on the calculation is the value of
the felled tree (tree species, size, health,
urban and landscape). The replacement
planting also requires the maintenance of
development of the first year after plant-
ing. In many cases, a replacement plant-
ing, which is equal in quantity to the num-
ber of felled trees, is not possible due to
the lack of space. It is ecologically not rea-
sonable to plant trees too close to each
other only to compensate the felled trees
on a smaller area. They would compete
for rooting space, nutrients, water, sun-

light and space above the surface which
results in reduced growth and function
(Wahli, Kahle, and Geiger 2016). In such
cases a substitute payment is required.
The substitute payment is based on the
costs of the calculated number of replace-
ment trees. The substitute payments are
determined to the Department of Urban
Green of the respective District Offices of
each borough (FHH 2015b p.18).

For new plantings in the City of Hamburg
the use of watering bags for slow release
irrigation have already been used in a few
locations, for example in the street Eri-
cuspromenade (Gelditsia spec.: locust) in
Hafencity.

By detailed analysis of the individual list
of street tree felling by the district offic-
es it is striking that more than half of the
sites are no longer suitable for new plant-
ings, since the space condition is confined
due to the remaining large trees. The re-
placement tree is planted elsewhere or
the substitute payments are invested into
the maintenance of the tree stock (FHH
2016g).

In general, the decreasing areas for trees,
especially street trees should be mini-
mized. However, if continuously less new
trees are planted, the City of Hamburg
should invest more in advanced systems
of tree pits to provide better growing
conditions for new trees and to achieve a
higher benefit from the investment.

Fig. 5.07 Watering bags in Ericuspromenade
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The current system for tree pits in Hamburg

Based on the interview with Uwe Driel3el- /@PM\&
mann of the roadside greenery in the S \
borogh of Wandsbek the system which /& AN ZN
is currently used in Hamburg can be de- y

scribed in detail in the following para- { o 2
graph. AN )
The tree pits are installed as large as pos- ‘(" N //’ |
sible. Usually, there is only a width of 1.00 E \

m available for the tree pit due to un- T | [ e
derground utilities, parking lots and the ‘
street. If a new tree pit is limited in the
width, it is then installed with a length as
far as possible along the street.

The depth is between 1.00 to 1.50 m.
The structure is a two-layer construction
with a substrate mixture according to the
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Tree planning process

The usual circumference of the trunk of
new trees is 18-20 cm. At certain con-
struction projects larger circumferences
of 20-25 cm have already been plant-
ed. However, in this case, the problem
occurred that the root balls did not fit
into the tree pits, because of limited
space and missing primarily planning.

The Department of roadside greenery of
the respective district offices are either
performers as planners or participants
as consultants for a project of new street
trees. As performers the office itself
plans and manages the entire project,
which also includes the selection of tree
species, the design of the location and
the tendering. As participants, they are
called upon for advices where addition-
al specialist planners such as Landscape
Architects or Open Space Planners are
responsible for the technical and creative
planning including tendering and execu-
tion of the project (DrieRelmann 2016).

Every time new trees are planned, a list
with the proposed tree species must be
noted and discussed to by District Assem-

bly (political level of the boroughs). The
district offices are trying to select a high
variety of different species. Also, non-in-
digenous tree species are included in the
planning which sometimes ends up in a
political discussion.

Usually, it needs to be pointed out that
native species are becoming less suitable
for urban environments due to infection
by pests or the increasing effects of cli-
mate change. The list of suitable native
species is becoming shorter. In the end
non-native species, which have been
proven already in the past, are already
planted in Hamburg and will further be in
the future (DrieBelmann 2016).

Hamburg’s political position

In various studies, research reports and
the different political visions of the City
of Hamburg the importance of green in-
frastructure within the city is clarified.
Through a green network and street
trees, urban areas can be reconnected
to nature. The reports also conclude that
trees contribute to biodiversity within
the city, by creating habitat for small and
large organisms (FHH 2006a; FHH 2015c;

KLIMZUG-NORD 2014; FHH 2014a; Grine
Stadt 2012). In the current vision Green,
inclusive, growing city by the water:
perspectives on urban development in
Hamburg the initiative My tree- my city
(Mein Baum- Meine Stadt) is considered
as a success and will be continued (FHH
2014a p. 24). Since 2011, individuals,
companies, associations or schools can
donate money to support the planting of
new street trees. For this purpose, there
is @ map available online where a numer-
ous unplanted sites (red trees) are visible
(FHH 2012).
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Fig. 5.09 Map of “MeinBaum-MeineStadt”

In the report KLIMZUG NORD - Strategic
adaptation approaches to climate change
in the Hamburg Metropolitan Region
published by the city of Hamburg in 2014,
green infrastructure and urban trees are
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mentioned as important factors, which
have a positive impact of the urban ecol-
ogy (KLIMZUG-NORD 2014 p.35).

Financial scope and investments
According to the Special investment pro-
gram 2013/2014 an increasing invest-
ment of 1.3 million is set for the initiative
My Tree- my city, which also includes the
maintenance during the first three years
after planting for establishing and devel-
oping of the tree (FHH 2014b).

The City of Hamburg is investing more in
urban greenery, especially in street trees.
More money for street trees was the
headline of the website of the City of
Hamburg in March 2016. In 2016, the
Ministry of Environment and Energy of
the city of Hamburg (BUE) provides up to
1.5 million Euro (2015: EUR 500,000) for
new plantings of street trees (FHH 2016f).

Due to high substitute payments from
large construction sites, there is enough
money available for new plantings of
street trees (DrieRelmann 2016). Never-
theless, already this year (2016) the Sen-
ate of the District Assembly Harburg pro-

posed to contribute another 1.5 million
for all districts for new plantings within
the roadside greenery (FHH 2016e).

Due to the growing urgency in terms of
climate change and the associated plant-
ings of street trees, it can be assumed
that the city of Hamburg provides further
financial support for the green infrastruc-
ture and street trees.

5.2 Urban soil conditions

Anthropogenic soils

Within the urban area in Hamburg, in the
upper soil horizons there are no more
natural grown soils to be found. During
excavations, mainly artificial soils with
anthropogenic landfills can be analyzed.
There are a high variety of different types
of soils, which form a small-scale and het-
erogeneous urban ground. Due to the
large number of underground utilities,
the soil is mixed with a lot of sand beds,
which serve as a material for pipe bed-
ding. Through permanent sites in streets
and housing construction, large amounts
of soil are excavated, removed and in-
stalled elsewhere (Wiesner et al. 2016;
Titel 2016).

Fig. 5.10 Bore-hole: Anthropogenic soils



Within the layers of the urban soil, there
is a lot of debris of war damage like bricks,
crushed concrete or industrial soil (resi-
dues). Crushed material, particularly con-
crete and also whole bricks increase the
structure of the soil. By leaching carbon
compounds off the mineral residues (con-
crete and bricks), the soil has a higher pH
value (alkaline) as a naturally grown soil
(Lehmann and Stahr 2007 p.294).

Soil Hydrology

The existing soil types and external influ-
ences determine the water balance. Soil
properties are decisive for the long-term
soil hydrology. Short-term effects occur
through the infiltration of stormwater
and existing vegetation (Wiesner et al.
2016 sect.5).

The water table is generally high in Ham-
burg. On the website of the Geoportal
Hamburg a map exists with daily updating
information about the water table. The
highest groundwater levels are expect-
ed especially in the months of February
to June. The level varies depending on
the amount of precipitation in the winter
months (November to April) (FHH 2016i).

In construction projects, there are of-
ten short-term water table drawdowns,
which can lead to low soil moisture.
Therefore, it must be ensured that the
process of drawdown is proceed in ac-
cordance to the surrounding vegetation
(FHH 2015f p.3).

Due to the differences in soil and soil
hydrology on a small scale, the selected
locations for new tree plantings should
always be analyzed in detail to determine
the correct properties of the tree pits.

Infiltration

In general, infiltration of stormwater in
Hamburg is possible. The Geoportal Ham-
burg provides a map that shows where
infiltration is possible (infiltration poten-
tial map) (FHH 2016d). The potential is di-
vided into four categories: possible, most
likely, limited and unlikely displayed in
colors from green to red. The infiltration
capacity mainly depends on the soil com-
position and on level of the groundwa-
ter. In addition, the archive of bore-holes
provided online by the city of Hamburg
serves as a further basis for the analysis
of soil types (FHH 2016b).

Numerous projects have been successful-
ly implemented. Even at sites where the
infiltration capacity was limited accord-
ing to the infiltration potential map (FHH
2015e p.108). It shows, that this map
serves as a good basis but individual loca-
tions must be analyzed more detailed to
proof the infiltration capacity and to im-
plement the suitable infiltration method.

b B B e B,
Fig. 5.11 Infiltration potential map (FHH 2016d)

5.3 Climate change

Climate change is a global phenomenon
and it also affects the city of Hamburg.
Numerous reports clarify that climate
change must be considered as a region-
al phenomenon. Therefore, the change
of the weather for the City of Hamburg
must be analyzed and evaluated locally.
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The analyzed results of climate change
from Section 2.2.2 can be transferred to
Hamburg. Different forecasts for Ham-
burg indicate an increase in temperature
and especially an increase of days with
heavy rain events (Meinke and Klepgen
2016; RKB 2016).

These changes also have a significant im-
pact on the street trees. With the increas-
ing summer drought, the vitality of street
trees is continuously impaired. It infers a
high maintenance effort with intensive
cost (KLIMZUG-NORD 2014 p.34f).

CLIMATE INDICATORS: HAMBURG, GERMANY

Rainfall

Annual: 650 mm
January: @ monthly lowest: 46 mm
77 mm

August: @ monthly highest:
Temperatures

January: @ monthly lowest: 17°C
July: @ monthly highest: -3°C

(DWD 2016)

5.4 Stormwater system and sustainable strategies

In the City of Hamburg, the group HAM-
BURG WASSER combines the supply of
drinking water by the company Ham-
burger Wasserwerke GmbH (HWW) and
the sewage disposal by the company
Hamburg Water (HSE). In the more his-
torical areas of the city of Hamburg (e.g.
downtown, the boroughs of Altona and
Bergedorf) the sewer system works as a
combined sewer system. In the remaining
districts, the stormwater is discharged in
separate systems (HW 2016d).

The main line of sewer, storm and drink-
ing water pipes, including district heating
are lying in the streets. The supply lines
to the buildings go through the sidewalks,
parking strips or tree pits. Within the
sidewalk, there are cables for electric and
communication services. In Hamburg,
there are no clearly defined pipeline
routes which combine the entire under-
ground utilities (Driefelmann 2016).

