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Summary
Air pollution is a global issue negatively influencing
the health of millions of people around the world, particularly in urban areas. One of the most hazardous
elements of air pollution, and at the same time a basic
indicator of air quality is concentration of particulate
matter (PM). While municipalities introduce policies
aiming to reduce air pollution, use of greenery as a
complementary method is yet limited. Positive influence of vegetation on improvement of indoor air and
oxygen production is commonly known, however air
phytoremediation, so the ability of vegetation to catch
and neutralize pollution particles from the air, in an
outdoor environment is still an emerging concept. In
terms of research on outdoor air phytoremediation, it
focuses in particular on the most effective in filtering
the air species, while the research on spatial structure
of green in effective filtering is limited to mitigation of
pollution coming from the traffic. In many countries,
however, it is not traffic that is the main source of PM
emission, but sources located at greater heights, such

directing airflows and effectiveness of air phytoremediation. Then the general design principles were complemented or adjusted according to landscape and
social preconditions in order to fit into the local context of Legnica. The landscape preconditions, investigated by literature review, maps and site analyses as
well as subjective perception of the air pollution problem among residents expressed in interviews, aimed to
get knowledge about local physical conditions, including climatic and pollution dispersion conditions, that
create a set of rules that should be followed in order
to create an effective design reducing concentration
of PM by using the natural conditions of the area. The
social context was investigated in order to find out
in what way it would be the optimal to implement the
solutions in the city at different scale levels. The analysis of social context included review of municipality
strategies and programmes that aimed to reduce the
pollution and those related to spatial planning and
greenery as well as research among the residents of

as industry and heating.

Legnica including interviews and participatory work-

This thesis aims to fill this gap and to contribute to

a green space in the form of a collage. While the mu-

overall research on air phytoremediation by investigating spatial composition of greenery in effective filtering of the air with a special focus on solutions that
would mitigate PM that comes from above human level.
Additionally the thesis deals with the concept of urban
ventilation, since providing proper throughflow of air,
beside filtering, is also an important factor in reducing
the concentration of pollution. Therefore the second
goal is to investigate the influence of greenery spatial
composition on directing airflows. The case for this
thesis, where results of the research on spatial composition of green are applied, is the city of Legnica in
south-western Poland. Energy production in Poland is
based on coal, which results in one of the lowest air
quality in Europe and ca. 50 000 premature deaths
annually. Legnica has struggled with air pollution for
years. In addition to the main source of pollution from
domestic heating, due to presence of the copper industry on the outskirts of the city results in presence of

shops, where residents expressed their wishes towards
nicipality documents led to creation preconditions for
the scale of the city, the results of the interviews and
workshop were used to create the preconditions for a
micro scale, later used in the site designs.
Principles, combined and complemented with preconditions, were applied in the designs in three scale levels. First, initial concepts aiming to improve ventilation
and air filtering in the city scale were assessed by the
set of local landscape and social preconditions in order to choose the optimal one for the city of Legnica. Later the design for one of the neighbourhoods,
that is an important part of the new green structure
was created. It was followed by two site designs in
the neighbourhood where principles for the smallest
scale, together with social preconditions with specific expectations and wishes of the residents, were applied. The focus for the micro scale was also put on
the correlation to the design in the bigger scale level,

toxic heavy metal Arsenic in PM particles.

since overlaps and correlation of different scale levels

The thesis is structured from obtaining theoretical

scale. Later on the solutions for air filtering and im-

knowledge that later, combined with local preconditions, are applied in a design. Review of literature on existing knowledge on air pollution and its dispersion, air
phytoremediation as well as urban ventilation were the

is significant for the new green structure at the city’s
provement of ventilation by directing airflows were upscaled and applied in the city’s landscape structure
plan, which is a final outcome of the design phase and
base for the guidelines for the municipality of Legnica.

base for creating general design principles. The principles show general rules on how the properties such
as permeability of vegetation and its shape influence
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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1. Research design

Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

1.1 Problem identifiacation Air pollution in a global scale
impact on human health

and its

Over the years anthropogenic activity has caused
enormous harm to the environment resulting in decrease of well being of people living in the polluted
sites. Degraded environments might have a devastating impact on human health and one of the greatest
threats is air pollution, affecting in particular urban
areas. Outdoor air pollution is responsible for a number of respiratory and cardiovascular diseases as well
as premature deaths of 3.7 million people worldwide
annually (WHO, 2015). That is why air pollution has been
recognized as a major global issue and the greatest
environmental risk to human health (Agarwal et al.,
2018), which is among the most pressing of global urban environmental challenges (McDonald et al., 2016).
Air pollution defined as “presence of any physical,
chemical, or biological compound that adversely modifies the natural characteristics of the atmosphere”
(Agarwal et al., 2018) is related to high concentration of
hazardous substances. They are: noxious gases (sulfur
dioxide, nitrogen oxides, carbon monoxide, chemical
vapors), benzene, ground-level ozone and especially
particulate matter (PM) - one of the most dangerous
inhaled pollutants (Kim et al., 2015). PM is a mixture of
tiny solid and liquid particles (ranging from neutral
pollens to very toxic heavy metals or polycyclic aromatic hydrocarbons) suspended in the air (Farmer,
2002) and is currently considered to be best indicator
for health effects of ambient air pollution (Burnett et
al., 2014, WHO, 2014a). Therefore, for the scope of this
thesis air pollution and PM will be considered as synonyms and used interchangeably.

Air pollution issue is not equally distributed around
the world and it is strongly related to economic development and population density (ill.1.1). It affects predominantly middle and low-income regions, especially those densely populated and highly industrialized
(Agarwal et al., 2018). It is estimated that 97% of cities
in low- and middle-income countries with more than
100,000 inhabitants do not meet the WHO minimum air
quality levels, and in high-income countries, 29% of cities fall short of guidelines (Rowling, 2019).
In the developed countries air pollution in urban areas has been decreased by implementation of clean
air policies and offshoring of polluting industries. The
current issue in those countries is nowadays related
mainly to traffic (PM and NO). In poorer parts of the
world pollution comes from multiple types of sources,
including industry, traffic and in some parts also heating. Obviously the more sources and higher emissions
in one place, the higher concentration of harmful substances in the air and therefore more negative impact
on human health. This inequality was confirmed by
multiple research, which showed that 33.7% cases of
stroke burdens in low and middle-income are related to exposure to air pollution, while in high-income
countries this number was only 10,2% (Feigin et al. 2016).
The unequal distribution of air pollution can be seen
also in Europe, where in eastern part air quality is lower than in the West. It is estimated that due to exposure
to PM, the average lifespan of Europeans is decreased
by approximately 9 months and in heavily air-polluted
areas nearly 3 years (EEA, 2007). One of the countries

Ill.1.1 Ambient air pollution (ozone and PM) death rate per 100 000 inhabitants by country in 2017 (ourworidindata.org)
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affected by air pollution the
most is Poland (ill. 1.2), with 33
out of 50 most polluted cities in
the continent (Nabrdalik & Santora, 2018).
Current policies for reduction of
air pollution, even though more efficient than in the

Ill.1.3 Forecasted global mortality (in millions) from exposure to
PM2.5 in 2050 compared to 2010 (McDonald, 2016)

past, in many places are still not sufficient to meet neither environmental challenges nor the strict emission

ities to capture and neutralize the hazardous pollut-

norms (Agarwal et al., 2019). The most effective solu-

ants. Plants can work as natural biofilters and have

tion is obviously elimination, or at least reduction, of

been successfully used in cleaning up soil and water

emission sources (Hewitt et al., 2019). With the current

from hazardous contaminants, especially in heavily

trend of economic development, however, this option

polluted industrial sites. The concept of air phytore-

is unlikely to be realistic. Moreover, with this trend, it is

mediation, and in particular ambient air phytoreme-

expected that the number of sources will even increase

diation, is still an emerging concept, nevertheless in

contributing to lowering the air quality worldwide. Pre-

recent years there is an increasing number of scientific

dictions estimate that by 2050, fine particulate matter

papers that explore the subject, which shows the in-

will kill 6.2 million people per year - almost double than

creasing interest in this field.

currently (ill. 1.3). Some of that increase results from
the population growth, but the number of deaths per
10,000 people is still expected to increase by roughly 50

Green infrastructure

percent, primarily due to an increase in PM2.5 concen-

Green infrastructure is “strategically planned network

trations in cities in the developing world (McDonald,

of natural and semi-natural areas with other environ-

2016).

mental features designed and managed to deliver a

Air phytoremediation

wide range of ecosystem services” (ec.europa.eu). Ecosystem services use elements of natural environment
to provide multiple benefits to humans. In case of out-

Because of failure of conventional methods, policy-

door air pollution, implementation of planned network

makers and scientists have been searching for alter-

of vegetation as natural biofilters that use air phytore-

native solutions that could contribute to fighting air

mediation technique can be seen as ecosystem ser-

pollution. One of them is use of phytoremediation,

vice that delivers cleaner air and therefore improves

which is a cost effective method based on plants’ abil-

human well-being in polluted urban areas.

