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Ladies and Gentlemen,
In 2012, the Secretariat of the Convention of Biological Diversity prepared the Cities
and Biodiversity Outlook: a global assessment of the links between urbanization, biodiversity and ecosystem services. The main emphasis of the report was that cities present
a challenge but also offer immense potential for better nature preservation. The need
to search for (and apply) innovative solutions in the management of nature in cities
and their surroundings was also acknowledged.
The ongoing social and economic changes in Poland are gradually increasing the
pressure of cities on the natural environment. Ecosystem services are associated with
other burning issues, such as health protection, neglected areas that spoil the image of
Polish cities, spatial planning etc. If nature is to help us solve these problems, we must
first solve the problems of nature management, and that is precisely the focus of this
latest issue of our guidebook.
For years, the National Fund of Environmental Protection and Water Management
has been following the Sendzimir Foundation’s efforts to transfer scientific knowledge
into practice and to promote innovative solutions in Poland that are increasingly applied in nature protection abroad. I am therefore pleased to present another publication
prepared by the team at the Sendzimir Foundation with their collaborating experts.
The articles comprised herein include detailed guidelines and suggestions for practitioners who deal with nature management in Polish cities on a daily basis. Both legal
solutions and good practices in building partnerships with different stakeholders are
shown that make it possible to solve common problems.
I encourage you to make practical use of these solutions and to come up with new
solutions that can become a model for other cities worldwide. This will allow the
growing trend of urbanization to become an opportunity for us and the environment,
instead of being a threat.
Krystian Szczepański, PhD
Vice-president of the Management Board
National Fund of Environmental Protection and Water Management
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Introduction
Urban ecosystems, the topic of last year’s publication “Nature in the city. Ecosystem services – untapped potential of cities”, raised great interest. The
publication paved the way for debate as it opened
many people’s eyes to the inseparability of human life and nature, or rather its resources, even
in the industrialized urban space. And yet such
farsightedness in seeing the potential of nature and
its long-term value, derived as ecosystem services,
still proves challenging. Therefore we decided to
continue, complete and extend this theme in another issue of “Sustainable Development Applications”. The primary aim of this new publication is
to highlight the practical issues of managing the
natural environment. We indicate how to make
practical use of the ecosystem services concept so
that nature provides the maximum benefit to the
residents of Polish cities. We refer to specific legal
and organizational solutions supported by inspiring
examples to show that non-standard solutions are
not only possible, but have actually been applied
in practice.
The current guide is aimed first and foremost
at local governments and shows the possibilities of
developing green policies in our cities. The compiled articles can be a source of inspiration to act
within one’s competence whilst also offering new
innovative actions, that are often non-standard, but
compliant with Polish law. Many valuable initiatives
can be undertaken; problems can be viewed beyond
fixed patterns and attempts can be made to solve
them in a way that benefits nature and the environment that we live in. However, it takes not only
knowledge, but also personal involvement, as well
as the will and ability to do some searching. Due
to the commonly held view that financial means
constitute the fundamental and virtually the only
determinant of our actions, we begin thinking about
the implementation of a task precisely by assessing
those means. Consequently, the potential lack of
funds may stop us from taking any relevant action
from the very beginning.
6|
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regulations
political will
possibilities/organizational barriers
financing
Having worked for several years in a local government, I can say that nothing could be more
erroneous than this belief. Financing is the last determinant of our actions and the hierarchy should
be as follows:
The fulfilment of the first three determinants
makes room for the pursuit of financing. It is essential to determine whether a given task is being
carried out because of statutory duty and whether
it lies within the competence of the authority represented by us. All too often the task is not a direct
result of a regulation, which makes it necessary to
base any actions on the available interpretation of
the law: from legal opinions, through case law and
comments, to court judgments. Once it is clear that
we will be fulfilling a statutory duty we can begin to
work on ensuring the political will to carry out the
task and gaining acceptance from our superiors. In
doing so, it is useful to determine the benefits and
capital (in the broad sense) that will be raised as
a result of the undertaking. The assessment of the
innovative character and prestige potentially gained
by carrying out the task can also be very helpful. As
soon as we make sure that our superiors (decision
makers) look favourably on what we are planning to
do, we move on to the third determinant in the process: assessing our own potential and the possible
organizational barriers. It is also important to assess
the possibilities for collaboration with other entities,
both internal and external, and determine the scope
of collaboration. Having worked out a reliable action plan with all responsible parties identified for

the implementation of our task (subcontractors),
we begin to pursue funds.
The above steps will usually allow the pursuit
of financing: by following this path we are bound
to be treated as serious partners in budget talks, as
individuals carrying out important tasks that bear
significance on an urban, communal, district or
provincial scale. Starting the battle with financial
issues greatly limits the chances of success and often
leads to being seen as demanding. Another consequence is that in the face of budget deficits, tasks
perceived as more urgent or higher priority, such as
road repairs, improvements in public transport or
the construction of a kindergarten, will win.
Those responsible for the management of the
natural environment or participating in the process
should not forget to take a holistic look at nature,
the space that surrounds us, and human needs.
Our actions and decisions should not overlook
the impacts on the relationships between different
environmental components, which often become
apparent only after many years. Seeing nature
through the prism of ecosystem services (to which
the current and previous guidebook are devoted)
allows more effective protection as it involves the
appreciation of how urban residents’ quality of life
depends on the state of nature.
The structure of this guidebook reflects the
hierarchy of determinants presented above: these
determinants must be met if nature in cities is to
be protected effectively and in a way that benefits
society. We indicate regulations,1 and examples of

inspiring solutions that should motivate political will
and show the potential for organizing this type of
actions, as well as innovative ways to pursue financing. The choice of texts was also influenced by the
search for ways of overcoming the barriers to preserving nature (especially trees) in cities, which were
identified in last year’s publication “Nature in the city.
Ecosystem services – untapped potential of cities”.
Although some of the texts refer to particular
tree-related issues, the proposed solutions can be
extended to indicate innovative ways of resolving
problems within urban nature management. The
remaining texts show the broader context of cities
and undertakings where political will allowed for
the application of particularly interesting solutions
(Basel, Chicago, London, Lodz and Munich). In
each of these cases, cooperation among the different groups interested in urban nature management
turned out to be the key to success. It is therefore
essential to open up local government authorities to
the contribution that representatives of other sectors
might make in these undertakings and to search
for collaboration opportunities within particular
administrative authorities and between them.
Paweł Lisicki
Deputy Director
of the Environmental Protection Department,
the Capital City of Warsaw Municipal Office
President of the Commission for Landscape and
Environmental Protection,
the Union of Polish Metropolises

 The legal acts that are most important for each topic as well as any relevant decisions and sentences issued by competent administrative authorities have been indicated in footnotes.

1
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Technical
solutions

The planning and
principles of tree
protection in the
investment process
Monika Ziemiańska
Wroclaw University of Environmental and Life Sciences
Marzena Suchocka
Institute of Spatial Management and Housing
Warsaw University of Life Sciences

In the investment process, trees are subject to multiple threats due
to irregularities and mistakes during construction works. Most of
these can be avoided through appropriate planning and execution
of the investment. The key issue is to work out and promote the
principles of effective tree protection, such as a responsible approach
of all parties involved in the investment process, education,
appropriate timing, appropriate and full documentation, the
determination of any tree-friendly alternative technology and its
timing, investor’s supervision, budget for tree protection, expert
knowledge on nature, and inevitable penalty for tree damage. It is
essential that the relevant documentation (construction-site tree
protection design) is developed to the full extent and adjusted to the
natural and legal determinants of tree protection.
Keywords: urban trees, trees at the construction site, urban
ecosystem services, tree damage, supervision over greenery

The planning and principles of tree protection in the investment process

Introduction

debate, exchange of experience and the promotion
of successful solutions that will help effectively
protect trees during investment processes with the
current regulations in place.

It is a well established fact that the quantity, quality
and age of green areas determine the prestige of
cities. The planting of new trees and protection of
existing ones has a huge impact not only on a cities’
image, but on the citizens’ health as well. Situations Investment process irregularities
where new green areas are established in urbanized
space are relatively uncommon; all too often we are At the planning, implementation and enforcement
witnessing that areas attractive from a recreational stages of tree protection, obstacles emerge of both
point of view are being sold.
administrative/institutional nature (e.g. related to
In recent years, Polish cities have been dubbed the correct use of legal tools by public officers) and
„cities under permanent construction”. This has a lot social nature, grounded mainly in social acceptance
to do with the influx of European Union funds of the status quo, the reluctance towards change and
which has increased pressure on new investments lack of education in terms of the impact of construcand reconstruction or modernization works. The tion works on trees. We are also observing barriers
intensity, scope and complexity
relating to problem specificity
of these undertakings does not However, the traditionally recom- that are based on stereotypes
leave natural resources unaffected: mended procedure of covering tree and the lack of good practices
plants and soil in particular are trunks with wooden boards is not or specific solutions, e.g. engivulnerable to stress, injury and an effective way of protecting them neering or environmental.
damage. In investment areas, trees and serves nothing more than visuPolish law determines the
– an especially valuable element al purposes, as it fails to protect the obligation to appropriately protect elements of the natural enof urban landscape – are exposed crown and root system of a tree.
to stress in a direct manner. This
vironment, including trees and
phenomenon is often referred to as construction shrubs present at the construction site.1 This duty
stress (Szczepanowska 2010) and results from habi- lies with the contractor performing the works, who
tat changes to trees located in the investment area takes over the construction site for the duration of
itself and its immediate vicinity.
construction works, but also the investor who is
The dynamic process of economic change is obliged to verify whether the contractor secured the
best visible in the space of large cities which calls trees and shrubs in a way that guarantees effective
into question whether we are capable of ensuring protection from damage so that the trees’ condition
adequate protection of the natural environment remains intact after the investment. One should also
from excessive human interference and whether not underestimate the role of the correct actions bewe have the appropriate tools, knowledge, compe- ing undertaken by offices which ought to participate
tence, resources, and above all, the goodwill to do so. in the surveillance of works and the investment
Therefore, this article aims to show the investment process overall using all available legal tools.
process irregularities responsible for the deterioraOne of the reasons for maintaining the status quo
tion of cities’ natural resources. At the same time, we is the acceptance of a false belief that the traditional
aim to draft the guidelines for adequate planning, ways of protecting trees are effective and sufficient.
implementation and enforcement of tree protection However, the traditionally recommended procedure
in the investment process. We see a great need for of covering tree trunks with wooden boards is not an
 In particular: Nature Conservation Act (Polish Official Journal of 2004 no 92, item 880), Construction Act (Polish Official Journal
of 1994 no 89, item 414), Environmental Protection Act (Polish Official Journal of 2001 no 62, item 627), Ordinance of the Minister
of Transport, Construction and Maritime Economy on the detailed scope and form of construction planning (Polish Official Journal
of 2012 no 0, item 462).

1
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effective way of protecting them and serves nothing Tree protection at the construction
more than visual purposes, as it fails to protect the site
crown and root system of a tree. Instead, it gives a deceptive sense of a task being well fulfilled, appeasing Recent years have seen two different attitudes prethe mind of the investor and freeing employees from sented by investors and contractors towards tree
their rightful duty. These actions continue to be rec- protection at construction sites. The first, a positive
ommended nonetheless and are indicated as the only approach, is defined by the authors as effective provalid procedures, even in administrative decisions.
tection. This is when a genuine effort to select trees
The lack of effective law enforcement, such as with a chance of surviving the investment is made
drawing financial penalties from tree and shrub and the trees’ construction stress is subsequently
damage, is yet another issue. According to the law, minimized. In this case, the trees survive the period
the penalty must be imposed no later than 3 years of construction works to grow normally in subsefollowing an event. However, the ownership status quent years without any signs of weakening, or are
often changes once an investment is completed. transiently weakened but clearly recover later on.
Well aware of this fact, investors, construction
The second, negative approach has been defined
contractors and public officers ignore the need to as simulated protection because it is factitious and
deal with the problem. Ambigucarried out only as an alibi. Inous phrases used in the Nature Our own observations and pro- vestors often deliberately fail to
Protection Act, e.g. “maintaining fessional experience clearly in- apply (at the stage of investment
vitality”, “(…) works should be per- dicate that a lot of damage re- preparations) to cut down trees at
formed in a way that is least damag- sults from the lack of knowled- risk of critical damage, in order to
ing to trees or shrubs”, are another ge on alternative, tree-friendly avoid paying for their removal. In
important law-related issue. Such solutions which are often eco- this case, the consequence of misblurred definitions are virtually an nomically viable as well.
managed tree protection in the deinvitation to abuse and as a result
signing and construction phases is
construction contractors rarely feel under pressure tree death. According to the authors’ observations,
to introduce change and invest in tree protection complete tree death (in the legislator’s wording:
and relevant education.
loss of vitality) occurs within 5 to 12 years followIt is worth considering whether any effective ing the end of an investment. This is the period
methods of protecting trees on construction sites when nearly half of the critically damaged trees die
exist at all. How do you determine the boundary that back (Suchocka 2010, Ziemiańska 2013) and the
decides which trees are felled, in cases where protec- dead trees become an issue for the new owner while
tive measures would be ineffective? Does it make the investor evades responsibility. The second case
sense to protect trees in the immediate vicinity of whereby simulated protection is a form of alibi oca complex, multiphase investment? Our own obser- curs far more frequently. The reason for that is most
vations and professional experience clearly indicate probably the failure to follow basic rules (table 1).
that a lot of damage results from the lack of knowlAs far as the effectiveness of tree protection in
the
investment process is concerned, it is important
edge on alternative, tree-friendly solutions which are
often economically viable as well. We have seen radi- that the planning phases of certain actions apply
cal shifts in contractors’ (investors’) attitudes towards to investments individually while at the same time
tree protection once they became acquainted with following universal rules (table 1). The right tool for
tree value, physiology and the conditions needed achieving an optimum situation is a tree protection
for normal growth. Therefore, the primary duty of design that is prepared and adjusted to construction
supervisors is to recommend effective, proven and site conditions. The tree management designs that
tailored solutions where the trees’ age, condition and have been applied in design documentation thus far
species are taken into consideration. Here we present are derived from conservation practices and were inigood examples of such solutions.
tially used mainly for historic parks. In practice, their
Sustainable Development Applications no 4, 2013
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Table 1. The proposed rules concerning effective tree protection at the construction site
Rules,
recommendations and
duties

2
3
4
5

Short characteristics and justification

1.

Responsibility

It is essential that all parties/stakeholders present a responsible approach
to effective tree protection. This includes the property owner (investor), the
construction company, designers, public officers, surveillance representatives
and other individuals.

2.

Time for preparatory
works

It is worth remembering that effective tree protection does not begin on
the first day of construction but much earlier, at the planning phase of the
investment when a tree inventory is prepared.

3.

Construction-site tree
protection design

The design of construction site tree protection is a type of specialist
document prepared for the purpose of effective tree protection. It includes
e.g. the determination of direct collisions, protective interventions,
rehabilitation procedures and surveillance. It is essential that this
documentation forms part of the construction and execution designs.

4.

Construction work
technology

At the stage of design arrangements, an expert should substantiate the
legitimacy of the task envisioned in the design so that the scope and
range of works can be modified in order to minimize the impact on trees.
If possible, changing to alternative, tree-friendly technology should be
considered and included in the investment design.

5.

Adjustment of work
schedule

Consideration should be given to the way in which effective tree protection
measures are carried out: they should be adjusted to the growing season and
executed in the vicinity of trees over the shortest possible period of time.

6.

Surveillance

When works are being carried out, surveillance by nature scientists is
indispensable to verify the recommended tasks and help solve problems
resulting from unforeseen tasks.

7.

Budget determination

At the designing phase, before the investment begins it is crucial to determine
a realistic budget for tree protection. Correct design documentation, including
the cost estimate is the basis for determining expenditures.

8.

Serious approach of
parties

Respecting the legitimacy of the indicated operations in terms of effective
tree protection holds key importance.

9.

Knowledge of a nature
scientist (dendrologist,
landscape architect,
arborist)

The inspector’s expert knowledge and professional experience influence the
effectiveness of recommendations and quality of their implementation. As
the investment is carried out, it is of key importance that the inspector
remains in permanent contact with the investor and contractors responsible
for subsequent work phases.

10.

Education

If tree protection is to be feasible, all participants in the construction
process should be educated on the impact of investment-related actions on
tree vitality.

11.

Inevitability of penalty

People should bear in mind that financial penalties can be imposed for tree
damage caused by inadequately carrying out works. Those responsible for the
damage face civil responsibility,2 penal/administrative responsibility,3 penal
responsibility,4 and penalties laid down in the Nature Conservation Act.5

Civil Code (Polish Official Journal of 1964 no 16, item 93), article 415.
Code of Petty Offences (Polish Official Journal of 1971 no 12, item 114), article 144.
Penal Code (Polish Official Journal of 1997 no 88, item 553), article 283.
Nature Conservation Act (Polish Official Journal of no 92, item 880), article 88.
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use was extended to other green areas. The main aim
of this type of documentation is to determine the
recommendations for tree maintenance. In the case
of a tree protection design for a construction site,
the aim is to introduce justified recommendations
which eliminate the negative impact of the investment on trees. The construction site tree protection
design should form part of design documentation,
i.e. the construction design and the execution design.
A construction site tree protection design in
which the participants of the design process are
able to communicate with each other allows for
easy identification of the selection of trees to be preserved, especially protected or removed in the planning and design phases of an investment. The design
phase is also an opportunity to include the use of
alternative engineering solutions and to highlight
any tree-friendly labour technology. The protection
design should also include nature rehabilitation activities extended over a period of time (2–3 years).
A construction site tree protection design can
also be used to:
• prepare recommendations for protection, including its scope, at the stage of applying for
a construction permit, as part of the construction design,6
• work out designs of technical solutions concerning protection, as part of the execution design,
• establish assumptions or prepare the Specification of Essential Terms of the Contract for
the design or to execute construction works,
• as recommendations for the preparation of
a Communal Council’s or Municipal Council’s
resolution or a Mayor’s regulation (it is then
treated as the norm and becomes a standard
or good practice; when the regulation or act
is quoted, the scope and form of appropriate
assessment methods become more precise).

The presence of trees on the construction site can
also facilitate BREEAM and LEED certification.7
Both systems therefore contribute to the introduction of effective protection measures and education,
as entities strive to receive the certificate.

The natural determinants needed
for decision making regarding tree
protection
At present, it is crucial to rebut the myths about
trees, both in terms of their physiology and the location and depth of their root system. The awareness
of trees’ functions and the links between particular
organs allows us to understand the consequences of
disrupting their ideal composition. Figure 1 shows
a schematic tree structure.
Depending on the affected tree zone, tree damage has a variable impact on tree vitality. Branches
located in zone A are not assessed because they regenerate quickly. The regeneration of branches and
boughs in zone B depends on the tree species, while
damage to branches in zone C and at the base of the
trunk has the most serious implications, sooner or
later weakening the tree and possibly leading to its
death. Trees with low regenerative capacity tolerate
only A-zone damage (figure 1).
To assess the impact of construction works
on a tree, it is particularly important to know the
structure of the root system. The large and woody
central roots, also called structural roots, and the
sections near the trunk base (root collar) expand
and grow horizontally; they constitute a system of
4 to 11 large primary roots which typically spread 1
to 3 m from the trunk and grow no deeper than 30
to 100 cm. Their functions include the transport of
water and mineral compounds, and tree anchorage.

 It is reasonable to include the scope of protective measures and protective technology in the construction design rather than the tree
management plan. The construction design constitutes the basis for carrying out the execution design as approved at the time of
issuance of the tree removal permit.
7
 Building Research Establishment Environmental Assessment Method: buildings assessed under BREEAM receive a certificate of
the British Research Establishment who assess the functioning of a building in its surroundings within the categories of: energy
savings, water savings, management of materials, user comfort, impact on the natural environment, minimizing pollution, building
management, minimizing waste. Leadership in Energy and Environmental Design: developed in the United States, it has become
one of the most popular multi-criteria rating systems. It aims to promote and help create green buildings according to criteria that
are similar to those listed above.
6
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Head of the trunk

A
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A
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Trunk height

Tree height
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Crown canopy
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Stem base

Small (feeder) roots
Anchoring (secondary) roots

Figure 1. A schematic representation of tree elements (Szczepanowska et al. 2009)

Feeder roots are also called fine roots owing to
their small size. Although they grow 7–15 cm below
ground level, they are the main constituent of the
root system surface area (figure 2). These small, nonwoody and highly branched roots proliferate outside
of the root ball as extensions of the thick woody
roots and remain near the soil surface where minerals, water and oxygen are relatively more abundant.
The primary function of feeder roots is the uptake
of water and minerals. Roots need oxygen from the
soil air to transform stored nutrients to energy (cellular respiration) and absorb microelements. Feeder
roots are normally replaced in regular cycles several
times a year. In favourable conditions, root symbiosis with fungi can occur, where fine root surface area
is increased by fungal hyphae which form so-called
mantles. Normal growth depends primarily on soil
conditions, i.e. the right amounts of oxygen and
water in the soil. The soil cannot be compacted, as
16 |
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roots weakened by the lack of oxygen have difficulty
growing or do not elongate at all.
Roots extend 2 to 3 times further than the projection of the crown (figure 2). The main structural
roots develop according to needs (in terms of range
and number) until they assure physical stability.
Other roots outside of the main system of structural roots grow and develop towards water and
nutrients. If the soil conditions around the tree are
not uniform, which is often the case in urban locations, the root system spreads in a very irregular and
unpredictable manner as in this case the root system
does not reflect the symmetry of the bough spread.
Tree roots are most active at the boundary of
the circumference of the crown where raindrops are
most likely to fall. In cities however, approximately
60% of roots can be found outside of the crown
spread. Within urban streets, the dripline is usually
covered with slabs or asphalt and consequently the

Monika Ziemiańska, Marzena Suchocka

roots follow every crack or slit in search of the two
essentials: water and air. They often meander under
sidewalks, roads, cracks and tunnels in installations,
or animal tunnels, sometimes connecting with the
roots of other trees.
Researchers share the view that factors that affect tree root growth have the biggest impact on
urban tree dieback (Kosmala 2001, Szczepanowska
2001). The most significant factors affecting root
development include water/air properties and soil
compactness (Coder 2000). However, the original
soil structure is nearly impossible to recreate. Soil
compaction, inadequate irrigation and the cutting
off of parts of the root system have the biggest impact on plant vitality and survival (Randrup 1998).
In the modified, contaminated, excessively
compacted and dry anthropogenic soils of cities,
the trees’ root system is adapted to soil conditions,
irrespective of the tree type or species. The system can develop very shallowly (e.g. up to 0.5 m
deep) and in near-natural conditions – even up to
a maximum of 1.5 m, or 2 m deep in exceptional
cases (figure 3).
This is why it makes sense to conduct soil test
pits when planning tree protection in the investment process, so that the effectiveness of recommended actions can be predicted more successfully.
One of the aims of a soil test pit is to determine the
spread or exact location of the root system.

Planning tree protection in the
investment process
One of the main recommendations for ensuring
the effectiveness of protective measures is adequate planning when preparing a tree inventory
or even at an earlier stage. Correct documentation
of a detailed tree inventory on a base map for the
investment area (including trees near the boundaries of the investment as well as on adjacent
plots) holds great importance. The map should
be updated by a geographic surveyor where the
trees and shrubs and the location of underground
infrastructure are concerned, and not just plot
borders as is usually the case.
The key element in the analysis of the location of trees and the planned construction is the
inclusion of the actual distances required during
construction works. It is worth bearing in mind
that a “virtual” dot on a geodetic map is merely the
axis of a tree trunk while in reality a tree trunk has
a diameter, i.e. a measurable parameter. Ignorance
of this fact results in a shortened distance between
the digging site and the tree trunk. The same holds
true for the designation of new infrastructure elements, heat pipeline routes, telecommunication,
electric cabling, water sewage systems or water
supply networks which are symbolized on the
map by single lines of a certain colour. In reality,

Figure 2. Illustrative view of the spread of a tree root system
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Figure 3. Shallow root systems are determined by the
layer of fertile soil (in cities often only 40–50 cm deep)

the excavation width is determined by the size of
the designed infrastructure and applied technology and can reach up to 2 m (Ziemiańska and
Dworniczak 2012).
At this stage, communication between the
dendrologist or landscape architect and the main
designer of tree-friendly solutions becomes significant. The debate in this respect typically involves:
moving the construction away from trees selected
for unconditional preservation, relocating utility
networks out of areas intended for greenery, keeping safe protection zones for trees and respecting
critical thresholds for mechanical damage.

Determining a protection zone for each tree
unit constitutes a significant element of planning
tree protection. The limits for the soil’s apparent
density (in g/cm3) at which root growth is constrained, subsequently leading to root decay, are
1.4 for loam and 1.8 for sand (Suchocka 2010,
Suchocka 2012). In order to protect soil from
compaction and, likewise, prevent tree decline
it is essential to determine protection zones for
absolute protection. Table 3 shows the optimum
sizes of protection zones for trees depending on
the age group. If the root system is irregular or
one-sided, the soil area colonized by feeder roots

Table 2. The recommended size of protection zones including tree vitality (adapted from: Szczepanowska 2001)
Age group
Young trees (trunk diameter: 20–40 cm)

Protection zone radius [m]
VIABLE

WEAKENED

2–4

3–6

Middle-aged trees (trunk diameter: 25–50 cm)

3–6

5–10

Mature and older trees (trunk diameter: 35–75 cm)

4–8

6–12

18 |
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should be protected. The zone should be modified according to tree species, age and condition.
In cases of trees with low tolerance to construction works, older trees and trees in poor condition, this zone should be larger.
Based on all information gathered in the proceedings, trees can be qualified for preservation,
removal or replantation as part of the tree protection
design at the construction site (table 4).

The consequences of inadequate
tree protection
The most prevalent and at the same time downplayed
irregularity with regard to construction site tree protection, is soil compaction in the root system caused by the
movement of construction equipment (approximately
10 tons) within the root zone. As a result, root growth
may be arrested and disruptions to the delicate root
hair system may be irreversible. Even a thin layer of

Table 3. Guidelines for the qualification of trees at the stage of investment planning
Recommendations for
preservation or removal

Group

Tree characteristics within group

Recommended actions

1.

Particularly valuable trees with
the circumference of a natural
monument, in good health, of
natural value, described as being
grand

Protect; make even
significant changes to
construction designs; adjust
designs to trees; relocate
infrastructure further away
(distance threats as much as
possible)

Preserve unconditionally

2.

Trees in good health, relatively
young (initial phase of
maturity), holding promise of
surviving the investment due to
their age; viable and of natural
value

Protect; secure; modify
designs; relocate
infrastructure (distance
threats as much as possible)

Preserve

3.

Trees growing very close to
the planned development,
exposed to very severe damage,
whose chances of surviving the
investment are additionally
decreased by the trees’ weak
condition (this is the highest
risk group)

It is essential to predict
the risk of damage (critical
injuries, assessment of the
impact of habitat change)
and make responsible
decisions concerning tree
removal. A compromise must
be made to consider the
well-being of the natural
environment

If preservation is impossible,
REMOVE with appropriate
natural compensation,
e.g. replacement planting
in accordance with the
regulations in force

4.

Trees that collide with the
outline of planned buildings,
roads, underground parking
garages: if the trees are not cut
down the investment cannot
be carried out in its basic form.
Dead or dying trees, trees of low
natural value (invasive species),
trees growing very densely, trees
up to 10 years old which are the
result of succession

None

REMOVE with appropriate
natural compensation,
e.g. replacement planting
in accordance with the
regulations in force
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soil covering the root system zone around the trunk
prevents the access of air, creating anaerobic conditions,
initiating fermentation and leading to the decay of the
root system and consequently over time, tree dieback
(table 5). The negative impact of the top soil layer on
a tree depends on the granulometric composition, layer
thickness, species, condition and age (i.e. development
stage) of the tree and its location.
Another undesirable effect of inadequate protection related actions in the investment process are
mechanical tree injuries, such as root reduction. In
addition to affecting vitality, cuts within the root zone
can also disrupt tree stability. Loss of stability is a possible outcome when roots are cut on one side within
a distance of three diameters from the tree trunk. The
risk is smaller when that distance equals five diameters
(figure 4). It is worth remembering that each cut impairs vitality, but the critical thresholds for tree dieback
and the risk of falling are different for each tree.
In recent years, we have often witnessed how efforts
to preserve trees at any cost ended in failure. One of
the reasons for this is the lack of knowledge in relation
to the critical thresholds for mechanical damage to
trees. It has been established that a loss of 45% of the
root system leads to tree death. The critical damage
for other tree elements is a loss of 50% of tissue in the
circumference of the trunk and a loss of 55% of the
tree crown (Suchocka 2010). The critical threshold for
mechanical damage should be determined by an expert
for each plant unit individually, on a case by case basis.

Executing protection in the
investment process
Construction is a very dynamic process where subsequent works are carried out by different subcontractors. Trees at the investment site should be protected
at every stage. It is therefore extremely important
that a designer of greenspace regularly supervises the
works, especially those that are to be covered up, to
make sure that they have been carried out properly.
Potential damage to watch out for includes excessive cutting of tree roots or boughs. Where possible,
full advantage should be taken of the possibilities
provided by law, including construction law, and
a duty should be placed on the investor in the construction permit to appoint an investor’s inspector
(supervision in terms of nature, dendrology or landscape architecture). Examples of good protection
practices, concerning both technology and nature,
to be used at the execution stage of the investment
are presented in further sections of this guidebook
(Ziemiańska and Suchocka in this volume).
Engineering designs of protective details for
particular trees or protective technology, such as
steerable moling (figure 6), should be prepared at
the design stage; however, in some circumstances
details may emerge while works are being carried out
that will require verification of the design to ensure
tree protection. It is important that contingencies
for this are built into the cost estimate to cover any

Table 5. Critical thresholds and consequences of burying the tree root system with soil (Coder 1996)
Granulometric composition
of the soil

Thickness of added soil layer that
causes first root damage (cm)

Thickness of added soil layer that
causes extensive root damage (cm)

Sand

20

61

Silty sand

15

45

Slightly loamy sand

10

30

Light silty loamy sand

8

25

Light loamy sand

5

15

Sandy silt

4

10

Silt loam

4

10

Loam

2

8
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Optimum
5xd

Minimum
3xd

d
1

2

4

Figure 4. Critical thresholds for mechanical damage in terms of reduced tree vitality and the risk of falling
(adapted from Smiley 2008)

issues that may develop. Examples of solutions aimed
at protecting trees near fences are illustrated in the
photographs (figure 5).

The legal tools to protect
construction-site trees in Poland
Since a permit for tree removal cannot conflict
with the laws in force, provisions of the constitution, standards, bills or legal acts, judicial sentences clearly highlight the paramount importance
of balancing the interests of the applicant for a tree
removal permit with public interest, in favour of
preserving the highest number of trees of natural

value in urbanized areas. Consequently, the authority issuing the permit for tree removal has the right
to decide that the tree is not eligible for removal
in the investment process.8 Instead, it may indicate the need for appropriate maintenance, further
contributing to nature protection, by shaping citizens’ attitudes towards nature through education,
information and promotion of nature protection.9
Trees are also protected during construction
works. The Environmental Protection Act places
a duty on the investor to exercise restraint in the use
of land while preparing and carrying out the investment and to protect soil, greenery, the natural topography and the hydrographic conditions.10,11 The bill
highlights the need to protect soil as a non-renewable

 Environmental Protection Act (Polish Official Journal of 2001 no 62, item 627), article 75, section 2.
 Sentence of the Voivodship Administrative Court in Warsaw (IV SA/Wa 2017/06) of 16th February 2007.
10
 Environmental Protection Act (Polish Official Journal of 2001 no 62, item 627), article 74.
11
Environmental Protection Act (Polish Official Journal of 2001 no 62, item 627), article 75, item 1.
8
9
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Figure 5. The horizontal steerable moling
route under the tree root system

good. Furthermore, construction works can be carried
out and natural elements used and modified only to
the extent that is required by a particular investment,
while the scope of duties concerning tree protection
should be determined by a competent administrative
authority in the construction permit.
Through the application of appropriate regulations on the execution of works in the vicinity of
trees, the designer can be held accountable for improper solutions, such as underground installations
instead of solutions that eliminate or minimize the
impact of ground works on root systems.
The Technical Specifications for the Execution and Commissioning of Construction Works,
a part of the design study, and the Specification
of Essential Terms of the Contract provide the
tools for specifying the correct scope and features
of necessary maintenance procedures and the way
12

in which construction works should be carried out.
The provisions of the Specification of Essential
Terms of the Contract relating to the appropriate
execution of construction works in green areas, the
maintenance procedures or the extent of cutting are
used to determine whether the works were carried
out properly, i.e. they apply only for the purpose of
potential claims for compensation. The law lacks
unequivocal regulations that would allow compensation to be demanded for an actual loss of tree
value due to construction work-related damage. It is
therefore crucial that the Specification of Essential
Terms of the Contract puts emphasis on proper and
permanent supervision over the conducted works
instead of merely commissioning the potential tree
damage after the fact. This is especially important
when we take into consideration that the trees’ reaction to damage is delayed in time. The effects of
many tree injuries can usually only be seen after
several or at least a dozen years when the tree dies,
and the perpetrator cannot be held accountable.
Moreover, article 19, section 1 of the Construction Act states that “in the construction permit, the
competent authority can place a duty on the investor
to appoint an investor’s inspector as well as the duty
to ensure the designer’s supervision in cases where the
complexity of the premise or construction works, or the
predicted environmental impact is high”. According
to the provisions of the Construction Act on the
organization of construction works (article 21), “As
a participant in the construction process, the designer
has the right to enter the construction site during the
execution of construction works to check if they are being
carried out properly, and even to demand that an entry
be made in the construction logbook and construction
work halted if it is not executed according to the design.”
The Nature Conservation Act imposes a penalty
for tree damage due to the inappropriate execution
of earthworks,12 removal of trees or shrubs without
the required permit and for the damage of trees,
shrubs or green areas due to the inappropriate execution of maintenance procedures. A penalty is
imposed for suspected tree damage and vitality is
assessed after 3 years. The penalty is remitted if the
loss of tree vitality resulted from causes that were

Nature Conservation Act (Polish Official Journal of 2004 no 92, item 880), article 88.
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Figure 6. Special solutions for fences that go over the tree root system at plot borders: concrete fence with
a ramp and a rail fence with supporting posts
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not dependent on the property owner. Two criteria a complex and difficult process. The principal diffifor damage are stated in the bill: loss of vitality and culty lies in the blurred responsibility for tree injury
the inability to restore the tree’s
and damage in succeeding work
crown. According to tree-related The legitimacy of tree removal sho- stages. The hurdles that appear
court rulings, these criteria are uld be considered not only through during the investment process
interchangeable, in other words the prism of the lack of limitations are both administrative/institua tree is considered damaged de- for the investor, but first and fore- tional as well as related to the
spite maintained vitality if the most in terms of the loss for the envi- lack of adequate knowledge of
crown cannot be restored. There ronment and the local community. the investment’s impact on tree
are judgments that state that if
vitality. Effective tree proteca tree loses its crown it is by definition no longer tion is impossible without the understanding of
a tree, since the lack of any of the elements included tree biology. This knowledge allows us to correctly
in the definition of a tree as a trunk, crown and root identify trees with the highest chances of surviving
ball is sufficient and there is no need to wait 3 years construction works and to determine the shape of
the root system and the protection zones adjusted
before ruling that a tree is damaged.13
The legitimacy of tree removal should be con- for each tree individually.
sidered not only through the prism of the lack of
It is therefore essential to enforce tree protection
limitations for the investor, but first and foremost at all stages of the investment process, from the inin terms of the loss for the environment and the ventory, through the design, to the execution. Each
local community. The preservation of trees may in- of these stages requires a different form of proteccrease the attractiveness of a plot, contributing to an tion. A landscape architect will help prepare the
improved image of the investor, which in turn can inventory and design by identifying natural value at
translate into increased apartment sales as people the investment site, while professionals supervising
value the comfort of life in a green neighbourhood. the execution of works in the vicinity of trees will
help protect these values. The application of a tree
protection design to the extent that is presented
Conclusions
in this guidebook reduces the risk of damage and
random events. The protection design should form
Although tree protection in the investment process part of the construction and execution designs, as
is required by numerous regulations in force, it is is the case with any other discipline-specific design.