Service fee

Sewage and stormwater fees are com-
bined in the use of water/stormwater
pipes (Sielbenutzunungsgebiihr). In 2012,
the city of Hamburg released the split

wastewater fee (Gesplittete Abwasserge-
blhr). That means that the discharged
stormwater is not charged together with
wastewater anymore. The amount of
wastewater (2.09 € / m3) is determined
by the quantity of consumed drinking
water. The fee for stormwater is calculat-
ed according to the sealed surface of the
property in m? (e.g. roof, parking area),
which is 0.73 €/m?/year (HW 2016a).

By this system of split fees, the city of
Hamburg tries to create a financial incen-
tive to avoid sealing of surfaces, especial-
ly on private properties. The main target
is to reduce the amount of stormwater
being discharged from sealed surfac-
es and the overloads the sewer system.
The reduction of the fees is calculated by
differentiated tables by Hamburg Was-
ser based on different types of surfaces
Thus, the decentralized treatment like
retention and infiltration of stormwater
is supported. Due to financial reasons,
the city wants to include the citizens into
the process of decentralized stromwater
management. (HW 2016b).



Decentralized Stormwater
Management

In 2016, there are 1,685 stormwater out-
lets into surface waters, 145 overflow
outlets for mixed water and 72 emer-
gency overflows for sewage water (HW
2016d).

Particularly, the overflow of mixed wa-
ter and sewage water cause immense
hydraulic and ecological problems of the
water bodies, which results in a decreas-
ing water quality and biodiversity (com-
pare Chapter 3).

Since the 90s, many projects evolved in
the City of Hamburg (FHH 2015e p.41)
which reduce the overflow of combined
water systems by using mixed water re-
tention basins and retention shafts reno-
vation of transport Pipes. The main target
is to improve the hydraulic property of
water bodies (FHH 2015e p.9).

Besides decentralized stormwater man-
agement, the City of Hamburg is working
on strategies of the Water Sensitive Ur-
ban Development (WSUD). In addition to
the economic treatment of stormwater,

WSUD integrates the architectural design
and the ecological value into the urban
development (FHH 2015e p.44). It means
that rainwater should not only be treated
but can also be used to design the urban
space.

In 2015, the city of Hamburg published
the Guidelines for water sensitive Design
of street areas. They provide information
and design strategies for the integration
of decentralized stormwater manage-
ment within the road space. Specifical-
ly street trees are pointed to intercept
stormwater into the tree pit for retention
and infiltration (FHH 2015a Section 3-9;4-
2).

In 2015, the RISA Structural Plan of storm-
water was published by the cooperative
project of Hamburg Wasser (HW) and the
Ministry of Environment and Energy of
the city of Hamburg (BUE). It serves as a
“planning and decision-making basis for a
sustainable and modern urban develop-
ment in the Hamburg Metropolitan Re-
gion” (FHH 2015e).

Based on the integrated stormwater
management urban planning shall be per-
formed interdisciplinary and include all
stakeholders of the water management,
urban, landscape and traffic planning in
order to develop sustainable cities and
water bodies of high quality (FHH 2015e
p.7). Top priority is to achieve a natural
water balance. Individual strategies and
recommendations for the city of Hamburg
are described in the dissertation of Elke
Kruse as well as in the already mentioned
Guidelines for water sensitive Design of
street space. Street trees are pointed
out as a specific solution for the green
network to infiltrate stormwater into the
tree pit (FHH 2015a; Kruse 2014 p.181).

The report of KLIMZUG likewise recom-
mends to create additional natural green
area, to re-open sealed surfaces and to
increase the size of the tree base of street
trees to promote decentralized infiltra-
tion of rainwater (KLIMZUG-NORD 2014
p.35).
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5.5 Implementation criteria

With the beginning of the planning pro-
cess of new street trees, the most im-
portant fact is that each location is
analyzed in detail. Numerous factors in-
fluence each location in different ways
and therefore have varying properties:
soil types and anthropogenic structures.
Since natural soils are no longer present
in the City of Hamburg, it is particularly
important to establish an advanced sys-
tem of tree pits, which provides natural
growing condition. The specific mixture
of the planting soil must be adapted ac-
cording to root volume, nutrients and
microorganisms to the influence of each
location.

Through the increasing development of
infrastructure and heavy traffic in Ham-
burg, (hereby especially heavy-duty traf-
fic) the bulk density (level of compression)
of the soil is influenced. By mechanical
forces (e.g. heavy construction machines,
traffic) the soil is compacted and loses its
technical vegetation characteristics (Leh-
mann and Stahr 2007 p.250).

A high groundwater level can display a
good accessibility of water for the roots,

but on the other hand, a high risk of wa-
terlogging in the tree pit exists. A con-
stant low groundwater table provides
more uniform conditions with respect to
the soil moistures (Wiesner et al. 2016)
Section 4.1). The infiltration capacity of
the existing and the new planting soil
must also correspond with each other.
According to the groundwater level, the
composition of the tree pit must provide
constant water properties.

Within the project RISA a digitally avail-
able basis is to be created, which illus-
trates the potential contamination of
rainwater of each street in the city of
Hamburg. On the basis of a city map the
pollutant content can be determined and
required treatment for the infiltration of
stormwater can be defined.

The climatic conditions demonstrate that
decentralized stormwater management
is one of the most important programs
due to increased heavy rain events to
minimize overloading of the pipe systems
and to prevent uncontrolled flooding. A
general master plan for urban street trees
should be developed to include their con-

tribution to stormwater management.

To conclude, particularly important in-
sights can be derived from the analysis of
the existing condition: The City of Ham-
burg points out the significance of the
street trees within the green network in
the political visionsand the urban develop-
ment. Besides the financial basis through
continuously higher investments, the
street trees are becoming part of urban
strategies to improve the microclimate.

In addition to economical aspects, decen-
tralized stormwater management has an
even higher priority in terms of ecologi-
cal value for the City of Hamburg. The
overflows of the urban water systems
due to increasing heavy rainfalls (climate
change) must be reduced to improve the
quality of water bodies. Therefore, storm-
water should be handled decentralized.

These values should be used as a chance
and opportunity to develop an advanced
system of urban tree pits, which meets
the requirements of the City of Hamburg
and make it part of the dezentralized wa-
ter management.



6 ADVANCED URBAN TREES

The entire research and analysis of this re-
port demonstrate the importance of the
topic of Green infrastructure worldwide
and in the City of Hamburg. In terms of
climate change and urban development,
so far, also the City of Hamburg has been
developing new strategies. Implementa-
tion in terms of involved stakeholders can
often be difficult and time-consuming.
Despite of an intensive planning process,
interdisciplinary strategies support in
particular the ecological value in addition
to the economic and aesthetic factor of
the city.

In cities, trees should be planted not only
to create quantity. It requires an intensive
considering of conditions and require-
ments to create quality. Park and street
trees should be treated like a building,
which needs a good foundation for all the
years of its existence and to keep up with
its demands that it can provide benefits
forits users. The tree pit is the foundation
for a tree.

With the understanding of the materials
and the construction process, suitable
conditions can be created. If the different

existing urban conditions are included
into the approach, the advanced system
can start to be developed, evaluated and
implemented.

Therefore, the implementation criteria of
each chapter provide the concluded in-
formation. They will be displayed in the
following sections as figures.

6.1 The approach and develop-
ment of the advanced system

The advanced system of urban tree pits
is developed in three steps:

1
DEMANDS ——> APPROACH

g
CASE 2 TECHNICAL
APPROACH
STUDIES SOLUTION
PR
LEGAL FRAME- ADVANCED
WORK/
SOLUTION URBAN
GUIDELINES
TREE PITS

1
Step 1: DEMANDS ——> APPROACH

The first bases for the development of
the advanced system are the demands of
all three components: trees (green), ur-
ban environment (red) and decentralized
stormwater management (blue) sum-
marized in the implementation criteria
in Chapter 2 and 3. The approaches are
defined to meet the demands more prac-
tically. In the end, the demands are com-
bined and form a clear structure.

The space of each of the three compo-
nents is defined clearly and secured,
above the surface. The natural resourc-
es must be protected, in particular the
groundwater, vegetation and the overall
soil properties through the removal of
pollutants of the intercepted stormwa-
ter. Likewise, the adjacent facilities such
as buildings and underground utilities
must be protected by natural pressure
(water and root penetration). Moreover,
natural resources especially water must
be available sufficiently to the system.
Therefore the surface stormwater is
drained and intercepted into the system,
which also ensures a safe living space for
humans (flood protection). In addition, a
suitable surface is installed to meet the

ADVANCED URBAN TREES
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requirements of urban use (e.g. traffic,
pedestrians and bicycles) and stormwa-
ter treatment (runoff) and the vegetation
(soil protection). A load-bearing struc-
ture takes up forces from the surfaces

Crown establishment

Healthy trunk and tree basement

\. v

Solar radiation and oxygen

Sufficient Rooting volume for differ-
ent sizes of roots

Gas exchange

Water

DEMANDS OF TREES

Correct pH value according to
the tree species

Soil moisture

Exchange of soil fungi

Fig. 6.01 Approach of the advanced system: Step 1

-7 Defined space above surface

and a suitable uncompact soil mixture
provides volume of pores for vegetation
and stormwater treatment. More natural
condition can be achieved by connected
systems according to vegetation growing

APPROACH OF THE ADVANCED SYSTEM

and underground

Protection of facilities and
natural resources

Availability of natural resources

Drainage and interception
of surface stormwater

Suitable surface
Load bearing structure
Suitable Soil mixture
Volume of pores
Natural conditions
Overload protection

Climate adaption

ooeccece

conditions (soil fungi) and water cycle
(distribution of stormwater). Further-
more, the entire system is based on the
adaption of urban space to the change of
the climate.

Use of public open space
Traffic load
Save surfaces and flood protection
Underground utilites
Urban heat island, micorclimate
Quantity of stormwater
Quality of stormwater
Infiltration capacity
Cleaning of stormwater
Load bearing capacity

Protection of buildings
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2
Step 2: APPROACH -+ CASE STUDIES ——> TECHNICAL SOLUTION

The approaches serve as the first practi-
cal concept of the advanced system. For
the second step, the implementation
criteria of the analyzed systems in the
case studies of Chapter 4 including the
currently used system in Hamburg/ Ger-
many of Chapter 5 are involved. These
selected components of the systems are
transferred to the approaches of step
one. As a result technical solutions can be
defined, which partly have already been
implemented by the international case
studies (detailed selection see Apendix
Section 8.1).

The main components of the technical
solutions are based on the Stockholm
Solution devised by the City of Stockholm.
One of the key finding is the gas exchange
of the soil with the atmosphere, which
can be provided by a simple construction.
The same component also serves for the
stormwater interception, either of the
sidewalk or the street, which is also used
in the systems of the Raingarden Tree
Pits by the City of Melbourne and the
CU-Structural soil in New York City.