Ill.1.2 Air quality on 15.03.2020 in Europe (airindex.eea.europa.eu)
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

13

1.2 Problem statement & Knowledge gap

1.3 Research objective and questions

Many cities in the world struggle with low air quality,

The overarching objective of this thesis is to contrib-

which negatively influences health of the inhabitants

ute to the overall knowledge on air filtering from the

causing a number of diseases and premature deaths.

landscape design perspective and therefore to con-

The problem affects, first of all, urban areas in dense-

tribute to mitigation of air pollution and improvement

ly populated and less developed countries due to the

of the well being of people. This objective should be

large number of various emission sources located

achieved by filling in the knowledge gap and therefore

there. The most effective method - removal of pollution

specific objective of this thesis is:

sources in many cases, despite introduction of clean
air policies, is not possible, especially in a short-term.
Therefore alternative solutions are needed including
use of air phytoremediation, a method that uses vegetation in air filtering. The concept of ambient air phy-

Investigating the influence of spatial composition of
green infrastructure in different scale levels on

effectiveness of reduction of air pollution, in particu-

lar PM, emitted from various sources in polluted sites

toremediation is recent, therefore more research, also
in the field of design, is needed. This thesis tackles the

Based on this objective I created the main research

aspect of landscape design in polluted areas and the

question for this thesis, which is:

role of green infrastructure in delivering ecosystem
services in form of filtering the polluted air and mitigation of its negative effect on human health.

What composition of a green infrastructure is required for effective mitigation of PM in polluted
urban environment?

In order to conduct the research, I reviewed the available literature on the topic of air phytoremediation. The

To understand the air pollution issue and the mecha-

first finding was that vast majority of articles focuses

nism of air phytoremediation, and therefore to be able

on indoor air phytoremediation. In case of ambient air

to answer this question, I formulated additional help-

pollution, the research is focused on effectiveness of

ing sub-research questions:

different plant species (in particular trees and shrubs),
but research on landscape design in this case is very
limited. Almost all papers in this matter focus on the
cleaning polluted environments along roads, with traffic as the major PM source. There is lack of research on
phytoremediation of PM emitted from different sources e.g. domestic heating and industry. Furthermore,
little attention is placed on the spatial composition of
plants and their internal interaction with airflows, especially in bigger scale of a neighbourhood and the
city.

Air pollution

Spatial
composition
Phytoremediation

Airflows

Ill.1.4 The knowledge gap
14
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SRQ1: What are the pollution dispersion patterns and
how are they influenced by topographic and climatic
conditions?
SRQ2: What is the mechanism of air phytoremediation
and what are the most effective species?
SRQ3: What spatial composition is most effective in
reducing PM pollution?

In order to conduct the research and to assess aplicabilty of the principles and in this way to answer the
main research question, I selected a case city where a
green filtering system is applied in a design. As mentioned already, Poland is one of the most affected by
air pollution countries in Europe, and because of that

Berlin
Warsaw
Germany
Legnica

a Polish city of Legnica, was selected as the study case.
Legnica is a city of approximately 100 000 inhabitants
located in south-western Poland, on the crossing of

Prague

Czechia

important transnational highways (ill.1.5) and belongs
to the Legnica-Głogów Copper Industry Region, which
is to one of the most polluted regions in Poland (ill.1.6).

Ill.1.5 Location of Legnica on the contour map of Poland

The main reason for the low aur quality in Poland is
the state dependency on solid fuels, in particular hard
coal and lignite. The coal in Poland is referred to as
“black gold” and is seen as the local alternative to the
natural gas coming mostly from Russia. Coal burning
produces 75% of total energy in Poland and, in addition, is still used in domestic heating, which emits more
than 50% of PM in the country (Cross, 2019). Like on
other Polish cities, in Legnica the main source of the
air pollution comes from individual domestic heating,
which can be seen in seasonal variation of concentration of PM, with the peak in winter period.
In addition, presence of copper smelter in the city
contributes to the high concentration of the harmful

Ill.1.6 Most polluted areas in Poland with location of Legnica in
the Legnica-Głogów Industrial District

particles in the air. In the past, Legnica was a centre of
agri and horticulture production, once even called a
“city of gardens” due to annual horticulture exhibitions
taking place in the historical city park, but construction of the copper smelter in the outskirts of the city in
1951 changed the profile of Legnica to industrial city.
The construction of the smelter resulted in a massive
degradation of the surrounding areas (soil contamination with heavy metals Cu and Pb) and negatively
affected the city in terms of air quality. The air over the
entire of the city was extremely polluted, acid rains oc-

Ill.1.7 Smoke from a heating stove (photo by author)

cured often, and the population for decades suffered
in terms of health condition, first of all children, who
had increased amounts of heavy metals (in particular
Pb) in blood (Kabała, 2015).
The situation has significantly improved after the
application of filters in the late 1980’s, however since
KGHM (state ownes company and currently 6th largest producer of copper in the world) constantly processes enormous amounts of copper ores, gaseous
pollutants are still released into the air. The measurements of air quality show that the concentration of PM

Ill.1.8 Copper smelter in Legnica (photo by author)

Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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exceeds the norms every year and the norm of toxic
and cancerogenous polycyclic aromatic hydrocarbon
(PAH) - benzo(a)pyrene found in the PM is exceeded
even by 800% every year (ill.1.9). As mentioned already
the primary wmission source is the individual heating,
however for several years there has been increased
concentration of arsenic measured in the city’s air. Arsenic is a side emission of smelting of non-ferrous ores
(copper, lead, nickel) and is a highly toxic heavy metal,
It is predominantly attached to the PM and can stay in
the air for a long time as well as travel long distances
(Chung et al., 2014). Arsenic accumulates in the body
and can increase risk of several diseases, including
cancer as well as cardiovascular, nervous, respiratory
and endocrine system diseases (greenfacts.org).

Ill. 1.9 Norms of hazardous elements and compounds in the
air measured in Legnica in years 2009-2013 (Environmental
Protection Programme for the city of Legnica until year 2020)

Design questions

1.4 Research outline and methods

To help answering the main research question, appli-

In order to answer the research and design ques-

cation of principles in a design in the study case area
is used as the main research method. Therefore also a
design question for the specific case of Legnica was
created:

tions and to reach the thesis objective, I used two approaches, which are Research for design and Research
through designing:
Research for Design

How to design a green infrastructure in the city of

Legnica in a way that it mitigates PM in optimal way?
In order to create a successful design for a specific
site, local context should be analyzed and taken into
account. Therefore I created additional helping questions that refer to the local conditions of Legnica:
SDQ 1: What design preconditions can be drawn from
the landscape and pollution dispersion analysis of
Legnica?
SDQ 2: What is the most suitable way for implementation and maintenance of a green infrastructure in
Legnica in terms of socio-cultural context?
The two sub-design questions should help in answering the main design question and creating the optimal
design for the city.