13

Sentence of the Supreme Administrative Court of Poland (SA/Rz 1055/95) of 6th November 1996.
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Replacement tree
planting in cities:
key problems related to
administrative decisions
Jan Łukaszkiewicz
Warsaw University of Life Sciences

Polish regulations concerning replacement plantings
that compensate for removed trees or shrubs are very
general, allowing for freedom of interpretation. However,
administrative authorities competent to decide on the
introduction of replacement plantings are compelled to act in
accordance with public interest and the general principles of
environmental protection law, such as sustainable development.
Shaping replacement plantings is also a form of spatial
policy grounded e.g. in local spatial management plans.
Administrative authorities have at their disposal the framework
to influence the quality of replacement plantings using the
following criteria: optimum planting location, specified
number of plantings, and indication of the desired plant
species, varieties and quality parameters, such as age or size.
Keywords: replacement planting, nature compensation, urban
trees, trees in environmental law, urban ecosystem services

Replacement tree planting in cities: key problems related to administrative decisions

maintenance and the lack of legal protection for new
trees: those under 10 years of age (Gruszecki 2012,
2013), for example, can be removed without a permit
Social and civilization advancement comes with the from the administrative authority. These problems are
need to build adequate infrastructure and therefore further intensified by the insufficient quantity and
often stands in conflict with nature protection. This effectiveness of new replacement plantings against
conflict can negatively affect urban tree numbers. the number of trees removed and so the process of
Additionally, difficult habitat conditions can cause landscape depletion in our cities accelerates.
the average lifespan of trees in urbanized areas to
The regulations concerning replacement plantdecrease with every decade. It is a common phe- ing in urban tree management, currently in force in
nomenon that urban trees (especially street trees) Poland, are very brief. The actions undertaken by
have significantly reduced vitality and growth rate administrative authorities in similar cases are not
compared to those growing in natural conditions – unified due to uncertainties in the interpretation
in open spaces (e.g. Szczepanowska 2001; Borowski of regulations. The law only states that approval
and Pstrągowska 2010). The decline in tree numbers for the removal of trees and shrubs from property
in Polish cities is also due to the
can depend on their replacepoor effectiveness of replacement The rule that governs the quanti- ment with other trees or shrubs
planting (i.e. trees introduced to ty of replacement planting in the in a quantity no smaller than
compensate for removed trees). current legislation, as a minimum the number of removed trees or
The rule that governs the of 1 new tree per tree removed, is shrubs.2 This highly generalized
quantity of replacement plant- completely unsatisfactory from the provision provides no precise
ing in the current legislation, as point of view of sustainable deve- criteria for the determination
a minimum of 1 new tree per tree lopment and nature protection.1 of the species, size or age of
removed, is completely unsatis- There are examples of communes the new plants (the natural and
factory from the point of view and cities in Poland where more qualitative parameters of plant
of sustainable development and favourable proportions are used. material), planting location or
nature protection.1 There are exnumber of plants to be introamples of communes and cities in Poland where duced – data that would help ensure true commore favourable proportions are used.
pensation for the loss of those removed. Moreover,
Urban areas are characterized by high mortality the regulations in force fail to indicate directly
among young trees: a significant proportion fails to when replacement planting should fill the gap
establish after being planted. In the centre of large cit- after trees removed e.g. as a result of maintenance
ies, young trees can survive no more than 7–10 years procedures.3 If sustainable development in urban
on average (Foster and Blaine 1978; Morse 1978; tree management is truly to be the case in Poland,
Szczepanowska 2001). This has indeed been the case a comprehensive legal tool that precisely defines
for a long time now in Warsaw, where the average the principles of designing replacement planting
lifespan of trees in the central area of the city (district needs to be created.
of Srodmiescie) does not exceed 10 years (e.g. Dmuchowski and Badurek 2001). Street conditions in particular are responsible for higher mortality in young Solutions
trees than in older trees. As a result, newly planted
trees often require replacement within a few to 10+ Replacement planting of trees and shrubs is a conyears. Other contributing factors include improper stituent of the more broad definition of natural

Introduction: identification of the
problem

1
2
3

Nature Conservation Act, with amendments (Polish Official Journal 2004 no 92, item 880), article 83, section 3.
Nature Conservation Act, with amendments (Polish Official Journal 2004 no 92, item 880), article 83, section 3.
Nature Conservation Act, with amendments (Polish Official Journal 2004 no 92, item 880), article 86, section 8.
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compensation.4 As indicated in the current legislation, this term means repairing environmental damage caused by the removal of trees, e.g.
as a result of construction investments (figure 1).
Moreover, in conditioning its decisions on the
introduction of replacement planting, the administrative authority should follow the principle of
sustainable development.5 Despite the laconism of
regulations concerning the issue in question, this
principle provides the basis for determining not
only the number of trees to be planted to replace
the ones removed, but also their species, size (e.g.
trunk circumference, height etc.) and the location
for planting.6 In other words, the current legislation provides the administrative authorities competent to decide on the introduction of replacement
planting with the legal background to include the
following criteria:
• location of tree plantings;
• number of trees planted;
• species and varieties, quality and age of the
plant material.
We will elaborate on these criteria in further
sections of this article.

Location of tree plantings
In designing replacement plantings, administrative authorities are obligated to follow first and
foremost the city’s spatial policy, which is shaped
by local regulations, and strive to compensate for
the natural loss by appropriately locating new trees,
e.g. in the immediate vicinity of those removed.
The placement of such compensation is grounded
in the concern for sustainable development, as indicated in the abovementioned sentences of the
Supreme Administrative Court of Poland and the
Voivodship Administrative Court; regard for nature is the key determinant. It lies in the competence of the communal governments to designate
areas for planned replacement tree planting (this
sort of planning forms part of urban tree man-

Photo: Jan Łukaszkiewicz

Jan Łukaszkiewicz

Figure 1. Example of how trees introduced
as replacement planting are adjusted to the
spatial and habitat conditions (no vast space,
near the street) next to a new housing investment in the centre of Warsaw

agement). The choice can be based both on local
spatial management plans as well as on publications
concerning physiographic ecology, which can help
determine the locations for natural compensation
(including replacement planting) for the purpose
of the study of determinants and directions of spatial development. In the plan (which constitutes
local law), land can be designated where trees or
shrubs will be replaced by new plants of the same
character. This can be done in a number of ways.
Due to the lack of bans in regulations, as well as
practical issues, compensation planting cannot be
ruled out on property other than that pertaining
to the entity removing the trees or shrubs. If the
trees were removed from a place unsuitable for the
introduction of new plants, e.g. for natural, spatial
or technical reasons, new trees should be planted
where they will be able to establish and compensate
for the environmental loss (figure 2). This could
mean other property to which the holder of the
tree/shrub removal permit is entitled by law, public areas owned by the municipality which issued
the permit (figure 3), and even land pertaining to
another municipality. Such solutions are acceptable
under the current regulations because replacement
planting does not form part of the public finance

Environmental Protection Act, with amendments (Polish Official Journal 2001 no 62, item 627), article 75 section 2.
The Constitution of the Republic of Poland, article 5.
6
 Sentence of the Voivodship Administrative Court in Gorzow Wielkopolski of 25th March 2009, II SA/Go 825/08, Lex no 526352;
sentence of the Supreme Administrative Court of Poland of 7th July 2006, II OSK 507/06, Lex no 2755110 (Gruszecki 2013).
4
5
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Photo: Jan Łukaszkiewicz

system (Gruszecki 2013).7 Replacement planting
is not financed from the state budget or local government unit and it does not aim to bring material
wealth to the commune from which trees or shrubs
are to be removed, merely to compensate for environmental changes.
Investors are sometimes reluctant to the idea
of administrative authorities indicating the location for replacement planting in very urban areas.
Investors try to avoid such locations, arguing they
have no right to the area which, in their mind,
prohibits them e.g. from carrying out maintenance
procedures or ensuring protection. However, the
law does not imply that the authority responsible
for issuing a permit must approve all proposals
submitted by the entity interested in removing the
trees or shrubs. In this case, the authority has the
right to stipulate an additional condition that the
issuance of the permit is reliant on the conclusion
of a civil law contract with the entity applying for
the permit, on the execution of new planting. This
contract details each party’s duties. This has already
been put into practice in some cities affiliated in
the Union of Polish Metropolises.

Figure 2. Tree replacement planting as part
of a plant composition on the green roof of an
underground parking garage, by a new office
building – Sluzewiec district in Warsaw

Number of trees planted
The current legislation that generates the rule that
governs the quantity of replacement planting in
the amount of a minimum of 1 new tree for each
tree removed, is completely unsatisfactory from the
point of view of sustainable development and nature
protection.8 There are examples of communes and
cities in Poland where more favourable proportions
are used, e.g. the city of Bialystok. The Department
of Environmental Protection in Bialystok restricts
its decision to approve the remission of fees for tree
removal on the introduction of replacement planting in the commendable proportion of 4 new trees
aged over 8 years and 1.5 m high for each removed
tree.9 The number of new trees planted depends,
among other things, on the property’s surface area
and tree coverage (figure 3).
If the number of trees introduced as part of compensation planting is to be accurately determined,
a separate, legitimate and comprehensive method
must eventually be adopted. It should make reference to a “calculator” similar to the ones used e.g.
in the USA or Germany that allows administrative
authorities to calculate the required quantity and
quality of new trees to replace the ones removed
(Szczepanowska and Latos 2009). Through empirically developed rating scales, these methods serve
to estimate the true natural value of a removed tree,
also taking into consideration its location. The applied algorithm makes it possible to estimate the
monetary value of the relevant compensation in
a much more realistic way than is currently the case
in Poland.10
In light of the current legislation, the administrative authority competent to decide on the number of replacement plantings follows the following
criteria:
• the ratio of the number of new trees to the
number of tree trunks removed (if a tree has
multiple trunks, new seedlings can be introduced for each trunk separately);

 Nature Conservation Act, with amendments (Polish Official Journal 2004 no 92, item 880), article 83, section 3.
 Nature Conservation Act, with amendments (Polish Official Journal 2004 no 92, item 880), article 83, section 3.
9
 E.g. the decisions of the Mayor of Bialystok: DOS-I.6131.192.2013 or DOS-I.6131.199.2013.
10
 In Poland, the Institute of Spatial Management and Housing in Warsaw is working on the development of a new method for
determining tree value.
7
8
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• the number of plantings is determined based on
the ratio of selected dendrometric parameters,
e.g. the sum of the new trees’ trunk circumferences should be equal to the circumference of
the removed tree’s trunk (with the minimum
admissible size criterion for planted trees);11
• the number of new trees is dependent on the
age of the removed tree (if tree age can be determined, even roughly, e.g. by counting tree
rings): the total age of planted trees should
equal the total age of removed trees (e.g. assuming that the age of planted trees is no less
than 8 years);
• the ratio of the estimated cost value of all of
the planting and maintenance works for new
plantings to the costs involved in tree removal
(the aim can be to balance the cost of new
plantings with the fee for tree removal);
• the number of new shrub plantings is conditioned on the area occupied by the removed
shrubs.
Irrespective of the chosen method of action,
a uniform system of determining the number of
replacement plantings should be used in the entire
commune (administrative unit) where it is introduced. This lies within the competence of the local government as the area’s host, responsible for
conducting a sustainable development policy in the
field of urban tree management.

Choice of the plant material, its
quality and age
The administrative authority that decides on the
removal of trees or shrubs should be committed
to ensuring that the newly planted trees or shrubs
provide the appropriate balance to the environmental changes incurred.12 In other words, the choice
of trees and shrubs (including their dendrometric
parameters, leaf area index, growth rate, durability,
tolerance for urban conditions) should eventually
balance the environmental damage, i.e. the right tree

Photo: Jan Łukaszkiewicz

Jan Łukaszkiewicz

Figure 3. Tree replacement planting
in a wide strip of street-side greenery –
Ursynow district in Warsaw

should be planted in the right place (figure 1). The
sentence of the Voivodship Administrative Court in
Warsaw of 8th September 2009 also provides indirect justification for the fact that administrative authorities should indicate recommended species and
varieties,13 as well as the dendrometric and qualitative parameters of planted trees and shrubs. The
precise identification of trees and shrubs that are
to be planted in place of those removed helps avoid
possible doubts as to the interpretation of the decision by the entity that removes trees or shrubs. The
recommended composition of greenery introduced
as part of environmental damage compensation is
determined in the design of replacement plantings submitted by the entity applying for the tree
removal permit. It is the duty of the administrative
authority to specify the guidelines concerning the
optimum choice of plant species used for replacement planting, bearing in mind the local government’s sustainable development policy as well as the
habitat and spatial conditions and aesthetics of the
property where trees will be planted.
The current regulations leave ample space
for the administrative authority to determine
the recommended dendrometric and qualitative
parameters of the tree nursery material intended
for replacement planting (size, age etc.), which

 More restrictive ratios e.g. based on cross sections can also be used, where the sum of new tree trunk cross sections should sum up
to the cross section of the removed tree.
12
 The Constitution of the Republic of Poland, article 5.
13
 Sentence of the Voivodship Administrative Court in Warsaw of 8th September 2009, IV SA/Wa 923/09, CBOSA (Gruszecki 2013).
11
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is highly significant for their further manage- are typically used for replacement plantings in
ment. The common practice in countries such cities. As a result, the average crown base height
as Germany and Sweden is to use young trees reaches 1.8 m which is insufficient for urban conwith a minimum trunk circumference of 16–18 ditions. The low crown base requires such trees to
or 18–20 cm for replacement planting, and as be maintained for a few years after being planted.
much as 20–25 cm at the height of 1 m in every Maintenance procedures are usually overlooked
third Western European city (Pauleit et al. 2002; and the crowns of new trees remain at an insufEmbrén 2009; Doobe and Steinke 2012). Even ficient height.
bigger trees with a trunk circumference exceedTrees introduced as part of replacement planting 30 cm are planted in Brussels. This solution ing should be of a certain age (or, in other words,
is advantageous for logistical and economical have specific dendrometric parameters, such as
reasons:
a particular tree circumference) so that they reach
• tree nursery material is good for marketing: the 10 years of age (or achieve the corresponding
trees with a given trunk circumference range trunk circumference range) within three years.
are also well-shaped, with a crown base height Due to current legislation, the introduced reof 2.0–2.5 m above ground level;
placement plantings should pass the age of 10
• tree nursery material is easy to transport: the years during the statutory three-year vitality
trees’ small size allows them to be packed in preservation period.14 Otherwise they could risk
large numbers on platforms and truck trailers; removal without any necessary permit due to the
• trees within the indicated trunk circumference lack of legal protection. When the administrarange are still easy to plant by
tive authority issues a decision on
hand;
In other words, the choice of tree removal without determin• trees with a trunk circumfer- trees and shrubs (including ing the qualitative parameters for
ence of 16–20 cm are rela- their dendrometric parameters, replacement planting, the entity
tively cheap to produce, which leaf area index, growth rate, that removes the trees or shrubs
decreases the selling cost and durability, tolerance for urban is often free to plant new ones
guarantees demand at a satis- conditions) should eventually with minimal natural value and
factory level (optimum pro- balance the environmental da- these can be removed even withduction cost/price ratio);
mage, i.e. the right tree sho- out a permit (if they are not over
• the larger the tree size, the uld be planted in the right place 10 years of age). Consequently,
higher the cost of the tree
pathological situations occur
and the lower the competitiveness of the where the applicant can benefit from remission
plant nursery material (increased labour input of environmental fees twice: for the removal of
translates into higher price of plant nursery old trees and the young trees planted in compenmaterial).
sation for their loss.
There are also recommendations concerning the
Remission of environmental fees for tree requality of trees planted in Polish cities (e.g. Hey- moval is admissible in the maintenance of pubmanowski et al. 1964; Gajda 2007; Grąbczewski lic green areas,15 providing another example of
2011; plant nursery standards). In line with these how urban tree management can spiral out of
guidelines, it is advantageous to plant trees with control. Here, the administrative authority’s dea trunk circumference of no less than 16–18 cm cision to grant a permit is based on the assessat the height of 1.3 m, in urban green areas and ment of whether or not the replacement of trees
12–14 cm, along streets. In practice, however, trees with new plantings is recommended in a given
with a trunk circumference no larger than 14 cm case. Otherwise it would be difficult to talk about
 Nature Conservation Act, with amendments (Polish Official Journal 2004 no 92, item 880), article 83, section 6; article 84, sections 4 and 5.
 Nature Conservation Act, with amendments (Polish Official Journal 2004 no 92, item 880), article 86, section 1, item 8.

14

15
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maintenance works meant to preserve greenery
(Gruszecki 2012).
With public interest and nature protection in
mind, and in order to avoid situations like those
described above, the administrative authority responsible for issuing decisions should consider using
bigger and older trees for replacement planting. This
could mean trees with a trunk circumference of 16–
18 or 18–20 cm, of species and varieties adequate
for the given habitat as well as for the aesthetics
and specificity of the spatial arrangement, that do
not necessarily recreate the pattern of removed trees
Figure 4. Replacement plantings using high(figure 4). Such is the case in Poland’s capital where
quality plant material of sufficient size in the
the Environmental Protection Department of Warvicinity of the construction site of an office buildsaw’s Municipal Office allows the planting of trees
ing – Sluzewiec district in Warsaw
no younger than 8 years old, which means that after
the 3-year warranty the trees’ age averages 11–12
years and they cannot be removed without a permit.
The city of Bialystok follows a similar practice.
by such entities for further replacement planting
In urban tree management, it seems more practi- permits should be refused. In its justification, the
cal to determine the natural value
administrative authority can reof trees based on dendrometric Due to current legislation, the in- fer to the planting irregularities
parameters rather than the chal- troduced replacement plantings in the applicant’s earlier investlenging age criterion, such as the should pass the age of 10 years ments (such as a high percent10-year threshold indicated by during the statutory three-year age of dead trees or their poor
the current act on nature protec- vitality preservation period.14
condition indicative of a lack
tion. Preferably, tree management
of maintenance). However, this
ought to rely on actual tree size (which holds natural scenario is only possible if the administrative
value). Such will be the approach in the revised act authority continuously monitors the introduced
on nature protection where the age parameter is replacement plantings. The quality assessment
to be substituted with certain trunk circumference procedure for tree planting should include these
ranges.
four basic aspects:
• date of inspection;
• designation of individuals participating in the
Monitoring
inspection and identification of their functions;
• specification of the quality assessment method
To provide better control of urban tree managefor replacement plantings;
ment, the administrative authority should have
• specification of the procedure in case of noncompliance with the duty of introducing rean internal registry of the issued replacement
placement plantings.
planting-related decisions. This will help avoid
Although
not regulated by any legislation, the
abuse on the part of applicants (i.e. investors,
especially developers) who often show ignorance, internal practice mentioned above is common in
neglect and a lack of goodwill when it comes to many offices (i.e. authorities issuing decisions) in
replacement plantings (figure 5).15 Applications Polish communes and cities (e.g. the Department of
15

 E.g. the discontinuation (after 3 years) of proceedings concerning the non-performance or negligence of replacement plantings because
the developer company responsible for the investment was dissolved and land ownership changed (a tenants’ association was created).
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the Environment and Agriculture of the Municipal
Office in Wroclaw).

minants of spatial order. Spatial policy and environmental protection policy provide the administrative
authorities with the grounds to stipulate that the
decision on tree removal is dependent on the inThe legal tools that allow the use
troduction of replacement plantings. The desired
of replacement plantings in Poland tree characteristics can be specified as necessary:
• tree and shrub species (varieties);
• tree nursery material (such as size and the reThe very general nature of regulations concerning
lated tree age);
the introduction of replacement plantings leads
•
to freedom of interpretation. This, however, does
quantity (higher than resulting from the 1:1
not exclude that they can be developed based on
ratio);
• planting location (specified by local regulathe general principles of the law on environmental
protection and the intended goals of nature protions, e.g. the local spatial management plan).
tection (such as sustainable
The administrative authority’s
development or natural com- To provide better control of urban decision concerning the introductree management, the administra- tion of replacement plantings must
pensation).
It is essential to realize tive authority should have an in- include appropriate, substantive
that decisions on tree removal ternal registry of the issued repla- and formal justification. Condiand the introduction of new cement planting-related decisions. tioning tree or shrub removal on
trees in their place (i.e. re- This will help avoid abuse on the the placement of the duty to introplacement planting) is part part of applicants who often show duce replacement plantings meetof spatial policy. The admin- ignorance, neglect and a lack of go- ing specific requirements “should
istrative authority is obliged odwill when it comes to replace- be preceded by evidentiary proto conduct rational spatial and ment plantings.
ceedings regarding the state of the
environmental protection polnatural environment whereby the
icies based on the regulations in place. The examples analysed area should be larger than the area of
of such regulations include a communal programme the property involved in the application for tree
of environmental protection, a local spatial man- removal permit”.17 If the administrative authoragement plan,16 a communal development strategy ity indicates the form of replacement plantings,
adopted by a local government or even detailed it does so based on the relevant substantive and
guidelines on replacement plantings passed by the procedural law, the indications of the local spatial
communal council. Urban tree management lies management plan or expert opinions rooted in the
within spatial policy and must be coherent and resolutions of the commune’s study of determinants
comprehensive. For example, it is recommended and directions of spatial development.18 Should the
that communes apply specific and equal criteria applicant for a permit appeal a decision prepared in
for all entities when determining the quantity and this way, the Local Government Appeal Authoriquality of replacement plantings (Chojnacka 2007). ties (Samorządowe Kolegium Odwoławcze) can
Official supervision over the quality, natural use the decision to conduct evidentiary proceedvalue and aesthetic appeal of new tree and shrub ings as required by the Administrative Procedure
plantings can also be considered one of the deter- Code. Administrative authorities can refer to the
 If there is no local spatial management plan, the commune’s study of determinants and directions of spatial development can always
be used since its preparation is mandatory.
17
 Sentence of the Voivodship Administrative Court in Poznan of 10th March 2009, II SA/Po 823/08, CBOSA (Gruszecki 2013).
18
 According to article 72 section 4 of the Environmental Protection Act, the requirements concerning the design and arrangement of
green areas are developed on the basis of studies in physiographic ecology. Each commune should have its studies/reports concerning
green areas, specifying trees or shrubs (or other natural elements) that absolutely must be preserved and those that can be removed,
indicating locations for nature compensation and the detailed form of compensation (e.g. replacement plantings).
16
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taken into consideration. Therefore, the decision
to impose a fee instead of introducing replacement
plantings must be meticulously justified and most
importantly, stem from the principles of sustainable
development and clearly indicated considerations
for nature.19

Replacement plantings in urban
tree management (examples)

Figure 5. The lack of effective monitoring
of how replacement plantings are executed
can lead to their degradation – Warsaw

numerous cases of this sort that have been positively
considered by Local Government Appeal Authorities in many Polish cities.
When determining the conditions of natural
compensation for removed trees, Polish administrative authorities clearly prefer financial instruments
(fees for tree or shrub removal) to replacement
plantings ( Jerzmański 2011). This does not automatically imply that the former form of guaranteed
compensation for tree or shrub removal is better
than the latter. The customary preference for fees
cannot be grounded only in the authority’s discretion since there are clear boundaries of this discretion. In issuing decisions on the introduction of
replacement plantings, administrative authorities
are bound by the resolutions of article 7 of the
Administrative Procedure Code which demands
that public interest and the interest of citizens be

As indicated by multiple years of global studies on
the assessment and valuation of the impact of trees
on the living conditions of urban residents, trees
can be viewed as part of a separate infrastructure
system with specific applications, which forms part
of a city’s assets, similarly to technical infrastructure,
the so-called grey infrastructure (e.g. Wolf 2003).
There is growing awareness in many cities that longterm investments in trees in urban areas will help
to reduce much higher costs in other sectors of the
economy, such as expenditures related to the creation and maintenance of grey infrastructure (e.g.
Schwab 2008).
The authorities of large European cities currently have at their disposal very detailed, electronic
databases concerning trees within their boundaries
(Hamburg, for example, has had such a database for
nearly 20 years). The municipalities of large cities in
countries that are world leaders in terms of studies on urban trees (e.g. the USA, Germany, Great
Britain, Australia) use tree databases to optimize
management of tree resources. This way, the optimum space for tree crowns and roots can be reserved
in advance. Another benefit is that costs related
to urban tree maintenance can be estimated (e.g.
McPherson 2007). Hamburg was one city where
a digital tree map based on spatial data systems
(Geographic Information System, GIS) was implemented in 2011 to carry out a programme of new
plantings compensating for street tree losses (the
“Mein Baum – Meine Stadt” campaign was implemented on the occasion of being chosen Europe’s
Green Capital). The GIS data made it possible to

 In the Czech Republic and Slovakia, the fee for tree or shrub removal is only applicable when replacement planting is not possible.
According to legal judgments, this is unequivocally the case only when there is truly no place for new plantings in a given administrative unit (commune) ( Jerzmański 2011).

19
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indicate the optimum choice of species for urban etc. are all entities that manage cities’ green areas
space resources and estimate planting-related costs where replacement plantings can be located. War(Doobe and Steinke 2012).
saw exemplifies the fragmentation of responsibiliAt present, many Polish cities are working on, ties, where the management of green areas (urban
or already have, urban greenery development pro- parks, urban forests and street greenery, i.e. lawns,
grammes that will eventually use GIS systems. The trees and shrubs lining roads and passageways) is
city of Olsztyn is one example where compensation carried out by 18 districts. The remaining vast areas
plantings constitute a significant element of sustain- of the city, such as housing estate greenery, lie within
able development within the context of urban tree the competence of other entities (Lisicki 2009).
management. Programmes of plant introduction
Some attempts to resolve this problem by
provide specific directions for decentralizing management are curvelopment in cities. Collaboration Collaboration with the local rently being made. In the city of
with the local communities of indi- communities of individual di- Wroclaw, the Urban Greenery
vidual districts and housing estates stricts and housing estates ma- Authority of the Department of
made it possible to designate areas de it possible to designate are- Architecture and Development
manages most green areas. In
for future tree plantings. This phase as for future tree plantings.
precedes the establishment of an
cities, such as Szczecin, Gdynia,
Urban Geographic Information System which will Olsztyn or Warsaw supervision over the protecultimately allow constant data input and the com- tion, design and development of green areas is also
pletion of existing data (Olsztyn official city service being centralized and coordinated, owing, among
2013). A similar citywide database concerning green other things, to the establishment of the funcareas is being developed in Warsaw under the direc- tions of landscape architects, urban gardeners or
tion of the Environmental Protection Department. greenery guardians who work for the municipality.
Development is desired in all cities. However, According to what is known about urban trees,
new investments often involve the removal of trees. comprehensive management from a macroscopic
The deep divides of responsibility in the structure to microscopic level allows efficient coordination
of urban area management are a hurdle which is and effective actions. Conversely, when urban trees
difficult to overcome when it comes to replacement are managed by many different local administrative
plantings in Poland. In urban tree management, units, the management system is ineffective due to
these divides make sustainable development more the fragmentation and conflicting competences,
difficult to control and stimulate. By law, the duty multitude of regulations and lack of clearly defined
of caring for greenery lies with the owner of the responsibilities e.g. in terms of decisions on tree
area where it grows;19 therefore, communes, housing maintenance vs. removal and the introduction of
cooperatives, road management, private individuals replacement plantings.

 Environmental Protection Act, with amendments (Polish Official Journal 2001 no 62, item 627).

19
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Structural soils
and other ways of
facilitating tree growth
in the difficult habitat
conditions of cities
Marzena Suchocka
Warsaw University of Life Sciences, Institute of Spatial Management and Housing

The lifespan of urban trees is often drastically shortened
by habitat conditions and investment-related damage. In
many cases, alternative design solutions aimed at improving
the habitat conditions for urban trees are necessary, such as
structural soils, porous surfaces, sidewalk ramps or bridge curbs
and other construction details that protect the tree root system.
These solutions are popular in Scandinavian countries, and
pioneering examples are emerging in Poland. They improve
water management, provide the necessary space for tree rooting
and protect root systems from soil compaction, proving that
tree presence can go hand in hand with urban infrastructure.
Keywords: urban trees, trees at the construction site, sidewalk
bridges, porous surfaces, surface de-sealing
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Introduction

Figure 1. Standard solutions to the conflicting
needs of pedestrians, car drivers and trees often end
in tree dieback
Photo: Marzena Suchocka

The lifespan of urban trees is often dramatically reduced by habitat conditions and investment-related
damage. In the centre of large cities, it is estimated
that newly planted trees can survive approximately
10 years (Dmuchowski and Badurek 2001).
In many cases, alternative designs are required
that will improve habitat conditions of urban trees,
these include:
• structural soils;
• construction details (e.g. porous pavements,
suspended pavements, alternative edging or
curbs).
This article aims to show that trees and urban
infrastructure need not stand in conflict: we present
technical solutions that help eliminate or reduce
that conflict. In this way trees can coexist with efficient passageways and the benefits of tree presence
to urban residents are preserved.

Problems of street trees
As mentioned earlier, the main reasons behind urban tree dieback are related to inadequate habitat
conditions. Conflicts with on-the-ground and underground infrastructure cause mechanical damage
to the roots, trunk and crown (Suchocka 2010).
Due to spatial limitations, roots cannot develop
properly and oxygen and water cannot reach the
root system (figure 1).
The damage and relocation of soil layers during
road construction, placement of installations and
other construction works destroys the structure and
composition of urban soil. Paving too close to a tree
using standard methods (figure 2) often causes extensive damage to its root system. Installations are
also a direct cause of deteriorated conditions for
root growth, e.g. district heating installations cause
soil heating and drying. As mentioned above, the
soil is often of very poor quality and contaminated
with various types of construction waste. Urban
soils mixed with construction waste can have an
inappropriate alkaline pH; this in combination
with the frequent salinity potentiates the effects of
physiological drought. Soil compaction reduces its
40 |
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Figure 2. It is difficult to find a positive solution to
the conflict between pavements and tree root systems
if traditional technical details, such as unmodified
common edging are used

permeability and hampers gas exchange, resulting
in an air deficit. Insufficient amounts or insufficient
access to oxygen in dense soil limits root growth and
functioning. When root mass growth is limited due
to soil compaction, fewer nutrients and water are
accessible to plants (Suchocka 2011 a, b), over time
leading to inappropriate development and consequently gradual tree dieback and death.

Soil requirements of newly planted
trees
In the process of planning new plantings or revitalizing existing plantings, the amount of soil required
by a specific tree for the proper functioning of the

Marzena Suchocka

root ball must be determined (Costello and Jones
2003). Trees planted in small beds will suffer from
dieback much faster than those that have sufficient
soil volume for rooting. The appropriate amount of
soil, adjusted to the expected size of the tree, allows
normal development over many years (figure 3). In
order to estimate the amount of soil necessary for
normal growth, the optimum size of the bed can
be adjusted to the predicted trunk diameter or the
crown projection area of the mature tree (figure 4).
This method can be helpful when designing beds
for planting young trees or expanding existing beds.
For example, for a tree with an assumed trunk diameter of 41 cm the recommended amount of soil
is 28 m3 (figure 4). Calculations should be made for
a layer of up to 90 cm deep since this is the depth at
which most roots develop.

Ways to improve habitat conditions
for tree development
Below we describe a number of technical solutions
that can be applied in the design process with the
aim of protecting tree root systems.

Zone of visible structural roots

Tree crown projection

Structural soils
Structural soils based on macadam aggregates give
the freedom of shaping the area for tree rooting,
create optimum conditions for root growth and
permit tree and shrub planting even in conditions
of repeated salinity. As shown by multiple years of
experience in Scandinavian countries, this type of
structural soil can replace that in the root systems
of trees with severe signs of abiotic stress, yielding
very good results in terms of improved tree vitality
if done properly (Alvem et al. 2009). Structural
soils can be used as a sub-base under pedestrian
pavements, roads or parking lots.
Here, the digging zone is planned according
to the presumed shape of the root system and
subsequently the degraded soil is removed in
a root-friendly manner (a high pressure water jet
or compressed air can be used). On average, soil is
replaced up to a depth of 40 cm. Once the soil is
removed, compressed air is used to loosen the subsoil between roots. Later on, the area is backfilled
with crushed rock in layers of decreasing fineness
(100–150 mm in the lower layer of the aggregate,
62–92 mm in the upper layer). Loamy fertile soil
with a 3–4% content of humus and decomposed

Amount of soil necessary for normal growth

Tree bed 1.2 x 1.2 m

Figure 3. Illustrative comparison of the minimum area of soil required for tree development and the size of
tree beds often found in cities (Suchocka 2012)
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Crown (m2)/trunk diameter (cm)

Size of mature tree

112/61
84/51
59/41
45/31
30/20
13/10
6

11

17

23

28

34

40

45

Required amount of soil (m3)

Figure 4. Optimum amount of soil required for
trees planted in cities (Suchocka 2012)

organic matter is washed in between the rocks.
Artificial soil should be uniform along the whole
profile; its richness must be assessed and potential
deficiencies addressed with fertilizers. The surface
is covered with a lawn, hardened paving or gravel
(figure 5). The arrangement of layers prevents condensation even in case of intense traffic or the passage of heavy vehicles and is therefore suitable as
a sub-base for pedestrian or shared road/pedestrian
pavements.