A direct connection to the system via
pipes can be installed as shown in the

Silva Cells by the city of Toronto. A sim-
ilar system of vertical aeration is used in
the German System (FLL), which reaches
an even deeper rooting volume of 1,50
m. The horizontal aeration is ensured by
voids in the aerated bearing layer pro-
tected of debris by a geotextile (Stock-
holm Solution).

The other key finding from the Stockholm
Solution, is the availability of rooting vol-
ume by a location-specific mixture of un-
compact soil, which can take up (storm)
water and work as a biological and chem-
ical processor. The structural soil with the
defined rock sizes forms a skeleton struc-
ture (angular crushed rock) that provides
voids for the uncompact planting soil. The
structural soil is higly compacted and pre-
vents from further compaction through
to urban use. Therefore the installed
uncompact planting soil will not be com-
pressed after implementation.

The air void layer is included from thesys-
tem of Raingarden Tree Pits. However, in
the advanced system, it does not serve as
stormwater retention but for accumula-
tion of dust and debris.

In addition the Raingarden Tree Pits, (par-
tially) the German System and the Stock-
holm Solution install their tree pits as tree
trench to connect the rooting volumes
with each other.

To simplify the initial irrigation (two
years), the Stockholm Solution and the
Silva Cells suggest the use of watering
bags. A concrete bunker prevents from
superficial roots. To protect underground
utilities from root penetration, the Stock-
holm Solution and the Silva Cells use
geomembranes as a root barrier.

All four case studies enlarge the tree pit
under the sidewalk and the street. Fur-
thermore, a drainage pipe is installed at
the bottom of the systems to prevent
an overload of the system and to drain
excess water. To protect the upper part
of the tree, every system includes a tree
grate and most of the a tree grate.

ADVANCED URBAN TREES
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TECHNICAL SOLUTION
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Fig. 6.02 Approach of the advanced system: Step 2
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Step 3:

The implementation criteria of Chapter 5
demonstrate the small-scale condition of
urban environments (e.g. soil, water ta-
ble and building structure) like analyzed
for the City of Hamburg. As already men-
tioned, the conditions and properties of
each location must be analyzed and eval-
uated individually to adapt the advanced
system specifically to each location.

The third step consolidates the technical
solution on the given legal framework
and guidelines summarized in the imple-
mentation criteria of Chapter 2 and 3.

Top priority for the advanced system is to
protect the soil, the groundwater (Feder-
al Soil Protection Act) and the water bod-
ies (EU Water Framework Directive).

Therefore, the intercepted stormwater
must be treated to remove pollutants. Be-
sides infiltrating stormwater through a bi-
ological active soil horizon, different kind
of filters must be installed in the air inlet
(Water Act, Hamburg Sewage Act, Storm-
water Infiltration Regulation, DWA-A 138,
DWA-A 153, FGSV 514, FGSV 548)

The planting soil of the advanced system
serves for the physical, chemical and bio-
logical processes and has to have a specif-
ic mixture of different soil types to meet
the requirements of water holding capac-
ity, nutrients availability, infiltration and
retention capacity. Therefore, the size of
the tree pit has to be calculated accord-
ing to the collection area (type of surface)
and the amount of intercepted stormwa-
ter (DWA-A 138, FLL 2004, FGSV 950, DIN
18916).

The treatment of both materials the
soil and the tree, must be carried out in
consideration to protect their individu-
al properties (DIN 18915, FLL 2010, FLL
2015)

The level load bearing capacity of the ur-
ban use (compaction of structural soil)
is determined by the use of the surfaces
(FGSV RSTO 499, PLAST).

The surfaces of the tree and the adjacent
area should be installed according to the
urban use and also protected to ensure
safety (FLL 2010, FGSV 2006).

3
TECHNICAL SOLUTION + LEGAL FRAMEWORK/ GUIDELINES ———> ADVANCED SYSTEM OF URBAN TREE PITS

Furthermore, the adjacent buildings and
underground facilities must be protected
as well against roots and water penetra-
tion by the distance to the advanced sys-
tem, geomembranes and concrete bun-
kers (DWA-A 138, FGSV, 939, FGSV 950).

This is the last step of the development,
which finalizes the advanced system of
urban tree pits. The following figures
(6.04-6.07) show the detailed technical
drawings of the advanced system and the
specific materials.

ADVANCED URBAN TREES
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PROTECTION OF SOIL, GROUNDWATER
AND WATER BODIES
» TECHNICAL SOLUTION

o

Federal Soil Protection Act

EU Water Framework Directive:

Watering bag

PROTECTION OF PROPERTIES ....,.... e —
DIN 18915, FLL 2010, FLL 2015

Air void layer
PROTECTION AND SAFETY OF SURFACES
— ............. Concrete bunker

FGSV 2006, FLL 2010

Air inlet (with filter)
TREATMENT OF POLLUTED
STORMWATER FOR INFILTRATION

Water interception

Water Act, Hamburg Sewage Act,
Stormwater Infiltration Regulation,

ADVANCED SYSTEM OF
URBAN TREE PITS

FGSV 514, FGSV 548
Aerated bearing layer
MIXTURE OF PLANTING SOIL el e e
DWA-A 138, FLL 2004, FGSV 950 .
LOAD BEARING CAPACITY (angular crushed rock)

PROTECTION OF BUILDINGS AND Drainage pipe

UNDERGROUND FACILITIES

DWA-A 138, FGSV, 939, FGSV 950

Fig. 6.03 Approach of the advanced system: Step 3
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Advanced system of urban tree pit
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Fig. 6.04 Section of the advanced system of urban tree pits: water interception from the roof and sidewalk; without scale, units in centimeter
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Fig. 6.05 Site plan of the advanced system of urban tree pits: water interception from the street; without scale, units in centimeter



Advanced system of urban tree pit
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Fig. 6.07 Site plan of the advanced system of urban tree pits: water interception from the roof and sidewalk; without scale, units in centimeter



6.2 Technical details

The components and the different layers
of the advanced system of urban tree
pits are explained in the following chap-
ter. It also describes the individual mate-
rials and further technical details.

6.1.1 Layers, components and
their materials

The advanced system of urban tree pits
meets all requirements in terms of vege-
tation, stormwater management and ur-
ban environment:

Infiltration of stormwater

Retention of stormwater

Cleaning of stormwater

Supply of high rooting
i ]

volume

Load bearing capacity

Increased transpiration

L

Fig. 6.08 Criteria of the new system

Watering bag

Watering bags are wrapped around the
trunk and filled with water (~ 90 Liters/
bag) serve for slow release irrigation (5-
10 h) through the micro release points at
the bottom. They must be filled regularly
(1-2x per week) according to the weather
and soil conditions of the site.

Tree guard

During the first years the tree must
be tied in with a rubber tree strap to a
double or triple staking with a height of
1,20m as a temporary protection. Other-
wise, an underground anchorage system
can be installed, which serves as a short-
and long-term protection. In addition a
tree guard (cast iron) should be installed
to protect the stem as a bumper buffer
against vehicles and locked bicycles.

Tree grate

The tree grate is at the same height level
as the pavement. It can be manufactured
of different materials (cast or galvanized
iron) or a self-supporting grate, which can
be paved with natural/concrete stones or
slabs. Therollover capacity must be adapt-
ed to the use of the area. A specific cover

can reduce the grate opening, which is re-
movable with the trunk growth.

Sub-base and pavement

The sub-base and pavement has to be
calculated to the load class of the urban
use according to the guidelines PLAST
and FGSV RSTO 499. The pavement is at
the same height level as the tree grate.

Air void layer

The air void layer is open space between
the tree grate and the mulch layer, which
is positioned 100 mm below the grate.
Within that space, debris from the sur-
face can accumulate, which sometimes
heaves the tree grate if it is placed direct-
ly on the planting soil. With the air void,
the debris and dust causes no uneaven
pavement anymore and can be cleaned
regularly. Nevertheless, the opening of
the tree grate should be closed as much
as possible (e.g. with tree rings) that it is
not used as a trash bin. In addition the air
void is a protection for the exposed root
collar (transition of root system and stem).

Concrete bunker
The concrete bunkeris asquare curbstone
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between the base and the adjacent pave-
ment, which directs roots downwards to
prevent from growing into the sub-base
and heaving of pavement. The root ball
is positioned in the concrete bunker and
filled with planting soil.

Air and water inlet

The air inlet guarantees the gas exchange
of oxygen and the release of carbon di-
oxide and nitrogen between the soil and
the atmosphere. To guarantee the ver-
tical ventilation it must reach into the
structural soil. The horizontal exchange
operates through the two layers, aerat-
ed bearing layer and structural soil. The
air inlet can be a specific manufactured
component or an extended road gully,
a pipe (diameter of 200-300m) installed
vertically or an extended drain, which is
used for green roofs. In any case, the air
inlet must be perforated to guarantee
the gas exchange. It should also meet the
requirements of the load-bearing capaci-
ty. Additionally it serves as a water inlet,
which directs and distributes stormwater
into the layers. A filter must be installed if
stormwater from streets is intercepted to
remove pollutants and other contamina-

tions such as de-icing salt.

Planting soil

The planting soil is hosed into the com-
pacted structural soil. The mixture of
different soil types depends on the loca-
tion conditions and the requirements of
the infiltration capacity to prevent a too
high infiltration capacity and on the oth-
er hand excess water. The organic matter
should be between 1-3 percent in order
to secure an initial nutrient content. A
slow-release fertilizer should be added
during construction. The use of biochar is
a good possibility to increase the nutrient
and water holding capacity.

Geotextile

The Geotextile is laid on the aerated lay-
er to prevent fines (e.g. debris, waste)
from entering the voids of the aerated
layer and block them. It must be wrapped
around the air inlet and the concrete
bunker.

Aerated bearing layer (200mm)

The aerated bearing layer constructed
of 32-62 mm angular crushed rocks (e.g.
granite, recycled concrete) is laid on the

structural soil and compacted after instal-
lation. It serves for the upper load bearing
layer and the horizontal gas exchange.

Structural soil (600mm)

The structural soil constructed of 100-150
mm angular crushed rocks (e.g. granite,
recycled concrete) is laid and compacted
in layers of 200 mm. It serves as the main
load-bearing layer and provides voids for
the planting soil and root growth.

Geomembrane/ root barrier

The geomembrane must be installed ver-
tically between the advanced system and
the existing underground utilities (espe-
cially water pipes) to prevent roots from
growing into the pipes. If new pipes are
installed the geomembrane should be
wrapped around the pipes including a
warning tape.

Drainage pipe

The drainage pipe must be installed at the
bottom of the tree pit to discharge excess
water, especially in soil conditions with
a high clay content, where infiltration is
limited. The terrace should have a slight
slop of 1-2 percent towards the pipe.
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Fig. 6.09 The advanced system of urban tree pits

6.2.1 Further technical details

Rooting volume

The multilayer structure provides a root-
ing volume of minimum 80 cm depth. The
deeper the tree pit is, the more rooting
volume is available for the tree. Therefore
the depth of the structural soil could also
be increased. To create a natural rooting
volume, the individual tree pits should be
enlarged and connected as tree trenches.
Furthermore, the rooting volume should
be extended below the sidewalk and the
street as far as possible.