In this exploratory phase theoretical knowledge was
gained in order to create a quality design and to increase its reliability (Lenzholzer et al., 2013)
Research through Designing
In this phase the preliminary principles from the theoretical part were applied in the design process as well
as were adjusted to the local context
These two methods are interconnected and while Research for design aims mostly to answer the sub-research questions, the Research through designing
aims to answer the design questions.
In the research process first SRQ1 and SRQ2 are answered and based in them scientific principles for the
design were created

as the answer of SRQ3. While

answering the sub-research questions is done mostly by the literature study, the design and sub-design
questions require triangulation of multiple methods.
For instance SDQ1 require map analyses supported by
literature and official documents study, observations
on site, interviews with residens as well as the theoretical knowledge on the air pollution aspect gained
when answering the SQR1. Combination of these meth-

16

Katarzyna Klancko - Master Thesis

ods leads to create local landscape preconditions. In

lation of specific local preconditions, which combined

order to answer SDQ2 and to formulate social precon-

with the scientific principles are applied in the design

ditions for Legnica, interaction with residents in form

in the case study area. The iterative process of design-

of structured and semi-structured interviews as well

ing and testing takes place, which results in creation

as participatory workshop takes place. They are sup-

of green infrastructure design in three different scale

poerted by review of various plans, programmes and

levels and finally in creation of set of guidelines for

strategies on municipality as well as higher, regional

the municipality of Legnica as well as in answering the

and national level. The SDQ1 and SDQ2 lead to formu-

main research question of this thesis.

RESEARCH QUESTION

DESIGN QUESTION

What composition of a green
infrastructure is required for effective
mitigation of PM in polluted urban
environment?

How to design a greeen infrastructure in the city of Legnica in a
way that it mitigates PM in optimal way?

SUB-RESEARCH QUESTIONS

SUB-DESIGN QUESTIONS

SDQ 2: What is the most

SRQ1: What are the pollution

SDQ 1: What preconditions

suitable way for implemen-

are they influenced by the

the landscape and pollution

of a green infrastructure in

dispersion patterns and how
topographic and climatic
conditions?

can be drawn from

tation and maintainance

dispersion analysis of Legnica?

Legnica in terms of
socio-cultural context?

Research for Design

SRQ2: What is the mechanism
of air phytoremediation and
what are the most effective
species?

SRQ3: What spatial com-

position is most effective in
reducing PM pollution?

GENERIC

LOCAL

Landscape
preconditions

Scientific
principles

Social
preconditions

Research through Designing

APPLYING

MACRO SCALE

IMPROVING

DESIGN TESTING

MESO SCALE

MICRO SCALE

Conclusion
and discussion

Guidelines for the
municipality of Legnica

Ill. 1.10 Diagram showing the research process
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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The specific methods for answering each of the research and design sub-questions are shown in the tables below.

What composition of green infrastructure is required for effective mitigation of PM in polluted urban
environment?

Sub-questions
SRQ1: What are the pollution dispersion patterns
and howare they influenced by topographic and
climatic conditions?

Methods
•

SRQ2: What is the mechanism of air phytoremedi- •
ation and what ate the most effective species?

Literature review on:
- air pollution dispersion
- urban ventilation

Literature review on:
- air phytoremediation

Table 1.1 Sub-research questions and methods used to answer them
How to design green infrastructure in the city of Legnica in a way that it mitigates PM in optimal way?

Table 1.2 Sub-design questions and methods used to answer them

18
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2. Theoretical framework in search of
air filtering and
ventilating principles

Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

2.0 Introduction
The first chapter outlined the problem of ambient air
pollution such a devastating impact on human health
resulting in premature death of millions of people
every year. To understand better the mechanisms and
reasons behind the issue as well as to learn from existing solutions for creating a design I carried out a

households, caused mostly by combustion of fuels using open fires or basic stoves in poorly ventilated spaces. Both indoor and outdoor air pollution can contribute to each other, as air moves from inside buildings to
the outside, and the other way around (WHO, 2020). As
mentioned already, one of the most hazardous types

literature study on the topic.

of air pollution is particulate matter (PM).

In this section I elaborate on the characteristics of air

2.1.1 Characteristics of PM and its im-

pollution in terms of its sources and dispersion, the
concept of Air phytoremediation as well as the Airflow
and urban aerodynamics. While the need to study the
first theoretical aspects was known already in the beginning of the research, the idea of exploration of the
former one - Airflow and aerodynamics emerged in the
research process. Elaboration of these aspects was
crucial to answer the research and design sub-questions and will assist in developing preliminary design
principles, which will be further applied in the design.

pact on human health

Particulate matter (PM) is a mixture composed of tiny
solid and liquid particles (both organic and inorganic), which are suspended in the air (Farmer, 2002).
They range from substances such as pollen or dust
grains to toxic compounds that are harmful to health,
such as polycyclic aromatic hydrocarbons (PAH) and
heavy metals (HM) (Caricchia et al., 1999; Voutsa & Samara 2002; USEPA 2004; Popek et al., 2013). One of the
most hazardous compounds found in PM is belonging

2.1 Air pollution and its dispersion
As stated in previous chapter air pollution is defined
as “presence of any physical, chemical, or biological
compound that adversely modifies the natural characteristics of the atmosphere” (Agarwal et al., 2018). In
this chapter I will elaborate more on the topic, in particular on particulate matter (PM) and the principles by
which air pollutants are dispersed. Air pollution can be
distinguished in two main types: ambient air pollution
(outdoor air pollution) and indoor (or household) air
pollution. The latter refers to pollution generated by

to PAH benzo(a)pyrene - highly cancerogenous substance that is formed during incomplete combustion
of organic matter. The particles of particulate matter
range in size from an aerodynamic diameter of 0.001 to
100 μm and thus some such as smoke, dirt or soot, are
large or dark enough to be seen with the naked eye,
when the other ones are so small that they can only be
detected by an electron microscope (United States Environmental Protection Agency, access: 13.03.2020). The
ability of particles to penetrate the respiratory tract
depends on their size - the smaller the particle the
easier it gets to the human body. Large PM (10–100 µm)

Ill.2.1. Comparison of particulate matter size with the size of fine beach sand and the ability to penetrate to the human organism
(aqli.epic.uchicago.edu)
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are easily excreted by sneezing or coughing, coarse

the occurrence of chronic conditions such as bron-

particles (2.5–10 µm) are usually deposited in the upper

chitis, lung function decline (Kapka et al., 2009) as well

respiratory tract, where ﬁne (0.1–2.5 µm) particles can

as chronic and acute respiratory diseases, including

reach the lungs (ill.2.1). Ultraﬁne particles can enter the

asthma (McDonald, 2016). In children, air pollution is

blood system and be distributed to various organs

associated with low birth weight, asthma, childhood

(Nemmar et al., 2002). The impact on health depends

cancers, obesity, poor lung development and autism,

on the content of toxic substances, their physical

among other health defects (Rowling, 2019).

properties and exposure time (Gavett et al. 1997; Beckett, Freer-Smith, & Taylor 1998, Laden et al. 2000; Ghio
and Devlin 2001).

There are different typologies of PM sources in terms of

The health impact of air pollution depends on the exposure time, age, state of health and the composition
of the polluted air Health effects of exposure to PM
include stroke, lung cancer and heart disease. According to WHO in 2016, some 58% of outdoor air pollution-related premature deaths were due to ischaemic
heart disease and strokes, while 18% of deaths were
due to chronic obstructive pulmonary disease and
acute lower respiratory infections respectively, and 6%
of deaths were due to lung cancer. It is assumed that
about 2% of all malignant neoplasms are caused by
environmental pollution, mainly air pollution (Kapka et.
al, 2009). In the research conducted in 15 towns in the
strongly polluted polish region of Silesia, Kapka et al.
measured the correlation of high levels of PM10 in the
air with morbidity to lung cancer. The study confirmed
a positive correlation between

2.1.2 Sources of PM

increased incidence

and mortality from lung cancer in a group of men and
the high concentration of PM in atmospheric air. The
value was higher compared to the value in other regions with better air quality. In addition prolonged exposure to low concentrations of PM has been proven

indoor and outdoor air pollution. While in terms of indoor air are of anthropogenic origin mainly: fuel-burning combustion (stoves for cooking and heating) and
tobacco use, in terms of outdoor air PM sources can
come from both natural (biogenic) and anthropogen-

ic sources. Different authors and organizations have
more detailed characterization - they divide the pollution sources by different characteristics. The United
States Environmental Protection Agency groups the
sources of emission into two categories (EPA, access:
13.03.2020):
- Biogenic (natural) sources - are pollutants generated
by natural sources such as: forest fires, volcano’s activity, lightning, sea salt and natural dust re-suspension,
pollen dispersal etc.
- Anthropogenic (man made) sources - emission
caused mainly by fossil fuels burning, which are divided into source type:
- Point (stationary) sources - a single (individual) source that emits pollution - factories, power plants
etc.