The first projects where degraded soil was replaced with structural soils were carried out in Scandinavian countries, in 2002, to solve the problem
of street trees growing in saline and degraded soils.
Solutions based on structural soils have also been
applied in Poland, e.g. Structural Soil in the city
of Poznan (Trowbridge and Bassuk 2004). A road
laboratory was used to prepare the basalt grit
fraction (16–22 mm) which made up 83% of the
mixture, loamy silt or slightly loamy sand (16%)
and a hydrogel additive. Within the framework of
the project which was executed in 2007, 16 Pyrus
calleryana “Chanticleer” pear trees were planted in
a 1.5 m wide and 0.6–0.7 m deep strip (Milanowska
2012, Milanowska and Suchocka 2013). The trees
are irrigated and fertilized regularly and their root
systems were inoculated with mycorrhizae. Tree
condition was assessed in September 2012, at which
point none of the pear trees had to be replaced and
the trees remain in good condition 5 years after
being planted.
Another option for increasing trees’ rooting area
are Silva Cells: a modular framework of 40 cm high
building blocks that can be stacked 1, 2 or 3 units
high (figure 6). Load-bearing RootCells with units
only 27 cm high are a similar system, used e.g. in
Poznan. In both systems, the framework is filled

Macadam aerating layer,
62–92 mm fraction

Macadam structural soil,
100–150 mm fraction

Figure 5. Macadam-type structural soil (Alvem et al. 2009)
42 |
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Open space filled with organic soil

Air inlet
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with soil for tree rooting and the skeletal framework
prevents soil compaction.
Yet another method of improving habitat conditions was applied in the city of Czestochowa where
trenches 1 m wide and 0.8 m deep were backfilled
with a soil mixture containing expanded clay aggregate to ensure proper aeration of the tree root system.
A standard solution was chosen in Lublin where
a small pit for tree planting (100 x 100 x 80 m) was
filled with mineral/organic soil (a 40 cm layer composed of: 70% compost soil, 15% coarse sand and
15% expanded clay laid on subsoil containing 30%
gravel). The vitality of trees planted in this type of
pit was compared by Milanowska (2012) with the
vitality of trees planted using other methods. The
study also compared the amount of soil available to
the roots of planted trees.
As demonstrated by the comparison of these
solutions (table 1), the best available soil to rooting area ratio (both per m2 and per single tree) was
achieved for the rock/soil mix and vegetation trench.
Moreover, tree vitality also turned out to be best
when these methods were used. Conversely, two in
three trees planted in small pits in Lublin were in
poor or very poor health. The study results confirm
that ensuring the appropriate amount of soil is significant for normal tree development.
Construction details
Tree-friendly construction details are used to protect (at least part of ) the root system, ensure water
and air access to the root system or protect soil
from compaction. These details include permeable
pavements, bridge curbs, irregularly shaped pavements or pavements with point load distribution,
suspended pavements, sidewalk ramps and fences

Root ball
in a bale

Silva Cell-type
construction

Drainage
pipe

Soil for
planting

Soil compacted
to 90% under the bale

Figure 6. Schematic representation of a Silva Celltype construction

with supporting posts. The cost of these solutions
tends to be similar to that of conventional solutions.
The solutions, presented below, should be adjusted
to local habitat conditions and investment specificity.
Permeable pavements
Permeable pavements allow air and water access to
a tree’s root system. Water-permeable and porous
pavements with 30% porosity, such as HanseGrand
(figure 7) or porous concrete ensure infiltration of at
least 60 cm/hour, allowing plants to access 7–14%

Table 1. Comparison of the sizes of rooting areas available to trees depending on the planting method used in
Poland (adapted from: Milanowska 2012)
Applied method; location
Rock/soil mix; Poznan
RootCell system; Poznan

Rooting area
(m²) per tree

Rooting soil volume
(m³) per tree

Rooting soil volume
(m³) per 1 m²
of area

9

6,3

0,7

9,4

2,5

0,27

Trench with soil mixture; Czestochowa

5

4

0,8

Small pit; Lublin

1

0,8

0,8

Sustainable Development Applications no 4, 2013

| 43

Structural soils and other ways of facilitating tree growth in the difficult habitat conditions of cities

Photo: Mariusz Krynicki

of stormwater. Pavement maintenance is carried
out by appropriate machines (porous concrete) or
consists of completing small amounts of aggregate
during annual inspections (HanseGrand).
Rerouted sidewalks
All measures that increase the area accessible to
plant roots are worth considering and designing.
Figure 8 shows an example of a modified sidewalk
route that ensures maximum soil area for roots and
consequently the best air and water accessibility
under the circumstances.
Sidewalk ramps
Sidewalk ramps or bridges help protect part of
the root system (figure 9). The use of pavements
elevated on footings eliminates the need to cut offending roots.

Figure 7. HanseGrand permeable pavement in
the vicinity of trees is a less invasive solution than
standard pavements

Figure 8. Irregularly shaped sidewalks are one way
of increasing open space in the vicinity of a tree
44 |

Sustainable Development Applications no 4, 2013

Alternative curbs
Due to the fact that the instalment of a traditional
curb requires digging a trench up to 50 cm deep (to
create a sub-base and embed the curb), alternative
solutions are often applied (figure 10).
In the vicinity of a tree, a curb can be laid on
a sub-base instead of being dug in. Apart from the
reduced excavation depth, another benefit is the
barrier that makes it difficult for cars to drive up to
the tree trunk. A drainage trough or prefabricated
concrete slab can also be used for pavement edging
(figure 10).
Part of a tree’s root system can also be protected
with anchored edging: a metal, wooden or plastic
batten with special anchors (figure 11). One variety
of this edging is a bridge curb used as a construction detail when the curb collides with offending
tree roots. This way, roots can be preserved and the
indented part of the curb allows collision-free placement near trees (figure 12).
Fences with supporting posts
If a fence has to run through the root system
of a tree, it can be supported on pad footings
(figures 13 and 14) so as to avoid cutting the root
parts under the designed fence.
The use of pad footings for fence support or the
rerouting of a fence near trees (figure 15) are simple

Marzena Suchocka

yet very effective solutions, which showcase how the
use of alternative construction details allows for the
effective protection of the roots of adjacent trees
without generating additional costs.

Effect on cities’ water balance
In addition to improving the habitat conditions
of trees, the solutions described above have other
important implications for the functioning of cities.
The use of structural soils creates an opportunity
to improve water management in urbanized areas
(cf. Wagner et al. in this volume) as these soils play
the role of temporary underground water reservoirs
(figure 16). Trees planted in the area take up water
in the growing season. According to measurements
taken in Malmo in the summer of 2006, a tree with
a crown diameter of approximately 14 m takes up
nearly 670 litres of water per day, showing the enorA)

mous capacity to improve urban water management
(Alvem et al. 2009). Directing water into trees’ root
systems helps solve the problem of irrigation on the
one hand while at the same time improving the
city’s microclimate and retention capacity.
However, directing water into the root system of
street trees has its risks. The soil must have a good
retention capacity it must also be possible to drain
water from the plant bed or cut off its access. Too
much water will fill up the air pores in the soil,
leading to oxygen deficiency for the tree. Soils with
high clay and silt content do not allow sufficient infiltration of stormwater. The use of salt for de-icing
in winter requires caution if stormwater from pavements is diverted to soils with high clay content. In
soils with good drainage capacity (sandy soils with
high gravel content) water infiltrates quickly. If an
appropriate soil mix is used, salt is readily flushed
out of the soil and the risk of the salt negatively
affecting the trees is small.
Existing tree

Joint connecting
the sidewalk and bridge

Concrete
pad footings

Edging

Railing for pedestrians

B)

Concrete slab

Roots

Pad footing

Joint

Figure 9. Sidewalk bridging: overhead view (A) and side view (B) (Costello and Jones 2003)
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Laid curb
Curb

Aggregate sub-base
Geotextile fabric
Native soil
Mat for impeding soil subsidence
Prefabricated liner
Drainage trough

Aggregate sub-base
Geotextile fabric
Native soil
Frame for impeding soil subsidence
Concrete slab with strip footing
Concrete slab with strip footing

Aggregate sub-base
Geotextile fabric
Native soil
Frame for impeding soil subsidence

Figure 10. Alternative curbs: traditional laid curb, prefabricated ditch liner, prefabricated concrete slab bordered with a type of curb
Bridge-type reinforced curb

Eco-board-type curb with anchors

Axis of existing tree

Open space

Steel angle bar
or eco-board type edging
Min. 25 cm 1 m

Pavers on sand
Anchor

Figure 11. Eco-Board-type edging with anchors

46 |

Sustainable Development Applications no 4, 2013

1m

Curb with a minimum
height of 45 cm

Reinforcing
bars
20 cm
25 cm

A bridge-type curb can be faced
with a thick steel plate
for reinforcement

Figure 12. Bridge-type reinforced curb (Szczepanowska 2008)
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2.5−3.0 m

Wall/fence
Flat bar to stabilise the wall
in the concrete footing

Metal girder
Concrete footing
5−10 cm
45 cm

Existing primary roots

Figure 13. Fence/wall on a metal girder supported on concrete footings
2.5−3.0 m

Wall/fence
Reinforced concrete post

Metal girder

5−10 cm
45 cm

Existing primary roots

Figure 14. Fence/wall on a metal girder anchored in concrete posts

Diverting stormwater to tree beds alters growing conditions. When new trees are planted, plant
material can be adjusted to the given soil conditions. For areas where large amounts of stormwater are possible, species that tolerate periodic
flooding must be chosen. In cases where trees
can be subject to high concentrations of salt, the
soil should have a higher gravel and sand content
as these soils have weaker water-retention and
nutrient-buffering capacity, limiting the choice
of planted tree species to those that require low
levels of nutrients. The decision on whether or
not to divert stormwater into tree beds needs to
be carefully considered, especially in the case of
existing trees.

Conclusions
Trees growing in cities are protected by multiple
legal acts, including the most important one, the
Constitution of the Republic of Poland. In the
Civil Code, trees are treated as an integral part of
a plot and any loss or damage is detrimental to
its value (article 48 of the Civil Code). Tree protection is a legal requirement; it is in both private
and public interest, where the latter includes the
environmental benefits for future generations. The
solutions described above form part of the standards
and good practices of European Union countries
and the United States. Recommendations on shaping the space around trees are often used as local
Sustainable Development Applications no 4, 2013
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Figure 15. Rerouted fence and fence with supporting posts to protect tree roots

Macadam
structural soil
Pavement

Stormwater

Subsoil

Gravel

Stormwater

Subsoil

Gravel

Macadam
structural soil
Pavement

Figure 16. Structural soil allows room for root growth and acts as a water retention reservoir used e.g. by
roots. The functioning of the system improves local microclimate and water management
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governments’ ordinances and have already been applied in Poland.
Structural soils provide trees with the necessary
rooting area and help protect root systems from the
effects of soil compaction, while at the same time
improving water management. In addition, technical details such as suspended sidewalks (ramps)

or bridge curbs allow for the protection of trees’
root systems from mechanical damage. The solutions presented here prove that there is no need
to choose between infrastructure and trees. Both
priorities can be reconciled, ensuring ecosystem
service intensification and rarely involving any increase in costs.
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The protection of urban
trees and the perceived
safety hazard
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The number of decisions on tree removal due to the
perceived failure hazard during windstorms increases each
year. Roadside trees are notoriously being cut, and Polish
law and the administrative system fail to provide sufficient
protection for other urban trees as well. Every accident
caused by a falling tree becomes an argument for the removal
of adjacent trees and the lack of specific criteria for risk
assessment leads to many abuses. This problem can be solved
through efficient systems of urban tree administration and
management modelled on similar structures in European
and American countries. Tree risk management programmes
focus on the improvement of public safety as well as the
improvement of tree condition and actions aimed at their
conservation. Raising awareness and the education of society
are also crucial.
Keywords: urban trees, environmental monitoring, cultural
ecosystem services, supervision over greenery, green area
design

The protection of urban trees and the perceived safety hazard

For the very same reason, data concerning trees
introduced in the Geographic Information System
Toppling of trees is the most common windstorm- (GIS) of many cities are most likely insufficient for
related problem. Consequently, trees are being effective tree management.
The situation is further complicated by the lack
assessed as a safety hazard and the number of deof
regulations
concerning the occupational qualificisions in favour of tree removal gradually increases
from year to year. Green alleys and tree-lined roads cations of arborists responsible for tree maintenance
or streets have been the topic of debate for many and the assessment of tree stability. The wording
years now and every accident caused by a falling used in European or American papers is often
tree becomes an argument for the removal of ad- translated literally, resulting in imprecise terms
jacent trees.
with no reference to the century-old Polish legacy
Constituting a safety hazard is currently among of qualitative classification of wood and ignorant
the significant reasons for tree removal. This has of the precise nomenclature, developed over the
to do with the financial responsilast 5 or more decades, to describe
bility of the land owner for tree- Trees are assessed only occa- wood defects in Polish (and now
caused damage in cases of proven sionally, mostly in the invest- also European) standards and clasneglect of tree maintenance. Polish ment process or upon the ap- sifications.2 As a result of this conlaw cites trees that are a hazard to plication of the land owner. fusion, administrative officers are
machinery, 1 people or property, or
unable to verify the quality of expert
the safety of road and railway traffic and naviga- opinions on tree diagnosis.
Social barriers also play a part in the reckless
tion; the removal of these trees requires a communal
permit but is exempt from fees. However, the lack removal of trees. Trees are perceived as a probof precise criteria for hazard assessment frequently lem, primarily due to low social awareness of the
leads to abuse. Trees are being removed under the significance of trees in our lives and ignorance in
pretext of constituting a safety threat merely out of terms of adequate tree care and maintenance. With
convenience: because they collide with a planned increasing digitization, children are turning away
construction or underground infrastructure, because from nature (Louv 2005) which further worsens
they shade the interior of buildings, because falling the situation as learning through direct experileaves or fruit litter the ground etc.
ence is the only way of developing respect and
The lack of detailed knowledge on accident risk humility towards the natural environment. Social
and the reasons behind impaired tree stability leads opinions are shaped by isolated cases of fatal acto generalizations. Any fragile or short-lived tree cidents caused by toppling trees, publicized by the
species are often deemed hazardous irrespective of media in a way that amplifies the perceived scale
their performance and habitat conditions. Accident of the threat.
risk is also rarely estimated and tree assessment is
therefore limited to examining its stability using
more or less objective methods. Trees are assessed How can the problem be solved?
only occasionally, mostly in the investment process
or upon the application of the land owner. Even if The key issue in solving the abovementioned probannual tree inspections are carried out in some cities lem is increasing the efficiency of cities’ administra(especially for street trees), the current tree assess- tive and tree management systems by modelling
ment is subjective and does not allow to monitor them on similar structures in European and Ameriongoing changes in trees and their surroundings. can countries. In Germany, urban tree inspections

Introduction

Nature Conservation Act (Polish Official Journal of 2004 no 92, item 880), article 86, items 4 and 5.
 The first detailed classification of non-fuel wood and wood waste was done by Nowicki in 1913. The first Polish standard of wood
defects was developed by Emilia Stabnicka in 1954 and laid the foundations for today’s sorting standards in Poland.

1
2
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include a safety assessment as determined by the
tree inspection policy (Baumkontrollrichtlinie) and
the inspectors responsible for tree maintenance are
certified by Germany’s association of landscape experts (Forschungsgesellschaft Landschaftsentwicklung
Landschaftsbau, FLL). A unified cadastral register
of street trees is kept (Baumkataster). Traffic hazard monitoring is carried out twice a year for trees
older than 40 years, including valuable and monument trees forming alleys. In this way, trees can be
preserved for longer than would be the case with
a single inspection carried out upon the land user’s
or owner’s application. Constant supervision makes
it possible to determine how a tree is coping with
stress factors, whether it develops protective mechanisms and how the observed defects or diseases are
progressing.
Tree-related risk management systems are developing rapidly, especially in the United States. Although some standards are determined by national
and international institutions, such as the International Society of Arboriculture (ISA) or American
National Standards Institute (ANSI), each state has
its own methods of assessing tree hazards and its
own risk management plans. Preventive measures
are being developed on a large scale. Tree-related
risk management plans have two assumptions:
• improved public safety,
• improved tree health and actions aimed at
preserving trees.

This can be achieved through a two-step programme (table 1) focused on the following primary
goals (Albers et al. 2003):
• preventing the factors that lead to tree damage
by using appropriate planting and maintenance
practices that promote healthy trees;
• correcting defects and counteracting accidents
caused by impaired tree stability through the
use of systematic procedures to accurately
detect hazards, assess accident risk and apply
repair actions.
Educational activities are also important to raise
awareness on the importance of trees in the city
among society.

Rational planning and design of
tree plantings
Many problems can be avoided through the adequate planning and design of tree plantings. The
inclusion of potential structural defects, growth
abnormalities and features conducive to impaired
tree stability will significantly decrease the risk of
future failure and accidents.
When designing new recreational areas with
existing trees, the potential targets, such as parking
lots, playgrounds, rest areas, footpaths and other
architectural elements can be situated at a distance
from valuable trees or near trees with relatively few

Table 1. Ways of minimizing hazards in tree-related risk management programmes based on American
programmes (Rosłon-Szeryńska 2006)
Hazard prevention
• rational design of the space around trees, safe
planting arrangements in frequented places
• production of healthy, properly shaped tree nursery
material
• skilful planting of young plants
• proper maintenance in different development
phases
• inspections, objective hazard assessment of trees
that allows for decisions on how to proceed with
the tree
• education of users of green areas
• legal acts, standards, regulations, risk management
plans

Hazard minimization and correction
• decisions should be adequate for the threat level
and based on objective risk assessment methods
• the target at risk of damage should be moved to
a safe location or the area should be closed for
public use
• land rearrangement: groundcover plants should be
planted within the tree’s striking distance, lawns
under trees should be mowed high etc.
• warning signs, notices on trees
• corrective pruning of the crown to improve tree
stability
• use of mechanical supports
• if other measures fail, tree removal and replacement planting
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defects, which are resistant to mechanical damage
from wind or snow and remain in good health. To
this end, a tree inventory supplemented by a stability
assessment should be made before the development
of a land use plan. This way, alleys and recreational
areas can be arranged so as to save as many trees
as possible, even those that are weakened and pose
a threat (figure 1).
When introducing certain tree species, we
should pay attention to the physiographic conditions of a given site. Flower beds traditionally used
in landscaped gardens where the highest trees are
surrounded by incrementally lower plant strata
(small trees, shrubs and perennials) are one of the
safest compositions in areas subject to strong winds
(figure 2). Planting trees with a regular, soaring
crown as well as smaller trees (up to 8 meters high)
which are less resistant to wind in intensively used
areas are another highly efficient solution (figure 3).

Precautionary measures in the
planting process
At the planting phase, it is vital to inspect the
condition and appearance of the seedlings. An
assessment of the quality of the nursery material
A)

will help eliminate a number of defects, including
weak forks, abnormal branching, crown deformities,
root system malformation or root collar decay. The
choice of resistant tree species that are appropriate
for particular habitat conditions is also one of the
important preventive measures. It is worth bearing
in mind that all species have their weaknesses and
strengths and the choice of species should not be
grounded in stereotypes. For example, the salinityresistant, tolerant to root damage and adequate for
street planting Black Locust (Robinia pseudoacacia)
is intolerant to excessively compacted and heavy
soils in which it fails to root properly and often
falls over. The fragile boxelder maples (Acer negundo)
and willows are not only tolerant to root damage,
but also to excessively compacted or damp soils as
well. In turn, the long-lived oaks, lindens (especially native Polish species) and birch trees have
very sensitive root systems. However, lindens can
tolerate root cuts and can therefore be replanted
even in maturity. The assessment of tree sensitivity
to damage and stress factors is discussed in papers
by Rosłon-Szeryńska (2006, 2012), while the choice
of tree species suitable for cities has been covered
e.g. by Borowski and Latocha (2006).
It is essential that trees are planted skilfully:
roots should be supplied with the sufficient area

Trees with
normal stability

B)

Trees in the medium
risk group
Trees that are
a safety hazard
Properly planned
alleys and
playgrounds
Improper layout of
alleys and playground,
not preceded by
an analysis of existing
trees
Tree removal prompted
by bad design:
for safety reasons
and due to collision
with construction

Figure 1. Examples of how the communication network and other elements can be well-though-out (B) or
planned without assessing tree stability (A). A rational design will not only help improve the safety of land use
but also to protect all trees, including sick and old specimens
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NO

YES

NO

YES

Figure 2. In parks, squares and green areas, large
trees with a tendency to develop weak forks can be
surrounded by lower trees, shrubs and perennials to
achieve a flower bed structure

Figure 3. In streets, it is best to plant trees with
flexible wood and with a clearly developed primary
stem or trees with low wind resistance

for growth and lumpy soils that prevent compaction
and depletion should be used (cf. M. Suchocka in
this volume). Planting errors that result in buried
root collars or damaged, rolled or twisted roots
contribute to diseases, leading to tree uprooting
over time.

ter measure applied by some German states (e.g.
Brandenburg) to protect street trees. To this end,
latex paint that reflects sunrays (such as Arbo-Flex)
or whitewash commonly applied in horticulture can
be used (figures 4 and 5). In Poznan, young trees
along many streets are protected in winter against
the effects of salt (figure 6).

Preventive maintenance measures
Education and raising awareness
Maintenance procedures following tree planting
are of paramount importance. Design documentation concerning trees should include multiannual
(and not just one-year) maintenance plans aimed
at preserving and increasing tree vitality, so that
trees are resistant to stress factors and injuries that
impair their mechanical strength. In young trees,
appropriate pruning allows for correction of crown
deformities, removal of competing primary stems
or adventitious sprouts etc. Procedures applied for
safety reasons can improve a tree’s slenderness and
stability.
It is also important to protect trees from damage. Apart from damage caused by saline aerosols
or manmade mechanical injuries, the most common
tree defects contributing to subsequent failure include frost cracks and necrosis in the stems of young
trees. The widespread use of white paint is a coun-

American literature on preventive measures aimed
at reducing the risk of tree failure or breakage puts
great emphasis on education ( Johnson 1999). It
is highly recommended to educate the users of
greenery on the significance of tree protection
in recreational areas. Displaying the tangible
benefits of healthy, uninjured trees will limit the
number of cases where trees are removed because
they litter or shade the area. Likewise, it is worth
highlighting the need to avoid tree damage during
maintenance and construction works, trampling
the rooting zone and storing toxic substances
under trees (salt, cement, lime etc.) because any
wound is prone to infection by disease-causing
pathogens and soil compaction and contamination leads to root decay, potentially leading to
tree failure.
Sustainable Development Applications no 4, 2013
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many as 335,891 victims, including 29,007 fatalities,
according to police statistics (Symon 2005). These
figures are even more interesting when you consider
that falling trees caused as many deaths in five years
as road accidents did in seven days.

Risk management plans for the
protection of trees and humans
Efficient hazard prevention requires risk management plans as well as tree monitoring using an objective hazard assessment method. It is essential to
balance the hazard with the benefits provided by
trees. The American National Standards Institute
sets the following goals for risk management plans
(MacKenzie et al. 2003):
• employ an urban forestry conservation specialist or other tree maintenance workers;
• promote the professional development of tree
maintenance workers;
• develop long-term educational programmes
and simulation projects aimed at raising social

Photo: Edyta Rosłon-Szeryńska

Photo: Edyta Rosłon-Szeryńska

All efforts to educate, counsel and support tree
owners are of huge importance. Positive examples
of such actions include the National Tree Safety
Group’s (NTSG) recommendations on how to
proceed with trees (including clear principles of
planting, maintenance and assessment) as well as
their support for an insurance system that deals with
tree-related accidents. Important tasks carried out
by the organization include raising awareness of the
true scale of tree-caused accident risk by keeping
relevant statistics.
Compared with road accidents or flood disasters,
accidents caused by breaking and toppling trees are
very rare in Poland. The statistics of these occurrences gathered during 38 significant regional and
nation-wide windstorms in the years 2000–2004
prove that this is truly the case (Rosłon-Szeryńska
2006). During the 5 years in question, there were
108 reported victims of wind-toppled trees, 27 of
whom died as a result of fatal collisions with the tree
while 21 escaped the accident without serious injuries. By comparison, the number of road accidents
in the same timeframe was 266,836 resulting in as

Figure 4. Sun scald and frost cracks are the most
common type of damage to young trees that leads to
impaired stability within several years
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Figure 5. White paint is used in the stems of
young trees with fragile outer bark to prevent frost
and sun damage in the winter

awareness concerning tree-related risk management and the benefits of tree presence;
• raise awareness on tree-related risk management among public officers and municipal
workers;
• coordinate cooperation and exchange of information with public services to promote appropriate tree maintenance and the choice of
either short tree species or shrubs for planting
below on-the-ground transmission lines;
• develop a plan for the utilization and possible
use of wood waste.
Alongside the legal acts, regulations and standards developed to reduce the risks associated with
unstable trees, systems are being established in the
United States to report broken and uprooted trees in
urbanized areas; the California Tree Failure Report
Program (CTFRP) has been chosen as the best
so far. Within the framework of the programme,
5519 cases of broken and uprooted trees were registered and described in detail by 27th February 2013.
A program of this kind provides valuable information on particular tree species, the types of damage
and associated symptoms.

Photo: Maja Jaroszewska, Zarząd Dróg Miejskich w Poznaniu
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Figure 6. Protective covers for young trees against
sun scald, frost and the toxic effect of saline aerosol
in the winter: Lechnicka Street in Poznan

Tree monitoring

How can safety around trees be
improved?

Observations and regular tree checks are crucial as they
allow swift reaction to potential hazards (figure 7). The
frequency of inspections usually varies and depends
on the risk level. In cases of very high risk, inspections
should be carried out at least once a year and, where
necessary, after strong windstorms as well. Trees in the
high risk group require one to two assessments per year.
For medium and low risk trees, inspections should be
carried out every 3–5 years, or even less often.
For trees classified as posing a safety threat, seasonal observations, maintenance procedures aimed
at correcting stability or protection due to their historic (natural) value are recommended. According to
American and British arborists (Lonsdale 2000), it
is advisable to mark trees or their surroundings with
special warning notices to inform passers-by of the
potential dangers (figure 8). Bar-coded information
plates containing tree data fixed to tree trunks can also
make on-site tree assessment more efficient (figure 9).

Interventions in the vicinity of trees include relocating the “target” to a safe distance from the
tree or its removal, e.g. by closing an area to public
access. In the first case, a road, square, parking lot,
swing, bench or other object can be relocated away
from the danger zone. This is often an effective
solution which tends to be applied when the tree
is very valuable and the relocation does not alter
the composition and functionality of a given area.
Another solution is the temporary or permanent
closure of a recreational area, especially when it
contains many dangerous trees and another, more
appropriate location can be found with the same
functionality (Alaska Forest Health 2000).
Parks offer the potential of constraining human
presence under a dangerous tree by surrounding it
with shrub plantings. The desired effect can also be
achieved by leaving un-mowed grass. Due to the
protection of biodiversity in areas with extensive
Sustainable Development Applications no 4, 2013
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Figure 7. Regular inspections are the key
component of urban tree management

canopy cover, the low resistance of undergrowth to
trampling on the one hand and human safety on
the other, presence under the tree canopy should
be limited. Planting shrubs and other plants within
the potential striking range of trees is one way of
reducing the risk of accidents caused by falling and
uprooted trees (Rosłon-Szeryńska 2006).

How can tree statics be improved?
Crown reduction pruning or pruning to stimulate
crown regrowth, are both important procedures for
improving the stability of hazardous trees. The tree
statics assessment method developed by Wessolly
(1998) includes a table with optimum crown size
and shape for particular tree species with particular
parameters. It is a useful tool which enables quick
correction of the shape and size of inspected trees.
According to Wessolly, even slight corrections of
a tree silhouette can significantly improve stability.
For example, reducing a 26-metre-high tree by only
2 metres can increase its stability by as much as 40%
in some cases. Corrective pruning can be effective
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Figure 8. Information plates with tree data
make assessments more efficient and help in
diagnostics

when the primary elements at risk of falling are
boughs or tree tops: it can reduce the risk of falling
while at the same time preserving the tree. Appropriate pruning will not only preserve tree form
and structure, but can be beneficial to its health
as well. Conversely, improper pruning can greatly
increase the risk of failure. Proper pruning methods have been described in detail e.g. by Gilman
(2002), whose work is referred to by Polish arborists
(Siewniak 2009). Crown mass reduction is without
doubt a better solution than tree felling; however,
the large, open pruning wounds make the plant
susceptible to infections. Careful inspections of trees
impaired in this way are therefore recommended
due to the increased risk of breaking in the future.
Traditional reduction pruning and topping
methods leave unnatural flat wound surfaces.
Coronet cuts and retrenchment pruning are alternatives that imitate the natural process of ageing. Retrenchment pruning (figure 10) is used to
improve tree stability by reducing crown mass,
while creating the effect of natural deadwood production. In order to compensate for energy losses,
older trees discard the peripheral parts of boughs,

Photo: Łukasz Mrowiński, <www.oazazieleni.pl>
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Figure 9. Information plates with tree data
make assessments more efficient and help in
diagnostics

branches and tops. Coronet cuts (figure 11) are
applicable in the case of old, declining trees which
are not removed but instead left as an ecological niche for microorganisms and valuable insect,
bird and mammal species. This way, ecological
succession can continue in the urban environment. Coronet cuts are intended to mimic jagged
edges characteristically seen on broken boughs and
branches after windstorms. Breakage along fibres
leaves numerous small cracks and splinters which
create natural habitat conditions for micro- and
macro-organisms. Cuts that imitate the process
of ageing originate from the UK and have been
applied for more than a dozen years. They have not
been popular in Poland thus far but were used in
the Muskau Park. Polish law leaves little room for
pruning trees older than 10 years and allows the
removal of trees suffering from dieback without
any fees. Fortunately, the proposed amendments
in the act on nature protection allow pruning for
safety reasons. On the other hand, the proposal of
even more simplified procedures for the removal
of dead trees can contribute to the depletion of
cities’ natural environment.

Figure 10. Retrenchment cuts result in natural
deadwood production in older trees and reduced
crown resistance area

Trees can be protected from breakage or failure
with the use of special rigid constructions (perch
support, rods etc.) and elastic tree bracing (ropes,
bands, with single or multiple elements, e.g. Cobra or Boa). Such mechanical reinforcement does
not eliminate the underlying cause of the hazard
but temporarily supports the tree from failure. The
principles of bracing are based on a simplified mechanical model and yet all tree structures have anisotropic properties, therefore the risk that a tree will
fail still remains, despite the bracing. Studies have
shown the harmfulness of mechanical support that
interferes with inner tree structures, primarily in the
case of trees with a poor protective barrier against
disease-causing pathogens (compartmentalization
of decay in trees, CODIT).

Tree removal as the last resort
Tree removal is suggested only in cases of extreme
hazard. It can be necessary when the exposed target cannot be relocated and other procedures do
Sustainable Development Applications no 4, 2013
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not sufficiently reduce the risk of failure. The recommendation of tree removal requires thorough
analysis. If a tree has to be removed, it is worth
considering the possibility of leaving the stump to
serve as habitat for other organisms and ensure biodiversity. Figure 12 shows what needs to be considered before taking the ultimate step of tree removal.

Principles of tree assessment and
the assessment of accident risk

Photo: Edyta Rosłon-Szeryńska

Tree-related accident risk should be assessed in
two steps:
1. assessment of the risk of tree failure or breakage;
2. assessment of the risk of accident and the
severity of the potential outcome caused by
a broken or uprooted tree (property damage,
human injury, disability or death).
The first step involves the assessment of tree
statics based on visual inspection or detailed examination with specialist devices that measure the
mechanical strength of the tree construction (inclinometer, elastometer) or the tree’s inner structure

Figure 11. Coronet cuts mimic natural
breakage
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(resistograph, impulse hammer, sonic tomograph).
For control examinations, visual inspections are
often sufficient where the assessment includes
morphological defects, tree shape defects and disease symptoms, with regard to the specificity of the
tree species and habitat conditions stated in the socalled list of characteristics. There are a number of
simple methods for measuring the extent of defects
and traits that make a tree vulnerable to breakage
(Rosłon-Szeryńska 2006).
The following factors that influence tree statics
are taken into consideration in the assessment:
• defects of the inner structure (structural defects
of anthropogenic, biotic and abiotic origin);
• shape defects (lean, excessive slenderness, defective forks, curvatures and other deformities
of the tree’s above-ground and underground
parts);
• symptoms of diseases that weaken tree structure, etiological signs of pathogen invasion
(rhizomorphs, fruiting bodies of parasitic
fungi, bacterial excretions etc.);
• species characteristics (susceptibility to stress
factors, predisposition to particular defects);
• habitat characteristics (wind exposure, high
competition for space and sunlight, unstable
ground etc.);
• tree age and condition.
The second step in accident risk assessment involves the determination of the intensity, frequency
and time of human and property exposure in the
tree’s striking range. American methods usually rely
on the location’s classification according to the International Society of Arboriculture (ISA 1995).
A hazardous tree in a park, far from footpaths and
rest areas is not as big a threat as a street tree. Similarly, accident risk differs from street to street. Trees
near street junctions, tram or bus stops and along
busy roads are the greatest hazards.
More complex assessment methods include the
consequences (severity of the results) of the potential accident. The authors substitute the traditional
categories of outcome severity (catastrophic, severe,
intermediate, minor) with size categories of the
entire tree or its hazardous parts. The reasoning is
that the bigger (and so the heavier) the tree or tree
part, the more severe the potential harm to people

Edyta Rosłon-Szeryńska

1. Can the target
be relocated?

YES

RELOCATE
TARGET

YES

PERFORM
ACTIONS

YES

CLOSE
SITE

NO
2. Is intervention with minimum impact
on animal habitat, e.g. pruning, possible?

NO
3. Can the site of hazard be closed
temporarily or permanently?*

NO
4. Remove the tree**

5. Can the felled tree
be left on site?

* If target relocation or crown reduction are impossible,
safety considerations can be reconciled with
the well-being of nature through the temporary closure
of the area. It is recommended to apply this measure
at least in periods that are most critical for animals,
such as the periods of nesting and rearing of the young.