Infiltration
If the foundation of the nearest building
is not sealed waterproof, the distance
to the tree pits must be 1,5 times of the
depth of the foundation plus 50 cm, but
at least 6 m.

Crushed rocks

The layer of crushed rock must be angu-
lar crushed rock and not round to achieve
better interlocking and larger voids. The
rocks can be natural quarry stone such as
granite or limestone. It is also possible to
use mineral construction materials like
recycled concrete or bricks. Crushed into
the right size the recycled materials can

ADVANCED URBAN TREES

110



ADVANCED URBAN TREES

111

provide the same pores for rooting pur-
poses.

Water interception

The stormwater from roofs, sidewalks and
streets (with filter) can be intercepted. If
downspouts were disconnected from the
sewer system, they could be connect-
ed directly to the tree pit otherwise the
stormwater can run over the sidewalk
into the tree pit. To direct the stormwa-
ter from surfaces into the tree pit, sim-
ple open drain channels in the sidewalk
can be used. If stormwater from streets
is intercepted, the usually roadside gutter
should be disconnected from the water
system and connected to the air inlet of
the tree pit. In each case, the connected
area should be calculated to reach a suf-
ficient amount of collected stormwater.

There should still be a roadside gutter,
which is connected to the stormwater/
sewer system, if the system is saturated
with water and no further water can be
intercepted into the tree pit.

Adaptation in Urban Space
In terms of space requirement and design

the system can be adapted in every street
hierarchy and in the public open space
(e.g. plazas). Despite, it always must be
considered the pollution of the intercept-
ed stormwater. There are a variety of
tree grills and grades provided by numer-
ous producers. If the air inlet is included
in the system for the gas exchange, the
tree base can be completely closed, be-
sides the opening for the growing trunk.

Filter

For specific street hierarchies (more than
300 vehicles per day) a filter medium in-
side the air inlet has to be installed to pre-
vent pollutants being infiltrated into the
soil and washed into the groundwater.
If stormwater is contaminated by fuels,
petroleum or similar products, oil traps
must be used in the air inlet or in case
of water interception from streets inside
the roadside gutter.

In addition, a sludge bucket inside of
the air inlet, collects debris, sediments
and other materials with the flush of the
stormwater. It is accessible through the
usually removable stormwater cover and
can be cleaned regularly.

Trees

Due to climate change, non-indigenous
species need to be planted. It can achieve
a high biological and visual diversity in the
city. Trees should be planted with a trunk
circumference of minimum 20-25 cm. If
the size of the tree pit allows larger tree
sizes, it should definitely be considered to
plant a trunk circumference of 30-35 cm.
The pH may be affected by the used ma-
terial and must be considered for the
tree species selection. If recycled mate-
rials such as concrete or bricks are used
tree species should be planted which can
grow in more alkaline environment. The
tree species selection must also be adapt-
ed to the groundwater table. Where the
groundwater table in general is low, trees
should be planted which tolerate dry
soils.

In general, the trunk whitening for loca-
tions in cities is a good possibility to pro-
tect the tree trunk against solar radiation.
Within the tree nursery, trees stand rel-
atively close to each other, compared to
the street, where the distance between
trees is wider with the result of trunks
being highly exposed.



Construction Costs

Due to the longer construction process
(laying and compactionin layers, hosing in
of planting soil) the costs for the installa-
tions are higher for the advanced system
of urban tree pits than for normal tree
pits. Nevertheless, the materials, which
are needed for the advanced system are
common materials such as gravel layers
for frost blanket course and bearing lay-
ers, which are used in everyday construc-
tion sites in the City of Hamburg, only
with the difference of none zero-com-
ponents. Therefore, the procurement of
these materials is possible.

6.3 Maintenance

By combining street trees and stormwa-
ter management in one system both parts
must be maintained equally. It is really
important to have a capable and skilled
company, which is contracted to carry
out the maintenance for pruning, water-
ing and cleaning. Especially pruning must
be supervised in detail and done only by
professionals with the required certifi-
cates. Documentation and evaluation of

time, costs and results can help to adapt
the processes to achieve an economical
maintenance.

During the first two years, the trees must
be irrigated at least once a week until the
root system of the tree is established. It
can be accomplished manually on the
tree base by means of a circular mound
of earth at the edge of the root ball or
with water bags for automatic slow deliv-
ery irrigation. Irrigation with slow release
water bags is easier, faster and more ef-
ficient compared to manual irrigation on
the tree base. More water can be spread
over a longer period of time into the pit,
while filling the tree bag is done fast.

The irrigation will always be adjusted to
the temperatures, the wind and the rain-
fall. If there are persistent droughts and
high temperatures during the summer it
is recommended that irrigation is done
twice a week

Regular monitoring for maintaining road
safety must be carried out. It can be
expected that due to the good vitality
and growth capacity, the trees must be

pruned more often to ensure the vehicle
clearance on streets.

The air inlet and the air void layer must
be cleaned regularly of debris, dust and
waste to prevent clogging. Especially
during autumn: leaves start to fall and
can clog the drains. The filters used for
suspended solids have to be replaced
regularly depending on the product. The
devices should be easily accessible for in-
spection and maintenance. The tree grate
should be removable in order to clean the
air void layer and to plant a new tree if
needed.
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6.4 Key actors

To implement the advanced system of ur-
ban tree pits, the individual key actors of
both urban trees and stormwater man-
agement have to cooperate with each
other in the planning and implementa-
tion process.

The figure 6.10 was developed to show
that with the implementation of ad-
vanced system, there is a need of change
within the administrative, executive and
planning processes.

Planting new trees is the task of the de-
partment of Roadside greenery but with
the interseption of stormwater the de-
partment of Water management has to
be involved.

The same issue can occur for the con-
struction and maintenance of the ad-
vanced system.

The figure shows how the key actors
should be networked for the advanced
system. In the following paragraph the
changes and the further development of
interdisciplinary work of the key actors
for an implementation of the advanced

system are described in detail.

City’s Responsibility

By combining two groups of key actors,
the city does not only advise and consult
the planning and the implementation but
has especially to be in charge of coordi-
nating the different actors.

Besides having a specialist planner for
both scopes, there could be introduced
one general planner, who combines the
targets of the urban tree and the storm-
water management with an overall pro-
fessional knowledge could be introduced.
On the municipal level, a specific depart-
ment could serve for the inclusion. Espe-
cially for the monitoring and evaluation
of the advanced systems such profession-
al employees should be included into the
process.

The city should provide informa-
tion for them, such as tender spec-
ifications for the advanced system.

Public relations
As the city has already been doing, it
should continue to intensively inform the

citizens about the street trees, to increase
recognition and appreciation. However,
not only the city is responsible for public
relations but also the specialist planners,
working groups and associations.

Executive Companies and Planners:
Interdisciplinary Cooperation

The tasks and requirements of the key
actors correspond to those of Section
2.3 and 3.2. To meet the demands of the
trees and the stormwater management
together, the respective specialist plan-
ners must work together in an interdisci-
plinary interaction and exchange exper-
tise.

To simplify the planning process, the
concerns could be assigned on one spe-
cialist planner. For example Landscape
architects could play a central role, as
they have knowledge, understanding and
technical basics, regarding vegetation
and are also familiar with the design and
engineering of drainage and stormwater
management. Training, set precisely with
respect to both topics could be funded by
the city.



Construction within roads, including the
construction of rainwater devices may
only be performed by certified compa-
nies, which are mostly road and civil engi-
neering companies.

Landscaping companies deal with hard
and soft landscape and are often not cer-
tified for construction within the street,
especially in terms of stormwater devices.
However, there are (landscaping) compa-
nies that are allowed to cover and run
both sectors. These companies should be
in charge of construction of the advanced
system of urban tree pits.

The maintenance (pruning) of the trees
should remain in the hands of profession-
al arborists.

Monitoring and Evaluation

Primarily, the city’s department is re-
sponsible for monitoring and evalua-
tion. However, they can outsource these
tasks to external specialist planners.

Besides monitoring, it is more important
to observe the planning and the construc-
tion process in order to secure the techni-
cal function of the system.

For example professionals specialized on
tree planting should be supervising the
process of construction.

The certifications of each executive and
maintenance companies have to be prov-
en. Moreover, the arborist has to proof
the professional knowledge through cer-
tificates and experiences.

The amount of infiltrated stormwater
could should be evaluated corresponding
to the growth rate of the tree. The infil-
trated stormwater should also be tested
on pollutants regularly.

With a technical evaluation done by all
stakeholders, including a detailed docu-
mentation, the advanced system can be
gradually adapted and optimized gradu-
ally.

QOO0

Advising
Contracting
Influencing
Informing
Monitoring

Planning
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7 RESULTS AND DISCUSSION

The main target of this research was to
develop an advanced system, which in-
cludes both topics tree pits and decentral-
ized stormwater management in a dense
urban area like the City of Hamburg.

The three components trees, stormwa-
ter management and urban environment
were analyzed and evaluated equally.
Only by including all three components
on the same level, all demands could be
included in one system.

International systems that have already
succeeded in long-term implementation,
served as a basis for the development of
the advanced system. The findings could
be combined in a technical approach to
the advanced system of urban tree pits.

The overall analysis showed, that the cur-
rently used system for tree pits does not
provide ideal growing conditions for ur-
ban trees. The main issue of compact soil
can be solved with extensive technical
adaptations and structural changes by an
advanced system. Therefore, urban trees
and especially street trees can be offered
an improvement of growing conditions.

With the application of proper materials,
trees can also be part of the solution for
stormwater management by intercepting
stormwater into the tree pit. Therefore
multiple effects can be achieved: cleaning
of stormwater, natural irrigation, storm-
water retention and delayed discharge.

In addition, urban trees growing in the
advanced system can also be part of
the solution within the climate change
through for example shade, living space
and transpiration.

7.1 Results and research questions

As a result of good growing conditions in
advanced tree pits, trees will continuous-
ly be shaping the urban landscape over
decades.

Looking back, the result of the advanced
system of urban tree pits it provides facts
and answers of the assumption and the
research question of the first chapter.

1. How can street trees be offered

species-specific growth conditions in
highly dense urban space?

The advanced system displays that trees
can be offered good growing conditions
within the urban area. With the use of the
correct material and construction meth-
od, the natural demands of trees can be
met. Based on the analysis, the main is-
sue of urban trees is the compressed soil/
substrate, which effects many properties:
moist and water content, infiltration ca-
pacity, gas content and nutrient avail-
ability of the soil. The installation of a
skeleton system can provide the needed
load-bearing capacity for traffic and open
space use, as well as voids with loose
planting soil for root growth.