Ill.2.2 Mobile, stationary, area, and natural sources of outdoor air pollution (nps.gov)
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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- Area (surface) sources - bigger areas such
are arable fields, cities or districts (e.g. heating houses), where emissions accumulate from many different
(point) sources
- Mobile (linear) sources - any source that
moves and puts pollution into the atmosphere - cars
and trucks, airplanes, but also lawn mowers etc. (EPA,
access: 13.03.2020):

the USA and Western Europe to the highest in the Middle East region, caused by natural dust, which is most
likely related to the presence of the deserts (figure 2.4).
It means that the anthropogenic sources of PM constitute from 56% to 89% and form 48 to 95% of PM10 and
PM2,5 respectively with the most of them coming from
transport and industry except of Central and Eastern
Europe and Africa, where majority of it is emitted from
domestic fuel burning (Karagulian et al., 2015).

According to the study of Karangulian et al. “based on
available information, globally 25% of urban ambient
air pollution from PM2.5 is contributed by traffic, 15%
by industrial activities, 20% by domestic fuel burning,
22% from unspecified sources of human origin, and

2.1.3 Macro

scale dispersion of air pol-

lution

18% from natural dust and salt” (Ill. 3). Even though on

As described in Introduction, the issue of air pollution

average 18% of PM is produced by natural sources, the

is not equally distributed. Although cities, due to high

vast majority of it is human-induced. Today, fossil fuel

concentration of industries, traffic and people, are a

combustion is the leading global source of anthropo-

principal concern, air pollution can easily travel hun-

genic PM2.5 (Philip et al., 2014).

dreds of kilometres and endanger health in surrounding areas. This is particularly dangerous in places

Following Karangulian there are significant differences

where solid fossil fuels are used for energy production

in PM emission sources that contribute to the total PM

and heating. In some parts of the world, in particularly

emission in particular regions of the world (Ill. 4&5). The

densely-populated Asia and Africa regions, there are

results of his research shows that natural sources con-

regions nearly completely shrouded year-round by

tribute from 11% to 44% of the total of PM10 and from

polluted air (WHO). In Europe the highest concentra-

5% to 52% of PM 2,5 content in urban environment in

tion of PM was located in highly industrialized North-

different parts of the world, with the lowest number in

ern Italy and in Eastern Europe - in particular in Po-

Ill 2.3 Comparison of PM 10 sources contributions in the total emission in different regions of the world, Karagulian F. et al., 2015
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and provided 55% of primary local energy consumption as well as 75% of electrical generation (Cross, 2019).
In addition to energy production, the biggest source
of PM in Poland (52%) is low-stack emission - emission
of harmful substances at the height of maximum 40
meters, caused by using solid fossil fuels (in particular
coal) for domestic heating. Low-stack emission results
in production, not only of enormous amounts of particulate matter, but also cancerogenous benzo(a)pyrene attached to PM.
Although the local pollution affects mostly the places
near its source, where the concentration is the highest, it also contributes to the total global air pollution
level and might affect places located further away. The
studies have shown that the consequences of anthropogenic emissions from urban areas go far beyond
their initial source and can reach even farther during
long periods (Sameh, 2017). It occurs because PM can
Ill 2.4 PM 10 concentration in Europe in 2015 (ungc.org.pl)
land (Ill. 2.4). The reason for that is obviously a high
emission of PM, but another significant factor in both
cases are the physical obstacles - mountains. In Italy
the Alps block the wind in the north thus stopping the
pollution to be dispersed and accumulate in place. In

be suspended in the air for weeks and can be transported long distances from the source of emission
(Farmer, 2002). That is why even an individual point
source contributes, not only to the pollution on the local level, but also to the pollution in the global scale
(ill.2.5), and thus might influence places located even
miles away.

case of Poland the Sudety and Tatra mountains block
and/or slow down the southern wind inflow.
Poland is considered to be the most polluted country
in Europe with 33 out of 50 most polluted cities in the
continent. Most of the air pollution across the country
is the result of the country’s dependence on coal. In
2012 mining amounted to 144 million metric tons of coal

Ill 2.5 Schematic graphic of air pollution dispersion in different height levels
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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2.1.4 Local dispersion of air pollution
The local distribution of pollution is a complicated
phenomenon depending on various conditions. The
concentration of air pollution, including PM, on this
scale depends on several factors, from which the most
important ones are the amount of emissions, emission
height, topography and climatic conditions in particular time at particular sites. Obviously the higher
emission rate the higher concentration, but as already
mentioned some sources are seasonal. Therefore,
while for instance industrial production occurs all year
round, the emissions from heating take place in colder
periods only. Also increased car traffic might change
throughout the year and be especially high during
winter, thus PM emission peak is the highest then (Majewski et al. 2011).
Another factor is that unfavourable meteorological conditions might occur especially in winter. Low
temperature and slower wind speeds, as well as synoptic-scale (anti-cyclonic circulation) can in certain
locations create smog, which is an atmospheric phenomenon resulting from the mixing of fog with smoke
and exhaust fumes, which contain PM, PAH, SO2, NOx
and other harmful substances (Przybysz, 2018). Some
sites, in particular those located in valleys or basins
are more prone to experience the smog than the sites
located higher. It is related to the air circulation and
wind speed on different heights as well as so called
sometimes occurring temperature inversion negatively affecting the places located below by trapping polluted air pollution below the inversion line (Woloszyn,

most commonly used Gaussian air pollutant dispersion equation (Leelossy et al., 2014). It is a simplified 3D
model, which calculates dispersion of pollution in a
certain location and describes the dependence of the
concentration of pollution. When using the Gaussian
model gathering information on the amount of pollution emission, surface roughness parameter, wind
speed and others allows the estimation of the pollution concentration at each point of the streak (x, y, z).
However the calculation result corresponds to the average real value, referred to 60 minutes (sixty-minute
average )only. A factor greatly influencing the result is
the meteorological factor referred in the equation as
(m). It describes wind speed increase with altitude and
depends on the so-called “the stability of atmosphere”
and can vary greatly and can change.
Important element of the stability of atmosphere is
the temperature inversion phenomenon. In the normal
situation the temperature in the atmosphere decreases with height, which means the warmer air can move
upwards. However in case of inversion, caused by various meteorological factors, the temperature instead
of decreasing with height increases in some layers.
This creates layers of warmer air that “traps” air particles below that can not move further up. According to
the state of stability of the atmosphere the pollution
plume can create different shapes (Dash, 2015):
Coning - represents the ideal situation described by
the Gaussian dispersion model occurring in the state

2009).

of neutral stability of the atmosphere and thus gener-

On a micro scale (from individual sources) there are

day and night in all seasons.

ally lasts no more than half an hour. It can occur both

different models of air pollution dispersion and the

Ill. 2.7 Schematic graphic of coning plume (wikipedia.org)

Looping - is characteristic for highly unstable atmospheric conditions, typically occurring on hot summer
days. The convection cells are larger than the diameter of the smoke which results that they are moving
along a sinuous path. This random path enables the
smoke to touch the ground even at a great distance
Ill. 2.6 Schematic figure of a Gaussian plume (Source: Leelossy et al.,
2014)
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from the emission source. The highest concentration
of pollution people are exposed to is where the first

loop touches the ground level.

In terms of long term estimations of the impact of a
particular point emission source on surroundings experts use more complex modeling with simulation for
various atmospheric conditions, in particular prevailing wind directions. In case of surface pollution sources, modeling or calculating the dispersion is even

Ill.2.8 Schematic graphic of looping plume (wikipedia.org)

Lofting - it is a favorable, but not long lasting, type of
dispersion. It often occurs in the evenings, when cooling of the ground creates thermal inversion. The inversion line is located below the emission source and
therefore the stream of pollutants rises upwards from
the inversion line. That favours the dispersion at high
altitude and prevents the pollution from reaching the
ground and favours the dispersion at high altitude.

harder and it can be assumed that they all together
create a cloud covering entire areas that moves according to the wind direction and speed depending on
the stability of atmosphere at particular moment.