YES

** Tree nests can be
relocated safely.

Felled trees or logs have important
natural functions: they are vital for insects,
birds and small mammals and constitute
an important element of landscape.

Figure 12. Procedures to follow when dealing with hazardous trees: reconciling natural values with human
well-being (Pokorny 2003)

or property. Branches with a diameter exceeding
10 cm are deemed a safety hazard. The critical size
of a tree part is 30 cm, therefore assessments are
done especially for thick boughs with serious defects
(Rosłon-Szeryńska 2012).
Risk assessment methods are commonly applied
by managers of green areas for effective tree management. Many American states, such as Minnesota,
have developed useful tree assessment methods
based on clear, objective criteria. Tree statics (the first
factor) are assessed based on the severity of seven
types of defects and a tree is classified as pertaining
to the low, moderate or high risk group accordingly.
For example, if symptoms of wood decay (or superficial damage) affect more than 50% of the trunk
circumference, the defect is deemed very dangerous,
while cavities exceeding 30% of stem circumference
are deemed dangerous (Minnesota DNR 2003).
The second factor (exposure to risk) is estimated
with the use of risk zone maps (figure 13). Trees

that grow in high-risk zones, e.g. along main roads,
at intersections or in high-use downtown areas are
inspected relatively often and are removed more
frequently than trees growing in low-risk zones (in
private house gardens or low-use areas).
In Europe, the use of risk assessment methods
for unstable trees is uncommon. Following a critical analysis of American and European studies, and
based on the modelling of events for broken and
uprooted trees, a visual tree identification method
(wizualna identyfikacja drzew, WID) for hazardous
trees was developed in Poland by Rosłon-Szeryńska
(2006). It is unique in that it includes a risk minimization factor which encourages the inspector to
analyse all possibilities for risk reduction and assess
the legitimacy of their application. The recommended
procedures, including the frequency of inspections
according to the accident risk level and tree condition
are an integral part of the WID method. It is applied
in practice by managers of green areas and arborists
Sustainable Development Applications no 4, 2013
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and has been recommended for use in the visual diagnosis of trees, in the “Guidelines for the establishment
and maintenance of street greenery” in directive no
10 of the General Directorate for National Roads
and Motorways of 15th February 2013. Simplified
guidelines for tree assessment are shown in figure 14.

Conclusions: what actions should
be performed to protect humans
and trees in Poland?

Accident hazard
zone category

Frequency
of tree inspections

Very high hazard

annual

High hazard every

Every 2–3 years

Moderate hazard

Every 3−5 years

Low hazard

Every 5−7 years

Figure 13. Accident risk zone map developed for
the city of Grand Rapids, Minnesota. Trees growing
in high risk zones (school yards, intensively used
areas etc.) receive systematic, annual inspections. In
low use areas, tree inspections are carried out every
5–7 years (Pokorny 2003)

62 |

Sustainable Development Applications no 4, 2013

Annual tree inspections, especially for trees that grow
along roads and streets are conducted in many Polish
cities (the Municipal Road Authority of Poznan, the
Municipal Waste Collecting Authority of Warsaw
etc.). However, at present, these actions are not only
costly and time-consuming, but also ineffective as
they are not based on a tree-related risk management system. There are no defined priorities and the
frequency and scope of inspections is not determined
according to tree condition, location or hazard level.
The guidelines and recommendations for tree
monitoring should be included in environmental
protection programmes for communes or other
documents for mangers of green areas which include plans for the introduction and maintenance
of tree plantings enforced by legal acts and regulations. Tree-related risk management systems can
also form part of safety strategies. Crucially, a systemic approach should be adopted where the scope
of preventive actions aimed at protecting trees and
human well-being are clearly determined.
Inspections should be based on risk assessment
methods and not only on the assessment of tree
stability. Regular tree inspections make sense and
their results are comparable only when the applied
method includes objectively measurable criteria,
such as a quantitative scale for defect size or the
extent of damage expressed as a percentage value.
Training for managers and owners of green areas is
also greatly important, as are accurately recorded statistics on accidents caused by broken or uprooted trees.
These measures will allow us to determine the true
scale of the hazard, raise awareness and can contribute to cost reduction and the promotion of accident
insurance, thereby increasing perceived social safety.

Edyta Rosłon-Szeryńska
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STEP 1

STEP 2
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Stage

Is it possible to
improve tree statics?

What can be done
to reduce the risk of
falling?

Factors increasing
threat:

What to assess?
Threat factors:

What is the probability
of the tree to fall?

The parameters of risk
assessment

break off in the butt?
wood decay or damage in
the butt; poorly tapered
trunk, multi-trunk tree,
wounds and cracks,
crown asymmetry

the space for rooting can
be increased

tree support poles can
be used

slenderness ratio, tree
height; resistance of the
crown
habitat stress factors (density of the ground),
species characteristics

collapse?
decomposition, necrosis,
or damage to the roots;
tree’s inclination

break in the fork?
break in the crown?
malfunctioning forks,
malfunctioning forks,
competitive trunks,
competitive trunks,
cracks, signs of decay and cracks, signs of decay and
defects
defects
tree height, resistance of the crown, stress factors
and habitat characteristics of the species

mechanical supporting
installations can be used

mechanical supporting
installations can be used

corrections of the tree silhouette can be conducted

habitat stress factors (exposure to wind),
tree characteristics (e.g. wood fragility, brittleness of branches)

break in the tree trunk?
wood decay, decline or
damage to the trunk,
deformation, wounds and
cracks,
slenderness ratio, tree
height

Examination of the variants of possible events. Is the tree going to:

Figure 14. Guidelines for the establishment and maintenance of street greenery
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STEP 3

STEP 4

STEP 5

STEP 6

STEP 7

Fence off the area, move
paths

Trunk diameter at breast
height (cm)

What to do with the
tree?

The diameter of
the base of the limb in
the fork (cm)

Observe (monitor) the
tree

Fill the space around the
tree with shrubs

Insert warning signs

The diameter of the
branch / node in the
weakened spot

Determine the risk level
Decide what to do with the tree (health treatments, improving tree statics, appropriate tree monitoring with the scope
and frequency adjusted to the size of the risk, rearranging the space around the tree or, if nothing else is possible,
tree removal and replacement with a new one)
Perform all activities according to the specified scheme

Move benches or other
objects of street/park
furniture

Assessment of exposure to risk based on ISA classification
Area of tree fall: 1 ½ height of the tree, or 1 ½ length of the fractured limb

The diameter of the trunk at the base (cm)

What are the results of Assessment of the likelihood of a specific event (Will the tree break, or collapse?)
a risk assessment tak- Estimation of accident risk and the severity of its effects
ing into account the
Analysis of the options to prevent or reduce accident risk
possibilities of risk
minimization?

What can be done to
improve safety in the
surroundings of the
tree?

What is the exposure
to risk?

What is the severity
of the event outcomes?
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Tree protection at
the construction site
Marzena Suchocka
Institute of Spatial Management and Housing
Warsaw University of Life Sciences
Monika Ziemiańska
Wroclaw University of Environmental and Life Sciences

Appropriate engineering and natural (compensation)
solutions can often prevent the common problems of
tree damage, dieback or removal and are essential during
the execution of construction works that expose trees to
particular stresses. We discuss examples of engineering
solutions, such as steerable moling, isolation of the root
system zone, education of workers, construction of temporary
roads and root curtains. We also zoom in on natural
solutions, e.g. mulching, irrigation, pruning, mycorrhizal
inoculation, soil replacement, loosening compacted soil,
the use of specialist equipment (air spade) or covering tree
crowns with a shading mesh. We give three examples of how
investments were executed in Poland to show the possibilities
for applying these solutions in practice.
Keywords: trees at the construction site, urban trees,
construction works, tree protection, preventive actions

Tree protection at the construction site

Introduction

Engineering solutions

Construction works in the vicinity of trees require
effective tree protection. The determinants involved
in planning, executing and enforcing tree protection
are discussed in “Planning and the principles of tree
protection in the investment process” (Ziemiańska
and Suchocka in this volume). The article focuses
on the details of a construction-site tree protection
design which can be seen as a tool that facilitates the
achievement of the desired assumptions. Whereas,
this article presents examples of engineering and
natural solutions that can be included in the design
and subsequently applied at the construction site.
Protection can involve both engineering solutions
and natural compensation activities; some examples
are discussed below.

Protective engineering solutions can include both
technological ones aimed at minimizing mechanical
damage to the root system (e.g. moling) as well as
protective measures (such as a fence, root curtain
or special paving for a temporary road at the construction site). All of these measures help reduce
the negative impact of construction work on tree
vitality and are described in detail in further sections of this article.

Minimum 60 cm

Figure 1. Moling: starting from the place where
roots are 2.5 cm in diameter, ground works should be
performed underneath, with the use of a mole
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Moling
Steerable moling allows the protection of tree root
systems during the installation of underground infrastructure (figure 1). The mole is used to lay the
installation near a tree in its entirety or an open
trench is dug until roots thicker than 2.5 cm can
be seen, then the mole is squeezed under the roots
to the opposite side of the tree where roots are no
thicker than 2.5 cm. In other words, works should
be performed manually from the crown perimeter
to where the root diameter exceeds 2.5 cm and from
there should be continued with the use of a mole.
The supervisory inspector for greenery (arborist,
landscape architect or other professional specialist in construction-site tree protection) can extend
the area where trenches are dug manually between
trees or the moling area. If roots with a diameter
exceeding 2.5 cm are found outside of the moling
zone, they should be preserved if possible, and the
digging should be done below these roots. The distance from the tree stem from where moling should
be used instead of open trenching is determined by
an expert for each tree individually and included in
the tree management documentation.
The decision to apply this method should be
made at the time of preparing the design documentation, taking into consideration e.g. the location of
the investment and the trees’ age and condition. The
moling route should be adjusted to the particular
circumstances on a case-by-case basis.
The distance between the tree and the moling
route should be adjusted to crown size and ideally
run outside the perimeter of a properly developed
crown, while the protected soil depth should be
about 60 cm.

Marzena Suchocka, Monika Ziemiańska

Vertical bracket
Scaffolding

Wire mesh welded
to brackets and
horizontal battens

Vertical rods
inserted in the ground
Mesh that is spread
on the inner
side of the fence

Ground level

2,3 m

Fence panel

0,6 m

Standard-type clamp

Peg to which the bracket
is attached
3,0 m

Figure 2. Structure of a protective fence in accordance with BS 5837:2012

Isolation of the tree root system
Protective fencing of the root system should be
well-visible, high and durable (figure 2). Although
the fencing will not be a mechanical barrier for
most equipment, it will be a sign for all participants
of the construction process that something valuable is protected, in this case – trees. Examples of
investments presented in further sections of this
article demonstrate the appropriate application of
protective fencing.
Fence labeling
Effective construction-site tree protection requires
clear information concerning its scope. Information
plates stating what is being protected and what is
prohibited in the protected area are a useful form
of education (figure 3). Another measure that can
be applied are information boards informing of

the greatest threats to trees, e.g. prohibiting the
passage of machines in the root system zone or
prohibiting the storage of construction materials
in that zone etc.
Solutions for traffic: temporary roads
If possible, all traffic, even pedestrian traffic,
should be excluded from trees’ root system zone at
the investment area. Temporary communication
routes that are indispensable for the execution of
the investment, can be designed and made out of
a 15–30 cm bark layer or 10–15 cm layer of coarse
natural gravel (figure 4). The bark can be covered
e.g. with a 2 cm thick plywood panel, a wooden
construction or pavement slabs. Another solution
is ensuring point load distribution through the use
of beams between offending roots and main roots
to support the slabs.
Sustainable Development Applications no 4, 2013
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Tree Protection Area
Do not enter
Do not move the fence
Do not stockpile materials

Figure 3. Example of an information plate
marking a tree protection area (Suchocka
and Kolendowicz 2008)

Root curtains
One of the greatest threats to tree survival and development is the drying or freezing of exposed roots.
In the case of root ball damage, roots cannot be left
without adequate protection even for a few hours
on a hot day. The trench wall with the damaged root
ball must therefore be secured with a wire mesh
or wooden board panel fixed on wooden posts at
the side of the trench (figure 5). An approx. 20 cm
wide strip should be left between the trench wall
and panel and filled with coarse-grained soil up to
about 40 cm above ground level. The upper layer
should be composed of a mix of humus and sand
at a ratio of 1:3. The part of the tree not affected by
the excavation should be irrigated during the works.
Any potential root cuts must be made with sharp

Concrete, wooden
or metal slabs

Gravel layer

Previous ground level
In case of any type of passing machinery, temporary protective
roads are mandatory within the crown projection area

Figure 4. Example of how the degree of soil compaction can be reduced in situations where temporary roads
need to be built in the tree root system
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Top layer: mix of leaf mold,
humus or peat with sand
Approx. 20 cm

Approx.
70 cm: mix

Below:
native soil

Mesh or wooden boards
Mat e.g. geotextile fabric, jute or foil

Figure 5. Structure of a root curtain (Szczepanowska 2008)

tools. Pruning wounds should be left untreated (gardening ointment etc. should not be used).
In cases of large root loss, the inspector can recommend compensatory crown pruning. According
to the law, this type of pruning is performed only
in cases of conflicts with planned infrastructure. In
reality, however, such cuts are abused and therefore
should not be the standard practice; they also require specialist knowledge and experience.

In justified cases, sodding or planting groundcovers in the area under tree crowns or tree fertilization can be considered. However, improper
sodding or fertilization of trees under the effect of
stress factors during construction works can cause
dieback of weakened trees. In such cases, the determinants mentioned in table 2 should be taken
into consideration.

Natural (preventive) solutions

Tree protection: selected
investments

Depending on the circumstances, different natural
rehabilitation measures aimed at maintaining or
improving the health of trees exposed to construction stress are recommended (table 1).

Further sections of this article describe examples
of most common investment-related problems, as
well as different tree protection measures that were
appropriately timed during construction works.
Sustainable Development Applications no 4, 2013
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preventing excessive
water evaporation,
maintaining steady
soil temperature
(root protection),
enhancing the growth
of soil microorganisms,
combating weeds,
improving soil structure,
creating favourable
conditions for the
growth of beneficial soil
organisms

preventing dehydration
due to interference with
the tree’s environment;
minimization of the
consequences of stress
due to the loss of part
of the root system
or lowering of the
underground water level;
capillary roots uncovered
due to construction work
must be irrigated and
prevented from drying;
the procedure improves
tree condition directly

irrigation

Aim and outcome

mulching: the
application of
litter or bark in
the root system
zone

Procedure,
solution

Sustainable Development Applications no 4, 2013
water demand is determined by: the type
of soil, the condition of the soil surface,
the investment’s impact on hydrograhic
conditions, the atmospheric conditions
(humidity, wind intensity, air temperature), tree age and condition, shading
(tree canopy density, vicinity of high
buildings);
water dosage is determined individually;
irrigation in cycles (not constantly);
May-September (periods determined by
inspectors case by case);
every 2–3 days during the hot summer
period and every 4–7 days in the remainder of the summer season;
early in the morning, in the evening (not
in full sunlight and not at night)

the bark of both coniferous and
deciduous tree species (coniferous
helps maintain soil acidity, deciduous –
alkalinity);
5 cm thick layer, applied to moist, deweeded, pre-prepared soil;
milled, sifted (2–6 cm fractions), clean,
wood-free (up to a maximum of 2%),
weed-, rubbish-, pathogen-free pine
bark composted for at least 9 months (to
eliminate phenols, tannins and resins) is
recommended

Supplementary information, timing,
recommendations

if part of the root system is lost, irrigation instead
of crown reduction should be chosen: despite being
against the law, crown reduction is an overused, treedebilitating procedure;
irrigation can contribute to nutrient elution (fertilizers
must be used)

View, important remarks
Photo: Marzena Suchocka

the appropriate
amount of water is
determined for each
tree individually;
water can be
applied manually
or automatically
(sprinklers, trickle
irrigation)

the introduction of
mulch (e.g. litter,
bark chops) in
a certain area of the
root system zone

Description

Table 1. Natural rehabilitation measures for trees exposed to construction stress
Tree protection at the construction site
Photo: Marzena Suchocka

Nature Conservation Act (Polish Official Journal of 2004 no 92, item 880), article 82, section 1a, items 1, 2 and 3

the choice of material for mycorrhizal
inoculation is important;
the procedure should be performed by
a professional laboratory specializing in
the application of mycorrhiza;
the first effects can be observed within
2–3 years and are visible even in trees
that grow in highly saline and compacted
soils

works must be executed in accordance
with the regulations in force:1 procedures
within the crowns of trees in green areas
or tree plantings can include exclusively:
1) the removal of branches that are
suffering from dieback, partially broken or
collide with buildings or machinery;
2) shaping the crowns of trees no more
than 10 years old;
3) maintaining the shaped form of tree
crowns.
Other procedures should be performed
following expert opinions or
recommendations by a dendrologist or
arborist

Supplementary information, timing,
recommendations

normal, natural tree form

View, important remarks

tree damaged by
excessive, improper cuts

Photo: Marzena Suchocka

1

direct effect on increasing mycorrhizal soil
the absorbing area of the injection
root system (extraradical
hyphae), improved water
uptake, more complete
use of N, P and Fe,
visibly improved plant
growth and condition,
increased annual growth,
improved efficiency of the
assimilation process

inoculation
with
mycorrhizae

crown reduction is
an abused procedure
that weakens the
tree;
crown correction
is very rarely
necessary;
it results in the
loss of tissues and
stored nutrients and
causes wounds in an
already debilitated
tree;
trees typically
discard unnecessary
branches
spontaneously

Description

the aim of this invasive
procedure is usually the
removal of branches that
collide with planned
infrastructure or the
execution of works;
too extensive cuts can
damage the tree

Aim and outcome

tree crown
pruning

Procedure,
solution

Marzena Suchocka, Monika Ziemiańska

Photo: Jerzy Nieswadba
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risk minimization and
a preventive measure that
results in improved user
safety in the immediate
vicinity of the tree

performed to the extent
that is indispensable,
when other solutions are
impossible

root pruning

Aim and outcome

installation of
bracing in the
tree crown

Procedure,
solution

pruning wounds should not be treated
with any agents;
painting does not accelerate callus
formation over wounds and sometimes
hampers the process;
root pruning is justified only in
exceptional cases and must be supervised
by suitably qualified experts.

the bracing should be certified;
the locations of bracings should be
selected by an experienced arborist;
applied in justified cases

Supplementary information, timing,
recommendations
View, important remarks
Photo: Maciej Motas

clean cuts using
sharp, disinfected
tools;
crushed and
damaged roots
should be cut to the
healthy part;
procedures aimed at
reducing wound size

the installation of
elastic or static
bracing in the tree
crown (usually
between primary
stems or boughs) by
arborists

Description

Table 1. Natural rehabilitation measures for trees exposed to construction stress
Tree protection at the construction site
Photo: Marzena Suchocka
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performing works
manually allows to
protect large parts of tree
root systems provided
that roots are preserved
and not cut e.g. with
a spade

counteracting the effects
of soil compaction e.g.
due to excessive traffic on
the construction site;
the procedure is
particularly recommended
in the root system
zone where manual soil
replacement is risky

loosening
compacted soil,
aerating the
soil and root
system of a tree
or loosening
the soil while
preparing
to replace it
(below)

Aim and outcome

manual
performance
of works
(trenching for
installations
and other
infrastructure,
pavement
replacement
etc.)

Procedure,
solution

compressed air from the compressor is
delivered with precision into compacted
soil;
the optimum air flow rate (measured with
a manometer) is 4.5 m3/min;
due to the appropriate shape of the
nozzle end and applicators as well as
pressure control, roots are not damaged
but only uncovered;
it is possible to precisely locate the root
system for the needs of installing underground infrastructure networks

this method helps avoid crushing, tearing
or breaking roots;
roots thicker than 2.5 cm can be left in
the excavation and the installation laid
below them

Supplementary information, timing,
recommendations
View, important remarks

Photo: Marzena Suchocka

the use of specialist
equipment: an air
spade that delivers
compressed air
through a nozzle;
works should be
performed over the
shortest possible
time on cloudy,
humid days

works within the
crown perimeter or
outside of it where
roots are developed
are performed with
a spade or other
manual tools;
air spades (described below) are
an alternative for
manual works

Description

Marzena Suchocka, Monika Ziemiańska
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replacement of degraded,
contaminated with salt
or construction waste,
compacted soil

the procedure aims
to remove (utilize in
accordance with the law)
soil contaminated e.g.
with oil

recommended when part
of the roots are damaged
(removed);
procedure aimed
at reducing crown
transpiration of trees with
root damage

removal of
chemically
contaminated
soil from the
root system
zone

covering the
crown with
a shading mesh

Aim and outcome

soil
replacement in
the root system
zone

Procedure,
solution

Sustainable Development Applications no 4, 2013
applicable especially for evergreen trees
(especially in winter, spring and summer)
and deciduous trees (spring, summer);
the procedure minimizes stress due to
construction works;
requires pathogen control, especially for
parasitic fungi

the use of air spades is not recommended
for soil removal due to the possibility of
unnecessary scattering;
a prepared mix of compost soil (humus)
and sand should be applied in place of
the removed soil

feeder roots cannot be damaged during
the procedure;
work should be performed manually or
with the use of an air spade;
uncovered feeder roots must be irrigated

Supplementary information, timing,
recommendations

soil replacement is recommended only in justified cases

View, important remarks
Photo: Maciej Motas

a shading mesh is
spread over the tree
crown

remove manually,
delicately;
only within defined
boundaries (in terms
of area and depth)

manual, delicate
work within defined
boundaries (in terms
of surface area or
depth) or with the
use of an air spade
(above)

Description

Table 1. Natural rehabilitation measures for trees exposed to construction stress
Tree protection at the construction site
Photo: Marzena Suchocka

soil compaction in the
root system zone must be
avoided unconditionally
as there are virtually no
effective, non-invasive
methods to reverse soil
compaction

debris, concrete and
other post-construction
waste increase the soil’s
pH level, hampering the
uptake of nutrients by
roots

protection
of root
systems from
contamination

Aim and outcome

protection
of root
systems from
compaction

Procedure,
solution

increased pH levels are very difficult to
reduce, therefore soil should be protected
from contamination with post-construction waste;
prior mulching of the protection zone
facilitates its cleanup

the only effective method for reversing
soil compaction is its replacement using
special tools: an air spade and soil
suction equipment

Supplementary information, timing,
recommendations

The effects of soil compaction: in these conditions tree
dieback is common

View, important remarks
Photo: Agnieszka Suchocka

control over the
tree protection
zone (which ideally
should be fenced);
manual cleanup
in case of
contamination

the root zone should
be protected with
a fence;
temporary roads
should be built in
a particular way
(figure 4)

Description
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Figure 6. Root curtain and protective fence for
trees
Photo: Marzena Suchocka

Problems during a multiple dwelling investment
Tree protection was treated very seriously in the investment described below. Planning appropriate tree
management and the scope of protective procedures
formed part of all stages of the investment. Even
though the scope and nature of the applied protective measures was adequate, problems emerged that
commonly occur as a result of improper coordination between representatives of different disciplines
or in association with legal determinants.
The basic documents were prepared at the design stage:
• a tree and shrub inventory was prepared and
protective zones were designated; the greenery
designer also determined the critical damage
leading to the dieback of the most valuable
trees (Tilia cordata),
• a construction-site tree protection (tree management) design was prepared, including
modifications of the initial shape of the infrastructure that ensured a larger area for the root
system of trees according to their development
requirements.
At the execution stage, tree protection included
efforts to make sure that works were carried out
properly as well as modifications in the form and
scope of the design. The following protective procedures were applied:
• a protective fence was installed under the
crown canopy,
• the excavation wall was protected with a root
curtain (figure 6); the curtains had to be repaired after winter as they got damaged by
lying snow,
• there was supervision aimed at protecting the
root system from the stockpiling of materials and contamination with post-construction
waste,
• construction materials were stockpiled only
in an area designated prior to the investment
(previously covered with pavement), in other
areas materials were stored on beams to ensure
point load on the soil.
Moreover, the technology of the works was also
modified in a number of ways due to conflicts with
the planned infrastructure that were unforeseen by
designers. One change that was not included in the

Photo: Marzena Suchocka

Tree protection at the construction site

Figure 7. The technology applied for garage
wall construction required repositioning of the
temporary, tight excavation wall by 90 cm in
the direction of the tree which was not provided by the design – a common problem that
should be avoided

design was that the actual excavation wall had to be
repositioned by 90 cm compared with the planned
outline of an underground garage (figure 7). The
distance to one of the trees was less than 3 trunk
diameters from the excavation. Therefore, it was
unstable and an application for tree removal had to
be filed. This type of situation is always problematic;
a penalty for tree damage can be imposed. There was
also a problem with an Acer pseudoplatanus specimen
qualified for preservation in the local management
plan, which was suffering from dieback. The tree was
under special protection from the very beginning
due to its small chance of surviving the investment
(exceeding critical thresholds for mechanical damage). Mycorrhizal inoculation, mulching and tree
irrigation were applied inside the protective fence.
The need to preserve a tree with poor chances of

caution must be
exercised when
fertilizing;
in normal conditions
(other than at the
construction site)
fertilization helps
counteract negative
changes in habitat
as well as impaired
tree condition and
development, helps
improve tree resistance
or even prevents dieback

the root system area is
often reduced after the
investment process;
sodding with the use
of mulched beds of
appropriate size in
the root ball range
of newly planted and
existing trees improves
conditions for root
system growth

sodding or planting
groundcover

reduced doses of
fertilizers can serve
as a supplementary
measure;
preferably delayed action
fertilizers

the diameter of the bed
used for sodding must
always be adjusted to
the tree’s development
stage: 1.5 m
for newly planted trees
and crown perimeter plus
1 m for mature trees

Description

fertilizing recommendations should always be
based on laboratory soil tests;
for trees, samples should be collected at
a depth of 0–25 cm and 25–50 cm;
in addition to a standard analysis, the levels of
sodium, chlorine and organic matter should also
be assessed;
unskilled fertilizing can be an additional cause
for tree stress

interference with the soil in the planned bed
area (digging, tilling) is strictly forbidden;
digging the soil prior to lawn establishment
(e.g. using a till or spade) increases tree stress
because feeder roots are damaged;
grass or groundcover plants compete with the
tree’s root system

Supplementary information, timing,
recommendations

tree fertilization is recommended only
in the years following the termination
of works;
fertilization of damaged trees can raise
the pH level and block the sorption
complex;
fertilization enhances leaf production,
therefore trees with impaired stability
(due to a partial loss of the root system)
can be at increased risk of failure (large
leaf mass causes the sail effect);
there are no up-to-date, comprehensive
studies that include the effect of
fertilization on individual cases of
construction stress for trees

View, important remarks
Photo: Monika Ziemiańska

fertilization

Aim and outcome

Procedure, solution

Table 2. Additional tree rehabilitation procedures
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Figure 9. Root ball range carried by a tree transplanting machine (Acer pseudoplatanus); machine
diameter: 1.8 m, tree circumference: 44 cm

survival increased investment costs and the risks
associated with tree dieback.
Crucially for any disputable issue, all protective
measures were documented.
Although correct protective measures were undertaken at the described investment site, problems
emerged during the implementation that should
have been solved in the design stages. If conflicts
between trees and the planned investment were
especially considered and tree survivability appropriately assessed, decisions could have been made
to preserve other trees that showed greater chances
of surviving construction works.
Supervision in a housing estate investment
In this case, tree protection was particularly important because of the valuable, old park trees in the
immediate vicinity of the investment. The actions
undertaken at the design stage (in accordance with
the recommendations in the first section of this
article) included the preparation and agreement on
comprehensive documentation, such as:
• a detailed tree inventory,
• design of tree protection and the selection of
trees for removal,
• design of the transplantation of designated
trees,
• design of replacement plantings,
• design of vegetation at the site after the termination of the investment.
80 |
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A systemic supervision service for greenery was
also planned and executed at each stage of the investment. Supervision was executed during replacement
plantings (42 trees, shrubs in an area of 140 m2), as
well as during planned and unannounced meetings.
The costs associated with protecting the existing
greenery and the potential implementation of a new
greenery design, were determined at the design stage.
The following actions were performed at the
execution stage:
• approx. 40 trees were removed (direct collision,
sanitation cutting for 10 trees), and 5 trees were
transplanted (figure 8),
• root system protection zones (within the crown
perimeter) were designated at the site for 11
trees and isolated with a permanent fence
(figures 9, 10),
• the protected and transplanted trees were
mulched and irrigated,
• mycorrhizal inoculation was applied,
• specialist procedures to be performed in the
tree crowns were determined, such as elastic
Photo: Monika Ziemiańska

Photo: Monika Ziemiańska

Tree protection at the construction site

Figure 8. Protective fencing for trees at the
investment site

Photo: Monika Ziemiańska
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Figure 10. Austrian pines (Pinus nigra) at the construction site isolated with a fence

bracing and the removal of deadwood over
communication routes,
• unforeseen or modified works were supervised,
• important works, including those to be covered
up, as well as quantity and quality acceptance
were all documented.
A total of about 40 supervisions were made during the 18 months of the investment.
The role of a landscape architect at the investment
site: single-family housing estate
Here, a 1.5 ha area covered with self-seeded plants
was first tidied up before project documentation was
prepared. Trees and shrubs under 10 years of age as
well as selected self-seeded trees and fruit shrubs were
removed under the supervision of a landscape architect. Information on land use served to determine tree
age. The works were preceded by a written notification
in the applicable communal office and conducted
under the supervision of an inspector. The inspector’s
primary task was to select Quercus robur specimens to
be preserved in property owners’ home gardens as the

basis for their future composition (figure 11). A design is currently being prepared where the location of
buildings is adjusted to the selected trees.
The presence of an expert, in this case a landscape
architect, at an early stage of investment planning, and
the adoption of an approach like the one described
here help minimize investment-related damage and
protect the most valuable natural resources on the site.
Once the investment is over, the preserved trees will
increase the attractiveness and thereby the value of
newly built homes. If relatively large trees were preserved, the achievement of the same benefits would be
costly and time-consuming and could be impossible in
reality due to the shape of the existing infrastructure.

Conclusions
Construction-site tree protection aims to minimize
stress due to construction works. Tree protection can
be achieved through the application of different solutions, both engineering and natural. Engineering
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Tree protection at the construction site

Figure 11. The most valuable tree specimens selected for preservation
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solutions include moling, protective fences for trees
and root systems, special roads for temporary traffic
and root curtains. Natural solutions include mulching, irrigation, skilful pruning and implementation of
other procedures, mycorrhizae, covering the tree crown
with a shading mesh and protection from contamination. The assessment of construction-site natural and
landscape value at the design stage is also a key issue.
The procedures mentioned above are vital to minimize
losses of valuable trees and the stress caused by construction works on trees that are qualified to remain at
the construction site. This way, the most valuable trees
are preserved and the related ecosystems protected.
The catalogue of solutions discussed in this article is not exhaustive. Similarly, the cited exam-

ples of investments display only selected issues and
problems. However, they can all serve as inspiration
and guidelines on how to protect trees. The situation of each and every tree at the construction site
is unique and requires an optimum set of solutions,
which often means choosing the lesser evil. However, any solution that helps minimize stress and
save the tree’s energy reserves should be applied.
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Unconventional forms
of interdisciplinary
collaboration in shaping
urban greenery: the
example of London
Kasper Jakubowski
Krakow University of Technology

The interest of private investors is typically believed to be in
opposition to the concept of preserving green areas. However,
examples from Great Britain show that these two goals can
be achieved simultaneously if the conditions for collaboration
are precisely determined. In the case of the London Wetland
Centre, the developer was allowed to build up 20% of the
area (of relatively lowest natural value) in exchange for
participating in the renaturalization costs of the remaining
area. This and similar examples of shaping and preserving
urban nature around London highlight the importance
of collaboration among different stakeholder groups
(public administration, non-governmental organizations,
residents and businesses) in recreating urban ecosystems
and reclaiming post-industrial land. The new parks are
multifunctional and combine the protection of biodiversity
with education, tourism activation and recreation.
Keywords: public-private partnership, social participation,
renaturalization, theme parks, biodiversity

Unconventional forms of interdisciplinary collaboration in shaping urban greenery: the example of London

Introduction

Photo: Kasper Jakubowski

This article highlights an integrated approach to
shaping, protecting and making urban natural resources available by describing the good practices
of London. We show development solutions that,
if adjusted to Polish circumstances, could inspire
the search for tools and measures that make practical use of the concepts of sustainable development
and ecosystem services, and help to pursue funds
for management in the post-execution stage, e.g.
through the development of tourism and recreation.
We also show alternative, extensive and relatively
low-budget ways of managing urban greenscape
that are ecologically, economically and aesthetically justified.
The focus of new green areas in the cities of the
most developed countries is on biodiversity, multifunctionality and education, and designers and planners seek inspiration from the local particulars of the
natural environment (figure 1). In Europe’s biggest
metropolises, this is often accompanied by projects
dealing with availability, recreation and tourism activation, referred to as the “leisure time industry”,
that are adjusted to a varied group of future users.

The revitalization of biologically degraded areas,
raising the standard of existing enclaves of greenery
and the inclusion of brownfields (post-industrial
and degraded areas where spontaneous succession
of vegetation is common) in cities’ natural structure
are all important ways of preserving and restoring
urban ecosystems (Wielgus and Myczkowski 2007).
Space recycling of this sort and the reclamation of
land for greenery offers the potential for interesting
design solutions, innovative examples of adaptation
and investment combined with comprehensive renaturalization of urban space.
These activities typically involve recreating
habitats and restoring basic ecosystem functions
and ecological interrelationships (e.g. corridor networks) in the new spatial arrangement ( Jakubowski
2013). Through the use of the existing natural and
social potential, cities regain their environmental
value as well as attractive recreational sites that
permeate the urban fabric, influencing the quality
of life and residents’ everyday contact with nature.
The availability of green areas that are diverse in
terms of naturalness, composition and surface area
is among the reliable indices for measuring cities’
sustainable development (Zachariasz 2008). Simi-

Figure 1. New areas of urban greenery are increasingly focused on protecting biodiversity, recreating the functions of ecosystems and making practical use of ecosystem services in the vicinity of new buildings. The photo
shows wetlands designed in the London Wetland Centre area
88 |

Sustainable Development Applications no 4, 2013

Photo: Kasper Jakubowski

Kasper Jakubowski

Figure 2. New areas of environmental value are attractive for investors and the potential
inhabitants of these areas. In Greenwich Peninsula Ecology Park, conditions for environmental restoration were re-established in a degraded and heavily contaminated industrial area
concomitantly with the construction of a new housing estate

larly, the conservation of the natural elements of
the environment near dwellings and performance
of renaturalization activities wherever possible are
also forms of caring for the high standard of urban
space (figure 2).