In addition, each location is different and
therefore the numerous conditions such
as climatic impact (sun, wind, rain), ur-
ban use, adjacent buildings and vegeta-
tion, underground facilities, existing soil
composition, the pH-value and the water
table have to be analyzed in detail. Only
then, a specific adapted mixture of dif-
ferent soil types (sand, clay) and organic
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content can be created and installed as
planting medium/ substrate in the tree

pit.

Furthermore, different tree species can
tolerate and withstand diverse con-
ditions, especially within the climate
change. A careful selection of species
based on knowledge about plant science
and experiences of researches (climate
trees) will show a long-term success in
growth.

Finally, the use of stormwater can mini-
mize the lack of water in urban soils and
at the same time become a part of storm-
water management by treating (infiltrate,
retain and clean) stormwater on site in a
natural way within the urban environ-
ment. In an advanced system of urbn
tree pit, trees can be offered naturalistic
growing condition in dense urban areas.

2. What technical requirements must

be met in order to intercept stormwa-
ter in the street tree pit?

First of all, the interception of stormwa-

ter itself is technically simple. Stormwa-
ter from roofs, sidewalks and streets can
be used. The stormwater from roofs can
be directed into the tree pit through a
pipe connected to the downspout. If the
stormwater from downspouts is flushed
on the sidewalk, it can also be collected
from these surfaces by open drain chan-
nels and intercepted into a drain gutter
cover. The existing roadside gutter should
be disconnected from the sewer network
and connected to the air inlet of the tree

pit.

The distribution of the intercepted storm-
water is solved through the air inlet and
the use of structural soil and uncompact-
planting soil. After the stormwater enters
the perforated air inlet, it runs through
the holes into the planting soil in the
structural soil and gets naturally distrib-
uted by infiltration. A perforated pipe at
the bottom of the tree pit drains excess
water.

If the system is filled up and saturated
with water during a (heavy) rainfall, the
stormwater, which cannot be intercept-
ed will be intercepted by the roadside

gutters, which are still connected to the
stormwater/ sewer system. Due to the
geotextile, no soil or other materials, can
be flushed out of the tree pit system.

Itisimportant to remove debris and waste
from the stormwater through a sludge
bucket in the air inlet. Furthermore, spe-
cific filters must be installed inside the air
inlet and the connected roadside gutter
to remove pollutants and contamination.
These filters must be exchanged regular-

ly.

3. Which components of international
implemented systems of tree pits can
meet the demands of street trees,

the decentralized stormwater man-
agement and the urban conditions in
Hamburg?

The international case studies supported
the development of the advanced system
of Advanced Tree Pits. Several compo-
nents such as layers and their materials
could serve as a basis and were also inte-
grated into the advanced system.



The study of the Stockholm Solution has
many useful technical components. In ad-
dition, the currently used German system
by the FLL, already offered a very good
structure, which was improved combin-
ing the results of the Raingardens in Mel-
bourne, the structural soil in New York
and the Cell system in Toronto.

The results of all case studies brought up
two main (theoretical) elements: Gas ex-
change and water. These two elements
were transformed into technical solu-
tions and gave a start for the develop-
ment of the advanced system. The sys-
tems, shown in the case studies provided
different conclusions about the function-
ality of the various components. The eval-
uation of the different components made
it clear, that some parts were not useful
for the specific demands in the urban use.
On the other hand, most of the compo-
nents were useful and supported the de-
velopment of the advanced system.

The technical components integrated in
the advanced system are connected with
each other. Through the load bearing
layer (structural soil) uncompact plant-

ing soil can be offered for roots growth
and stormwater infiltration. The vertical
and horizontal gas exchange functions
through the air inlet and the aerated
bearing layer. Stormwater is intercepted
by the air inlet and distributed in these
layers. The geotextile and the geomem-
branes protect the system and adjacent
underground facilities. The tree guard,
tree grate and the concrete bunker serve
as protection for a save urban use. The
watering bag simplifies the manual irriga-
tion.

Through the integration of all the de-
mands, the system was not developed
into one direction but adapted to achieve
best conditions for all three topics: trees,
urban environment and stormwater man-
agement.

4. What legal framework and German
guidelines must be applied to the ad-

vanced system of tree pits for street
trees?

The main framework is set by the federal
laws to protect the soil, the groundwater

and the water bodies.

e Federal Soil Protection Act (2015)

e EU Water Framework Directive 2000
Water Act (2016)

Federal Act for the Protection of Nature
(2009)

Furthermore, the laws given by the mu-
nicipality, in this case of the City of Ham-
burg must be applied as well. They mainly
regulate the treatment of stormwater for
infiltration to protect the natural resourc-
es (soil, groundwater, water bodies).

e Hamburg Sewage Act (2013)

e Hamburg Act of Execution of the Fed-
eral Act for the Protection of Nature
(2010)

In addition, there are several guidelines,
which are not legally binding. But the de-
velopment of the system is also based
on these guidelines (see attachment) be-
cause they display know-how, which has
been gained over years of experience.
The work especially with soil and plants
including the maintenance is regulat-
ed and the technical requirements for
stormwater infiltration are specified. The
main guidelines, which influenced the ad-
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vanced system of urban tree pits are:

e DIN 18915: Vegetation technology in
landscaping: Soil working (2002)

e DIN 18916: Vegetation technology in
landscaping: Plants and plant care (2002)
e DWA-A 138: Planning, construction
and operation of stormwater infiltration
systems (2005)

e FGSV 950: Instructions for infiltration
of stormwater in street space (2002)

e FGSV 939: Data sheet for trees, under-
ground pipes and sewers (2013)

e FLL part 1: Recommendations for tree
planting: Planning, planting and mainte-
nance (2015)

e FLL part 2: Recommendations for tree
planting: Preparation of the planting bed,
structure and substrates (2010)

e FLL: Requirement for stormwater infil-
tration and retention (2004)

5. Who is involved and which respon-
sibility do these actors assume in the

planning and implementation process
of advanced tree pits?

Toimplement and integrate the advanced
system of urban tre pits four groups of

key actors have to work interdisciplinary:
The administrative part, which displays
the city/municipality, the executers, the
specialist planners for the urban trees
and for stormwater management.

The city as the main key actor has the
highest responsibility. On the one hand, it
is in charge of as a planner or as a consul-
tancy, but especially through the political
statement. The promotion of the impor-
tance of trees and green urban network
enables the financial background and the
public awareness.

The city should also coordinate the differ-
ent departments and specialist planners
or even introduce a specific department
including planners with overall technical
knowledge about trees and stormwa-
ter management. For a proper process
of planning, construction, monitoring
and evaluation, a combined understand-
ing of both topics must be required and
achieved.

Especially the executers must hold the
certificates to be allowed to carry out
construction on both vegetation and

stormwater devices within the street. It
is important, that they have the under-
standing and the sensibility for the mate-
rials, especially for the trees and how to
handle and protect their properties.

Furthermore, the advanced system of ur-
ban tree pits must be especially promot-
ed to the planners of urban trees.



7.2 Limits, possibilities and benefits

Trees in the urban environments will re-
main a challenge. The quantity of plant-
ed trees is not the essential criteria; the
most important aspect is the actual quali-
ty of each tree and the success of planting
and growing.

Planting additional trees should not be
enforced. In an environment where the
above surface space is confined and the
underground space is highly populated
by pipes, tree plantings should be recon-
sidered in every case. Even the advanced
system of urban tree pits cannot serve as
solution for such locations.

Green infrastructure, like street tree
plantings should be rather included in the
initial phase of the municipal develop-
ment plans. Therefore, the demands and
benefits of street trees should always be
the priority and be reflected by all stake-
holders in the planning phase.

The installation of the advanced sys-
tem of urban tree pits can be particu-
larly intensive. Due to the size in width
and length the construction sites can be
time-consuming with temporary restric-
tions for traffic. However, when tree pits
are planned in advance, they should not

be implemented and installed as individ-
ual tree pits, but as tree trenches. As a
result, there would only be one construc-
tion site at once with less restriction for
traffic, instead of several sites in different
time periods. This can save costs, simpli-
fies the construction process including
the material delivery and installation in
larger quantities.

The underground facilities in the soil have
been an obstacle for the currently used
system of tree pits and also are for the
advanced tree pits. If pipelines, which lie
within the tree pit construction, have to
be maintained or repaired the excava-
tion of the overlying materials is labor
intensive. Each layer must be removed
individually and also must be reinstalled
appropriately. The risk of compaction of
the different layers (e.g. planting soil) can
probably not be avoided. It is important
to ensure that pipelines are actually laid
in pipeline routes outside the tree pit.
Already during the planning process for
tree pits, it should be considered not to
extend the tree pit towards or even into
pipelines.

The filter in the street inlets must be

changed regularly (depending on the
product), which increases the mainte-
nance. Skilled employees must change
the filters to guarantee a proper function,
which arises costs. A detailed concept
based on the different street hierarchies
can plan the maintenance (change of fil-
ters) sustainable and more efficient.

Stormwater from street surfaces is part of
the municipal water management, which
also must be involved, if the stormwater
is treated decentralized and intercepted
into the tree pit. This could be a difficult
process in terms of planning, construction
and the cooperation of the individual de-
partments. Specialists must be involved,
who are equipped with both fundamen-
tal knowledge about tree planting and
stormwater devices.

The total construction costs seems to be
higher for the advanced system as for a
normal tree pit. But since the tree has a
longer lifetime with an advanced tree pit,
the costs will be paid off in the course of
time.

Nevertheless, all these challenges can be
handled with specific information, knowl-
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edge and consideration in the interdisci-
plinary planning process by the city and
specialists. The advanced system of urban
tree pits have many benefits and sustain-
able effects in terms of ecology, economy
and architecture design.

Due to the extended rooting volume with
uncompact soil, an almost unrestricted
root growth especially in the fine range is
possible. By uncompact soil, an adequate
supply of nutrients, gases and water is
guaranteed for the trees. Advanced tree
pits provide very natural growth condi-
tions: If the tree pits are designed as tree
trenches, trees are able to communicate
and interact with one another like in na-
ture.

Decisive for the good growth is the gas
exchange. The guideline FLL already pro-
vided such recommendations but a pro-
found aeration is only effective, if it is also
distributed in a horizontal layer with the
use of angular crushed rock. The aeration
is a simple system with highly functional
effect for the trees.

Besides the pipes, the air inlet with the
filter, the geomembranes/textile and the

concrete bunker, the entire layer struc-
ture is based on natural materials. There
is no further artificially manufactured
product from plastic or concrete installed
into the ground. Therefore, the advanced
system is sustainable because the raw
material can be supplied continuously
and there are no further dependencies
on individual manufacturers.