2.1.5 Conclusions
- Particulate matter (PM) is one of the most hazardous
type of air pollution that can contain various substances including toxic heavy metals and cancerogenous benzo(a)pyrene and the smaller the size of PM
the more hazardous to human health
-PM comes from natural and anthropogenic, from
which the latter contributes to more than 80% of total PM emission and its most significant sources are:
traffic, industry and low-stack emission from domestic
heating

Ill.2.9 Schematic graphic of lofting (wikipedia.org)

- A common typology distinguishes three kinds of air

Fumigation - is the condition opposite to Lofting, that

- Air pollution affects mostly the sites near the source

often occurs in winter. The inversion line lies above the
emission source, which prevents the dispersal of pollutants into the higher altitudes and allows accumulation near the ground. It is the least favourable condition responsible for creation of smog and harmful to
people.

pollution sources: mobile, point and area sources
of emission, but it can travel long distances and thus,
to some extent, contributes to overall air quality on
the globe
- Dispersion of pollution is a complex phenomenon
influenced by various factors from which the crucial
ones are: meteorological conditions and topography
- Stability of atmosphere greatly influence the dispersion of pollution and the pollution plume
- Different models illustrate the dispersion at a particular site, however they only work for short term,
since the weather conditions can quickly change

Ill.2.10 Schematic graphic of fumigation (wikipedia.org)

Fanning - often occurs at night in the presence of the

- In case of multiple emission sources (area source) the
exact estimation of dispersion is even more complicated

anticyclone with practically no turbulence. Since the
vertical dispersion is reduced to practically zero by
the strong stability, it is possible that the smoke reaches 100 km away with almost the same starting concentration.

Ill.2.11 Schematic graphic of fanning (wikipedia.org)
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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2.2 Air Phytoremediation
The most effective way of elimination for reduction of
air pollution is always elimination and reduction of
sources of harmful pollutants (Hewitt et al., 2019). If the
pollution is released the only way to eliminate it are
filters, and in case of outdoor air the environmental
biotechnology in the form of phytoremediation, where
plants work as bio filters (Popek et al., 2015). In this
chapter I will explore and elaborate the concept of air

change between the plant’s internal tissues and the
atmosphere (Hejnowicz, 1955). Plants require intensive
gas exchange for their life processes, during the gas
exchange gaseous air pollutants (CO, NOx, SO 2, O3,
VOCs) are also absorbed internally (ill. 2.12).
While gaseous pollutants penetrate the leaves through
stomata, surface deposited particles have (a limited)

phytoremediation.

ability to penetrate to the inner tissues also through

Phytoremediation (greek phyto - plant, latin reme-

the outermost layer of plant cells that forms a protec-

dium - restoring balance) is a (bio)technology that

the waxy epidermis (Gawroński et al., 2017). Epidermis,
tive barrier from the surroundings, is covered with a

uses plants in purifying the environment and has
been widely used in cleaning up soil and water from
hazardous pollutants. Plants have been successfully
used particularly in regenerating post-industrial sites
highly polluted with heavy metals. There are different mechanisms with which plants purify the soil and
water including phytoextraction, phytostabilization,
phytodegradation, phytovolatilization and rhizodegradation (Agarwal et al., 2019). However while phytoremediation is known as an environmentally friendly and
cost effective biotechnology, the air phytoremediation
(in particular ambient air phytoremediation) is still an
emerging concept (Agarwal et al., 2019). Nevertheless
an increasing number of scientific papers exploring
this concept in recent years shows an increasing trend
in this field (Agarwal et al., 2019).

2.2.1 The
ation

mechanism of air phytoremedi-

Ill.2.12 The mechanism of absorption (grey) and accumulation
of air pollution particles on leaf surface (beige), (Agarwal et al.,
2018 modified by author)
lipid layer - cuticular wax, which lipophilic compounds

My literature research shows that there are two meth-

can penetrate. Following Gawroński et al. “Deep sur-

ods in which plants can serve as air biofilters and neu-

face penetration into the interior of the leaf tissue is

tralize airborne pollutants:

very limited even for ﬁne and ultraﬁne particles” (Gawroński et al., 2017). Nevertheless some organic com-

- Absorption of air pollutants by stomata and epider-

pounds, like polycyclic aromatic hydrocarbon (PAH)

mis - pollutants enter the plant tissues by stomata

or polychlorinated biphenyls (PCBs), have the ability

present usually on the bottom side of the leaves or

to change the chemical properties of the cuticle and,

through the waxy cuticle

thereby, increase permeability. Once the

organic

compounds enter, they slowly infiltrate into the leaf by
- Adsorption (deposition, accumulation) of pollut-

diffusion and are deposited into the cell wall or the

ants on the plant surface - pollutants accumulate

vacuole (Gawroński et al., 2017).

on above ground plant organs, in particular on the
leaves cuticula

Since internal penetration through the cuticle wax is
limited to fine lipophilic substances, most of the par-

In both methods, the main entry points for pollutants

ticles are intercepted and retained on the plant sur-

are the aerial parts of the plants, since the stomata

face (Ill.2.12). This refers to the PM, which accumulates

and cuticles are located (mainly) on leaves (Agarw-

on the leaf surface or embeds in the wax coating of

al et al., 2019). Stomata are multicellular or bicellular

the leaf or needle, where it is immobilised and phyto-

structures of epidermal origin that control gas ex-

stabilised (Gawroński et al., 2017, Popek et al., 2013). A
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study conducted by Popek et al. of foliage deposition
of particulate matter among 13 trees and shrubs spe-

Nevertheless, researchers have shown that in the same

cies showed that the ratio between surface PM and in-

site conditions different plants will accumulate differ-

wax PM deposition, contributed on average of 60% and

ent amounts of airborne pollutants. It is due to their

40% of total PM deposition, respectively (Popek et al.,

different morphological structures that influence the

2013).

accumulation of particles. Special structures such as
hairs, trichomes and wax layers all support higher sur-

PM particles trapped in wax are more strongly associ-

face accumulation of PM (Gawroński et al., 2017). The

ated with leaves in comparison to those located on the

deposition of PM on plant foliage and in-wax embed-

surface, which are more easily removed by wind again

ment is also influenced by the epicuticular wax layer,

to the air or washed off by rain into the soil, where nat-

which can be of different thickness, roughness, chem-

ural processes decompose their organic components,

ical composition and structure and the thicker epicu-

while the inorganic components accumulate in soil

ticular wax layer the better effectiveness in PM accu-

(Dzierżanowski et al., 2011). According to Gawroński et

mulation (Popek et al., 2013: Popek et al., 2015). There are

al. “In rainy regions, washing the surface of the leaves

differences in PM accumulation on foliage depending

by precipitation is an efﬁcient removal mechanism of

on the size fractions (Dzierżanowski et al. 2011; Sæbø

PM-associated pollutants from the air” (Gawroński et

et al. 2012; Popek et al. 2013) with the higher number of

al. 2017). In both cases fallen leaves can be raked and

bigger size ones. The study of Popek et al. of 19 trees

PM-polluted litter collected, then transported for dis-

and shrubs species, showed the fraction accumulat-

posal, where it can be burnt in strictly controlled man-

ed on leaves comprised large PM - 65%, followed by

ner and conditions and thus PM collected by leaves

coarse - 21% and ﬁne PM -14% (Popek et al., 2013).

can be safely removed (Gawroński et al., 2017).
The process of absorption and in particular deposition of pollutants depends on a number of factors,
from which the most important ones are physical conditions on the site (wind speed, temperature, concentration of pollution etc) and individual characteristics
of vegetation. Obviously in both cases the crucial role
plays the surface of remediation, therefore quantity,
type and age of plants. Following Gawronski “the most
important physical parameter of plants in the context
of PM phytoremediation is their enormous biologically
active surface area” (Gawronski, 2017) thus trees, with
their large total leaf area, are considered the most
effective type of vegetation for this purpose (McDonald et al. 2007). In addition, trees with their structure of
crowns lead to air turbulence that increases PM deposition on leaves (Fowler et al. 1989).
PM deposition is a complicated and dynamic process
greatly affected by concentration of pollution and meteorological conditions: wind speed, that affects the
spread of larger particles, and precipitation, which
washes particles off the surface of plants (Sadowiec &
Gawroński, 2013). Both rain and wind do not only affect
the deposition but also have an impact on the concentration and dispersion of PM in the air, the rain reduces
the amount of particles in the ambient air and a strong