The role and effects of
participation in shaping nature in
the city
The previous issue of “Nature in the city” took
a detailed look at the role of social participation
in preventing spatial conflicts and in the practical application of the ecosystem services concept
(Pawłowska 2012). The current article describes the
effects of applying participation to find more innovative design solutions adjusted to the local natural
context. At least some of them can be inspiring in
the search for effective, economically efficient and
ecologically justified practices of establishing and
maintaining green areas (cf. Czepkiewicz in this
volume). However, this requires the engagement
and interdisciplinary collaboration of many entities
that goes beyond what is typically considered as
disciplines, including citizens, associations, decision
makers and other partners, such as scientific institutions, organizations, developers and companies that
are not normally associated with environmental

protection. Such extended participation schemes
can yield better results than the isolated actions of
administrative units.
The London Wetland Centre (LWC) is an inspiring example of cooperation among different entities and partners. Here, a new wetland theme park
was established in 2000 in place of 19th century reservoirs of drinking water. The solution agreed upon
is a win-win-win where all parties, i.e. nature, a nongovernmental organization and companies involved
in the project benefit from joint action. Citizens
have gained an attractively arranged, naturally valuable, protected area in a crowded city. The Wildfowl
and Wildlife Trust (WWT), a non-governmental
organization committed to wildfowl and wetland
conservation in the UK gained a new premise for
its ecology/education centre with vast surroundings
as well as the possibility of managing the whole
area and the experience of conducting a complex,
pioneer undertaking. The owner of the property,
Thames Water (a private company responsible for
the public water supply and waste water treatment
in London) got rid of a burden as the area was difficult to maintain and had been recognized as a Site
of Special Scientific Interest (SSSI) which meant
that no other forms of investment were possible.
The utility company is now actively taking part in
educational activities oriented towards sustainable
development which promote the company’s image.
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The developer, Berkeley Homes, was offered the op- London Wetland Centre: ideas for
portunity to build up 20% of the area (of relatively new naturalized areas in the city
lowest natural value), in one of the most expensive
districts in Europe, in exchange for participating The fragmentation of natural habitats, expanding
in the costs of the planned land modifications and infrastructure and pressure on non-built open land
the renaturalization project. This example shows (i.e. the effects of urbanization) are believed to conthat nature conservation in the city can go hand in stitute the greatest threat to natural areas. The new
hand with new, commercial investments.
naturalized area of the London Wetland Centre
In Poland, too, actions that involve business, in the south west of London is a surprising and
the tertiary sector, citizen participation and nature pioneering approach to the management of existing
protection can be an additional argument to search enclaves of greenery, urban environment rehabilitafor more sustainable and integrated planning and tion and the inclusion of unused and post-industrial
investment solutions. Any initiative or
areas in the city’s natural system
collaboration of this sort requires plan- In practice, support from the (figure 3). The site was opened to
ning decisions concerning the preser- local community is an im- public in the year 2000. Restored
vation and creation of green areas as portant stimulus for inno- nature and the facilities of the cenwell as the designation of zones and vative projects of urban eco- tre for ecological education are now
corridors (e.g. wetlands, linear parks) system conservation
impacting positively on the citizens’
in local spatial management plans that
quality of life – not only within the
should not be built up and require particular nature park, but in the city as a whole.
revitalization. Interdisciplinary collaboration can enThe WWT charity developed an ambitious
courage the search for innovative ways of managing wetland theme park project where the mosaic of
and financing natural space as well as the use of the water-related habitats, preserved only marginally
available tools of law, strategy, education, collabora- in Britain’s cultural landscape, was recreated to the
tion or public/private partnership. Collaboration can extent possible. A new natural/spatial structure had
involve the promotion and touristic activation of the to be designed, which included the arrangement
revitalized areas and the pursuit of external funds for of natural habitats, a new land configuration and
education, recreation, tourism and nature protection artificial regulation of water levels to imitate natural
(e.g. centres for ecological education, theme parks, processes (such as raised water levels typical for the
urban nature reserves). Moreover, comprehensive Spring) so that the requirements of certain bird
renaturalization activities with the participation of species were met (table 1). The varying water levels
residents and non-governmental organizations can and vegetation associated with particular habitats
help alleviate spatial conflicts (such as protests against allow urban residents to become acquainted with
new investment plans or a new local spatial manage- inaccessible, endangered and naturally valuable
ment plan etc.). A related issue is the need to inform wetland habitats.
citizens more fully of the benefits offered by urban
WWT’s multiphase redevelopment project was
nature as well as the possibilities of managing and one of comprehensive renaturalization, availability
improving the condition of the natural environment and efficient management of a 42-ha area. Its imand its availability. In practice, support from the local plementation was financed by revenues from tourcommunity is an important stimulus for innovative ism, education and accompanying services (such
projects of urban ecosystem conservation, something as catering, rental of space, events and the charity’s
that the London examples clearly demonstrate. It is shop). It is worth highlighting that in 2 years the
also crucial that landscape architects take part in the charity managed to collect the remaining sum of £5
planned undertaking and work together with other million pounds as its share of the owner’s contribuprofessionals to ensure an optimum design for the tion of the total investment cost. This was achieved
future management and availability of the natural through active fundraising, a volunteer programme
values of an area (Bell 2001).
and truthful information on the plans and ben90 |
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Figure 3. Innovative methods and tools for urban nature conservation are gaining importance. The
photos show a bird observatory arranged as a “bird airport” near the new park entrance and one of the
exemplary footbridges for visiting the renaturalized wetlands of LWC

efits of the centre for ecological education (e.g. via
brochures, leaflets, the internet and partners who
were lobbying for the creation of the park). WWT
also pursued its own funds for facility maintenance,
tourism infrastructure and co-financing of the necessary active protection measures and monitoring
of the initiated natural processes. The inclusion of
a developer in the intended investment turned out
to be an effective solution as it enabled financing of
the construction of facilities and tourism infrastructure and covered the costs of complicated hydrotechnical, ground and construction works within the
developed area. Meaning that in fact, the entirety of
the designed works could be financed, despite, the
economic downturn in Britain at the time (table 2).
The London Wetland Centre is a remarkable
proof of concept which shows that construction
development can go along with keeping the right
proportions of an investment and limiting its impact
on the environment. New allies for non-standard,

non-schematic, innovative forms of natural environment management achieve better results than
independent administrative decisions and the usually modest funds allotted for this purpose. Sharply
defined planning regulations (“Metropolitan Open
Land”) and the area’s SSSI status virtually prevented
any other forms of land management and dictated
that the site be maintained as open water reservoirs,
increasing the costs of planned modifications. However, legal limitations and restrictions concerning
protected areas in cities need not be perceived as
economically undesirable and constraining to investment intentions: even if all or part of the land
cannot be built-up it can be otherwise developed.
Tourism activation relies heavily on the comprehensive management of land availability which
includes an extensive programme of didactic, multimedia and landscape exhibitions displaying the
multiple benefits offered to humans by wetland
ecosystems (such as microclimate regulation, water

Table 1. London Wetland Centre (LWC): ecological effects of comprehensive land renaturalization (adapted from:
France 2012)
42 ha

total area of the LWC

28 ha

area of created reserve habitats

8 ha

area of open waters in accordance with SSSI requirements

70–80%

percentage share of recycled materials used (broken up historic concrete linings)

200,000

number of new plantings

350

number of night butterfly species observed during the year

170

number of bird species observed during the year

24

number of day butterfly species observed during the year
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Figure 4. The designed tourism infrastructure is well integrated into the natural context and serves to increase the availability of the area’s natural values in addition to serving for the purposes of birdwatching, very
popular in Britain

flow and quality control or provision of traditional
materials for construction, wickerwork and energetics). Infrastructure was designed that ensured
safe access for visitors, e.g. piers, paths, look-outs,
observation towers, tourism service buildings and
permanent didactic exhibits (figure 4). All of the
elements are integrated into the natural surroundings (e.g. through the use of green roofs and wooden
constructions); tourist traffic is isolated from the
natural zone and yet a full, interactive, educational
and informative offering is provided using new
technology.
The London Wetland Centre has indicated
a new direction for the establishment, shaping and
management of urban natural space: new parks and
public areas serve not merely aesthetic and compositional purposes but are increasingly playing
a role in recreation, education and habitat creation,
whereby natural processes are initiated and new
land is allocated to nature with new investments
covering part of the areas. LWC has also shown
that the development of tourism infrastructure in
natural surroundings creates an important impulse
to extend the recreational offer of an area while
also contributing to its active protection (figure 5).

Renaturalized parks as a way
of improving the environmental
values of a city
In highly developed countries, theme parks, renaturalized parks and ecological parks that emphasize
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the role of restoring natural processes in the urban
spatial structure and reclaiming degraded areas are
very popular. They include:
• post-industrial areas (IBA Emscher Park, the
Ruhr);
• post-rail areas (Park am Gleisdreieck and NaturPark Südgelände, Berlin; High Line, New York);
• wetland and other areas valuable for bird protection (London Wetland Centre; Royal Park
Wetland, Melbourne; Tommy Thompson Park,
Toronto; Kasai Seaside Park, Tokyo);
• near rivers (Lee Valley Regional Park, London; renaturalization of rivers in Lodz within
the framework of the Blue-Green Network
concept);
• other, e.g. landfill reclamation (Freshkills Park,
New York)
Directed primarily at environmental protection
and dedicating at least part of a built area to natural functions, these economically justified, socially
expected initiatives and solutions supplement the
cities’ historic systems of green areas. Where possible, land is adapted to the needs of recreation,
education and natural tourism and appropriate infrastructure for sightseeing, education and nature
observation is designed (figure 6). The division into
strict protection and recreational, buffer zones is
a common practice.
Additionally, the parks mentioned here highlight the importance of green surroundings in the
integration of the local community, as well as in
increasing citizens’ ecological awareness and sense
of social bond with their place of residence (sense

Kasper Jakubowski

Table 2. London Wetland Centre (LWC) in numbers (adapted from: France 2012)
16,000,000 GBP

total cost of works

11,000,000 GBP

developer’s share in the project

5,000,000 GBP

amount pursued by the WWT in 2 years via fundraising and an information campaign on
the project

30%

share of LWC’s yearly revenues from catering and space rental (corporate meetings,
conferences, events and other)

20%

share of the total surface area covered by the new housing estate

100%

increase in the prices of homes in the new housing estate compared with the year 2000

being invested in (e.g. Greenwich Peninsula Ecological Park, Lee Valley Regional Park – a system
of riverside parks, Sutcliffe Park, Stave Hill Ecological Park).
Sutcliffe Park with its natural transformation
of urban landscape can be particularly inspiring
for Polish cities. The applied measures improve
flood protection, increase biodiversity and restore
the natural meanders of the regulated Quaggy
river. The recreated green area with improved
water accessibility and appealing floodplains
creates attractive surroundings for new housing
in the immediate vicinity (figure 7). This revitalized area is an excellent example of how flood
control (maximum retention capacity reaches
83,000 m3) can go hand in hand with a comprehensive land renaturalization scheme where
wetlands, the retention system and self-purifying
Photo: Kasper Jakubowski

of place). Some of the implemented practices show
moreover that the distinctive past of a housing
estate or district and strong emphasis on a city’s
natural history are important components of its
rediscovered identity and can become a pretext
for interesting design solutions and cultural heritage protection, whereby attractive elements of the
natural environment are preserved and restored
(Kosiński 2011).
New solutions are also characterized by innovative links between the new areas of greenery and
solving common urban problems typically resolved
at the cost of the urban natural structure, such as
climate control, flood control or the prevention of
social problems and urban sprawl. The interesting examples from London have become common
practice and post-industrial areas (brownfields)
and vigorously developing suburban areas are now

Figure 5. Since low ecological awareness is a social barrier, citizens need to be educated on sustainable development in new parks. One of the multimedia/didactic exhibits of London’s utility company (right) shows
how citizens can contribute to reducing water contamination. A showcase rain garden was created by Nigel
Dunnett in the London Wetland Centre (left)
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Inspiration and conclusions for
Polish cities
European cities are actively co-responsible for shaping natural space and search for new tools for; conservation, financing, collaboration and management
(cf. Hansen in this volume). Many cities and regions
outside of Poland have undertaken specific initiatives and projects aimed at establishing new green
areas, with a focus on nature protection and the use
of ecosystem services (CBD 2012). The effects of
these actions show that public space does not necessarily incur costs with relatively few benefits for the
budget and private interest. Despite the obvious legal, social and economic differences between Polish
and British cities, some conclusions can be drawn
and recommendations made. The desired directions
for actions are relatively easy to point out (figure 8);

Photo: Kasper Jakubowski

capacity are restored. Naturalized parks of this
sort combine natural, retention and recreational
functions ( Januchta-Szostak 2012). And to think
that in 1990 Britain’s national agency responsible
for rivers was still calling for further regulation
of the river, including riverbank reinforcement
and concrete embankments. In protest against
these plans, a local association called the Quaggy
Waterways Action Group formed and conducted
a successful, 5-year campaign in favour of ecological management and restoring non-existent
floodplains. A new design was ultimately worked
out in collaboration with hydrotechnicians, nature
scientists and landscape architects. Implemented
in the years 2003–2005, it gained recognition as
a showcase for urban riverside area management.
A local nature reserve was also created due to the
restored natural values and species.

Figure 6. The establishment of naturalized parks is a common practice in the social and ecological
reclamation of post-industrial areas, and, as shown by the London examples, can also be a way of
extending the recreational offer of new investment areas. Right is Bow Creek Ecology Park which forms
part of the Lee Valley Regional Park. Lower left is a construction designed for birdwatching with a display
of the species found in the East India Dock Basin. Above is a dead tree secured in one of the renaturalized
aquifers in Stave Hill Ecological Park
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Figure 7. The environmental and social potential of unmanaged green areas and undeveloped
space in Polish cities is not sufficiently harnessed. The photos show simple practices that are
minimally invasive for nature, safe for humans and allow to make the existing and restored natural
values accessible in Sutcliffe Park (left) and in Bow Creek Ecology Park (right)

the indication of effective, long-term measures for
their implementation that will help improve the
condition of the environment, the quality of life in
the city and urban ecosystem management proves
much more challenging.
First of all, natural areas that require special
forms of investment must be designated within
cities and suburban zones. Green areas with documented, relatively high natural values as well as
green corridors, water ecosystems and greenery in
post-industrial areas that ensure the right balance
between built areas and recreational and public
green areas should be prioritized for conservation.
As shown by the London Wetland Centre, the preservation of a city’s natural elements depends on real,
sharply defined (and not “soft”) plans, both in terms
of open land conservation and the protection of sites
with rare species and habitats. In the Polish reality,
it would be best to provide appropriate wording in
local spatial management plans (cf. Burlińska in this
volume). WWT representatives have emphasized
that the implementation of LWC would have been
impossible without such protective entries and the
whole area would most likely end up like other similar land, where commercial and housing functions
now dominate. In the case of reclaiming degraded
land, it is important to include in the environmental impact assessment the predicted condition of
restored ecosystems, indicating the habitats and
species crucial for renaturalization (the equivalent
of a Biodiversity Action Plan). Such goals can only

be achieved if a long-term post-industrial area
reclamation strategy, pursuant to the requirements
of sustainable development is adopted; the goals
should be established in detail in studies on physiographic ecology, studies of determinants for spatial
development, local management plans and revitalization programmes for urban areas (Markowski and
Drzazga 2009).
Secondly, the development of urban green areas
and restoration of elements of the natural environment must be perceived as an investment and be
planned and designed accordingly. Local government representatives can take advantage of the possibility to buy and merge land and subsequently
lease areas of natural value to non-governmental
organizations, agreeing to collectively pursue funds
for the long-term implementation of the planned
undertakings and to shape green areas in a coherent way. This approach assumes that open and degraded areas are perceived as investments where
consistently performed renaturalization works
can ensure tangible economic and social benefits.
Financing and nature management tools must be
developed that benefit all participating partners on
the one hand and go beyond the common scheme
of investing at the expense of nature on the other.
The British examples also display the positive effects of public/private partnerships and the active
participation of public administration in shaping
urban natural structure, especially in areas significant for the coherence of the natural system and
Sustainable Development Applications no 4, 2013
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Figure 8. In many European parks and green areas, it is common to leave un-mowed grass within the tree
crown perimeter. This improves tree health and locally increases biodiversity. Seeds of native meadow plants
are added for better aesthetics. The photos show The Regent’s Park in London

the city’s environmental values. With this in mind,
town authorities must search for ways of stimulating new investments, such as sustainable housing
estates, reclaiming post-industrial areas, improving
the standard of urban space and the condition of
nature. The compromise solution to designate part
of the LWC area for housing in return for covering
part of the construction costs of the new park and
centre for ecological education is an example of an
unconventional approach and collaboration between
the public administration and the investor. Having
obtained the necessary approval to begin works,
the WWT spent 3 years searching for a developer
willing to take part in the project. Although the
site did not belong to the municipality, municipal
officers actively joined consultations with residents
who were initially against the developer’s plans for
the surroundings of the designed park. The charity
acknowledged from the very beginning that the
London Wetland Centre was a business enterprise
and that its main goal, apart from increasing the
natural values, was to attract tourists, pursue funds
for site maintenance and monitoring of natural processes in the zone closed for visits (but available
for nature observations, especially birdwatching).
The result is a multifunctional, modern and popular
centre for ecological education with accompanying
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exhibition/tourism infrastructure, services, unique
nature and landscape values.

Conclusions
There are ample possibilities for local government
authorities to engage in and stimulate the described
type of undertakings in Polish cities. If these tools
and ways of managing green areas are popular and
effective in European cities, it is worth attempting
to introduce them in Poland. In essence, ecological
considerations for shaping urban greenery are associated with preserving and introducing semi-natural
habitats, selecting species of biocenotic significance
and the use of natural biological processes to create
a substitute for wildlife in the city (figure 9). New
aesthetics, relatively low establishment and management costs and the social benefits (such as relaxation,
health or integration of citizens with nature) are
important arguments in support of this new trend
of naturalizing urban greenery. Adjustment to the
local context and the use of innovative management
mechanisms ensure multiple benefits and positive
effects for citizens, investors and nature, giving cities
the opportunity to preserve their natural values even
with high construction intensity indices.

Photo: Kasper Jakubowski

Kasper Jakubowski

Figure 9. Roadside greenery can be managed differently and more economically. A wildflower meadow
(left) is less costly to manage and aesthetically justified. It also helps insects such as bees that are endangered
in cities. Right is a new footpath in the renaturalized Sutcliffe Park where only designated parts of land are
mown. Extensive greenery management is among the priorities for new parks in London for ecological and
economic reasons. The consciously selected areas of extensive use add a new compositional value to parks
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cities: collaboration of
local authorities with
investors and property
owners
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The lack of funds is perceived as the main barrier to
preserving or creating urban green areas. And yet there are
many innovative ways of motivating investors and private
individuals to act, such as the incentives to install green
roofs described in this article. Green roofs are an important
element of green infrastructure and allow an increase in the
percentage share of green areas in densely built city centres,
providing multiple environmental benefits. We describe
examples from cities that are world leaders in expanding the
green roof coverage: Basel in Switzerland and Chicago in
the USA. We also discuss solutions that are currently being
implemented in Poland, such as the inclusion of biologically
active areas in local spatial management plans, and potential
incentives for investors, e.g. reduced property tax.
Keywords: financing of nature protection, green roofs, social
participation, green buildings, climate change action plan

Innovative ways of supporting the establishment of green infrastructure in cities

sought, e.g. such that the costs are divided between
town authorities and investors.
Greenery is rarely treated as a priority in the developIn this article, we discuss the possibilities for
ment of Polish cities. According to studies conducted investor participation in propagating nature in the
by the Sendzimir Foundation, other components of city. We present green roofs (roofs covered with
urban space, such as parking lots or buildings are a soil substrate and vegetation) as an example of
perceived by the society to be more important (Kro- introducing nature in the city. Green roofing is parnenberg 2012). Due to the high cost of land in city ticularly important in densely built up areas with
centres, investors too, opt for the maximum build up limited possibilities for creating green areas on the
ground level.
of available plots, often at the expense
of greenery. Buildings built right up Effective collaboration of loIn Poland, green roofs have not
to plot borders are typical especially cal authorities with investors yet become a common solution.
for areas not covered by local spatial and private property owners This has to do with: the high instalmanagement plans, as well as invest- is vital to increase the pre- lation costs (estimated at 100–200
ments that do not have to meet the sence of urban greenery.
PLN/m2 plus the cost of the design;
Kowalczyk 2011) and maintenance
requirement of designating a specific
proportion of the plot for a biologically active area. costs (especially for intensive green roofs covered
In extreme cases, this approach could lead to situa- with diverse vegetation); insufficient knowledge on
tions where greenery (e.g. street trees) in city centres the available technology; lack of awareness of the
will be restricted to only the areas pertaining to the benefits of green roofs for the buildings on which
municipality while the rest will turn into a concrete they are installed (reduced energy use for heating
desert. In the urban core, property owned by the mu- and cooling, extended roof durability) and for the
nicipality usually constitutes the minority of a city’s urban environment (improved microclimate, reduced
make up (both in Poland and abroad), therefore ef- stormwater runoff ). Despite these barriers, the popfective collaboration of local authorities with inves- ularity of green roofs is growing. This technology
tors and private property owners is vital to increase was implemented for example on the roof of the
the presence of urban greenery. Furthermore, since University of Warsaw Library (figure 1). With an
insufficient funds for environmental protection are area of over 1 ha (of which 5111 m2 is vegetation),
a significant barrier for the propagation of greenery it has been described as a model arrangement of the
by local governments (Kronenberg 2012), innovative roof space of a building (Burszta-Adamiak 2012,
financing solutions for nature in the city must be Kowalczyk 2011).
In this article, we present the examples of Basel
in Switzerland and Chicago in the United States,
as two cities that are leaders in creating green infrastructure and green roofs in particular. These will be
used to show how municipal authorities can motivate investors with both financial and non-financial
incentives. Later we discuss the possibilities of implementing similar solutions in Poland using the
available planning and fiscal tools.

Photo: Andrzej Mikołajczuk

Introduction

Subsidies for green roofs in Basel
Figure 1. Green roof on the University of
Warsaw Library building
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Details of the initiative
In the early 1990s, Basel adopted a unique regulation whereby 5% of customers’ electricity bills are

Aleksandra Kaźmierczak

put into an Energy Saving Fund and subsequently success, the city funded a research programme on
used to fund energy saving projects, such as green the biodiversity of green roofs carried out by the
roofs (which offer savings due to their insulat- University of Applied Sciences (Zürcher Hochsing properties). The fund was used to finance two chule für Angewandte Wissenschaften, ZHAW).
green roof subsidy programmes for existing and new Close collaboration with ZHAW resulted in the
buildings (in 1996–1997, and later in 2005–2006). development of regulations on green roofs which
Meanwhile, the city amended its building regu- maximize benefits for urban biodiversity, especially
lations which read that all flat roofs on new and in terms of habitats for invertebrates and birds.
renovated buildings had to be greened and meet
the following guidelines for energy savings and Implementation of the initiative
increased biodiversity (Brenneissen 2008):
Approximately one million Swiss francs (CHF)
• the growing medium should be composed of were allocated for subsidies in each edition. The
regional native soils;
creation and application of the Energy Saving
• the growing medium should be at least 10 cm Fund were widely consulted. For example, a pubdeep;
lic poll conducted by the Department of Envi• projects should include the provision of ronment and Energy prior to the first subsidy
mounds 30 cm high and 3 m in diameter as programme showed strong support for the use of
habitat for invertebrates;
part of the energy bills for energy-saving meas• roof vegetation should be a mix of regional ures. Subsequently, subsidy programmes for green
native plant species;
roofs were consulted with stakeholders, such as the
• the design and construction of green roofs local business association, the horticultural assoexceeding 1000 m2 must be
ciation, the green roof association,
in consultation with the city’s 5% of customers’ electricity other non-governmental organizagreen roof expert.
bills are put into an Energy tions, the Department of Parks and
In the second subsidy pro- Saving Fund and subsequen- Cemeteries in the City of Basel and
gramme (2005–2006), funds were tly used to fund energy saving the National Department of Engranted only to applicants who met projects, such as green roofs vironment, Forest and Landscapes
these criteria (Lawlor et al. 2006). (which offer savings due to (Lawlor et al. 2006). As a result,
The regulations concerning green their insulating properties). the subsidies and regulations concerning the obligatory installation
roofs remain valid and are an imof
green
roofs
did not meet with any significant
portant component of the spatial management
resistance
from
developers, companies or citizens
planning system.
(Brenneissen 2008). The subsidy programmes were
Factors contributing to the implementation of highly publicized by the media and contests for
subsidies and regulations
the most beautiful green roofs were held to further
Being a canton (a territorial administrative unit encourage Basel residents during both editions of
in a federal state), Basel enjoys wide autonomy the programme.
in implementing local regulations (Swiss cantons
even have their own constitutions). Additionally, Results
the city has a long history of green roofs which During the first subsidy programme (1996–1997), 135
became popular already in the 1970s and hence the private individuals and companies received financing
increased acceptance among the local community. in the amount of 20 CHF/m2 of green roof (with the
For the last 20 years, the main stimuli for increasing overall cost estimated at 100 CHF/m2), which led to
Basel’s green roof coverage have been nature conser- a total of 85,000 m2 of roofscape being greened. After
vation and energy savings. The EU Year of Nature the second subsidy programme in 2007, the total green
Conservation (1995) provided the impetus for the roof surface area was estimated at around 700,000 m2.
first subsidy campaign in 1996–1997. Following its Basel currently boasts the highest per capita green
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During the first subsidy programme, energy savings citywide totalled 4 GW per year. The second subsidy programme yielded savings of 3.1 GW per year
(Brenneissen 2008). Additionally, both programmes
contributed to a rise in sales of materials needed for the
installation of green roofs; it is estimated that every million Swiss francs worth of subsidies generated 13 million
CHF in green roof investments, profiting mainly local
enterprises (Lawlor et al. 2006).
Figure 2. The green roof on Basel Exhibition
Centre (Messe Basel) with around 16,000 m2
covered by moss, stonecrop and herbaceous plants.
Vegetation reduces air temperature over the roof,
increasing the efficacy of solar panels (in the background). Wooden elements were added to increase
biodiversity and for decoration

Details of the initiative
The Green Permit Program developed by Chicago’s
Department of Buildings was launched in 2005 to
minimize the environmental impact of new buildings in the city centre. The programme ensures an
expedited development permit process for investments that meet specific criteria. Permits for buildings that meet programme criteria are issued in less
than 30 working days (even in 15 working days)
rather than the standard 60 to 90 days. Additionally, buildings with exceptionally low environmental
impact can have the design review fees waived.
Photo: Susannah Gill

roof area in the world with approximately 23% of the
city’s flat roofs covered by vegetation (Brenneissen
2008). The green roof of Basel Exhibition Centre is
one spectacular example (figures 2 and 3). Developers
have accepted the new regulations and the installation
of green roofs is seen as a routine element of construction. Green roof coverage is expected to exceed 30%
over the next few years (Lawlor et al. 2006).

Expedited building permits in
Chicago

Figure 3. Details of the green roof on Basel Exhibition Centre
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Developers willing to take part in the pro- Based on the total number of credits accrued,
gramme choose a specific number of measures buildings are given a Certified, Silver, Gold or
aimed at environmental protection and sustainable Platinum rating. Example requirements for expedevelopment from the “green menu” (DoB 2010), dited building permits and exemption from fees
which includes:
are listed in table 1.
• green roofs;
• exceptionally low energy use;
Factors contributing to the implementation of the
• production of renewable energy at the site of green permit program
investment;
The implementation of the green permit program
• affordable housing prices;
was possible in large part due to the fact that the
• transit-oriented developments or in difficult- Chicago Mayor of the time, Richard M. Daley, was
to-develop areas;
convinced of the benefits of urban greenery (Si• innovation;
mons et al. 2009). From his election as mayor in
• exceptionally low water use;
1989 until the end of his sixth term in 2011, Daley
• excess LEED or Chicago Green Homes stand- made consistent efforts to transform Chicago into
America’s greenest city. Chicago can also serve as
ards;
• natural ventilation;
a model for developers insofar as the quality of city• bike parking spaces for at least 10% of build- owned buildings is concerned. It was the Mayor’s
ing users.
initiative to install a City Hall rooftop garden which
To be eligible for the prowas opened in 2001 (figures
gramme, the designed build- It is estimated that every million Swiss 4 and 5). By 2006, the City
ings must meet the criteria francs worth of subsidies generated 13 had installed 36 green roofs
of the Leadership in Energy million CHF in green roof investments, on public buildings. Moreoand Environmental Design profiting mainly local enterprises.
ver, all new and retrofitted
(LEED), an international ratbuildings owned by the City
ing system developed by the American organiza- of Chicago and Cook County (of which Chicago
tion, the U.S. Green Building Council. LEED is the county seat) must apply for LEED certificacertification is based on a credit system where tion and achieve at least Silver standard (Simons
the number of credits depends on how green et al. 2009).
building requirements are satisfied in the main
A high percentage of Chicago’s urban core is
categories of: sustainable site, water efficiency, covered by impervious surfaces, causing problems
energy efficiency and low atmospheric emissions, with stormwater runoff and creating a risk of
rational use of materials and resources, indoor flooding, which strongly influenced the decision
environmental quality, and innovation in design. to establish a green permit program. In July 1996,
Table 1. Criteria for accelerated permit processing and exemption from design review fees for an office building
taller than 24 m (DoB 2010)
Benefit tier

Requirements

Expedited permit (goal: less than 30 days)

LEED (Certified)
Vegetation on 50% of roof surface
2 green menu items
LEED (Silver)
Vegetation on 75% of roof surface
2 green menu items
LEED (Gold or Platinum)
Vegetation on 50% of roof surface
2 green menu items

Expedited permit (goal: less than 30 days) and consultant review fee paid up to 25,000 USD
Expedited permit (goal: less than 30 days) and consultant review fee 100% waived
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to retain the first 25 mm of rain on their property
– a measure that encourages developers to install
green roofs.

Image U.S. Geological Survey

Figure 4. Roof on the building shared by
Chicago City Council (left) and Cook County
Council (right). The green roof with a surface area
of over 1800 m2, containing 20,000 herbaceous
plants, 100 shrubs, 40 vines and two trees was
commissioned by the Mayor of Chicago and completed in 2001 (City of Chicago 2008) (photo:
Google Earth)

Implementation of the green permit program
The implementation of the program required modifications to the process of issuing building permits
for developer investments as well as training for the
employees of the Department of Buildings (Simons
et al 2009). Developers willing to participate in
the program submit the required documentation
to the Department of Buildings and specify the
green menu items included in the design. The design of the building is discussed in detail during
a preliminary meeting between the developer and
representatives of the Department of Buildings and
adjusted to program criteria as needed. The applicant is then guided through the expedited building
permit process by a team of experts in green building design: applicants must actively participate in
the review process and respond promptly to issues
raised (the procedure is described in detail on the
webpage of the City of Chicago).