The general repair work is diminished
significantly. Through deep root growth
there is no longer problems with pave-
ments being heaved or broken by superfi-
cial roots. Since roots have adequate root
volume and existing nutrients in deep lay-
ers, also root growth into pipelines can be
prevented. Proper water flow is guaran-
teed and the cost intensive pipe cleaning
can be avoided.

The City of Hamburg could include the
advanced system as an additional re-
quirement for building permissions. An
examination of the various criteria for
possible infiltration of stormwater in
advanced tree pits should be manda-
tory included in the planning process.

The good vitality of the trees prevents

from dying and falling branches. There-
fore, the regular tree control can be car-
ried out more quickly and save costs,
since intensive monitoring and evaluating
of damages on the trees is no longer nec-
essary. Advanced urban trees can meet
the expectations (e.g. oxygen production,
habitat for small creatures, providing
shade) and have a significant contribu-
tion to the challenge with climate change.

The advanced system is ideal for public
spaces and streets with only pedestrians
and light traffic (up to 300 vehicles/day).
The intercepted stormwater of this street
hierarchy has a low pollution and can be
removed by filters, which therefore have
to be removed less often. For higher pol-
lutions the filter and its exchange have to
be adjusted.

The advanced system can also be used
without the interception of stormwater.
For example, in areas where the storm-
water drainage is already attached to a
sustainable decentralized stormwater
management. The system is built up in
the same way only without the drainage
pipe at the bottom of the tree pit.



If tree pits are installed during large
street constructions, the cost factor is rel-
atively small for the tree pits in compar-
ison to the development and construc-
tion of street and underground facilities
(DrieRelmann 2016). Due to the positive
financial situation of the City of Hamburg,
it should be invested more in the imple-
mentation of street trees. An integration
of the system in urban standards would
be a step towards sustainable street tree
design and planning.

For the advanced system, the grain sizes
of the aerated bearing (32-64 mm) and
the structural soil (100-150 mm) layer
were chosen according to the positive ex-
periences of the Stockholm Solution. The
implementation of the advanced system
in the City of Hamburg and Germany in
general is possible in terms of availabili-
ty of these grain sizes in German gravel,
sand and grit plants. In addition, the grain
size for the structural soil still has a good
workability and form voids after com-
paction which are still large enough for
growth of strong roots (Moser 2016).

7.3 Outlook and further research

According to the Practical Guidance of
Execution of Tree preservation order of
Hamburg, street trees have a low habitat
function because of their location. In my
opinion, this statement is controversial,
based on all guidelines, which particularly
emphasize street trees and their positive
impacts. The general protection times
from October to March for maintenance
and pruning should also be respected for
street trees in terms of species protection
(mainly because of the birds). The prun-
ing for safety reasons should remain ex-
clusive.

In the City of Hamburg, within the next
decade, there will probably be numerous
locations where new trees will be plant-
ed. For example, the chestnuts will start
to disappear from the cityscape because
of the effects of the leafminer (decrease
of tree vitality and more vulnerable to
other parasites). This will result in re-
placement plantings in many streets. For
example the AmselstraRe (residential and
access street) in Hamburg Nord: 17 horse
chestnut trees (Aesculus hippocasta-
num), planted between 1906 to 1965,
are probably infested by the leafminer. If

these trees will be felled in the future due
to bad vitality and breaking branches, it
will be a serious ecological loss. However,
this could also be an opportunity for new
trees in an advanced system.

If somewhere in future, a disease or a
pest infects lime trees in Hamburg and
thousand of trees would start to decrease
in health. Particularly old trees with a
high ecological value will probably not be
replaced fast enough to compensate the
ecological loss. Therefore more non-in-
digenous species should be considered
planting.

An interdisciplinary cooperation of pro-
fessional groups is indispensable at a
municipal level. At the international
level, an intensive exchange about ad-
vanced tree pits should be promoted
further on, as well as the sharing of ex-
periences and to promote the further
development of the advanced system
should be pursued more intensely.
For the city of Hamburg, a first implemen-
tation could be a start of an experiment
of testing the effect under given condi-
tions. This could also clearly determine
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the costs of the construction of the ad-
vanced system.

In addition, the City of Hamburg could
define suitable locations for advanced
urban trees based on the tree database.
According to the defined conditions,
which must be analyzed before planning
and installation, this map would already
show, where the advanced system could
be applied and would simplify the overall
planning process.

Further research projects could inves-
tigate and document in detail different
characteristics of the advanced system
like root growth, nutrient availability,
water and air capacity in the soil. The fol-
lowing questions could be investigated:

1. How much water can actually be in-
tercepted and taken up depending on
the size of the tree pit and the effect
it has on the sewage system?

2. What environmental impacts do
non-native tree species have on the
native flora and fauna?

3. How intense are the positive influ-
ences of street trees within the cli-
mate change?

4. Which grain size of the structural
soil is most suitable for root growth?

Only experiences in practical work in-
cluding failure lead to gained knowledge
whether the advanced system urban tree
pits requires further adjustments to pro-
vide urban trees good growing conditions
rich in nutrients, gas and water in ex-
treme locations.



8 APPENDIXES
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8.1 Comparison of the chosen case studies and the German system of FLL
ROOTING
VOLUME

NAME OF THE
SYSTEM

CITy,
COUNTRY

MATERIALS STORMWATER
(LAYERS FROM TOP TO BOTTOM) FLAGTITRE Efo: FILTER

Stockholm Solution @ Stockholm, ¢80 cm Two layers: * No extra filter
Sweden e e el e a2t Different mixtures of planting sof : Soi functions
Tree pit in- mm angular crushed rock Biochar as a nutrient- and lutants
water-holding component
creased under "
sidewalk Structural soil: 100-150 mm « Clay content minimum 4 wt-%
CUEUCIREE LR IEEAIE - o Organic matter (humus) maximum 3-4 wt-%
planting soil e Slow release fertiliser 100 gr/m2”
CU Structural New York City, : ® 60-90 cm Two layers: e Clay content minimum 20 wt-%
Soil ™ USA ¢ Bark mulch layer e Organic matter maximum 2-5 wt-% (CU ¢ No extra filter
e 1,9-3,8 cm crushed rock with 2005) ¢ Soil functions
Tree pit in- planting soil and tackifier e Organic matter maximum 7-12 wt-% (NYC as filter for pol-
creased under 2014)” lutants”
sidewalk
Raingarden Melbourne, ¢80 cm Five layers: e Clay content 2-4 wt-%
Tree Pits Australia * Raingardens * Organic matter 4-5 wt-% * No extra filter
e Rocky mulch layer e Filtration layer:
e Filtration layer: 80% loamy soil functions as
Sand, 10% vermiculite and 10% filter for pollut-
perlite by volume+ composte ants
e Transition layer: coarse sand
¢ Drainage layer: fine and clean
washed gravel of 2.5 mm
Crate System Toronto, * 40-120 cm * One to three layers of cells Uncompact planting soil: 90% of svstem space ¢ No extra filter
Canada I e re ey | filled with 70-85 vol-% sand pactp § sofl: 5970 O sy P e Filtration layer:
(grain size of 0,05-2,0 mm and e Clay and silt: 15-30 vol-% “ soil functions as
Tree pit in- 15-30 vol-% clay and silt (<0,05 filter for pollut-
creased under [T ants
sidewalk e Settling tank
FLL: Recommen- Hamburg, Two layers e Organic matter 1-4 wt-% -
dations for tree Germany e mixed crushed rock 0/16 bis

planting, Part 1
and 2

Trench aeration

and connection
of tree pits

0/32mm with . )
Drainage pipe

Table 8.01 Comparison of the chosen case studies and the German system of FLL
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WATER
INTERCEPTION

¢ Inlet on streets
and sidewalks

e Water from
roofs, sidewalks
and streets

GAS EXCHANGE

Air inlet which

serves for gas
exchange

e All street hirachies

e Open space, plazas,
sidewalks

e Variety of tree grates
and tree guards

ADAPTION IN
URBAN SPACE

High diversity
through indige-
nous species

Tree size: trunk
circumference
30- 35cm

CONSTRUCTION PROCESS

e Constructed in layers of
250 -300 mm

Compact structural soil be-
fore adding planting soil

Complete tree pit prepara-
tion during
road construction

CosTS

In total: € 12,500
* £6,250 for the
tree pit

® € 6,250 for the
design

FURTHER

INFORMATION

Watering bags for irrigation

Concrete bunker to direct
roots downwards

Tree guard and
tree grate

Geomembrane+
geotextile

e Through
tree base and
pearmable
surface

e All street hirachies
¢ Open space, plazas,
sidewalks

High diversity

through indige-
nous species

e Mixed prior installation

Tree guard and
tree grate

From streets,

sidewalks and
roofs

e Stormwater
retention ,layer”

e Through tree
base

¢ All street hirachies
e Open space, plazas,
sidewalks

Removable rings for

trunk growth

e High diversity
(biolocial and visual)
through indigenous
species

* £2.800-5.500
main part of the
costs are for

the tree pit lid,
bollards and tree
guard

Drainage of tree pit
through
drainage pipe

Tree guard and
tree grate

Geomembrane/ root
barrier

e Inlet on streets
e Water from
roofs, sidewalks
and streets

e Perforated
pipes upt to a
depth of 1,50m
® Trench aera-
tionupto5m
lenght and 30
cm width

e All street hirachies

* Open space, plazas,
sidewalks

e Variety of tree grates
and guards

No compaction of
planting soil

Watering bags for
irrigation

Drainage of tree pit
through
drainage pipe

o All street hirachies

e Open space, plazas,
sidewalks

e Variety of tree grates
and guards

e Mainly indege-
nious species, but
more and more
non-indegenious
(climate adapted)
trees

e Installed in two layers,
compact each layer

e € 2.500-3.500

Vertical aeration

Tree guard and grate




8.2 Contact persons

THE CITY OF STOCKHOLM

Bjorn Embrén

Bjorn Embrén is a gardener and has been
working for the City of Stockholm. Since
2001 he is responsible of the urban trees
in the city as a tree specialist.

Britt-Marie Alvem

Britt-Marie Alvem is a landscape architect
and is working for the City of Stockholm
since 1997. In the beginning, she was re-
sponsible for urban greenery and road
design and since 2007 she is in charge of
street trees with Bjoérn Embrén.

In Stockholm, on August 24th 2016, | in-
terviewd Britt-Marie Alvem and Bjorn
Embrén. Together, we were visiting nu-
merous locations of stree trees, which
are growing in structural soil and con-
structions of street tree retrofits with
plant bed renovation.

Thilo Beeker joined our excursion. To-
gether they provided information, which
is detailed summarized in Chapter 4 Case
Studies, Section 1 Large-size Stones:
Structural Soil in Stockholm, Sweden.