The percentage range represents the difference of accumulated PM fraction that changes with the height the large particles accumulation percentage decreases with height, while and the highest deposition of fine
fraction was increasing with the height (fig.2,3) (Chen
et al., 2019). In terms of deposition velocity the small
particles are being deposited more slowly than the
bigger ones. The research done by Freer-Smith et al.
in 2005 indicated that concentrations of ultra-fine particles declined less quickly than those of larger particles with distance from source, indicating a generally
slower deposition of smaller particles (Freer-Smith et
al., 2005). Above mentioned study of Chen et al. showed
that accumulation of smaller fractions: coarse and
fine particles takes place mainly in epicuticular waxes,
while bigger ones are mostly accumulated on the leaf
surface (fig.2,3) (Chen et al. 2019).
Obviously the shape and crown permeability also influence the effectiveness of the phytoremediation process. In case of dense crowns the inflow to the crown
is reduced so filtering of the air takes place mainly on
the outer part of the crown (illustration below), when
in case of crown with permeability of around 50% the
remediation process can take place inside the crown
too.

wind creates turbulences resulting in dispersion of PM
in the air (Popek et al. 2019).
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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2.2.2 Phytoremediation species
Because of differences in physiognomy and morphology plant species differ in terms of phytoremediation
abilities. In case of indoor air phytoremediation there
is quite a lot of research done already that proved a
positive correlation between presence of particular
species of plants and better air quality. Some species of domestic plants, such as Dracena, Sansevieria, Ficus,
ferns etc. have great properties in eliminating different
types of pollutants from the air. Obviously beside the
properties of particular species the size and quantity
surface the greater the amount of pollutants that can

Ill. 2.14 The total amount of PM on leaves of Tilia cordata trees
growing in five Polish cities with different levels of air pollution
in two years of study (Popek et al., 2017)

be neutralized.

accumulated almost three times more of PM particles

matter the most, since the bigger biologically active

In the case of ambient air trees, as mentioned in the
previous paragraph, due to their large total leaf area,
are seen as the most effective plants. However, since
they also differ among each other there are species
that are better air biofilters than others even among
the same genera or cultivars. A research from Sadowiec & Gawroński showed significant differences in
accumulation of PM particles from the air in a range
of lime species and cultivars (Sadowiec & Gawroński,
2013).

than in Gdańsk, the city with lowest PM concentration
(ill.2.14) (Popek et al. 2017). As already mentioned, plants
with features like rough leaf surfaces, hairs or thick
wax layers are more effective in accumulation of PM
the species that have these features have greater abilities in remediation of PM than those without it (Popek
et al., 2019).
Among deciduous trees, Betula pendula got the best results in PM accumulation in several researches and
thus has the greatest potential to enhance the quality of a PM-contaminated environment (Łukowski et al.,
2020). The recent study of Łukowski et al. showed that
Betula pendula accumulated more than PM coming from
different sources and accumulated higher amount of
fine particles than Quercus robur and Tilia cordata (Łukowski
et al. 2020). In study of Sæbø from 2012, Betula pendula got
the highest result among all species on the sites located in Poland (ill.2.15) and one of the highest among
species tested in Norway (Sæbø et al. 2012). Therefore,
due to its ability, it is believed that B. pendula should
more often be the tree species chosen for planting

Ill.2.13 Total mass of PM washed out with chloroform from
leaves of 10 lime species (Sadowiec & Gawroński, 2013)

(Łukowski et al., 2020).

Since there are numbers of factors influencing accumulation of PM, it is still very difficult to precisely calculate or estimate an exact amount of PM removal when
applying vegetation on a particular site. Even though
researchers have tested a number of species, a particular species at different locations and even in the
same location in different periods of time, showed significant differences in results. Since the deposition of
PM is strongly associated with concentration of pollution in the air, the same species accumulates different
amounts of particles growing in different locations.
The study of Popek et al. of accumulation potential of
Tilia cordata in polish cities showed that in Kraków, the
city with highest concentration of PM in the air, lime
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Ill.2.15 Accumulation of particulate matter on leaves of woody
species in Poland during 2009 presented as the sum of surfaceandwax-deposited particulate matter in three particle size
fractions (Sæbø et al. 2012)

wski et al., 2011), which is important in the regions where
PM concentration in the air increases dramatically in
the heating season. Following Dzierżanowski et al. and
Freer-Smith et al. “ coniferous plants are an excellent
choice for air purification due to the needles, smaller leaves, and more complex shoot structures” (Dzierżanowski et al., 2019: Freer-Smith et al., 2005).
Unfortunately, since most conifers keep their needles
for several years, and therefore are very efficient in the
Ill. 2.16 The amount (μg cm −2) of total PM, surface PM (SPM)
and wax embedded PM (WPM) accumulated on the foliage of
three tested species (Przybysz et al., 2018)

remediation of pollutants, they might suffer because

Needles of coniferous trees, that produce a thicker ep-

Kupcinskiene and Hyttunen showed erosion of waxes

icuticular wax layer, are generally more effective in PM

in needles of Pinus sylvestris that grew at a location

accumulation than broad-leaved species (ill.2.16) (Beck-

near the source of PM pollution (Kupcinskiene & Hyt-

ett et al. 1998). Studies of Freer-Smith et al., Przybysz

tunen, 2005). In addition they are in general less tol-

et al. and Sæbø et al. all showed a great effective-

erant to high traffic-related pollution and salt used

ness in PM removal by Pinus sylvestris, Pinus nigra, Taxus bac-

for road de-icing during winter, thus they may not be

cata and Pinus mugo with the best results of Pinus genre

as useful as deciduous leafy species, despite their

(Freer-Smith et al., Sæbø et al. 2012: Przybysz et al. 2018).

high efficiency in PM scavenging (Beckett et al. 2000).

Additionally, coniferous trees and shrubs have the ad-

Sæbo et al. suggest that “conifers should not be in the

vantage of being evergreen, thus are able to accumu-

front line, e.g. at road edges where the salt and pol-

late toxic pollutants throughout the year (Dzierżonio-

lution concentrations are highest” (Sæbø et al. 2012).

wski et al., 2011), which is important in the regions where

An exception are coniferous species from from genera

PM concentration in the air increases dramatically in

tolerant to air pollutants e.g. Taxus, which has a very

the heating season. Following Dzierżanowski et al. and

efficient self-cleaning mechanism (Gawroński et al.,

Freer-Smith et al. “ coniferous plants are an excellent

2017), but more sensitive species should be planted in

choice for air purification due to the needles, small-

sites, where air pollution does not exceed the limits for

er leaves, and more complex shoot structures” (Dzi-

particular species and at an adequate distance from

erżanowski et al., 2019: Freer-Smith et al., 2005).

the emission source (Sæbø et al. 2012). An alternative

of too high ‘doses’ of contaminants and do not survive in particular sites (Gawroński et al. 2017). A study of

solution can be use of evergreen broad-leaved plants
Additionally, coniferous trees and shrubs have the ad-

like some species of shrubs or climbers (e.g. Hedera

vantage of being evergreen, thus are able to accumu-

helix) or plants which keep last year foliage through

late toxic pollutants throughout the year (Dzierżonio-

the winter period (e.g. Carpinus betulus) (Przybysz et al.,

Ill.2.17 Comparison of coniferous and decideous plants in effectiveness of air phytoremediation
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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2019). Another disadvantage of coniferous species is

The list of plants suitable for air phytoremediation was

their general slower, compared to deciduous species,

created based on available literature, where particular

growth rate. Because of that reaching desired effec-

species were tested in effectiveness of accumulation

tiveness of air phytoremediation will take place later.

of PM. The criteria for selection of species was accu-

Overall comparison of advantages and disadvantag-

mulation of PM particles higher than 10μm/cm-2. The

es of coniferous and deciduous trees is shown on the

exceptions were (some) tree species, due to the fact

illustration 2.17.

that their size and biologically active surface enabled
them to accumulate a lot more of pollution than small-

Despite phytoremediation rate depends on many fac-

er plants even if they scored lower in μm/cm-2. All of

tors, there are significant differences for the same spe-

the species on the list were tested in one or more sci-

cies in different studies as well as the fact that there is

entific research or at least mentioned as effective in

need for further research, some general conclusions

one article.

can be drawn already. For instance by averaging the
results or by looking at similar climatic conditions and
therefore identify species that are effective in air phytoremediation for particular sites.