Effects of the green permit program
Chicago ranks sixth among the U.S. cities with
the most green buildings (Simons et al. 2009). In
2008, the surface area of Chicago’s green roofs was
a 24-hour rainstorm of record intensity caused estimated at 49,655 m² and their number at 400
flooding, killed six people, damaged 35,000 homes – more than in any other U.S. city. The Chicago
and prompted the evacuation of 4300 residents Climate Action Plan adopted by the authorities
from southern Chicago. Material losses and recov- to deal with climate change assumes the goal of
ery costs reached $645 million
further increasing the number of
USD (Changnon 1999). Due to A high percentage of Chicago’s green roofs by more than 10 times
global warming, such downpours urban core is covered by impervio- (City of Chicago 2008).
Importantly for investors, almay become more common in us surfaces, causing problems with
the future. One of the goals of stormwater runoff and creating a though green solutions for buildthe plan that includes climate risk of flooding, which strongly ings can increase construction
change-induced flood risk in influenced the decision to esta- costs by 1–5% compared to standChicago (City of Chicago 2008) blish a green permit program
ard designs, expedited building
is more sustainable stormwater
permits facilitate reduced costs
management. It is to be achieved by slowing run- due to the shortened overall construction time and
off into the urban sewage system and supporting consequently lower interest on construction loans.
natural infiltration, for example through increasing Shorter waiting time also translates into lower costs
the number of green roofs to 6000 by 2020. In of leasing office space (PWC 2005), which in turn
2007, the City issued a regulation on stormwater attracts companies, contributing to the developrunoff which obligates the owners of large plots ment of the city.
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Figure 5. Details of the green roof on Chicago City Hall
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The lower heat absorbance and insulating prop- green solutions in spatial management (Bursztaerties of green roofs help reduce buildings’ indoor Adamiak 2012).
However, there are tools that allow local govtemperatures in the summer season, thereby reducing the need for cooling. Studies on energy use in ernments to offer incentives to private entities
the City Hall of Chicago showed that every 0.6°C to install green roofs. Local spatial management
decrease in the perceived ambient temperature in- plans can now include entries on the biologically
side the building resulted in a 1.2% drop in cooling active area required on a building plot. A bioenergy use. According to the conducted simulations, logically active area is defined as land with a soil
if all buildings in Chicago were retrofitted with surface that provides the conditions for natural
green roofs, annual savings due to reduced cooling vegetation,1 as well as 50% but no less than 10 m2
costs would amount to $100 million USD (Peck of the total terrace and flat roof area covered with
and Kuhn 2003). The average cost of a green roof is such surface. Green roofing can therefore be a way
double that of a standard roof; however, the lifespan of providing greenery in the centre of large cities
of green roofs is also twice as long due to lower where land is particularly expensive and where
vulnerability to extreme temperatures and UV rays, it is particularly attractive for investors to build
resulting in lesser wear and tear (Kania et al. 2013). up a maximum section of the plot, compensating
Chicago’s green roofs improve
for the biologically active surface
the quality of the urban environ- Although green solutions used by installing a green roof
ment. Studies on the roof shown in for buildings can increase (Kowalczyk 2011). For example,
figure 5 suggest that on a summer construction costs by 1–5% the green roof on the Złote Tarasy
day when the air temperature is 32– compared to standard desi- shopping mall resulted from the
35°C, a roof covered with vegetation gns, expedited building per- requirements of the local spatial
is cooler than the air while a stand- mits facilitate reduced costs. management plan whereby 50%
ard roof can reach a temperature of
of the investment site had to be
66°C (WERF 2008). This proves that green roofs covered with a green surface (Szczepańska 2010).
can reduce the heat island effect, thus improving the However, investors should not use green roofing
quality of life in the city. What is more, the green to justify the lack of other forms of greenery. Any
roof on Chicago City Hall retains more than 75% existing greenery on the development plot should
of water produced by a 25 mm storm; overall storm- be preserved, and new plantings and other, inwater runoff is reduced by about 50% compared to novative forms of greenery should be introduced
a standard roof (WERF 2008). This reduces the load where possible.
on the combined sewer system and consequently
In case of nonexistent local spatial managethe risk of flooding.
ment plans, appropriate policies for local taxes
and fees can prove effective. For example, cities
currently apply temporary property tax exempPossibilities of transferring the
tions for property owners who carry out renovation and modernization works, in consideration
experiences of Basel and Chicago
for the improved city image. In Kalisz, the owners
to Polish ground
of multi-household buildings are exempt from
At present, Polish legislation lacks the legal tools property tax for a period of 5 years if they renofor establishing waivers or subsidies that could mo- vate roof tiles or at least one exterior wall of the
tivate investors to install green roofs, nor are there building.2 Such incentives for investors can readstandards for their design or regulations promoting ily be applied for the installation of green roofs.
 Ordinance of the Minister of Infrastructure amending the ordinance on the appropriate technical conditions for buildings and their
location (Polish Official Journal of 2009 no 56, item 461), article 1, section 1c
2
 
Resolution no LV1/758/2010 of the Municipal Council of Kalisz concerning property tax exemptions (Official Journal of the
Wielkopolskie Voivodship of 2011 no 7, item 184)
1
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The introduction of stormwater fees for build- should be used for educational and promotion purings without green roofs is another possibility. As poses, e.g. highlighting their role in improving the
shown by the Chicago example, green roofs can quality of the urban environment.
significantly reduce stormwater runoff and contamination. Water and sewerage companies throughout
Poland (e.g. in the cities of Pila, Poznan, Bytom or Conclusions
Wroclaw) have started to collect stormwater fees
based on the area of impervious surfaces (such as This article describes two examples of innovative
parking lots or roofs) within property boundaries. incentive systems for investors that have resulted in
There are plans to amend the law so as to enable significantly increased green roofscape. The Basel
Polish local governments to introduce fees for col- example is one of financial incentives for property
lecting stormwater from plot areas. Exemption owners and investors interested in installing green
from this tax could become an effective incentive roofs while the Chicago model is one of cooperation
for investors to install green roofs.3 Cities also ben- where the city accelerates the processing of building
efit from this solution due to the reduced load on permits in exchange for green roofing (or other green
the sewer network, as well as indirectly, through solutions). In both cases, green roofs provide tangible
other functions of green roofs such
financial benefits for property owners
as reduced energy use or improved Even without financial in- and can therefore be a convincing arcity image as observed e.g. in Basel centives, local governments gument for the choice of this solution.
and Chicago.
can offer selected solutions
The examples also illustrate how
Even without financial incen- to investors and negotia- the quality of the urban environment,
tives, local governments can offer te development conditions. the cities’ image, and consequently
selected solutions to investors and
their competitiveness, improve.
negotiate development conditions. The construc- Bearing in mind the downpours and flooding that
tion of the Wola Park shopping mall in Warsaw in Polish cities have recently been experiencing, the
2000 is a good example of effective negotiations. The fact that green roofs help control stormwater rundevelopment was approved with the condition of off from impervious surfaces is worth particular
modernizing 19-th century glasshouses at the site consideration. Green roofs can retain between 15%
and adapting them into commercial and service and 90% of water from a single rainfall at a given
areas, as well as reconstructing and maintaining the location (Kania et al. 2013), thereby reducing flood
surrounding park. Residents have gained a green risk. Similar arguments for breaking up impervious
area while the shopping mall owner (despite the surfaces and introducing new elements of green
initial costs) is now benefitting from the utilized infrastructure can also be made in favour of other
space and the image of a “green” investor (note the solutions aimed at increasing greenscape in cities.
The authorities of Polish cities have at their disword park in the mall’s name) who cares for the
surrounding environment, historic heritage and the posal the possibility of negotiating development
local community.
conditions with investors, and green areas such as
Crucially, investors and society should acknowl- green roofs can and should be discussed. The develedge the ecological needs and economic benefits of opment of individual plots as well as the directions
introducing urban greenery (Simons et al. 2009). for the development of entire cities can be shaped
To this end, local authorities can run informative/ by local governments even despite the lack of direct
educational campaigns and actions and establish incentives for investors. The mechanisms currently
counselling centres aimed at shaping environmental in place in spatial management and tax law allow
awareness (Kania et al. 2013). The existing good us to effectively motivate investors and property
practices (including green roofs) in Polish cities owners to establish green infrastructure.
3

Act on collective water supply and sewage collection (Polish Official Journal of 2001 no 72, item 747, with amendments)
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Geographic information
systems in participatory
management of nature
in the city
Michał Czepkiewicz
Adam Mickiewicz University in Poznan

Decisions on nature in cities must reflect the needs of
residents. But how do we know why residents value green
areas or which of their needs are met by these areas? Stateof-the-art technology that harnesses the internet and mobile
electronic devices allows bottom-up data acquisition about
natural elements in the city, to report problems in urban
space, to obtain a social diagnosis of the quality of space or to
support social participation in decision making. These tools
can be applied in day-to-day urban greenery management,
protective measures, spatial planning, revitalization works and
investment planning. At the same time, these methods and
tools appeal to residents. We will focus on examples of this
approach from Poland and abroad, including the Sendzimir
Foundation’s current project, “Licz na zieleń”.
Keywords: social participation, volunteered geographic
information, softGIS, citizen science, geosurveys

Geographic information systems in participatory management of nature in the city

all levels are always desired or indeed possible to
achieve, but, crucially, social participation does not
have to be limited to opining on ready solutions.
The participation of residents and other stakehold- The submission of data and opinions on the status
ers in nature management in the city can yield mul- quo by stakeholders should constitute an important
tiple benefits. The most important of these include component of participation.
Polish law allows for some forms of social parsolutions that are better adjusted to the needs of
ticipation
in spatial planning and nature managelocal communities due to the appropriate identification of those needs and the degree of their fulfil- ment; typically, this includes requests and remarks
ment. Participation also helps build social capital in written form as well as public debates once docuand trust in the public administration, as well as to ments have actually been prepared.1 Such forms
strengthen participants’ attachment to their place are often sufficient, but consultations in the latest
of residence. Moreover, an appropriately conducted phase can sometimes lead to an escalation of consocial participation process can help prevent con- flicts and lengthen the overall process of working
flicts for space that are often related to nature in the out solutions. This can end in the implementation
city (Pawłowska 2012). If conflicts
of solutions that are socially unacare quelled early on or avoided al- Taking advantage of the cepted, potentially adding to the
together, the processes of planning possibilities of shaping lo- low city coverage with local spatial
and investment can progress faster. cal regulations, some Polish management plans. Social participaStakeholders who are well informed cities are introducing local tion should therefore be part of the
and convinced that their voice was non-statutory participa- earliest possible stage of creating
heard will be less likely to oppose tion methods, for example: solutions.
the developed solutions. Above all, planning consultations, deTaking advantage of the possibiliparticipation in decision making liberative debates, citizens’ ties of shaping local regulations, some
reflects the democratic view that courts, multi-criteria ana- Polish cities are introducing local
those affected by decisions should lyses, participatory budgets. non-statutory participation methods,
have a say in shaping them. This
for example: planning consultations,
is particularly important when it comes to urban deliberative debates, citizens’ courts, multi-criteria
nature since it is residents who are the direct users analyses, participatory budgets.
The non-statutory planning consultations conand who are most affected by all negative and/or
positive changes.
ducted in Poznan since 2007 can serve as an exAlthough there are many forms of participation, ample in spatial planning. Here, additional public
the bottom line is always the exchange of informa- debates are being organized already at the stage of
tion. Social contribution typically takes the form creating the concept of planning documents. Being
of consulting solutions that had been prepared by aware that public debates are not always effective
experts. Stakeholders can also be involved in estab- in solving complex conflicts, the Mayor’s Office
lishing solutions in early design phases, deciding on in Poznan has been using other methods, such as
the priorities and directions for change, as well as deliberative debates, citizens’ courts or multi-criteria
coming up with ideas and alternative solutions. In analyses. In Warsaw, too, residents have had more
some legal and political circumstances, stakeholders possibilities to influence the city’s spatial mancan also directly co-decide and become respon- agement in recent years. Consultations led by the
sible for decisions. The spectrum of participation Centre for Social Communication of the City of
levels proposed by the International Association Warsaw have applied various methods and served
for Public Participation is shown in table 1. Not to tackle e.g. the issues of public space management

Introduction: participatory
management of nature in the city

 In spatial planning, the forms of participation are regulated by the Act of 27th March 2003 on spatial planning and management
(Polish Official Journal of 2003 no 80, item 717).

1
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Table 1. Spectrum of public participation including example usage of the internet and geographic information
systems (GIS) (IAP2 2007)
Level of public impact

Goal

Example of GIS and online tools

Inform

To provide the public with balanced and
objective information to assist them in
understanding the problem, alternatives,
opportunities and/or solutions.

Newsletter on the planning works in
progress
Maps posted on the internet with the
effects of the proposed changes on the
natural environment

Consult

To obtain public feedback on analyses,
alternatives and/or decisions.

Use a geosurvey to assess the current
and preferred resident activities
Collect requests and remarks concerning
the local spatial management plan
available on the internet in the form of
comments

Involve

To work directly with the public
throughout the process to ensure public
concerns and aspirations are consistently
understood and considered.

Internet discussion on the proposed
solutions with designers and participants
actively sought through social media

Collaborate

To partner with the public in each
aspect of the decision, including the
development of alternatives and the
identification of the preferred solution.

Social representatives determine the
criteria and weights used to assess the
proposed solutions
The entries of the local spatial
management plan are drafted with
planning designers and residents
Electronic voting on the proposed
solutions ending in recommendations
submitted to decision makers

Empower

To place final decision making in the
hands of the public.

Legally binding electronic voting on the
implementation of the solution

and environmental revitalization and protection.
Moreover, the authorities of many Polish cities have
introduced citizen budgets that allow citizens and
non-governmental organizations to submit and
choose projects. Many of the submitted projects
concern the development of urban greenery and
recreational areas.
The application of new participation methods
in Poland is undoubtedly a step in the right direction. At the same time, however, the potential of
the internet in this field remains untapped despite
its increasing role in public life. Specialist groups
(e.g. skyscrapercity.com) and social media (e.g. Facebook) have already become venues for discussions
on the appearance of public spaces, protection of
green areas and cities’ spatial policies. Although
the debates that take place on these sites can not

influence the decisions of public officers officially,
their indirect influence has already proved relatively
strong. It is therefore high time to look at online
participation tools and integrate them in the official circulation of information to supplement the
traditional methods of social participation.
Since most decisions related to nature in the
city have a strongly pronounced spatial aspect, geographic information systems (GIS) offer an unmatched potential. These systems are already being
used in spatial planning and urban management,
mostly to capture, store and present information
on the condition of infrastructure and the legal
situation of land and buildings (hard data). New
technology allows us to supplement resources with
data that includes citizens’ knowledge and points of
view (soft data). The intense development of these
Sustainable Development Applications no 4, 2013
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possibilities in recent years coincides with the development of online maps (such as Google Maps) and
the spread of Web 2.0 where users can not only use
available data but also actively create it themselves
(O’Reilly 2007). In further sections of this article
we present different ways of applying online GIS in
the participatory management of nature in the city.

Volunteered geographic
information
Data gathered and used in geographic information
systems is usually created by experts trained in geodesy and cartography, and meets the quality standFigure 1. PhillyTreeMap (Philadelphia’s local
version of OpenTreeMap) shows the location
ards required by law. This is especially important in
and features of over 50,000 trees. This print
public administration where decisions often have
screen shows the detailed data of one of the
financial and/or legal consequences, and the actions
trees and the valuation of selected services
of public officers are governed by a legal framework.
provided by all trees in the city
There are situations, however, where the low cost
and short time of data acquisition is essential and Tree location, species, condition, size and other
the risks involved in the lower quality output are features can be added via an internet browser and
limited. That is when citizens’ input can be har- mobile application. OpenTreeMap also includes
nessed to generate data. Volunteered geographic in- a module for tree-related ecosystem services valuformation (VGI) is grounded
ation (figure 1) and a species
in the belief that lay people can The rule of thumb is that quality increases identification key for less exprovide valuable information with the size of the user community: the perienced users. Apart from
on space (Goodchild 2007). more individuals engaged, the faster er- the low cost of data acquiThe phenomenon is similar to rors are spotted. It is also worth bearing sition, the other advantages
other types of user-generated in mind that those who generate data are of a bottom-up approach
content popularized e.g. by not necessarily lay people; they common- and openness are education
Wikipedia. The most promi- ly include experts such as dendrologists and engagement of citizens.
nent examples of volunteered or surveyors who work after hours for the Individuals who participate
in the creation of a tree ingeographic information in- benefit of the grassroots project.
clude OpenStreetMap and
ventory are likely to become
Wikimapia. The basic quality of such initiatives is more aware of the benefits provided by trees and
openness: anyone can create data and the effects consequently contribute to their protection and
of volunteers’ work are publicly available. A user maintenance.
In any geographic data collection initiative, data
community usually ensures the quality of data by
correcting mistakes, discussing content or making quality issues hold importance, such as completesure that the data structure is correct.
ness (have all trees been indicated?), spatial accuracy
Volunteered geographic information is rooted (have the trees been pointed in the correct location?) and
in citizen science. In the context of urban nature, attribute accuracy (have the tree species been correctly
citizen science can take the form of regular citi- identified?). Ensuring high quality data remains
zens identifying e.g. observed bird or tree species. a challenge for grassroots and volunteer projects. The
OpenTreeMap is open source software that al- rule of thumb is that quality increases with the size of
lows the creation of crowd sourced tree inventories. the user community: the more individuals engaged,
114 |
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sufficient for the needs of spatial planning, identifying locations in particular need of tree plantings
or a general assessment of the role of trees in the
functioning of the urban ecosystem.

Tools for reporting space-related
issues
One of the rules concerning the quality of volunteered geographic information is that in some
situations it is better to have information on
a problem that in reality does not exist than to
not have information on a real threat (Goodchild
and Glennon 2010). This rule is applicable for
everyday problems in the urban space and hence
the growing popularity of systems for residents
to report current infrastructure faults and other
space-related problems. One of the first applications of this type is FixMyStreet which has
proven successful in many British municipalities
<www.lublin.naprawmyto.pl>

the faster errors are spotted. It is also worth bearing
in mind that those who generate data are not necessarily lay people; they commonly include experts
such as dendrologists or surveyors who work after
hours for the benefit of the grassroots project. Initiatives of this sort can rely on different mechanisms to
ensure the quality of data, such as expert panels and
user training, however, mutual control among users is
most common. The quality of volunteered geographic
data, similarly to that of Wikipedia, is very often
high. For example, the quality of OpenStreetMap’s
topographic data is comparable to the official data of
Britain’s Ordnance Survey (Haklay 2011).
However, despite the often high quality of data,
its application in the actions of the administration
can be limited due to formal reasons. Therefore, it is
essential to correctly identify the intended application of data and adjust the mode of action accordingly. For the purpose of infrastructure investments,
tree location must be precise and officially confirmed. Conversely, volunteer data can be entirely

Figure 2. A report in Lublin’s version of NaprawmyTo on the proposed tree plantings
Sustainable Development Applications no 4, 2013
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and has been replicated in some other countries.
Poland’s own NaprawmyTo, developed by the Unit
for Social Innovation and Research “Stocznia”,
is a growing success (figure 2). By July 2013, 8
communes had signed a license agreement to use
the system; over 12,000 problems were reported,
more than 3000 of which were fixed. Some cities
have created their own systems, such as Mapa
Porządku in Gdansk, Elektroniczny System Informacji Miejskiej in Raciborz and Interwencje
in Poznan.
There is no defined theme of reported problems and these can be associated with urban nature
management. The issues reported in Poznan’s Interwencje can include illegal waste dumps, damaged greenery or illegal tree felling. The “nature”
category in NaprawmyTo incorporates topics such
as tree canopy loss and defects in forest or park
infrastructure. The provided information can help
make current greenery maintenance and the monitoring of environmental quality more efficient. At
the same time, residents who assist in the fulfillment
of municipalities’ tasks become more active citizens
and are more willing to care for their surroundings.
The British experience with FixMyStreet also points

to increased transparency and mutual trust between
the municipality and residents.
Essentially, the alerts should reach the right people, who can actually deal with the issues. It is also
important for residents to receive information on
whether their report was approved or rejected and
later fixed. Without feedback, the problem reporting tool will be no more than a collection of unmet
promises and users will quickly become discouraged,
seeing that their work is wasted.

Social diagnosis of the quality of
urban space
As much as reports on the elements of nature and
infrastructure are useful for current urban nature
management, the planning, revitalization and development of new green areas additionally requires
more systematic studies on the quality of space.
These studies can also be based on information provided by residents to reflect their needs, perceptions
and customs. In this case, residents are treated as
experts on their own living environment and the
data that they share as valuable knowledge resulting

Perceived residential environment quality indicators (PREQIs)
PREQIs were designed based on qualitative and quantitative studies on the factors influencing overall
satisfaction with the place of residence in Italian cities. There are 11 components that reflect four aspects
of a place: spatial, social, functional and contextual. Around 10 questions refer to each of these components
using the Likert scale (respondents choose their response out of a spectrum that ranges from “I definitely
disagree” to “I definitely agree”). The questions can make reference to spatial dimensions, with questions beginning with the words “In the vicinity of my place of residence…” or “In the district where I live…”. One of
the components concerns green areas. Example questions for this component include (Bonaiuto et al. 2003):
• There is at least a garden/park where people can meet
• There are enough green areas
• Green areas are in good condition
• There are green areas for relaxing
• Green areas are well-equipped
• There is no park where children can play freely
• Green areas are too small
• Going to a park means travelling to other parts of the city
• Most green areas are closed to the public
• Many green areas are disappearing
The results of the Italian study suggest that the assessment of the quality and quantity of green space
strongly influences the assessment of the place of residence and consequently overall quality of life.
A simplified version of PREQIs has also been developed with components comprising 3–4 questions
(Fornara et al. 2009).
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from everyday experience and interaction with the
environment (Rantanen and Kahila 2009). Subjective assessments of the quality of surrounding space
and satisfaction with the place of residence can be
included as a component of overall quality of life
(van Kamp et al. 2003).
Satisfaction with the place of residence and the
perceived quality of the living environment can be
assessed for individual places of residence or e.g. at
the district level. Likewise, it can be expressed as
a single index or can be related to multiple aspects of
the environment (Bonnes 2013). Among the tools
in environmental psychology are perceived residential environment quality indicators (PREQIs)
which were first developed in Italy (Bonaiuto et al.
2003; Fornara et al. 2009). The components applicable to urban nature management are those concerning the availability, quality and quantity of green
areas, the possibilities for relaxation and recreation,
and aesthetic appeal (box on p. 116). The resulting
values can serve e.g. to identify districts in need
of greening for aesthetic reasons, creating meeting
places or improving conditions for recreation and
physical activity.
The assessment of the quality of space can also
refer to locations throughout the city instead of
individuals’ place of residence. In this case, citizens
A)

are typically asked to indicate places that they assess positively or negatively in different aspects, e.g.
aesthetic or social (figure 3). Such data allow areas
in need of change or protection of the status quo
to be identified.
The quality of space can also be assessed according to the ways in which it is used. Data on
the places that are visited and details, such as the
goal or frequency of visits help identify locations
where residents’ needs are met (figure 4). Studies
on the ways and frequency of using green areas are
among the most commonly applied in urban nature
management. Resident activities can also reflect
cultural ecosystem services (Kronenberg 2012),
and mapping them can provide the basis for urban
ecosystem service valuation.
Geographic information systems can aid in the
social diagnosis of the quality of space and mapping
of activities. Data is then collected in digital form
and can be easily integrated with other databases
or incorporated in urban geographic information
systems where they can constitute an additional
layer, supplementing data on the location of infrastructure and the legal state (hard data) with data
on residents’ perceptions, assessments and activities
(soft data). This type of approach is termed bottomup GIS (Talen 2000) or participatory GIS or public
B)

Figure 3. Map of the city of Tampere in Finland with places most frequently indicated by respondents as
positive (A) or negative (B) in terms of appearance. A study using the softGIS approach carried out at Aalto
University in Helsinki in 2011 as part of the “Everyday Urbanity” project
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participation GIS ( Jankowski 2009; Kingston 2010; in more than a dozen cities in Finland. An essenSieber 2006). In the 1990s, when these methods tial advantage is the possibility of obtaining large
were being developed in the U.S. and Canada, data datasets from residents with different backgrounds
was introduced by trained personnel in computer and representing different interests; in contrast
rooms; in recent years, however,
with other participation methods,
internet based tools and methods An essential advantage is the a rather balanced voice of the sociare increasingly being applied. One possibility of obtaining large ety is obtained and the acquisition
of these is softGIS, a method de- datasets from residents with of positive assessments is faciliveloped at Aalto University in different backgrounds and re- tated. A constraint of the method
Helsinki (Kahila and Kyttä 2010). presenting different interests; in is that it relies fully on the internet,
Here, geographic data is provided contrast with other participa- thereby possibly eliminating some
by residents and users of space tion methods, a rather balanced groups of respondents; however, in
through geosurveys, i.e. internet voice of the society is obtained today’s increasingly computerized
questionnaires on maps. Geosur- and the acquisition of positive society (Poland is no exception)
vey respondents can indicate point assessments is facilitated.
this constraint is becoming less
locations, lines and areas on maps,
and less of an issue.
answer questions concerning the indicated places
The application of softGIS data depends on the
as well as general questions that are not directly goodwill and skills of planners and urban designers.
associated with any location (figure 5).
Study participants are not always able to influence
The founders of softGIS see it as a bridge be- the solution directly and social participation is thus
tween residents and planners, where residents’ limited to the sharing of knowledge. Consequently,
everyday knowledge is provided in a useful form softGIS and similar research methods are applied
for experts (Kahila and Kyttä 2010). To date, the primarily as an element of space-related diagnoses
method has been used in studies conducted in col- and for the purposes of studying social needs at
laboration with municipal planning departments early planning stages; other methods and tools are
needed to aid social participation in space-related
decision making at other stages.

Participatory geographic
information systems

Figure 4. Map of the city of Tampere
in Finland with places most frequently
indicated by respondents as visited for the
purpose of outdoor physical activity. A study
using the softGIS approach carried out at
Aalto University in Helsinki in 2011 as part
of the “Everyday Urbanity” project
118 |
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Participatory geographic information systems not
only allow systematic data collection from residents,
but also enable diverse forms of participation, from
consultations, through discussing priorities and creating ideas, to co-deciding. The use of internet maps
makes it easier to refer to specific locations during
a discussion. For example, a draft version of the
local spatial management plan can be displayed as
one of the layers of an internet map so that the
participants of a discussion can place comments, referring to the entries of the plan concerning a given
location. Such discussions on maps or argumentation maps (Rinner 2001) are among the simpler
applications of participatory GIS.

Michał Czepkiewicz

Figure 5. A sample screen from a softGIS geosurvey conducted for the needs of studies on the quality of life at the Adam Mickiewicz University in Poznan. The screen concerns sites for physical activity
as well as recreational routes chosen by Poznan residents

A more complex method involves drafting plans
and designs with social representatives. Participants
can introduce design elements, such as roads and
built-up areas and determine their features, e.g.
biologically active areas. Such drafts can be done
for fun, to help generate new ideas and identify
social preferences, but can become an effective way
of designing if the designers are strongly engaged,
answer participants’ questions and determine the
formal and technical boundaries for the possible
solutions.
Analytic-deliberative decision making is another method with a strictly defined structure
(Nyerges and Aguirre 2011). It is a process
whereby lay people and experts jointly diagnose
the status quo, define priorities and preferences,
debate, generate ideas, create proposed solutions
and select those deemed best. Actions are supported by visualizations of geographic data concerning the diagnosis of the status quo, the impact
of the proposed alternatives on the environment
and everyday life, as well as data on the costs and
legal implications. Although analytic-deliberative

processes require strong involvement both on the
part of the public and planners, they offer the
biggest potential for the establishment of solid
solutions supported by both data and the argumentation of different groups.
Participatory geographic information systems
yield the best results when they combine several
forms of participation and communication among
users. The system created and managed by the City
of Helsinki, Kerrokartalla, is one application that
combines different methods. It is first and foremost an implementation of the softGIS method
and serves to collect data from residents regarding their activities and perception of space as an
assessment of the status quo and suggestions for
change. The application is also being used to consult
draft versions of planning documents with residents.
Consultations are also organized on modifications
in the management of green areas and public space
within a single park or street (box on p. 120). Kerrokartalla is furthermore a tool for reporting spacerelated problems and bottom-up data collection
on nature in the city. In one of the actions, people
Sustainable Development Applications no 4, 2013
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Figure 6. Kerrokartalla, or Tell-on-the-Map
One application that successfully combines
several models of using geographic information
systems for the purposes of social participation
is Kerrokartalla. The name can be translated
literally as “tell on the map”. The application
originated in Helsinki out of the initiative of the
Municipality and is publicly funded. It enables
citizens to report defects in infrastructure,
discuss planning documents and planned investments, and even indicate bird nesting sites.
A discussion in September 2011 on plans
to establish frisbee golf infrastructure in
one of the parks was particularly interesting
(figures 6 and 7). The participants of the discussion included residents of the Kivikko district
where the park is situated, current park users
who e.g. walk their dogs and play with their
kids there, as well as potential users, i.e. frisbee
golf lovers who do not necessarily live nearby.
The map of paths used by residents was confronted with the minimum requirements for
play, resulting in a solution that was satisfying for both parties. There were around 170
responses and the website had over 1,200 views
during that month.
The case described here could perhaps seem
trivial, but it was an important step towards
building friendly space and mutual trust
among city residents who use public space in
different ways, and between residents and the
public authorities.

could report left behind snow in the streets, another
time residents were indicating the nesting sites of
marine birds. The aim of this last action was not
only to capture data but also to educate residents,
a common feature of this type of projects.
“Licz na zieleń”, an application established as
part of the Sendzimir Foundation’s project by the
same name (Polish for “Count on greenery”) combines multiple participation methods in a similar
fashion. The aim is to collect data from the residents
of Poznan, Lodz and Krakow on cultural ecosystem
services, greenery-related activities and to identify
sites that are positively and negatively perceived. As120 |
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sessments of the quality of the immediate surroundings of the place of residence will also be made. Data
will be acquired e.g. through geosurveys developed
in collaboration with the main stakeholders who
are influencing urban nature management. The project focuses not only on data capture but also on
its presentation and sharing. Users will be able to
get acquainted with data introduced by others (cf.
figures 3 and 4), thereby obtaining practical information on the possibilities for spending their free
time in green surroundings and becoming aware
of the benefits of the presence of nature in the city.
The data will also be delivered to urban GIS to

Michał Czepkiewicz

Table 2. Summary of the applications of online geographic information systems in the participatory management
of nature in the city
Task

Method

Example of tool

Strengths

Weaknesses

Tree inventory

Volunteered
geographic
information

OpenTreeMap

Lower cost and
shorter time of
data acquisition
than in the case
of tree inventories
conducted without
the help of
volunteers

Data quality is not
formally confirmed

Current
management of park
infrastructure

Problem reporting
tools

NaprawmyTo

Lower cost and
shorter time of data
acquisition than
without the use of
problem reporting
tools

Public services
must constantly be
involved

Assessment
of residents’
satisfaction with
the quality and
quantity of greenery

Geosurveys

SoftGIS

Acquisition of
digital data is
cheaper than by
traditional means

The group of
respondents is
limited to internet
users

Social participation
in spatial planning

Participatory
geographic
information systems

Kerrokartalla

Easier
communication and
application of data

Participants must be
highly involved

facilitate decision making associated with spatial
planning and urban management. An important
feature of the application will be the possibility to
report places that hold the potential for greeneryrelated changes: the functions of discussing and
sharing knowledge via social media are to spark
debate on modifications in space, influence decision makers and help organize groups of residents
involved in grassroots greenery development. The
ultimate goal of the application, which should be
that of any participatory action, is to convert online
data exchange into actions on the ground.

Conclusions
The recent development of online geographic information systems has contributed to the establishment of several methods of data acquisition and
communication that can support social participation in urban nature management. Volunteered geo-

graphic information combined with citizen science
can provide valuable data on the location and features of natural elements such as trees, plant communities and animal habitats. Problem reporting
tools support current management of infrastructure
and nature elements, involving residents in caring
for their surroundings. Geosurveys can aid in the
systematic diagnosis of the quality of space by providing residents’ everyday knowledge; they are also
a source of information on the activities taking place
in the urban space. More sophisticated participatory
GIS can make communication between stakeholders easier and provide data and arguments for decision making. There are applications for all of these
methods in participatory management of nature in
the city (table 2).
The future of online geographic information
systems in urban management and spatial planning looks bright in Poland. In addition to the two
projects discussed in this article, NaprawmyTo and
„Licz na zieleń”, the Faculty of Geographical and
Sustainable Development Applications no 4, 2013
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Geological Sciences at the Adam Mickiewicz Uni- nication be combined with more traditional apversity in Poznan is running two research projects proaches involving face-to-face meetings, and that
financed by the National Science
any online activity translates into
Centre. One is about supporting Geosurveys can aid in the systema- operations in the urban space or
residents’ participation in spatial tic diagnosis of the quality of spa- the development of binding docplanning via maps and online dis- ce by providing residents’ everyday uments. Internet tools may never
cussions, the other addresses the knowledge; they are also a sour- substitute meetings and other
subjective assessment of quality ce of information on the activities traditional forms of participation
but can surely supplement them:
of life and quality of space with taking place in the urban space.
regard to the distribution of
the use of effective visualization
greenery in the city.
and communication tools can support not only the
The integration of different participation meth- voice of the society but also mutual exchange of
ods and communication channels will allow higher information and allow decisions to be based on
effectiveness. It is important that online commu- strong premises.
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Balancing inner city
development and
biodiversity protection
on urban wastelands
– the Central Railway
Area of Munich
Rieke Hansen
Technische Universität München

The revitalization of run-down urban areas and their
transformation into publicly available greenery can be an effective
way of using ecosystem services and improving quality of life in
the city. However, the residential needs, recreational activities and
environmental protection must be balanced. The revitalization
of former railway areas in Munich is a good example of how to
transform a neglected area into a green residential district and
how to effectively combine enhanced biodiversity with urban
development. In this project, all stages of planning and execution
were guided by awareness of the value of natural habitats, as well as
residents’ recreational needs.

Keywords: spatial planning, biodiversity, ecological corridors,
habitat services, urban natural system

Balancing inner city development and biodiversity protection on urban wastelands

Introduction
Wastelands can be among the most species rich
green spaces in cities. They can even offer habitats
for rare and endangered native species (e.g., Wittig
2010). Therefore, wasteland habitats, representing
a kind of urban wilderness, are increasingly considered as important for the conservation of urban
biodiversity and nature experience in the adjacent
neighbourhoods (e.g., Rößler 2010).
On the other hand, infill development is promoted as an option to reduce urban sprawl and
to avoid the use of agricultural land for housing
development. Infill development is important for
sustainability, not only because agricultural and
environmentally critical areas can be preserved but
also because more compact cities are believed to
promote walking, biking and effective public transport systems. In Germany, for example, the recently
adopted Federal Building Act sets infill development as a priority action for urban development.
From the perspective of biodiversity and ecosystem services infill development can be ambivalent
because habitats and ecosystem service providing
units get lost.
The question of which wastelands should be
used for housing and which should serve as public
green spaces for recreation and other ecosystem
services often reveals the differing concerns and
needs of the multiple stakeholder groups, such
as property owners, city planners, environmental
groups and residents. As a result, creating compact
cities that offer a high quality of life for people
and support biodiversity is a challenging task for
urban planning.
Cities with shrinking populations, where development pressure on land is low face different tasks
because infill development is usually not a likely
option. Here, greening is seen as an inexpensive
solution to prevent decline of the affected city districts. For example, in the course of the urban restructuring programme for former GDR, previous
housing areas that were demolished were mainly
converted into green space. However, greening does
not automatically promote biodiversity or enhance
the quality of life of residents. In two-thirds of projects in the restructuring programme, only lawns
126 |

Sustainable Development Applications no 4, 2013

were created and hence opportunities to provide
attractive public green spaces were missed (BMVBS
and BBR 2007).
The potential of transforming wastelands into
public green spaces and likewise protect or enhance
urban biodiversity were explored in a study for the
German Federal Agency of Nature (Hansen et
al. 012, see Figure 1). In the following an infill development example from Munich is described. The
Central Railway Area is a huge city development
project balancing the protection of valuable habitats
and infill development. This only succeeded because
awareness for valuable habitats as well as the need
for public green space was promoted in all planning
phases. Unless otherwise indicated the information
is derived from the named study, which was based
on published material and interviews with city staff.