NORDIC TREE CARE

Thilo Beeker

Thilo Beeker is an arborist born in a Ger-
man tree nursery and is the founder of his
company Nordic Tree Care in Stockholm
which is specialized in tree care, pruning,
felling, tree broker and planting, inven-
tory and inspection, as well as educa-
tion and training. Thilo Beeker has been
contracted by the City of Stockholm, for
caring and pruning trees, and also for
purchasing and choosing trees in tree
nurseries in North Germany. He has been
working in collaboration with Bjorn Em-
brén and Britt-Marie Alvem.

Fig. 6.11 Thilo Beeker, Britt-Marie Alvem and Bjérn Embrén

STOCKHOLM VATTEN

Joakim Pramsten and Eva Vall

Joakim Pramsten and Eva Vall are work-
ing for Stockholm Vatten, which is the
Water Supplier and Wastewater Disposal
Company for the City of Stockholm.

The target of the contact was to under-
stand the function of the water system
in the City of Stockholm, especially the
water diversion from the roofs through
open downspouts on the sidewalks and
streets. In addition, the influence of wa-
ter interception in street trees in context
of decentralized stormwater manage-
ment was pointed out.

They provided information by email
(08/30/16 and 09/01/16) about the
drinking water and wastewater system,
the fees and decentralized stormwater
management.

The information is described in detail in
Chapter 4 Case Studies, Section 1 Large-
size Stones: Structural Soil in Stockholm,
Sweden in the Paragraph Water System
of the City of Stockholm
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CiTYy OF HAMBURG: BOROUGH OF
WANDSBEK

Uwe DrieBelmann

Uwe DrieRelmann is responsible for the
roadside greenery in the borough of
Wandsbek in the City of Hamburg, in the
office for economy, constructin and traf-
fic, Management of urban space (Bezirk-
samt Wandsbek Dezernat fur Wirtschaft,
Bauen und Verkehr, Management des
offentlichen Raumes, StraRengriin).

In Hamburg, on September 28th 2016, |
interviewed Uwe DrieBelman about the
general topic of urban trees and the task
of the borough, and in detail of his posi-
tion. The target of the interview was to
constitute the function and task for the
boroughs and the offices in the process
of planning and implementation of stree
trees.

The information of the interview are de-
tailed summarized in Chapter 5 Existing
conditions in the City of Hamburg, Ger-
many, Section 1 Trees urban conditions
and its effects and Section 4 (Storm)Wa-
ter System and sustainable strategies.

BAUM-MANAGEMENT HAMBURG

Volker Wahli

Volker Wahli is biologist and technical ex-
pert for trees. He founded his company
Baum-Manamgement Hamburg in 2007
and is specialized in tree inspection, in-
ventory, assessment, monitoring and
consulting of constructions.

Georg Geiger
Georg Geiger (employee) is a specialized
agronomist for trees.

Katja Kahle
Katja Kahle (employee) is an architect
and a certified tree inspector.

On August 1st 2016, in Hamburg, | in-
terview the team of Baum-Management
Hamburg. The purpose of the interview
was to work out the existing condition
and overall vitality of street trees in the
City of Hamburg, especially in regard of
climate change. The interview pointed
out their responsibility and task in cor-
relation with the City of Hamburg.

The summary of the interview is attached
in the following Chapter 8.2.1.

Fig. 6.12 Volker Wahli, Georg Geiger and Katja Kahle



8.2.1 Interview with Baum-Management Hamburg: Volker Wahli, Georg Geiger and Katja Kahle, August 1st 2016

Trees in Hamburg

The office Baum-Management Hamburg is specialized in tree in-
spection, inventory, assessment, monitoring and consulting of
constructions and they are contracted by public institution (e.g.
municipiality, communes, schools and kinder gardens, fire depart-
ment) in regard to trees on public space and along streets, and
also by the private sector (e.g. private persons, housing associa-
tions, companies which/who own properties with trees).

The street trees are controlled mainly for traffic safety and life
protection with suggestion for the following treatment such as
pruning or felling. The trees are characterized and analyzed in
detail about pests and mechanical damage. The second target of
tree maintenance is the tree vitality and the design of the tree. Ur-
ban trees in the City of Hamburg have a good vitality due to good
maintenance.

There are cities in Germany that have their own tree inspectors
and arborists but many cities contract external certified profes-
sionals according to the required guidelines such as FLL.

In the City of Hamburg, there is a high quality of tree management
based on the specialized people working in the district offices. The
main guidelines for tree maintenance and inspection are for ex-
ample FLL 2010 and FLL 2015. The actual pruning of trees is super-
vised by the city itself or by the tree inspector.

Less trees should be planted but with high growing conditions. If
trees are felled, the quantity of the compensation planting is set by

the City of Hamburg. It should be avoided to squeeze all required
trees on the property but rather plant less with a higher standard.
The trees species are chosen according to the list of the office dis-
tricts (FHH 2015b attachment 1, p.35ff).

Climate adapted trees

That list displays native tree species which fit in the existing eco-
system in terms of living space and feed for animals. Nevertheless,
Baum-Management Hamburg also tries to plant exotic trees in co-
ordination with the offices. More exotic species should be planted
to increase the biodiversity. The native species are still suitable for
tree planting within cities and if more sensitive trees are planted,
it must be provided a better tree pit and surrounding.

Different tree species should be planted within one street to pre-
vent a loss of all trees due to a pest.

Growing conditions for urban trees
In cities, trees are crammed into a tiny tree pit far from natural
growing condition compared to the forest.

The sealing around the trees should be reduced and changed into
open surface such as soil with plants to achieve a supply of nutri-
ents. The more space, nutrients and water is available for roots
underground, the less they grow into pipes.

The main issue for the tree is the sealed basement of the tree. If it
is an open tree basement (soil and vegetation), most of the times
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it is too small for a sufficient gas exchange with the atmosphere.

Fine roots are mainly growing in deeper layers, after the tree has
developed a root system within a few years. Therefore, vegetation
at the tree basement is not a competitor for the tree in terms for
nutrients and water. The tree takes up these resources from much
deeper layers. The vegetation rather loosens up the upper layers
of the soil with its roots.

On the other hand, nutrient-rich planting soil should be supplied
in deeper layers to encourage them to grow deeper and not su-
perficially. Therefore the tree basement should be constructed for
example, as water bound surfaces. But in this case, the tree base-
ment must be compact and the tree pit is compact again. For the
urban environment it is not easy to find the best tree basement.

The more natural the tree basement in terms of open soil for gas
and water exchange, the better for the tree vitality. In most cases
in cities, this area is quite too small.

De-icing salt is a high problem (marginal brown area of leaves) and
has to be minimized to sustain the vitality of the urban trees.

If water is infiltrated into the tree pit it is important that the tree
species is chosen according to their tolerance.

The appreciation of urban trees should be increased in general.

The Stockholm Solution
The size of the tree pit of the Stockholm Solution is immense and
could be a problem for implementation in the City of Hamburg.

It could be possible to connect the downspouts directly to the tree
pit to intercept the stormwater from the roofs. In addition, it must
be ensured that the roots are not growing into the air inlet.

The structural soil serves as a good supply of voids which are filled
up with umcompact planting soil. Nevertheless, the planting soil
must be kept in the voids and not washed out through intercepted
stormwater.

There are specific soil types, which can hold nutrients and water to
ensure a sufficient supply for the roots and the tree. It also must
be guaranteed that the intercepted water is not washing out the
nutrients with the planting soil.

To conclude, the idea to try out a new systems is a good start in-
stead of only installing some compact planting soil in the tree pit
like it is done at the moment.



LEGALLY BINDING

8.3 Legal framework and guidelines for tree planting

TITLE (GERMAN)

Bundesnaturschutzgesetz (BNatSchG): Gesetz liber Naturschutz und
Landschaftspflege

TITLE (ENGLISH)

Federal Act for the Protection of Nature

Hamburgisches Gesetz zur Ausfiihrung des Bundesnaturschutzgesetzes
(HmbBNatSchAG)

Hamburg Act of Execution of the Federal Act for the Protection of Nature

Baumschutzverordnung (BaumschutzVO) 1984

Tree preservation order by the City of Hamburg

FHH. 2015 - Arbeitshinweise zum Vollzug der Baumschutzverordnung
und der dabei zu beachtenden artenschutzrechtlichen Vorschriften

Practical Guidance of Execution of Tree preservation order of Hamburg

FHH. 2000- Informationen zum Baumschutz

Datasheet of Tree preservation by the City of Hamburg

DIN 18915. 2002: DIN 18915- Vegetationstechnik Im Landschaftsbau:
Bodenarbeiten.

DIN 18915. 2002: DIN 18915- Vegetation technology in landscaping- soil
working”

DIN 18916. 2002: DIN 18916- Vegetationstechnik Im Landschaftsbau:
Pflanzen Und Pflanzarbeiten.

DIN 18916. 2002: DIN 18916- Vegetation technology in landscaping-
Plants and plant care

DIN 18920. 2014: DIN 18920- Vegetationstechnik Im Landschaftsbau
- Schutz von Baumen, Pflanzenbestanden Und Vegetationsflachen Bei
BaumaRnahmen.

DIN 18920. 2014: DIN 18920- Vegetation technology in landscaping
- Protection of trees, plantations and vegetation areas during construc-
tion work

FLL. 2010: FLL-Empfehlung Fir Baumpflanzungen Teil2: Standortvorbe-
reitungen Fir Neupflanzungen; Pflanzgruben Und Wurzelraumer-
weiterung, Bauweisen Und Substrate.

FLL. 2010: Recommendation for tree planting, part 2: Preparation of the
planting beed, structure and substrates

FLL. 2015: FLL-Empfehlung Fir Baumpflanzungen. Teill: Planung, Pflan-
zarbeiten, Pflege.

FLL. 2105: Recommendation for tree planting, part 1: Planning, planting
and maintenance

FGSV 232. 2006: Hinweise zur StralRenbepflanzung in bebauten
Gebieten

FGSV 232. 2006: Instructions for road planting in built-up areas

FGSV RSTO 499. 2012: FGSV 499 RStO: Richtlinien Fur Die Standardis-
ierung Des Oberbaues von Verkehrsflachen.