List of effectiveness of different trees shrubs and climber species in phytoremediation
of ambient air from Particulate Matter pollution
+++ excellent effectiveness in PM accumulation (>20 μm/cm-2)
++ good effectiveness in PM accumulation (>15 μm/cm-2)
+ average effectiveness in PM accumulation
Species

Effectiveness

Resistance

Evergreen

Source

-

Freer-Smith et al., 2005
Popek et al., 2013
Gawroński et al., 2017

Trees

++

+

Acer platanoides

+

+

-

Sæbø et al., 2012

Acer pseudoplatanus

+

+

-

Sæbø et al., 2012

++

+

-

+++

++

-

Łukowski et al.,2020,
Sæbø et al,. 2012,
Gawroński et al., 2017

Elaeagnus angustifolia

+++

+

-

Popek et al., 2011
Gawroński et al., 2017

Fraxinus excelsior

+

+

-

Sæbø et al,. 2012,
Gawroński et al., 2017

Acer campestre

Aesculus hippocastanum

Betula pendula

Table 2.1 List of plant species with their properties in terms of air phytoremediation
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Paoletti et al., 2012

Populus sp.

+

+

-

Sæbø et al,. 2012,
Gawroński et al., 2017

Pyrus calleryana

++

+

-

Sæbø et al,. 2012,
Gawroński et al., 2017

Quercus ilex

++

+

-

Gawroński et al., 2017

Quercus robur
Fastigiata

++

+

-

Sæbø et al,. 2012

Quercus rubra

+

+

-

Sæbø et al,. 2012

Robinia pseudoacacia

+

+

-

Gawroński et al., 2017

Sorbus intermedia

++

+

-

Sæbø et al,. 2012,
Gawroński et al., 2017

Sophora japonica

++

+

-

Gawroński et al., 2017

Taxus baccata

+++

+++

+

Gawroński et al., 2017
Przybysz et al., 2018

Tilia cordata

+

+

-

Sadowiec & Gawroński,
2013
Gawroński et al., 2017

+/++

+

-

Sadowiec & Gawroński,
2013
Gawroński et al., 2017

Tilia europaea Pallida

Shrubs
Sæbø et al,. 2012

Berberis thunbergii

+

+

+

Forsythia x intermedia

+

+

-

Popek et al., 2013,
Sæbø et al,. 2012,
Gawroński et al., 2017

Pinus mugo

+++

+

+

Sæbø et al,. 2012,
Gawroński et al., 2017

Physocarpus
opulifolius

++

+

-

Popek et al., 2013,
Gawroński et al., 2017

Table 2.1 List of plant species with their properties in terms of air phytoremediation
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Popek et al., 2011,
Popek et al., 2013

Rosa rugosa

+

+

-

Sambucus nigra

++

+

-

Popek et al., 2011

Sorbaria sorbifolia

+++

+

-

Popek et al., 2013,
Gawroński et al., 2017

Sorbus aria

++

+

-

Popek et al., 2013,

Spireae sp.

++

+

-

Popek et al., 2013,
Sæbø et al,. 2012,
Gawroński et al., 2017

Syringa meyeri

++/+++

+

-

Popek et al., 2013,
Sæbø et al,. 2012,
Gawroński et al., 2017

Taxus media

++

+

+

Sæbø et al,. 2012,
Gawroński et al., 2017

Popek et al., 2011,
Popek et al., 2013,
Gawroński et al., 2017

Climbers

Hedera helix

++/+++

+

+

Parthenocissus tricuspidata

+++

+

-

Popek et al., 2011,
Popek et al., 2013,
Gawroński et al., 2017

Parthenocissus quinquefolia

++/+++

+

-

Popek et al., 2011,
Popek et al., 2013,
Gawroński et al., 2017

Table 2.1 List of plant species with their properties in terms of air phytoremediation

2.2.3 Conclusion
- Phytoremediation of ambient air is still an emerging
concept, but there is a growing trend of research regarding this concept in recent years
- Plants can play an important role as biofilters for the
environment
- Plants absorb the gaseous pollutants via stomata and partly epidermis, while airborne particles are
accumulated on leaf surface or embedded in waxes,
where they are immobilised, some leaf features like
hair, trichomes and waxes differ among plants and it
is proved that those where these features are present
are more effective in accumulating particles
- While big particles mainly accumulate on leaf surface, in particular those covered with trichomes, the
fine ones are deposited in waxes, thus the higher
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amount of wax, the greater ability to catch and neutralize fine PM
- Deposition of PM is strongly associated with local
conditions - concentration of pollution and weather
conditions, in particular wind and precipitation
- Trees are considered to be the most effective type of
plants for ambient air remediation due to their large
total leaf surface
- Coniferous species have great ability to absorb PM
pollutants due to the high amount of waxes as well as
the fact that they are evergreen so the period of accumulation is not limited to vegetative season like in
case of deciduous species, however they are less tolerant to high concentration of pollution

2.3 Urban aerodynamics
Even though indoor air remediation is effective, phytoremediation of ambient air, especially in cities, is
more difficult (Hewitt et al., 2019). When it is not possible
to remove the pollutants from the air, it is possible to
eliminate them by faster wind movement and ventilation from the strategic areas and in this way to reduce
their harmful effect on people. Knowledge about the
urban aerodynamic system and the possibilities of optimizing it is therefore extremely important in case of
air pollution in cities. In this section I will explore and
describe the ways of how urban aerodynamics work
and how vegetation can contribute to more efficient

wards and increasing the speed there (ill.2.18). The most
significant factors of how an obstacle causes friction
and turbulence around it and hot it influences wind
speed are the height, width, geometry and texture.
One of the parameters illustrating this phenomenon
is roughness length, which “describes how effective a
surface area is in transforming the energy of the average wind, flowing over it, into turbulent motion in
the boundary layer above” (Gal & Unger, 2009; pp.199).
Different surfaces have different roughness length
varying from calm sea the cities, which are one of the

ventilation in a city.

roughest surfaces of Earth (Gal & Unger, 2009). Build-

2.3.1. Air movement and wind flow

sistance to wind and therefore affect the distribution

Wind is horizontal or almost horizontal air movement
caused by the pressure difference. Many factors influence the wind force and its direction and thus dispersal of pollution. Local wind speed depends on weather
conditions in a particular region at a particular moment, geographical factors such as location (for instance areas located in depressions, or surrounded by
significant hills, will have limited airflow) as well as landform (roughness) of a particular site (Bokwa, 2018). In an
open, undeveloped area, its operation is modified by
the terrain and diverse protective materials that heat
up differently. At the ranges of highly urbanized aerodynamic phenomena at the height of the building they
are very complex. Each obstacle the wind encounters
has influence on its direction and speed, lowering the

ings with their different heights and density cause reof air. Especially in the central parts of the city, where
the wind has much lower speed than on the outskirts
(ill.2.19). In the cities average wind speed is about 20%
at night and 30% during the day lower than in the surrounding rural areas (Bokwa, 2018; Gal & Unger, 2009),
which allows pollutant concentrations to build to high
levels (Stull, 2006). While the city has its characteristics
if it comes to wind flow compared to other types of
landscapes, the air movements in the smaller scale within a city differs a lot too. In a relatively small area,
air movement can take place in different directions
and at different speeds. The air stagnation zone may
be adjacent to places of its rapid acceleration. Characteristic, theoretically described phenomena occurring during an air collision with a free-standing building are multiplied and affect each other in intensively

speed at the bottom, directing the wind up and side

built-up areas.