The case study: City development
project Central Railway Area of
Munich
Munich, capital of the federal state of Bavaria, is
currently the city with the strongest population increase in Germany. The population of the city and
its surrounding communities grew by 8.5 % within
the last 10 years. The city region is now inhabited by
about 2.6 million people within an area of 5500 km²
(LH München 2011). The demographic trend leads to a high demand for new housing areas and
promotes the loss of open space (BBSR 2012b).
Ongoing growth is expected for the next 20 years
(LH München 2010).
To steer the future development of Munich, the
municipality defined a set of guidelines named “Perspektive München”. Infill development is the theme
of one guideline also known as “Compact, urban,
green”. “Compact” in this context represents a dense,
polycentric city structure with attractive features to
encourage inner city dwelling while the individual
buildings shall be energy- and space-saving. “Urban”
means mixed land uses to promote short distances
and social balance within the city. “Green” stands
for integration of urban green and open space into
city development to enhance quality of life and improve environmental quality, e.g., by moderation of

Figure 1. “Park am Nordbahnhof ” – a former railway and border area in Berlin was
transferred into a public park which integrates urban wilderness

urban climates and stormwater infiltration. On the
level of individual planning projects, the City of Munich has introduced a socially justified land use tax
(“Sozialgerechte Bodennutzung” or SoBoN). Up to
two thirds of the profit that investors achieve, through the exploitable rights to build after the planning
phase, can be levied from the developer to secure
provision of quality green spaces and public facilities
such as primary schools and kindergartens in any
new housing development (Illing and Thiel 2005).
The redevelopment of the Central Railway Area
is a lead project for the implementation of the infill
development strategy. With a surface area of approximately 170 ha it is currently the largest urban
development project in Munich. The former railway
and commercial areas extend 8 km from the centre
to the northwestern part of the city. In total, 7500
apartments and workplaces for 15,000 people plus
sport facilities and green space will be created (LH
München 2005). The project consists of six separately planned parts, some already partly finished.
The area “Birketweg” as part of the Central Railway Area is suitable for discussion of how issues
relating to biodiversity and ecosystems services were
dealt with in the project (Figure 2). Birketweg, close
to the park Hirschgarten, comprises 60 ha and will
be converted into housing for 6000 people and office space for 6000 employees. Approximately 30 ha
of railway area lay fallow for two decades. These
rocky, sun-exposed and dry habitats with their unique species diversity and appearance are referred to
as railway biotopes. They are inhabited by several

endangered species, among them are species protected by the EU Habitats Directive. In total, 10 ha
of railway area were identified as valuable habitats.
Biodiversity issues and the need for recreation
areas were considered from the beginning of the
planning process for the whole Central Railway
Area. In the late 1990s, a “habitat and open space
concept” was prepared in parallel with the urban
development concept for the Central Railway Area.
In the “habitat and open space plan,” which was
elaborated by a consulting firm, requirements of
nature conservation were identified such as
• preservation of valuable biotopes;
• an ecological corridor along the existing railway tracks;
• creation of new biotopes suitable as stepping
stones.
This early acknowledgement of biodiversity concerns and close cooperation in all planning aspects
related to nature conservation between property
owners, consulting firms and different city departments, led by the city’s office for green planning
are seen as an important factor to avoid planning
conflicts. On the side of the city were the department for urban planning and building code as well
as the department for health and environment, the
latter responsible for urban biodiversity and worked
closely together in all phases of the process.
The requirements for biodiversity outlined in
the “habitat and open space plan” were integrated
in the urban planning competition for the Central
Photo: Rieke Hansen
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Figure 2. The Birketweg area with 60 ha is
one of six urban development projects of the
Central Railroad Area. For most parts the
construction is finished (Rieke Hansen)
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Figure 3. Grassland complex for compensation of habitat loss – optimized as lizard habitat

Railroad Area. Thus, the participants had to refer to
these requirements in their planning concepts. The
winning planning concept and the city’s aims for
open and green space in the Birketweg area were
publicly discussed in 2004 as part of an early and informal public participation process (LH München
2004). Topics of interest for the participants next
to green space were, for example, public transport
and the dimensions of high rise buildings. In relation to green space the city and property owners
presented among others the idea of a green corridor
adjacent to the still in use railway tracks. The idea
of a “Pioneer Park” which on the one hand preserves railroad habitats and on the other hand offers
opportunities for nature experiences, based on the
special appearance of these biotopes was explained.
Both elements (corridor and “Pioneer Park”) should show the railway history and likewise provide
railway habitats.
An excursion open to all interested parties was
also part of the public participation process. For
the excursion the planning concept was marked by
stakes in the Birketweg area to give the participants
a better idea of the spatial dimensions. Furthermore
the participants were introduced to the diverse vegetation of the fallow railroad area. The excursion was
seen as an important factor for the high acceptance
of the planning concept among all parties.
Citizens also could further elaborate ideas in two
workshops. They explained their concerns about too
little green space close to the new flats and formulated their demand for sufficient play, sport and recreation space. The idea of the Pioneer Park to protect
128 |
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the railroad habitats combined with recreational use
was viewed sceptically. The idea of a green corridor
between the Birketweg area and the main station
that could be used for walking and biking was broadly appreciated. In general the public demanded
a connected green system for the planning areas that
links the new and existing green space.
This process of discussion between city departments, local political committees, citizens, and the
property owners/investors ended with a final meeting where decisions and plan adaptations were
announced. Afterwards planning firms revised the
planning concept according to the results of the
participation process. The final plan was presented
to the public in an exhibition with a presentation
at the end of 2004. In the further process other
bodies of public affairs were included, the project
was approved by the city council, and the formal
public participation process was conducted in order
to prepare the resolution of the legally binding land-use plan (LH München 2004).
In 2007, shortly before the land-use plan was coming into force, a change in the Federal Conservation Act strengthened species protection based on
the EU Habitats Directive. These changes required
more specific examination of the lizard populations
in the Birketweg area, and a special authorization
procedure. The species survey revealed that the loss
of some of the habitats through building could not
be compensated for with the habitats planned within the development area. Thus a strategy to protect
and promote the lizard population was developed.
The strategy considered the lizards as an umbrella
species which support other species living in the
railroad habitats. It comprised three cornerstones:
• spatial management,
• maintenance and development of habitats,
• strengthening of the regional population.
The spatial management permanently secured
a minimum habitat area of 3 ha during the construction and kept an important habitat for as long
as possible. In the end 5 ha or 50% of the valuable
habitats were preserved or restored within the Birketweg area. Specific maintenance and development standards were defined for all biotopes and
are executed by the city’s construction department
gardening section. All habitats are protected in the

Figure 4. When the Central Railroad Area
project is completely finished a corridor of railway
habitats and paths for walking and biking runs will
line the whole area. The constructed parts in the
Birketweg area are already used by the residents to
reach public transport and for leisure activities
Photo: Rieke Hansen

long term as they are displayed in the legally binding
land-use plan.
As an external compensation to promote the
lizard population 20 ha arable land adjacent to the
railroad tracks was transformed into a nutrient-poor
grassland habitat complex at the northern city rim
in “Langwieder Haide”. This complex was furthermore connected to other dry, nutrient poor habitats.
All habitats are monitored during five years after
construction. The results from 2011 indicate that the
lizard populations are stable and occupy the new
habitats in the “Langwieder Haide”. In addition,
several rare plant and animal species could already
be detected.
The green corridor in the Birketweg area connects
new pocket parks and older parks with the city’s
green space network. The corridor also links the quarter to the next station and thus promotes car-free
mobility. The separated bike and foot paths allow for
safe movement at different speeds (Figures 4 and 5).

Photo: Rieke Hansen
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Lessons to learn from Munich
The city of Munich provides support for urban biodiversity at different planning levels. The citywide
guideline “Perspektive München” states that infill
development must be supplemented by green space
development. But of course, infill development in
biodiversity rich areas is likely to lead to at least
a partial loss of habitats. In Munich half of the valuable habitats were preserved or restored. The loss
was compensated in an area adjacent to the Munich
railway system but external from the Birketweg area.
As shown in the example a systematic assessment with regard to biodiversity, recreation and
regulating services should be conducted as early
as possible. A biodiversity assessment will indicate
which elements of a plot are valuable and reveal
habitats of endangered species. Its results should be
used to guide the planning process, e.g. by making
the protection and integration of these elements
obligatory in planning competitions. In the case
of the Central Railroad Area the habitat and open
space concept helped to identify valuable habitats
and crucial elements of the future open space system
early on, so these elements could be included in

Figure 5. The railway habitats line the tracks
still in use, buffering noise through a stone
gabion wall

urban planning competitions. Furthermore a cooperative process between different city departments
and other parties created understanding and acceptance for the value of railroad habitats.
With regard to biodiversity the upcoming higher
demands for species protection due to the EU Habitats Directive could be fulfilled with some adjustments to the original planning concept, as railroad
habitats were considered as valuable early on. Recreation and biodiversity elements were combined
if possible, for example along the green corridor.
The specific actions for species protected under the
EU Habitats Directive were created to secure these
species but benefit the whole biocenosis. Habitat
Sustainable Development Applications no 4, 2013
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Figure 6. The Industriewald (industrial forest) in
the Ruhrgebiet consists of emerged pioneer forests
on industrial brownfields. Art such as sculptural
work by Hermann Prigann is used to create a unique area to experience urban nature

Figure 7. The Schöneberger Südgelände is a former railway area in Berlin with valuable biodiversity. The elevated paths make the dry grassland
spots within the area accessible without risking
their quality due to intensive recreational use
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loss was compensated in an area linked to the railways. Maintenance and development as well as
monitoring secure the quality of the habitats. First
monitoring results indicate that the actions within
the Birketweg area and the compensatory habitats
have been successful.
The Central Railroad Area shows that wastelands can be developed into unusual public green
spaces. However, the participation process revealed
scepticism towards the Pioneer Park. In general,
wild growing vegetation does not go well with the
wishes of most people, for well maintained, clean
and safe green spaces. Thus, urban wilderness should
be communicated as valuable to the users. Design
elements and proper maintenance help to make an
urban wilderness area be perceived as a safe and
inviting public green space. Successful examples
such as the Industriewald Ruhrgebiet (Figure 6)
or the Schöneberger Südgelände (Figure 7) show
that a careful and elaborated development of species
rich urban wilderness can create valuable spaces
for recreation and nature experience in the neighbourhood.
Linear structures, such railway areas, can be valuable for the connection of habitats, as trails, or
as ventilation corridors for the local climate. The
unique chance to create a network of new and old
green spaces in this part of the city was seized in
Munich and is highly appreciated by the public.
The access to public transport through the green
corridor furthermore supports cycling and walking.
Opportunities to create an interconnected green
system, through the development of wastelands into
accessible green space have been seized by other
German cities, such as Leipzig and Dresden. Considerations to mitigate climate change effects will
enhance the awareness of regulating services such as
cooling and stormwater infiltration and can strengthen the basis for arguments to develop wastelands
at least partly into urban green spaces.

Rieke Hansen
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The local spatial
management plan
as a tool for nature
management in the city
Agata Burlińska
GARD architecture and urban planning studio

The most effective way of protecting urban green areas is by
ensuring appropriate entries in local spatial management
plans. However, this potential is not being used in Poland.
The existing tools must be promoted, just as the development
of new tools and entries in spatial planning documents
that will allow ecosystem services to be used effectively,
improving quality of life as well as the aesthetics and image
of cities. Urban greenery is an essential component of the
urban composition and can be an effective tool in solving
problems with shaping and orderly arranging urban space.
However, green areas only function properly when linked
in an operating system, and this must be reflected in spatial
planning documents.
Keywords: spatial planning, ecological corridors, urban
natural system, local spatial management plan, floor area ratio

The local spatial management plan as a tool for nature management in the city

Introduction
Spatial planning has multiple aspects and therefore
requires an interdisciplinary approach that integrates the knowledge and competencies of professionals specializing in architecture, urban planning,
economics, sociology and nature. The principal legal
act that regulates the planning process in Poland
is the Act of 27th March 2003 on spatial planning
and management,1 which determines the principles
for creating local spatial management plans that are
acts of local law.
At the same time, there is a growing need for
urban development planning to respond to the dynamic changes in society (such as varying aspirations, values, increased awareness and responsibility,
the willingness of urban residents to co-decide),
economy (e.g. globalization, digitization, changes
in the organization of work) and natural environment (e.g. loss of biodiversity, risk of extreme weather events). Planning should therefore be seen
as innovative activity, but also as a social process
of learning which requires monitoring and critical
analysis (Mierzejewska 2010).
According to the data of Poland’s Central Statistical Office (2011) and Ministry of Transport,
Construction and Maritime Economy, in 2011
around 25% of the areas belonging to urban municipalities in Poland were covered by local spatial management plans, and among the cities with
county rights, such areas constituted only 13%.
There are large disparities in plan coverage between
particular cities. In the current plans, approximately 25% of the land area in urban municipalities
and 28% of the land area in cities with county
rights are intended for greenery and water. This
means that on average as little as 4% to 6% of
urban green areas are incorporated in local spatial
management plans.
The legal act mentioned above sets the basis for
any operations related to spatial planning at the
commune (municipality) level. Article 1 section 1

assumes spatial order and sustainable development
as the basis for all actions; the act goes on to determine the principles of shaping spatial policy by local government authorities as well as the scope and
modes of action with regard to allocating land for
specific purposes and determining the principles of
their management and development. Article 2 defines spatial order as “an arrangement of space that
creates a harmonious whole and includes in orderly
proportions any functional, socio-economic, environmental, cultural and compositional/aesthetic
determinants and requirements” (cf. figure 1). The
inclusion of diverse aspects and requirements in the
definition of spatial order as well as the referral in
article 1 of the act to the definition of sustainable
development, as stated in the Environmental Protection Act, clearly highlights the significance of
nature in spatial planning and management ( Jeżak
et al. 2005).2
To demonstrate the effectiveness of local spatial
management plans and their diverse benefits for
the city, especially when innovative solutions for
greenery are included, we will zoom in on the most
relevant entries of the Act on spatial management
and planning.

Selected tools for spatial
management and planning
According to the Act, local spatial management
plans determine obligations or can determine
many principles, bans, orders and parameters as
needed. Below we present the mandatory and
non-mandatory elements to include in a plan
(subheadings as in the Act) as well as selected
proposals concerning greenery-related entries in
the local law. 3 For each of these we provide inspiring ideas and good practices concerning the
applications of greenery that are seldom or never
used in local law and yet are particularly valid and
valuable for Polish cities.

1 Act of 27th March 2003 on spatial planning and management (Polish Official Journal of 2003 no 80, item 717, with amendments).
2 Environmental Protection Act (Polish Official Journal of 2001 no 62, item 627, with amendments).
3 The specifications proposed here do not exhaust the range of applicable entries in local spatial management plans. It must be noted
that different voivodships apply different practices in this regard.
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NATURAL DOMAIN
• High quality of the elements
of the natural environment
• Nature protection
• Adequate proportions between
invested and vacant land
• Limited use of resources
• Circulatory urban metabolism

SOCIAL DOMAIN
• Meeting needs
• High quality of life
• Elimination of poverty
and exclusion
• Appropriate housing conditions
• High level of safety
• Civil society
• Responsibility for
a common good

SPATIAL ORDER
• Spatial order
• Rational land management
• Highly efficient urban structures
• Elimination of conflicts
• High material welfare

ECONOMIC DOMAIN
• Sustainable economy
• High efficiency
• Advanced (green) technology
• Economy based on knowledge,
innovation, creativity etc.

Figure 1. Model of a sustainable city (Mierzejewska 2010)

The determination of the intended
land use and of the borderlines
between areas intended for
different uses or with different
management principles
Tools
The primary goal of local spatial management plans
is to allocate land to serve different functions and
determine the principles that govern land use. In
the case of urban greenery, the functions of land
can be determined for areas where greenery will be
the primary land use (e.g. park greenery or public
greenery; undeveloped greenery; isolating greenery)
or the supplementary land use (e.g. services and
developed greenery; multi-family residential and
public green areas). As one of the specifications

concerning land allocated for greenery, an obligation can be placed to use appropriate types of plants
required by environmental protection: for example,
the use of native species can be indicated or the
preferred species can be limited to deciduous plants.
In highly developed countries, urban greenery is increasingly being referred to as green infrastructure,
emphasizing the key role of coherent, well-planned
systems of green areas in urban development.
The application of greenery in the city can be
a way to ease existing conflicts over space and
prevent new ones. Conflicts for space are one of
the fundamental problems inherent in life in the
city, commonly faced by practitioners involved in
spatial planning. Rows of trees or strips of tall or
low greenery can be used to mitigate the nuisance
caused by roads or production plants (noise, air
pollution, degraded landscape/view). Isolating
Sustainable Development Applications no 4, 2013
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The local spatial management plan as a tool for nature management in the city

Figure 2. Street greenery, La Rambla, Barcelona
The value of land intended for residential or service purposes will be influenced by: the proximity to green areas such as parks or squares, the
availability of these areas as well as the presence
of street greenery and its quality. Studies also
show that consumers are willing to pay more
for goods and services in places with greenery
(Wolf 2003).
The representative character of a commercial
street can be highlighted by tree alleys such as
the plane trees along both sides of the famous
La Rambla Street in Barcelona.

greenery, i.e. a strip of land that serves to distance
the source of nuisance, is also desirable when allocating land for heath-or education-related services
where more strict noise standards must be met.
Points to remember and try out
When planning land use allocation, it is recommended to adhere to the principle of environmental justice. Facilities that emit pollutants are
commonly located in areas inhabited by residents
of lower social status. In this way, social exclusion

is coupled with ecological exclusion, which decreases residents’ chances of living in better conditions and contributes to further degradation of
an area. The principles of environmental justice
should therefore be viewed as an important guarantee of an individual’s right to live in a healthy
environment.

The determination of the principles
of protecting and shaping spatial
order
Tools
The principles of shaping spatial order can be
implemented e.g. by appropriately shaping the
boundaries of built-up areas and determining the
principles of the execution of these boundaries.
Appropriate designs with the locations of newly
constructed buildings help to preserve existing trees
or green areas and prevent them from being built
upon (figure 3).

Figure 3. Shaping the boundaries for development so as to preserve existing greenery
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Points to remember and try out
Urban greenery is an essential component of the
urban landscape composition. It includes green
ground coverings (lawns, compositions of low-lying flowers), green walls (vines, groups or parallel rows of trees; figure 2), green gates formed

Photo: Angélica Martínez
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der, non-standard concepts (still hard to find in
practice), attempts can be made to include entries
that dictate the construction of green architecture elements which help to organize the space
(e.g. figure 4).

The determination of the principles
of nature conservation
Figure 4. A green gate as an urban composition
element, campus of the Monterrey Institute of
Technology, Mexico City

by parallel rows of trees, and individual trees that
identify a place (Wejchert 1984). Greenery can
help solve problems with shaping urban space by
serving as frontage or breaking up exceedingly
vast space, underlining the representative character of a place, diversifying street furniture, adding
compositional accents, or creating a frame for
views and landscape openings. In the case of bol-

Tools
Apart from implementing the entries in local spatial management plans on respecting the existing
forms of nature conservation, or the establishment
of a ban on the removal or damage to trees, shrubs,
street trees, or the obligation to restore/replace
degraded greenery, the primary task of urban planners is to implement the system of urban greenery
designed in the study of determinants and directions of spatial development, so that biodiversity
and ecosystems can be preserved (figure 5).

Figure 5. Excerpt from the local spatial management plan for the “Młynówka Królewska–Grottgera”
area in Krakow which protects an aquifer that is important for the natural system from being built-up
(City of Krakow 2012)
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The natural system as a way of ensuring the continuity of the urban nature network
The natural system of an area
It is defined as open land and other natural areas protected by law with at least 90% of biologically
active areas in native soil, forming an uninterrupted spatial system of stretches, nodular areas, corridors
and extensions, linked with the open land of neighbouring cities and communes. Such areas should be
permanently protected by law from being built up and constitute at least 35% of the natural system in an
urbanized area. The recommended parameters include the minimum percentage share of biologically active
areas in the zone area,1 ranging from 10% to 20%, and the minimum width of such areas expressed in
metres: from 100 to 200 m (Ziobrowski 2012).
The natural system of a city
This system is defined as a part of the city that is purposely set aside to serve primary natural functions
(mainly climatic, hydrological and biological) as well as subordinated non-natural functions (e.g. residential,
recreational or aesthetic), and is composed of interconnected nodular areas and nodes (i.e. alimentary
sources), corridors and extensions (i.e. alimentation routes) which are also linked with the region’s natural
system through material/energy exchange processes. The main constituents of the system include:
•• nodular areas – the basic source elements of the system with climatic, hydrological and/or biological
importance for the entire city or even urban area;
•• nodes – supplementary source elements with climatic, hydrological or biological importance for part of
the city;
•• corridors – the basic transit elements that integrate nodular areas, nodes and the region’s natural system
to create a functional whole;
•• extensions – supplementary transit elements that exit from nodular areas, nodes and corridors, extending
their impact on surrounding areas (Szulczewska and Kaliszuk 2005).
Example – OSTAB in the city of Gdansk
In 2001, the concept of a Citywide Urban System of Biologically Active Areas (OSTAB) was introduced in
the study of determinants and directions of spatial development in Gdansk and later maintained in the
amended study in 2007. It is defined as a continuous system of corridors and a network of ecological links
that permeates the urbanized area (City of Gdansk 2007). Linking this system with biologically active
areas outside the city allows the flow of water and migration of living organisms and also facilitates
atmospheric circulation and species succession. Over the years, the residents of Gdansk have become so
familiar with the term OSTAB that references can be found in real estate sales offers that boast of green
neighbourhoods.

Points to remember and try out.
For the benefit of nature protection, it is recommended to use terms such as the natural system of an area
(Ziobrowski 2012) or natural system of a city (Szulczewska and Kaliszuk 2005) in planning documents
(see box on p. 138). Provisions for such systems must
already appear at the stage of preparing the study of
determinants and directions of spatial development
and later be unconditionally implemented in the local
spatial management plan, to the extent postulated
in the study. Requirements concerning the desired

parameters for green areas that make up the natural
system of a city can serve as a basis.

The determination of requirements
resulting from the needs of
shaping public space
Tools
Due to their location and spatial/functional features, public spaces where urban life takes place are

 Ziobrowski (2012) distinguishes different zones in urbanized areas that differ in terms of their functions and the character and
intensity of development: metropolitan (also called the urban core or city centre depending on the number of the city’s inhabitants),
urban, suburban and industrial.

4
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Table 1. The hierarchy of public open land (Ziobrowski 2012)
Postulated surface area
and distance from the
place of residence

Regional parks and
open land

400 ha
3.2–8 km

Metropolitan parks
District parks

60 ha
<3.2 km
20 ha
<1.2 km

Local parks

2 ha
<0.4 km

Small local parks and
other open areas

<2 ha
<0.4 km

particularly significant for meeting residents’ needs,
improving their quality of life, and fostering socializing. In urban areas covered by plans this typically
includes roads, public squares, parks, cemeteries,
sports/recreational facilities and shared road/pedestrian or shared bikeway/pedestrian zones. Parks can
be divided according to size, distance from the place
of residence and leisure activities offered (table 1).
Greenery is crucial for the health of urban residents. The paramount importance of physical
activity for health should not be underestimated
and green areas are where urban residents typically
engage in such activity. The vicinity of green areas
has been shown to have a positive effect on the physical and mental health of urban residents (Grahn
and Stigdotter 2003). Sufficiently large green areas
help counteract the urban heat island effect.
Points to remember and try out
A woonerf (literally “living yard”) combines the features of a street and a square and is a great way to
introduce greenery in urban public areas. Woonerfs
are spaces that can accommodate parking places, automobile roads, bikeways and sidewalks as well as
greenery and street furniture. This Western European
way of calming traffic and “returning the street to
residents” can be determined in the local spatial mana-

Functions and arrangement
These can comprise open land in large cities or green
belts; extensively developed areas that for the most
part constitute an important element of the natural
system; serve for the purposes of low-intensity active
recreation.
Natural or developed areas (e.g. with sports fields) that
can be used for active and passive recreation.
Offer a wide range of leisure possibilities for all age
groups, with an interesting landscape.
Intended for pedestrian users; areas that combine natural and developed elements; existing natural elements
are protected.
These are especially valuable in intensively built-up
areas and comprise arranged gardens, squares with
playgrounds and places to sit, as well as e.g. clusters of
protected nature monuments.

gement plan if road arrangements are roughly marked
in the drawing and the entries in the text determine
the street’s shared pedestrian/road character (figure 6).

The determination of the principles
of shaping development and of the
indices of land management
Tools
In urban areas intended for development, the minimum requirement for the proportion of a building
Photo: Fundacja Normalne Miasto Fenomen

Type

Figure 6. Living yard. Redevelopment project for
6 Sierpnia Street in Lodz
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Metropolitan/
urban core/
city centre zone

Maximum percentage share
of built-up and paved area
A group
B group
C group
D group

80%

Urban
zone

20%

70%

20%
25%

77%

30%

70%
60%

A group

40%

B group

40%

60%

C group

40%

60%

D group

40%

60%

Suburban
zone

A group

Industrial
zone

Minimum percentage share
of biologically active area

30%

70%

B group

25%

70%

C group

25%

70%

D group

25%

70%

A group

80%

20%

B group

80%

20%

C group

80%

20%

D group

80%

20%

Figure 7. Floor area ratios: the maximum percentage share of a built-up and paved area vs. the minimum
percentage share of a biologically active area of a plot (adapted from: Ziobrowski 2012). A group: cities >
500,000 inhabitants; B group: 100,000–500,000 inhabitants; C group: 50,000–100,000 inhabitants; D group:
<50,000 inhabitants

plot designated for a biologically active area holds
particular importance for greenery management.
Land use can be determined using these two parameters: from dense development with a small share
of biologically active area, to extensive residential
development with large natural areas. The proposed
values for net development intensity indices, the
minimum percentage share of biologically active
area or maximum percentage share of built-up and
paved area in different zones of a city are shown
in figure 7.
Points to remember and try out
Local spatial management plans also include the
parameters of new buildings, such as their architectural form and exterior finish. Green roofing is
possible. The detailed parameters of such roofs are
worth specifying so that they become a valuable
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and functional element of the city’s natural system
(cf. Kaźmierczak in this volume). Roofs can also
be used for urban rooftop farms – an increasingly
popular solution in large cities worldwide (figure
8). Out-of-the-ordinary ways of finishing building
walls are also worth implementing, such as vertical
gardens with special plant species (figure 9).

The determination of the principles
of modernizing, expanding and
constructing communication systems
and technical infrastructure
Tools
The entries in the local spatial management plan
concern the issues related with technical infrastruc-

Figure 8. Eagle Street Rooftop Farm: an urban
rooftop farm in Brooklyn, New York

Points to remember and try out
At the stage of determining parameters for roads,
pavements can be indicated which create the best
possible conditions for the functioning of the city’s
natural system. There are water-permeable asphalts,
concrete, and materials for sidewalks that help solve
the problem of maintaining greenery in roadways and
allow for reduced costs in the extending of stormwater
Photo: Thelmadatter

ture that are not regulated by other laws. The use of
greenery in relation to road infrastructure consists
e.g. in the determination of the principles of road
development. Greenery can be introduced in road
lanes as rows of trees on both sides of the road or
a stretch of isolating greenery along the road. The
possibility of placing a duty on property owners to
arrange rows of trees in residential areas can also
be considered (figure 10).
The importance of urban greenery in the development of technical infrastructure is definitely
underestimated. The benefits of greenery include
reducing the need for stormwater drainage systems, as it is a permeable surface that retains water
(cf. Wagner et al. in this volume), and protecting
road pavements by shading them. Greenery can
also be applied to mitigate traffic-related road nuisance. Thanks to street greenery, drivers begin to
see streets as a venue for social life (where speed
should be reduced for safety reasons) rather than
merely transit routes. In turn, more slowly passing
cars encourage residents to stay in the streets and
stroll around.

Photo: Rebbeca, www.garden.harvard.edu
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Figure 9. The green wall of a university campus in the City of Mexico
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ZI

Areas with isolating
greenery
Approximate location
of planned tree alleys
and rows of trees in
residential areas

1.ZI
2.ZI

Approximate location of
planned tree alleys
and rows of trees
in roadways

Figure 10. Examples of introducing greenery along streets and in their vicinity

drainage systems (cf. Suchocka in this volume). The
application of the biologically active area index for
transport infrastructure-related greenery management
is an innovative approach that yields efficient solutions
that are also pleasing to the eye (cf. figure 11).

Conclusions

Photo: MONOLAB Architects

The local spatial management plan is an act of local
law that is valid for a given area. Polish law regarding
spatial planning determines a fairly strict framework
for the actions of urban planners and officers. At the
same time, however, the law creates diverse possibilities that with some additional effort can be harnessed

to implement innovative solutions. It seems therefore
that the lack of legal possibilities is often just an excuse
that conceals a lack of awareness of the importance
of greenery in the city or a lack of will at all levels in
the developing of local spatial management plans.
In Polish cities, constant exchange of experience
and knowledge sharing must play a key role in the development of local spatial management plans. The first
innovative projects for local plans will open the way
for further plans, provided that they are shared with
other urban planners and officers, and supplemented
with information on the process of their establishment. This knowledge needs to be shared as cities with
their greenery are the common good of all citizens.
Goodwill, openness to change and courage in the
process of spatial planning are a chance for positive
urban transformations where greenery is an essential feature. It is worthwhile to invest additional
effort and involvement in developing plans that
will comprehensively tackle the problems of Polish
cities and dictate the use of solutions that benefit
the natural system of a city – after all, this system
determines our quality of life in the urban jungle.
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The only renewable source of water is precipitation. In
natural areas, up to 90% of stormwater remains in the
landscape where it falls. By contrast, in urban areas on
average as much as 70% of stormwater is irretrievably lost
to highly efficient drainage systems. Consequently, urban
vegetation constantly experiences heavy stress while the need
for irrigation makes its maintenance very costly. On the
other hand, appropriately shaped and managed greenery can
be an effective tool for local water retention and improved
water balance in the urban landscape. Good practices in
sustainable stormwater management in the city must be
sought and promoted in order to ensure advantageous
conditions for plants, which in turn will support ecosystem
services provided to urban residents.
Keywords: stormwater, ecological corridors, urban
natural system, Blue-Green Network, surface de-sealing,
ecohydrology

Blue aspects of green infrastructure

Introduction: where has all the
water gone?

greenery, but also created an ecological threat for
current and future generations.

The only renewable source of water is precipitation. Precipitation fills streams, rivers and lakes, What happens with urban
replenishes underground water resources, and vegetation if we fail to ensure
allows trees, shrubs and other forms of greenery access to water?
to grow. Outside towns, a limited percentage of
the land area is covered by paved surfaces and
Urban greenery works as a water pump. Plants
on average up to 90% of rainwater (depending obtain water from the soil, transport it to branches
on the geological structure, landform, the use of and leaves, and subsequently release it through
land and its plant covering) replenishes the water evapotranspiration (Suchocka 2011). These “plant
balance of the area, local to where it falls. This is water pumps” bring tangible benefits to humans,
due to ground infiltration, rainfall
e.g. by acting as air conditioners:
interception (retention on the plant Urban trees and green are- reducing the air temperature and
cover), evapotranspiration and soil as can provide services only increasing its humidity – someretention. In cities, the situation is when they have access to suf- thing that will be appreciated by
completely reversed (figure 1). Se- ficient amounts of water.
anyone who moves around the
aled surfaces, i.e. streets, sidewalks,
city. Simulations of temperature
parking places, buildings, squares, hardened and and precipitation changes based on historic and
degraded soil in areas sometimes formally called contemporary data show that on hot days (30°C
“green”, are a barrier for water. As rainwater cannot and above) the air temperature in suburban forests
infiltrate, it flows on the surface. When rainfall is can be more than 12°C lower than in city centres
heavy, water quickly reaches stormwater drains (Gill et al. 2007).
that are already filled to capacity, resulting in floPlants help reduce the concentration of airborne
oding and heavy losses which can paralyze the city. dust and, as discussed in the previous guidebook
Runoff causes water deficits often within a day or (Kronenberg 2012), are one of the stimulants for
two. As much as 70%, and during heavy rainfall precipitation during dry periods. When trees expeeven up to 90% of stormwater is irretrievably lost rience water stress, the mechanism described above,
from the urban space.
stops working. At the same time, their roots expand
The reason for this significant loss lies in the in search for water and air, potentially causing a hapriorities adopted in recent years in urban spatial zard to infrastructure.
management. The will to use expensive urban plots
to the fullest extent for dense development – commercial or residential – has overshadowed the need Urban trees and green areas can
to preserve areas that ensure an operating space for provide services only when they
water. The small amounts of such space that remain have access to sufficient amounts
in cities are insufficient for maintaining green areas.
of water.
Another consequence is the heat island effect and
related health and quality of life issues for urban re- Water demand is species-dependent but an average
sidents. These issues include a significant increase in 10 m high tree needs at least 133 l of water per day
air pollution (e.g. over 3 times higher concentrations (Kramer 1987). Therefore, if the space between conof the carcinogen benzo(a)pyrene) and consequen- crete slabs available for a medium sized tree is only
tly even 3 times higher prevalence of asthma and 1.2 m x 1.2 m x 0.9 m deep, and is filled with the
allergy (Kupryś-Lipińska et al. 2009).
compact soil typical in urban habitat, the tree can use
The loss of water-retaining space has not only all the stored water within just 2–3 hours (Vrecenak
significantly worsened the conditions for urban and Herrington 1984). There is also a false belief that
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Water cycle in the natural environment

Evapotranspiration

Condensation
Precipitation

Runoff

Infiltration

Urban water cycle regeneration
through ecohydrological methods

Local evapotranspiration
Precipitation

Runoff

Water cycle in the urban
environment with traditional
stormwater drainage systems

Local
infiltration

Precipitation

Runoff

Figure 1. The impact of the absence of plants and surface sealing on water circulation in the city
(adapted from: Hoyer et al. 2011)

root systems reach deep groundwater resources. Trees
are thus commonly surrounded with concrete and
asphalt in the hope that they will somehow manage
to obtain water. In reality, however, root systems are
usually located shallowly (cf. Suchocka in this volume), i.e. up to a depth of around 90 cm (figure 2),
or even as little as 30 cm from the ground surface in
cities. By contrast, the diameter of the root system is
often 2 to 4 times that of the crown (Kosmala 2005).
With no water provided, the first type of urban
vegetation to dry out will be open grasslands due to
their very shallow root system, followed by shrubs.
Lawns shaded by trees will be more likely to survive drought. According to a predictive analysis of
thermal data for Manchester in Great Britain (a country that is much colder and much more humid
than Poland), the drying of large, open grasslands
(e.g. school sports fields) causes the surrounding
air temperature to increase by 13.8°C (historic data

analysis) or even 15.6°C (changes expected by 2080)
compared to initial temperatures (Gill et al. 2007).
If such land were shaded by trees, not only would
the grass dry more slowly or to a limited extent, but
the temperature of the whole area would be lowered. The authors also point out that cutting down
trees and decreasing the amount of greenspace in
residential areas by 10% can cause a 7–8°C increase
in temperatures by 2080 (Gill et al. 2007).