FGSV RSTO 499. 2012: Guidelines for the standardisation of pavement
structures of traffic areas

FGSV 939. 2012: Merkblatt Baume, unterirdische Leitungen und Kanale

Table 8.02 Legal framework and guidelines for tee planting

FGSV 939. 2012: data sheet for trees, underground pipes and sewers
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LEGALLY BINDING

8.4 Legal framework and guidelines for stormwater treatment and management

TITLE (GERMAN)

Gesetz zum Schutz vor schadlichen Bodenverdanderungen und zur San-
ierung von Altlasten (Bundes-Bodenschutzgesetz - BBodSchG)

TITLE (ENGLISH)

Federal Soil Protection Act

EG-Wasserrahmenrichtlinie (EG-WRRL)

EU Water Framework Directive (WFR)

Wasserhaushaltsgesetz (WHG)

Water Act

Hamburgischen Abwassergesetzt (HmAbwG)

Hamburg Sewage Act

Baugesetzbuch (BauGB)

Building Code by the City of Hamburg

Verordnung Uber die erlaubnisfreie Versickerung von Niederschlag-
swasser auf Wohngrundstiicken: Niederschlagswasserversickerungsver-
ordnung

Stormwater Infiltration Regulation by the City of Hamburg

DIN 1986-100. 2016: Entwasserungsanlagen fir Gebdude und Grund-
stiicke - Teil 100: Bestimmungen in Verbindung mit DIN EN 752 und
DIN EN 12056

DIN 1986-100. 2016: Drainage systems on private ground - Part 100:
Specifications in relation to DIN EN 752 and DIN EN 12056

FLL. 2004: Empfehlungen zur Versickerung und Wasserriickhaltung

FLL. 2004-Requirement for stormwater infiltration and retention

DWA-A 138. 2005: Planung, Bau und Betrieb von Anlagen zur Versicker-
ung von Niederschlagswasser

DWA-A 138. 2005: Planning, construction and operation of stormwater
infiltration systems

FGSV 514. 2016: Richtlinien fir bautechnische MaBnahmen an StraRen
in Wasserschutzgebieten

FGSV 514. 2016: Guidelines for constructions on streets in water pro-
tection areas

FGSV 548. 1993: Hinweise an bestehenden StraRen in Wasserschutzge-
bieten

FGSV 548. 1993: Notes for constructions on existing roads in water pro-
tection areas

DWA-A 153. 2012: Handlungsempfehlung zum Umgang mit Regenwasser

DWA-A 153. 2012: Recommendations for handling with stormwater

FGSV 950. 2002: Hinweise zur Versickerung von Niederschlagswasser im
Stralenraum

FGSV 950. 2002: Instructions for infiltration of stormwater in street space

PLAST. 2013: Planungshinweise fiir StadtstralRen in Hamburg

Table 8.03 Legal framework and guidelines for stormwater treatment and management

PLAST. 2013: The Hamburg planning notes for city street
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TECHNICAL DETAILS

Layers, components and their materials

Watering bag

Watering bags are wrapped around the trunk and filled with
water (~ 90 Liters/bag) serve for slow release irrigation (5-10 h)
through the micro release points at the bottom. They must be
filled regularly (1-2x per week) according to the weather and soil
conditions of the site.

Tree guard

During the first years the tree must be tied in with a rubber tree
strap to a double or triple staking with a height of 1,20m as a
temporary protection. Otherwise, an underground anchorage
system can be installed, which serves as a short- and long-term
protection. In addition a tree guard (cast iron) should be in-
stalled to protect the stem as a bumper buffer against vehicles
and locked bicycles.

Tree grate

The tree grate is at the same height level as the pavement. It can
be manufactured of different materials (cast or galvanized iron)
or a self-supporting grate, which can be paved with natural/con-
crete stones or slabs. The rollover capacity must be adapted to
the use of the area. A specific cover can reduce the grate open-
ing, which is removable with the trunk growth.

Sub-base and pavement

The sub-base and pavement has to be calculated to the load
class of the urban use according to the guidelines PLAST and
FGSV RSTO 499. The pavement is at the same height level as the
tree grate.

Air void layer

The air void layer is open space between the tree grate and the
mulch layer, which is positioned 100 mm below the grate. With-
in that space, debris from the surface can accumulate, which
sometimes heaves the tree grate if it is placed directly on the
planting soil. With the air void, the debris and dust causes no un-
eaven pavement anymore and can be cleaned regularly. Never-
theless, the opening of the tree grate should be closed as much

as possible (e.g. with tree rings) that it is not used as a trash bin.
In addition the air void is a protection for the exposed root collar
(transition of root system and stem).

Concrete bunker

The concrete bunker is a square curbstone between the base
and the adjacent pavement, which directs roots downwards to
prevent from growing into the sub-base and heaving of pave-
ment. The root ball is positioned in the concrete bunker and
filled with planting soil.

Air and water inlet

The air inlet guarantees the gas exchange of oxygen and the
release of carbon dioxide and nitrogen between the soil and
the atmosphere. To guarantee the vertical ventilation it must
reach into the structural soil. The horizontal exchange operates
through the two layers, aerated bearing layer and structural
soil. The air inlet can be a specific manufactured component
or an extended road gully, a pipe (diameter of 200-300m) in-
stalled vertically or an extended drain, which is used for green
roofs. In any case, the air inlet must be perforated to guaran-
tee the gas exchange. It should also meet the requirements of
the load-bearing capacity. Additionally it serves as a water inlet,
which directs and distributes stormwater into the layers. A filter
must be installed if stormwater from streets is intercepted to re-
move pollutants and other contaminations such as de-icing salt.

Planting soil

The planting soil is hosed into the compacted structural soil. The
mixture of different soil types depends on the location condi-
tions and the requirements of the infiltration capacity to pre-
vent a too high infiltration capacity and on the other hand ex-
cess water. The organic matter should be between 1-3 percent
in order to secure an initial nutrient content. A slow-release fer-
tilizer should be added during construction. The use of biochar
is a good possibility to increase the nutrient and water holding
capacity.

Geotextile

The Geotextile is laid on the aerated layer to prevent fines (e.g.
debris, waste) from entering the voids of the aerated layer and
block them. It must be wrapped around the air inlet and the
concrete bunker.

Aerated bearing layer (200mm)

The aerated bearing layer constructed of 32-62 mm angular
crushed rocks (e.g. granite, recycled concrete) is laid on the
structural soil and compacted after installation. It serves for the
upper load bearing layer and the horizontal gas exchange.

Structural soil (600mm)

The structural soil constructed of 100-150 mm angular crushed
rocks (e.g. granite, recycled concrete) is laid and compacted in
layers of 200 mm. It serves as the main load-bearing layer and
provides voids for the planting soil and root growth.

Geomembrane/ root barrier

The geomembrane must be installed vertically between the ad-
vanced system and the existing underground utilities (especial-
ly water pipes) to prevent roots from growing into the pipes. If
new pipes are installed the geomembrane should be wrapped
around the pipes including a warning tape.

Drainage pipe

The drainage pipe must be installed at the bottom of the tree
pit to discharge excess water, especially in soil conditions with
a high clay content, where infiltration is limited. The terrace
should have a slight slop of 1-2 percent towards the pipe.
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TECHNICAL DETAILS

Layers, components and their materials

Watering bag

Watering bags are wrapped around the trunk and filled with
water (~ 90 Liters/bag) serve for slow release irrigation (5-10 h)
through the micro release points at the bottom. They must be
filled regularly (1-2x per week) according to the weather and soil
conditions of the site.

Tree guard

During the first years the tree must be tied in with a rubber tree
strap to a double or triple staking with a height of 1,20m as a
temporary protection. Otherwise, an underground anchorage
system can be installed, which serves as a short- and long-term
protection. In addition a tree guard (cast iron) should be in-
stalled to protect the stem as a bumper buffer against vehicles
and locked bicycles.

Tree grate

The tree grate is at the same height level as the pavement. It can
be manufactured of different materials (cast or galvanized iron)
or a self-supporting grate, which can be paved with natural/con-
crete stones or slabs. The rollover capacity must be adapted to
the use of the area. A specific cover can reduce the grate open-
ing, which is removable with the trunk growth.

Sub-base and pavement

The sub-base and pavement has to be calculated to the load
class of the urban use according to the guidelines PLAST and
FGSV RSTO 499. The pavement is at the same height level as the
tree grate.

Air void layer

The air void layer is open space between the tree grate and the
mulch layer, which is positioned 100 mm below the grate. With-
in that space, debris from the surface can accumulate, which
sometimes heaves the tree grate if it is placed directly on the
planting soil. With the air void, the debris and dust causes no un-
eaven pavement anymore and can be cleaned regularly. Never-
theless, the opening of the tree grate should be closed as much

as possible (e.g. with tree rings) that it is not used as a trash bin.
In addition the air void is a protection for the exposed root collar
(transition of root system and stem).

Concrete bunker

The concrete bunker is a square curbstone between the base
and the adjacent pavement, which directs roots downwards to
prevent from growing into the sub-base and heaving of pave-
ment. The root ball is positioned in the concrete bunker and
filled with planting soil.

Air and water inlet

The air inlet guarantees the gas exchange of oxygen and the
release of carbon dioxide and nitrogen between the soil and
the atmosphere. To guarantee the vertical ventilation it must
reach into the structural soil. The horizontal exchange operates
through the two layers, aerated bearing layer and structural
soil. The air inlet can be a specific manufactured component
or an extended road gully, a pipe (diameter of 200-300m) in-
stalled vertically or an extended drain, which is used for green
roofs. In any case, the air inlet must be perforated to guaran-
tee the gas exchange. It should also meet the requirements of
the load-bearing capacity. Additionally it serves as a water inlet,
which directs and distributes stormwater into the layers. A filter
must be installed if stormwater from streets is intercepted to re-
move pollutants and other contaminations such as de-icing salt.

Planting soil

The planting soil is hosed into the compacted structural soil. The
mixture of different soil types depends on the location condi-
tions and the requirements of the infiltration capacity to pre-
vent a too high infiltration capacity and on the other hand ex-
cess water. The organic matter should be between 1-3 percent
in order to secure an initial nutrient content. A slow-release fer-
tilizer should be added during construction. The use of biochar
is a good possibility to increase the nutrient and water holding
capacity.

Geotextile

The Geotextile is laid on the aerated layer to prevent fines (e.g.
debris, waste) from entering the voids of the aerated layer and
block them. It must be wrapped around the air inlet and the
concrete bunker.

Aerated bearing layer (200mm)

The aerated bearing layer constructed of 32-62 mm angular
crushed rocks (e.g. granite, recycled concrete) is laid on the
structural soil and compacted after installation. It serves for the
upper load bearing layer and the horizontal gas exchange.

Structural soil (600mm)

The structural soil constructed of 100-150 mm angular crushed
rocks (e.g. granite, recycled concrete) is laid and compacted in
layers of 200 mm. It serves as the main load-bearing layer and
provides voids for the planting soil and root growth.

Geomembrane/ root barrier

The geomembrane must be installed vertically between the ad-
vanced system and the existing underground utilities (especial-
ly water pipes) to prevent roots from growing into the pipes. If
new pipes are installed the geomembrane should be wrapped
around the pipes including a warning tape.

Drainage pipe

The drainage pipe must be installed at the bottom of the tree
pit to discharge excess water, especially in soil conditions with
a high clay content, where infiltration is limited. The terrace
should have a slight slop of 1-2 percent towards the pipe.
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