How to ensure water for urban
trees and improve their condition?
Responsible and economical management of plant
and water resources in the city must include their
integrity and mutual regulation (figure 3). Ecohydrology offers solutions based on the inclusion of
ecological processes and water circulation in the
Sustainable Development Applications no 4, 2013
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Precipitation
Evaporation

Interception
(water retained by trees)

Leaves

Water flow in the trunk
Absorption and
storage of soil humidity

Decreased runoff
and prevention of erosion
Infiltration to groundwater

Figure 2. The role of trees in regulating the amount of water in the city, preventing flooding and drought

infrastructure and functioning of cities (Zalewski Acting locally: on-site retention
and Wagner, 2008). In this approach, rain is not and rainwater treatment
considered a threat or something that needs to be
eliminated from the urban space as quickly as possi- Local actions consist of technical solutions aimed
ble. To the contrary, it is the only
at retaining rainwater on-site
free, readily available and valuable Precipitation is not a threat. It is a or close by (table 1). These soresource that can significantly re- valuable, free of charge and readily lutions can be applied alone
verse the negative effects of urba- available resource that, if appropria- or in combination with tradinization, by providing water that tely managed, can reduce the negati- tional stormwater collection
is essential for urban vegetation ve effects of urbanization and provi- systems. The application of
and reducing plant maintenance de water that is vital for urban plants. such combinations significosts (see box). Simply preserving
cantly reduces the burden on
appropriately managed green areas with high na- conventional drainage systems on the one hand, and
tural value helps to retain water in the city. For allows the latter to act as “safety valves” in case of
example, trees cover 24% of the surface area of New heavy rainfall that exceeds the capacity of ecohyYork (5.2 million trees of 168 different species). It is drological solutions on the other hand. The effects
estimated that rainwater retained by these trees in of ecohydrological solutions add up: the more these
one year would fill 1,340 Olympic-size swimming are implemented in a given area, the more water is
retained and the more efficient its use.
pools (around 3.4 million m3).
Precipitation is not a threat. It is a valuable, free
of charge and readily available resource that, if appropriately managed, can reduce the negative effects Planning at the urban scale: from
of urbanization and provide water that is vital for scraps of greenery to a green
urban plants.
system
Harnessing the interrelationship between greenery and water for efficient management of both Urban greenery is not about individual trees, rows of
resources and increased environmental safety requ- trees or even green areas: it is a coherent and continuires integrated action at different scales.
ous natural system. Aware of the importance of urban
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In urban space,
green areas help retain
stormwater, preventing
flooding and drying

Ecohydrology harnesses the
interrelationships of plants and water
to improve quality of life, sustainable
development and enhance ecosystem
services in urbanized areas

Retaining water in urban
space improves the functioning
of green areas and reduces their
maintenance costs

Figure 3. Urban ecohydrology harnesses the interrelationships between vegetation and the water cycle to improve living conditions in the city and enhance both sustainable development and water- and greenery-related
ecosystem services

greenery, we should ensure the continuity of this system, i.e. green and blue infrastructure combined.

Urban greenery is not about
individual trees, rows of trees or
even green areas: it is a coherent
and continuous natural system.
Different types of greenery, such as parks, community and residential gardens, old orchards, agricultural land within city boundaries, streetside greenery,
cemeteries, green yards, green roofs, greened passages, as well as the local actions aimed at retaining
water discussed above, constitute the basic elements
or the links between such systems. By ensuring their
continuity, we support ecological processes such as
stable water flow within the landscape, plant pollination and dissemination, and the migration of
living organisms. We also support native vegetation
that is best adapted to local conditions and should
constitute the core of the urban natural system. This,
in turn, supports the resistance of systems of urban
greenery to stress as well as their self-regulating

1

How much would we save on the irrigation
of green areas?
The standard for watering home gardens
and recreation plots is 2.5 dm3/m2 of water
per day, for 15 days a month, from midApril to mid-September (when irrigation is
necessary).1 If similar, approximate values
were adopted for urban green areas, around
1,875 m3 water/ha would be needed in
the irrigation period. If the water used for
irrigation were high-quality, treated tap
water, the cost of irrigation would exceed
7000 PLN per hectare of green area in one
season (in 2013, the average gross price
of tap water in Lodz was 3.91 PLN/m3).
According to the data of the Department of
Environmental Protection of the City of Lodz
Office, the greenspace of Lodz covers a total
of nearly 5270 ha. Assuming that water
demand is as stated above, the cost of water
for greenery maintenance amounts to almost
37 million PLN annually. The retention of
stormwater helps to significantly reduce
these costs or even eliminate them entirely,
especially in areas with high surface sealing.

 Ordinance of the Minister of Infrastructure on the determination of average standards for water consumption (Polish Official Journal
of 2002 no 8, item 70)
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Table 1. Solutions that help improve local retention

Lawns lowered relative to streets and sidewalks.
Stormwater that flows directly from roads accumulates in the hollows of nearby lawns and can
take even a few days to percolate into the ground,
becoming an invaluable source of humidity for
urban greenery. Additionally, this solution helps
prevent erosion and elution of soil required by
plants and prevents sand from getting into stormwater drainage systems and the flooding of streets
and sidewalks.

Example
Photo: Kinga Krauze

Solution

Infiltration systems (basins, infiltration basins,
reservoirs, catchments, infiltration trenches, interception wells) retain stormwater on the surface of
the land (while also enriching the landscape) or
under the surface where they extend the infiltration period. The latter solution is recommendable
when there is no space or the soil is inadequate for
surface infiltration (e.g. in highly built-up areas).
A basin where stormwater from rooftops is captured and infiltrated
Permeable surfaces (e.g. green areas, pervious
concrete, drainage asphalt, concrete grass gratings
etc.) increase stormwater infiltration into the ground on large surfaces and can be used in parking
places, roads, squares or yards. These surfaces
require not compacted, pervious and semi-pervious soils or a drainage layer underneath to allow
deeper infiltration.
Concrete grass grating in a parking space near
a housing estate, Widzew, Lodz
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Fot: Environmental Services, City of Portland, Oregon, US

A grass trench with roadside greenery collects water from the roadways, Marki, a suburb of Warsaw

Photo: Kinga Krauze

Buffer vegetation strips (stretches, trenches, green
roofs) that increase water evaporation and infiltration can be used instead of traditional solutions
where stormwater is diverted into open trenches
along roads, sidewalks and squares. Additional
advantages include water treatment, enhanced biodiversity and improved landscape character. When
reinforced by infiltration systems, these green
areas can be effective tools for the management of
stormwater.

Photo: Stefan Bogusławski

Sidewalk located above the lawn, Lodzka Specjalna
Strefa Ekonomiczna in Lodz

Iwona Wagner, Kinga Krauze, Maciej Zalewski

Solution

Example
Photo: Iwona Wagner

Reservoirs, catchments, ponds (e.g. hydrobotanical treatment plants, dry reservoirs, lagoons,
retention reservoirs, sediment basins) are used for
purposeful retention of excess stormwater from the
surrounding area. If appropriately managed, these
solutions help improve microclimate, enhance
groundwater restoration, add to the aesthetics of
recreational areas, provide habitat for fauna and
flora, and appeal to residents. In rain-free periods,
temporary retention reservoirs (so-called dry
reservoirs) can be used for other purposes, e.g. for
recreation or sports.
A flow-through reservoir with increased retention
capacity: Staw Wasiaka in Lodz

Photo: Sebastian Szklarek, Ilona Gągała

The sequential sedimentation/biofiltration system
was developed at ERCE UNESCO and implemented
in Lodz for the treatment of stormwater directed from urbanized areas into the river. The use
of three chambers (intensive sedimentation,
biofiltration and zone of aquatic plants) allows for
intensified purification processes in a small area
and increases safety when water is retained in
open water reservoirs which also serve recreational
purposes.
The sequential sedimentation/biofiltration system
on the Sokołowka river in Lodz

potential and durability, which is important and
desirable, when we bear in mind the effort and funds
needed for maintenance. For example, water uptake
by plants increases with increasing temperatures,
wind and light intensity, and decreases with increasing air humidity. Therefore, it becomes obvious
that a single tree that forms part of a cluster of
trees or is at least surrounded by shrubs and larger
grass areas will need less water than a tree surrounded by concrete. It is estimated that this difference
can reach 20% (Lindley and Bassuk 1991). Green
areas can maintain a unique microclimate even with
high temperatures and low rainfall when they cover
an area of more than 1 ha (von Stülpnagel et al.
1990). Larger and connected green areas reduce
maintenance costs and provide better services that
improve residents’ health and quality of life. They
also increase cities’ adaptation abilities to changing
climatic conditions, be it extended periods of drought or heavy rainfall. This knowledge served as the

fundamental point of an alternative management
plan for Lodz where green and blue infrastructure
was the basis for the sustainable development of
the city.

The Blue-Green Network as the
basis for sustainable management
of urban space in Lodz
The Blue-Green Network (Zalewski et al. 2012) is
a project embedded in the context of the region’s
natural system that integrates and extends previous
planning documents concerning the natural elements and elements of green architecture in Lodz.
The project draws on the fact that the city is located
between the Vistula and Odra watersheds and there
are many small streams within the city boundaries.
The system of rivers and adjacent green areas creates the basis for a functional, economical, logical
Sustainable Development Applications no 4, 2013
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and user-friendly arrangement of urban space that
provides multiple benefits to Lodz residents (figure
4). These benefits include: enhanced stormwater
retention and purification, the prevention of flooding and drought; improved microclimate, air
quality and decreased risk of allergy and asthma;
improved resistance and reduced maintenance costs
of urban greenery; space for recreation and green
public transport; increased flexibility of the city in
adapting to global climate change; improved attractiveness of urban space to residents and investors.
The Blue-Green Network relies on the availability of clean rainwater. Urban ecohydrology methods
were adopted (Zalewski and Wagner 2008, Wagner
and Breil 2013), that were first proposed and tested
in demonstration projects in one of Lodz’s rivers
(Sokolowka). These methods include the design and
construction of: dry reservoirs to increase stormwater retention and infiltration and sedimentation
of pollutants, retention reservoirs with increased
resistance to eutrophication (including toxic cyanobacterial blooms) and sedimentation polder where
rainwater is purified and can later be retained in
open reservoirs. Moreover, a rehabilitation plan for
the river valley and the project of an urban park
in the Sokolowka river valley were also developed
(Wagner and Zalewski 2009). These actions also
helped work out a zone management concept for all
river valleys in Lodz (Zalewski et al. 2007).

How was the Blue-Green Network
implemented in Lodz?
The city of Lodz has a long tradition of close
collaboration among scientific institutions and
public authorities. The process of integrating the
actions of scientists and decision makers regarding the issues of green and blue infrastructure in
the city gained momentum in 2006. That is when
a Learning Alliance (LA) stakeholder platform
was launched. The purpose of LA is to exchange
knowledge and information and learn together. It
is also a place to discuss the – often contradictory
– aims, aspirations and expectations of particular
institutions as well as the barriers that hamper
their achievement. Initially, LA members inclu152 |
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ded representatives of departments of the City of
Lodz Office and municipal companies responsible
for the provision of basic water-related services.
However, at the first workshop meeting it became
clear that the participation of many other institutions, not directly related to the water sector, was
essential to get a full picture of the challenges and
possibilities and to achieve better collaboration in
water management. The group soon expanded to
include more than 60 partners representing over
25 units in science, public administration, non-governmental organizations, practitioners involved in the water sector and related sectors, media
representatives and others.
Regular meetings and communication among
LA participants led to a workshop in January 2008
where the vision for Lodz 2038 “Łódź Mądrze
Korzysta z Wody” (“Lodz Uses Water Wisely”)
was formulated based on collective efforts spanning
two years. The workshop was a turning point for
decision makers who declared their involvement
in a coherent water management policy and their
will to participate in the development of scenarios
and strategic options for the implementation of
the vision. These efforts also resulted in the formulation of a short-term action plan that included
fostering the collaboration between scientific and
administrative units, developing demonstration
projects that promote ecohydrological solutions,
and actions aimed at the successful implementation
of these solutions.
However, current legislation lacks unequivocal
entries that would support local stormwater management practices. There is no mention of the
ecological fundamentals of green and blue infrastructure or ensuring connections between them.
These aims can nevertheless be supported in two
ways: through recommendations in local spatial
management plans, decisions on the conditions
for land development, and through educating and
raising awareness among society so that priorities
in urban spatial management are re-evaluated.
The LA group formulated two proposals for the
2010 Study of Determinants and Directions of
Spatial Development for Lodz: to incorporate
entries on sustainable management of stormwater and to implement the Blue-Green Network

Iwona Wagner, Kinga Krauze, Maciej Zalewski

Figure 4. The Blue-Green Network (Zalewski et al. 2012): concept of urban space management
as presented in the Study of Determinants and Directions of Spatial Development for Lodz
(City of Lodz Office 2010)

concept as an important element of the city’s
spatial management. The proposals were included
in the Study. The Blue-Green Network concept
was officially adopted by the City of Lodz in
2012 as one of the components of the Integrated
Development Strategy for Lodz 2020+ (City of
Lodz Office 2012).
The integration of professional milieus from
different disciplines (involved in the water and
greenery sector or other aspects of healthy city
planning), and the formal inclusion of the Blue-Green Network concept in the city’s strategy adopted in Lodz Municipal Council’s resolution no
XLIII/824/12, of 25th June 2012, should be deemed

the two main accomplishments of the efforts in
Lodz. The combination of these two factors increases the chances of implementing the concept
in practice, although everyday decisions related to
spatial management are often influenced by other
factors and are especially challenging in areas without local spatial management plans. In these situations knowledge, awareness, ethics and a sense
of responsibility on the part of decision makers are
all the more crucial. A shift in approach takes a lot
of time and effort, but ongoing collaboration and
a deep understanding of the goal, i.e. improving all
residents’ quality of life, makes the gradual transformation of the city possible.
Sustainable Development Applications no 4, 2013
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The most important experience in the implementation of the Blue-Green Network concept in Lodz:
the Learning Alliance group
• Demonstration projects play an important role in initiating change in water and greenery management
in the city and turned out to be an effective tool to test and promote new solutions and implement
them on a broader scale.
• The Learning Alliance (LA) group comprises a variety of stakeholders and influences the process of change
significantly. The participation of scientific institutions promoted innovation and the transfer of the latest
knowledge. Meetings with politicians often led to a consensus for better coordination of current actions
and wider support for new actions. Local media were actively involved in the process, becoming allies of
the solutions worked out by LA and contributing to the shaping of public opinion and knowledge on the
role of water and greenery in the city.
• Maintaining the dynamics of the LA group and developing effective solutions requires constant facilitation of the process using different communication and collaboration measures. Maintaining constructive
cooperation is important at all levels of public administration (City Council, Mayor, department heads,
public administration officers, technical workers) and at different stages of executing and implementing
new solutions.
• The involvement of experienced, charismatic individuals with a strong sense of purpose (including the
leaders or “faces” of the process, facilitators) as well as resources was crucial in achieving the continuity
of the process, building trust, engagement and a sense of responsibility in the group.

Conclusions
Urban green areas can provide services if plants
have access to water. The process is impaired in
the case of urban drought and excessive fragmentation of the natural system. Space for water and
vegetation must be included both at the local level
when individual investments are planned and in
the strategic plans for the overall development
of the city as an agglomeration. Ensuring appro-
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priate conditions for green and blue infrastructure
is just as important as ensuring these conditions
for any other urban fabric. It is worth pointing
out that the current EU policy opens the door
to the necessary funds and best practices in this
regard.
This article highlights only the most important aspects of integrated water management in
the city; the next guidebook on urban ecosystem
services will discuss this topic in detail.

Iwona Wagner, Kinga Krauze, Maciej Zalewski
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Good practices in
fundraising for nature
management in cities

Introduction
Similarly to the previous issue of this series, we
conclude with a selection of good practices. This
time we focus on examples of innovative measures for fundraising that help to collect funds for
nature management in cities. Insufficient financial
resources have continually been identified as the
main barrier for effective management of trees in
Polish cities (see the article about barriers in the
previous issue of this series). However, when we
talked to experts about what these sources could
possibly be, they usually pointed to traditional
funding sources, such as the budgets of cities and
other local governments, funds obtained from environmental fees, and European Union grants and
funding. Only a few would come up with more
original solutions such as sponsoring or tree adoption by companies, institutions and individuals,

cooperation with businesses or a stormwater levy.
The examples presented below show that there are
far more ways of obtaining financial resources for
this goal. More examples are available on our website, www.uslugiekosystemow.pl. The descriptions
found on the website provide more extensive information, including references to literature, links to
Internet resources, more in-depth characteristics
and additional photographs. Best practices have
been compiled by the participants of the e-learning course “Applications of sustainable development”, organized by the Sendzimir Foundation in
the spring 2013 as an introductory phase for the
Summer Academy “Challenges of sustainable development”. Joanna Klak – the course tutors’ team
leader – was responsible for the selection and editing
of the good practices chosen for this publication.

List of good practices

Investing in public parks (Toronto)   159
Photo: The Toronto skyline as seen from the Toronto Islands, Benson Kua, CC-BY-SA-2.0
http://creativecommons.org/licenses/by-sa/2.0/deed.pl
Photo: Orchard with blooming cherry trees, alegriphotos.com, CC BY 3.0
http://creativecommons.org/licenses/by/3.0/pl/

Fundraising for the University Botanic Garden (Bałczik)   160
Photo: Ilizia
http://shutterstock.com
Photo: Dragnea Laurentiu Ficuta
http://shutterstock.com
Parks Charge (Melbourne)   161
Photo: Jordi Prat Puig
http://shutterstock.com
Photo: View Factor Images
http://shutterstock.com
Rental and leasing as sources of revenue for Mile End Park (Londyn)   162
Photo: Mile End Park, K. B. Thompson, CC-BY-3.0
http://creativecommons.org/licenses/by/3.0/pl/
Photo: Iris field, alegriphotos.com, CC-BY-3.0
http://creativecommons.org/licenses/by/3.0/pl/
Local property tax for public spaces (Hrabstwo Morris)   163
Photo: Anna Jakubowska
Photo: Transparent cherry leafs, alegriphotos.com, CC-BY-3.0
http://creativecommons.org/licenses/by/3.0/pl/
Heritage Lottery Fund (Miasta w Wielkiej Brytanii)   164
Photo: morguefile.com, MorgueFile license
Photo: morguefile.com, MorgueFile license
Fundraising methods used by Canopy (Palo Alto)   165
Photo: morguefile.com, MorgueFile license
Photo: White birch tree bark, alegriphotos.com, CC-BY-3.0
http://creativecommons.org/licenses/by/3.0/pl/
Garden of Experiences (Kraków)  166
Photo: Ewelina Jędrychowska
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Investing in public parks
Toronto (Canada), established since 2002

The main objective of the Toronto Parks and Trees Foundation is to raise funds for city parks and to
act as the trust holder of the funds, collected by communities of “friends” of various parks. Since the
implementation of many of the projects undertaken in the parks (for example infrastructure repair)
takes multiple years of investment, the foundation uses a multiannual financing perspective.
The problem: Toronto’s nearly 8000 ha of public
parkland and over 1500 named parks provide essential public space for more than 2.5 million dwellers.
Additionally, the City of Toronto currently manages
an urban forest of over 3 million trees. Although residents are increasingly interested in spending time in
green areas, the funds available in the city budget for
the management of urban greenery are decreasing.
Therefore, Toronto’s authorities have decided to look
for alternative funding options for park maintenance.
The solution: In 2002, the Toronto Parks and Trees
Foundation, a charity dedicated to the promotion
of philanthropy, corporate support and community
involvement was founded. The foundation responds
to the insufficient level of funding provided in the
city budget for the investments in a system of city
parks. It does not employ any staff and its Board of
Directors performs its functions without receiving
any remuneration. It receives support from the City
of Toronto Parks, Forestry & Recreation but there
is no formal, written agreement between the City
and the Foundation.
The Foundation attracts a donor base that cannot
be reached through City of Toronto’s partnership
initiatives. As a foundation, it can receive federal

and provincial grants that are otherwise not available to the City of Toronto directly. Moreover,
the Foundation leverages its funds by a ‚matching
grant’, where funds raised by citizens are increased/
doubled by the resources provided by the Foundation. Community groups are encouraged to conduct
their own fundraising efforts in order to support
a particular project from the list of currently run
initiatives. These are available on the Foundation’s
website, which also provides information about volunteering options.
An annual fundraising event called Green Tie
provides additional funds to improve and sustain
public green spaces in Toronto. The Foundation
cooperates with corporations, foundations, private
donors and local community groups.
Funds raised: The Foundation raised over 2 million
Canadian dollars in donations from fundraising
campaigns and grants between 2002 and 2011.
Responsible institution: Toronto Parks and Trees
Foundation www.torontoparksandtrees.org
Author: Magdalena Zadrąg
Nature Society “White Stork”
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Fundraising for the University Botanic Garden
Balchik (Bulgaria), established since 2013

The University Botanic Garden in Balchik is owned by Sofia University. The funding that is obtained
from the national budget for the garden’s maintenance and research is insufficient and therefore the
University’s authorities have decided to open the garden to visitors. The garden is also available for hire
for weddings, concerts and exhibitions.

The problem: As the owner of the botanic garden,
Sofia University delegates part of its budget (provided by the government) to the maintenance of
the garden and research work. However, due to the
size of the garden (16 acres with over 2500 plant
species), the funding available is not sufficient for
its maintenance and research. Since the University
could not afford to increase its financial contribution, it began looking for alternative means to fund
its undertakings.
The solution: In order to raise additional funds,
the Botanic Garden was opened to the public and
a small entrance fee is now charged. At the moment,
it ranges from 2.5 euro for a regular ticket to 0.5
euro for students. There is an ongoing debate about
whether locals should be exempt and the entrance
fees collected only from tourists. Additionally, for
an extra fee the garden is available for hire. The
price list of rental fees includes concerts and fa160 |
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shion shows (360–720 euro), weddings (75 euro), art
exhibitions and bazaars (30 euro or more), filming
educational movies (17 euro per hour), shooting
advertisements and wedding photos (36 euro per
hour) and filming movies (450 euro per day).
The garden also organizes a weeklong Green
School for children (four hours a day for 30 euro
per student). During the Green School, participants
not only learn about different plant species, but are
also instructed on how to take care of plants and
protect nature. The money that is collected is used
to maintain the garden and continue research work
(this is mainly spent on obtaining new species of
plants and tending rare plants confiscated at the
border).
Responsible institution: Sofia University,
www.ubg-bg.com
Author: Roslava Stoyanova

Parks Charge
Melbourne (Australia), established since 1958

The primary source of funding for metropolitan parks in Melbourne is the Parks Charge collected from
domestic, commercial and industrial properties. This charge is included in the water, sewerage and drainage
bills of residential and commercial properties. Funds raised are used for the development, management
and maintenance of metropolitan parks, gardens, trails, waterways, and zoological gardens.

The problem: Melbourne, like many other cities
around the world, faces the challenge of meeting
the demands of rapid population growth. In order to
satisfy the needs of a growing population, Australian
authorities have launched a number of strategic programmes and established financial mechanisms that
enable them to cover costs of the actions planned.
The solution: Planning for open spaces in Melbourne, the capital city in the state of Victoria, has
been a feature of all strategic plans since 1954. In
order to ensure management and maintenance of
green areas around Melbourne, the so called Parks
Charge was introduced.
The Parks Charge is collected once a year on
behalf of the Department of Environment and
Primary Industries. The charge is property-based
and the owner of the property is the one liable to

pay it. It is calculated by applying a rate to the Net
Annual Value of the property. A minimum charge
applies to the majority of ratepayers. The charge
increases periodically in accordance with the Consumer Price Index (CPI) to meet additional costs
associated with managing parks’ and bay services in
the metropolitan area.
The funds raised go to the management and
maintenance of metropolitan parks, botanical and
zoological gardens.
Funds raised: 80 million Australian dollars were
raised in 2012
Responsible institution: Melbourne and
Metropolitan Board of Works
Author: Bahrie Lecaj
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Rental and leasing as sources of revenue for
Mile End Park
London (United Kingdom)

Since public funds are limited, Mile End Park assesses additional income-generating opportunities, but
at the same time it makes sure that the funds collected are spent with a widespread local community
involvement. The example of Mile End Park demonstrates how a long-term source of funding for maintenance of green spaces can be secured.
The problem: Many parks in the United Kingdom
receive funding from the National Lottery and grants
for the purpose of their ongoing maintenance. However,
the main challenge that remains is securing long-term
financing, not only to maintain the current functions
of urban green spaces but also for their further development. According to the Public Parks Assessment,
between 1979 and 2000 the funding for public parks
and urban green landscapes was significantly reduced
(by approximately £1.3 billion). Using the green space
itself to generate income for its own maintenance can
serve as an example of addressing the problem.
The solution: Mile End Park is located in London
and was created according to a plan developed in the
1940s, where several green spaces were designed to
connect different areas of London to the River Thames.
Aside from the architectural innovation, the ‘Green
Bridge’ which connects northern and southern parts
of the park across Mile End Road, has also provided
an opportunity for a large amount of revenue for the
park, drawn from the rentals and leases of shops, cafes
and restaurants. Shop and café owners are aware that
customers tend to spend more money and time in
places located in green areas and are thus willing to
pay even higher rents for attractive locations. Mile End
Park benefits from this situation by making spaces
within the park available for rent. This helps to secure
162 |

Sustainable Development Applications no 4, 2013

a solid income, which can be used to cover the costs
of the park’s maintenance and further development.
The funds raised made it possible to begin the
park’s revitalization. Based on the park’s development
plan, several new zones were established, including
but not limited to: a children’s play area, the Ecology
Park with an artificial lake, a wind turbine, a climbing
wall, Arts Park, Green Bridge, Terraced Gardens, South Park, and the Adventure Park with special zones
to practice sport. Next to the park there is also the
Xtreme Sports Centre for rollerblading and skateboarding and the Silent Electric Go-karts racing track.
In order to increase stakeholder involvement in the
park, three distinct policy forums were set up, focusing
on: Ecology, Art and Play. Under these forums, local
and regional expertise is brought together to discuss
issues related to quality, outreach and diversity in
terms of what the park offers its many users and how
it responds to the needs of the local community. Social media are used to encourage discussion between
inhabitants, authorities and the various stakeholders.
The park has its own Facebook profile where people
post their comments and ideas related to the park
and discuss current events taking place in the park.
Responsible institution: Mile End Park
Author: Ana-Maria Oprea

Local property tax for public spaces
Morris County (New Jersey, USA), established since 1992
Local authorities in the state of New Jersey have established a special tax, which generates revenues that
are used for the purpose of maintenance of public spaces. The property tax level is based on the estimated
property value.

The problem: The city’s priority was to expand
its playgrounds, establish small urban parks and
develop much needed recreational areas. On the
one hand federal and state funding for green spaces was reduced, and on the other hand there was
a rising demand for local governments to increase
their efforts aimed at preserving green spaces. Therefore, the local authorities had to find a way to
guarantee a solid source of funding to meet these
expectations.
The solution: many New Jersey counties and municipalities have established a dedicated green spaces
tax to fund the maintenance of public spaces. The
municipality organised a referendum to get voters’
approval to levy an annual tax. Then the municipality’s governing body adopted an ordinance that
established the dedicated tax, set up a separate trust
fund to hold the tax proceeds, and clearly formulated the purposes for which these may be spent.
It was decided that tax revenue may be issued on
funding of the county’s green space acquisitions

or may be dispersed as grants to municipalities or
charitable conservancies for open space preservation
within the county.
The tax is based on individual property values.
The municipality assesses property at regular intervals and applies the tax rate uniformly across
properties. The amount of tax can vary between
$0.01–1.25 for each $100 of property value. In the
case of Morris County, paying 0.2 cents per $100
of property means that a typical $200,000 home
generates an additional tax of $40 per year.
Funds raised: It depends on the community or
county, but, for instance, with an assessed tax of
0.2 cents, the Trust Fund can collect up to $84,400
per year.
Responsible institution: Morris County,
Department of Planning and Development
Author: Luba Ivasivka
University of Vienna
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Heritage Lottery Fund
Cities in United Kingdom, established since 1994

The Heritage Lottery Fund was launched by Parliament in 1994 in order to give grants to
a wide range of projects that focus on the local, regional and national heritage of the United Kingdom.
It works closely with city councils and other bodies that preserve and promote green spaces and gardens.
It also supports numerous organizations which would not be able to realize their undertakings without
external funding. Heaton Park in Manchester was one of the larger projects and was supported with £8.5
million pounds. The Heritage Lottery Fund also established a financial partnership with Manchester City
Council to financially assist a large scale renovation of the park.
The problem: limited resources from national budgets and insufficient income of city governments
make it impossible to carry out all the undertakings
related to the maintenance and expansion of green
areas.
The solution: Lottery tickets and scratch cards may
be bought only by people at least 16 years of age.
Of all money spent on National Lottery games,
28% goes to ‘good causes’, along with all unclaimed
prizes. The money is allocated to good causes in the
following way:
• charities, health, education, environment: 40%;
• sports: 20%;
• arts: 20%;
• heritage: 20%.
There are currently 13 Lottery funders who
independently decide which projects successfully
applied for a grant. Each is independent of Government but has to follow guidelines when deciding
who should receive National Lottery funding. The
Heritage Lottery Fund, funds applications from
not-for-profit organizations and partnerships led
by not-for-profit organizations.
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The Fund has developed two main programmes to
support “green heritage” in the UK. “The Landscape
Partnerships” programme is dedicated to schemes
led by partnerships of local, regional and national
entities, which aim to conserve areas of distinctive
landscape character throughout the UK (grants
range from £100,000 to £3 million). The second
programme, “Parks for People” supports projects
related to historic parks and cemeteries in the UK
(grants range from £100,000 to £5 million).
Engaging local people in the decision making
and delivery of the project is important and thus
entities applying for grants are bound to follow
community involvement guidelines.
Funds raised: Since its establishment in 1994, the
Lottery has supported almost 35,000 projects with
more than £5.3 billion across the UK
Responsible institution: Heritage Lottery Fund
www.hlf.org.uk
Author: Khadija Znaidi
Lublin University of Technology

Fundraising methods used by Canopy
Palo Alto and East Palo Alto (California, USA), established since 1996

Canopy is a foundation that runs various activities in Palo Alto and East Palo Alto aimed at establishing
and maintaining urban green spaces. Its fundraising methods are diverse and include grants, charity,
individual donations, and matching grants.

The problem: In the 1990’s, the tree stand in Palo
Alto began to deteriorate due to drought, age and
lack of adequate care. As the role of urban trees
was underestimated, in 1993 the city of Palo Alto
appointed a Tree Task Force to begin a two-year
study of Palo Alto’s urban tree stand. The task force
reconfirmed the numerous benefits provided by the
city’s urban trees and issued recommendations to develop and implement a consistent programme of tree
planting, maintenance and education from the profits
that the inhabitants accrued thanks to green spaces.
The solution: Assisting local authorities’ initiatives,
Canopy has planted and protected thousands of
trees since 1996. The Foundation is a pioneer in
the “back-to-nature” movement offering free neighbourhood tree walks, urban forestry workshops,
tree plantings and tree care workshops, ecological
education for children as well as urban forestry
advocacy. In 2011, Canopy launched a new programme of planting one thousand trees under the
name “Healthy trees healthy kids”, dedicated to
planting trees in schools and parks.
Canopy receives money from a grant from the
California Department of Forestry, government

grants, the City of Palo Alto, fundraising events
and individual contributions. Community members
may support the organization in various ways, including: Tree Gifts, Shop for Canopy, Car Donations,
Planned Gifts and Corporate Matching.
Many employers in the area, such as IBM, Wachovia, Intuit, Google, The Capital Group Companies, AMD, Adobe and HP offer matching grant
programmes to their current and retired employees.
Employee matching grants are often dollar-for-dollar but some companies give double or even triple
of the original donation. Some companies may also
give matching gifts for employees’ volunteer efforts
for Canopy and support the Foundation with the
equivalent of the value of volunteer’s work time.
Funds raised: According to Annual Reports,
$2,343,024 was raised in the years 2006–2012. The
Foundation, however, also bares a significant cost
of fundraising.
Responsible institution: Canopy www.canopy.org
Author: Barbara Ziemer
University of Silesia in Katowice
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Garden of Experiences
Krakow, established since 2007

The Garden of Experiences is an outdoor exhibition which covers 6 acres of green space. There are around 60 educational devices which make the park very attractive for both adults and children. The costs
of maintaining the green area and the costs of expanding the educational offerings are covered by the
Krakow Museum of Urban Engineering, which the Garden has been a part of since 2008. Additionally,
a proportion of the maintenance costs is covered by the revenue generated from ticket sales.
The problem: Krakow, like many other cities around
the world, suffers from insufficient funding to support urban greenery. The green spaces in the city are
essential for the quality of life of its inhabitants, but
the city budget is limited, creating an urgent need
to identify other sources of funding to sustain the
existing green areas and possibly create new ones.
The solution: The Garden of Experiences – a sensory educational park with an interactive exhibition – was created in 2007. The park offers a novel
educational experience and space for recreation
for both city residents and tourists. Since the park
appeals to visitors as an attractive leisure time spot,
people are willing to pay a small entrance fee to
access the facility. The money collected from the
ticket sale is used to maintain this urban green
space and expand the educational exhibition.
Works are underway to create a geological garden,
a garden of fragrances and a green maze, planned
to open in 2014.
The Garden of Experiences was created as part
of the EQUAL Community Initiative Program.
Currently, the Garden is being administrated by
the Museum of Urban Engineering. The Municipal
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Management of Krakow provided the necessary
space, shared the communal area and arranged it.
It was also responsible for the production of the
educational equipment, as well as preparing the
staff and exhibition. The Siemacha Association was
responsible for the recruitment of employers and
for promotional actions. The Krakow Municipality
declared support for the project as well.
The Association of Friends of the Garden of
Experiences, established by the initiators, promoters and friends of this educational and recreational
space, allows the local community to actively participate in the initiative.
Funds raised: in 2012, the Garden of Experiences
was visited by 87,000 people, 67,000 of whom paid
the entrance fee (5.5 PLN for a reduced rate ticket,
8 PLN for a regular price ticket). Ticket sales let
the Garden generate 400,000 PLN.
Responsible institution: Museum of Urban Engineering in Krakow www.ogroddoswiadczen.pl
Author: Wiktoria Kowalińska
Jagiellonian University

Nature in the city. Ecosystem
services – untapped potential
of cities
The guide explains the concept of
ecosystem services and shows how it can
be introduced into urban management.
It emphasizes ways of tackling barriers
to nature protection in the city, social
participation and economic valuation.

Nature in the city. Solutions
A series of guides on ecosystem
services, targeted at professionals
in local government and NGOs, and
useful to all who have an interest
in urban greenery, creating bluegreen networks, improving the
quality of life and public space in
cities.

The guides may be downloaded free
of charge from the following website:
www.sendzimir.org.pl/en/journal

In response to the needs signaled by the
readers and users of the previous guide, the
current publication presents specific technical
and organizational solutions improving the
management of nature in the city.

Water in the city
The next guide will present technical, urban
planning and system solutions that allow
to improve the management of aquatic
ecosystems in cities. Forthcoming in 2014.