Ill.2.18 Airflow diagram around a free-standing building
(architekturaibiznes.pl)

Ill.2.19 Wind velocity around and inside the built-up areas
(Song et al., 2018)
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Air flows through various structures in different ways.

and the temperature difference of various sufaces are

And so the wind is shaped by overlapping three effects

the the greatest causing intensive vertical movements

(Gliwinski, 2014):

of the air. It is lower at night because lower convection

- vacuum - is created when air flows from a densely

movement caused by lower temperature difference

built-up area to an open space; local swirls and a de-

(Wolsztyn, 2009).

crease in air velocity occur
- nozzle - created in the case of two rows of buildings

Thermal convection can be seen in the Urban Heat Is-

successively approaching each other - the wind force

land (UHI) phenomenon. Urban areas create specific

gradually increases or decreases (depending on the

micro-climatic conditions such as urban heat island,

direction of winding)

that with low wind force conditions causes the phe-

- changes of direction - arises when the air meets

nomenon of urban breeze. The surface-energy balance

an obstacle and brakes rapidly; under pressure, it is

for the urban area and its surroundings is significant-

sucked in, which causes local turbulence and an in-

ly affected by differences in heat and moisture inputs

crease in wind speed.

due to human activities (Britter & Hanna, 2003). The air
above the city center is warmer than outside the city,
as it is lighter, rises what creates a local low-pressure

Ill.2.20 Various shapes and directions of windflows according to
to layout of nearby structures (urbnews.pl)

Ill.2.22 Urban Heat Island Effect (Gal & Unger, 2009)

In addition to the impact of terrain (relief), man-made

center above the city, into which cooler air flows from

(buildings) and natural obstacles (forests etc.) on it on

non-urban areas (ill.2.22) (Bokwa, 2018; Britter & Hanna,

the horizontal air movement there is also a thermal

2003; Gal & Unger, 2009).

effect resulting from different thermal properties of
the terrain surface (Wolsztyn, 2009). Convection caused
by the temperature differences above different types

2.3.2 Importance of ventilation of a city

of surfaces. Above warmer surfaces the air warms up

Urban areas, and in particular their densely built-up

quicker, thus it is lighter and moves up, where above

centres, have high roughness length value and there-

cooler surfaces the air is heavier thus goes down and

fore great impact on slowing down the wind and caus-

replaces the lighter air above warmer areas (ill.2.21).

ing disturbances in airflow. This results in that the natural ventilations in many cities becomes a problem.

Mixing layer height is the vertical layer in which effec-

Those with poor ventilation, especially when naturally

tive disperse and mixing of air takes place. This lay-

regional wind speed is low, where local pollution emis-

er height varies throughout the day and ranges from

sion is also an issue can cause air stagnation and can

several dozen meters at night to several hundred dur-

be harmful to human health. Additionally while the

ing the daytime. The maximum level of convection is

process of densification of buildings and the idea of

observed in the afternoon hours, when sun radiation

compact cities have many benefits, such as uncontrolled territorial expansion of cities (urban sprawl),
in case of ventilation densification may lead to decrease in efficiency in terms of air exchange processes
(Jung-Zielonko, 2019).
That is why it is important to plan the urban environments in such a way that their layout enables and supports the windflow and air movement. According to
the researchers, appropriate shaping of green belts,
building height adjustment, and setting buildings to

Ill.2.21 Vertical air movement due to thermal convection (piotrp.de) the directions of the world can control air movements
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within the urban system. Following Urban Green - Blue
Grids:

time ago. In 1916 a polish architect Tadeusz Tołwiński
created a spatial development project for the city of
Warsaw, where radial arrangement of green undevel-

“Green and half-open linear structures in an urban

area enhance urban ventilation and contribute to the
exchange of air between city and surrounding and
between green and residential areas. Half-open areas
with stands of trees are most effective for an optimal
airflow” (Urban Ventilation, Urban Green - Blue Grids
for resilient cities, access 01.04.2020).
It should result in faster movement of the air through
the city and elimination of harmful pollutants from the
strategic areas such as densely inhabited city centres.
Additionally, efficient ventilation in the city might decrease the urban heat island effect in the hot summer
days. Urban ventilation corridors’ (wind corridors) aim
is to use the wind characteristics under which the effect of wind pressure causes the inflow of the fresh air
from suburbs into the city (Su et al., 2016). The concept
of urban ventilation corridors originates from the work
of Kress (1979), who proposed implementation alongside the “functioning area” and the “compensating areas” (Ren et al., 2018). These “compensating areas” are
not built-up, agricultural or green areas, where wind is
not slowed by obstacles, or green spaces, which even
though can have high roughness length value, especially dense forested areas, however they at the same

oped bands are the paths of the air inflow from outside areas to the city center (Jung-Zielonko, 2019). Unfortunately since the late 20th century the corridors
have been freed from administrative protection for
agricultural land and have become the most attractive locations for housing investments and were partly
built up. However most of them still serve as the ventilation system of the city (ill.2.23).
In the urban ventilation system projects, there are major (main) and secondary corridors that can be distinguished (ill.2.24). Big green spaces entering the cities in
the form of wedges create main ventilation corridors.
They can be river valleys (floodplains), traffic network,
urban forest, parks, agricultural land or any other kind
of open or semi - open green space or area with low
surface roughness. The role of the major corridors
is to improve the air exchange and urban ventilation
in the city centre (Ren et al., 2018). Following Ren et al.
(2018) while planning main corridors at least one of the
following criteria must be met (Ren et al., 2018):
- To cross the target city following the prevailing wind
directions
- To be along those areas with low surface roughness
and relatively high potential wind dynamics

time filter and cool down air.

- To link the city centre and and cool fresh air source

While in Germany the urban ventilation corridors have

- To link the rural area with the high ventilation volume

been widely used in spatial planning for decades already, in most cities worldwide, it is still an emerging
concept. However the issue of the city’s ventilation was

areas
and the urban areas with low high ventilation volume
Secondary ventilation corridors function is to complement, support and to enlarge the effectiveness of the

noticed and taken into consideration already a long

main corridors and they consist of road network,

Ill.2.23 Ventilation corridors in Warsaw, Poland
(metrowarszawa.gazeta.pl)

Ill.2.24 Primary and secondary ventilation corridors in Chengdu, China (Ren et al., 2018)
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2.3.3 Role of vegetation on air flow and
ventilation

Even though vegetation influences air quality through
pollutant deposition and dispersion (Janhäll, 2015),
following Ferranti et al. “the real value of GI (green
infrastructure) for urban air quality lies in its ability,
not to remove pollution, but rather to control its disIll.2.25 Primary and secondary ventilation corridors in Chengdu, China (Ren et al., 2018)
parks and other greenery areas, river channels and
even low density built-up areas with high permeability
(Ren et al., 2018). When planning secondary ventilation
corridors at least one of the following criteria must be
met (Ren et al., 2018, pp 175):
- To be along those areas with relatively high potential
wind dynamics
- To make a link between the densely built-up city areas
and cool fresh air source areas
- To make a link between two neighbouring areas with a
relatively large difference of urban ventilation volume.
Secondary corridors play a very important role on
both, district and city level contributing and overall
ventilation of the city. On the district scale, properly
planned streets layout, for instance with long streets
and gaps between long buildings allow local winds
to flow smoothly and thus create a “wind permeable”
system (Jung-Zielonko, 2019). Studies on wind behavior

tribution by strategically enhancing (or reducing) its
dispersion close to its source” (Ferranti et al., 2018).
Trees and hedges, depending on their structure and
morphology, differently affect increase of dilution and
canopy induced turbulence and they work as & (mainly) semi-permeable obstacles for the airflow (Hewitt et
al., 2019).
While dense vegetation might create an almost solid
obstacle for the wind flow (Ill. 2.26). Since it works as a
solid obstacle multiple long rows of trees have been
planted and used as windbreaks. They have been used
in particular in rural areas to protect crops and houses from the wind and snow. A “wall” made out of vegetation protects the area behind it 15-20 times the height
of the obstacle. Less dense crown with porosity higher
than 50% works as semi permable obstacle therefore
big part of the windflow goes through it and does not
create the recirculation zone behind the tree (Baltaxe
1967; Bradley and Mulhearn 1983).

in the urban context show that effective ventilation of
urban streets may be promoted by applying the following general guidelines (Erell & Pearlmutter, 2011):
- avoid uniformity in building height, canyon width,
and canyon length; uniformity reduces eddies, thus
ventilation
- keep the length of street canyons as short as is practical, to promote flushing at street intersections by
corner eddies
Reasonable design of the natural ventilation in urban
areas and strengthening of urban ventilation corridors, considering the urban wind direction, should be
one of priorities especially in the cities with pollution

Ill.2.26 Vertical movement of air around and above single vegetation and vegetation clusters (Wolsztyn, 2009)

and heat problems. Favouring and enhancing wind
penetration in a built area is one of the most critical
tasks in planning an efficient urban ventilation system
on a smaller scale. Districts’ borders should be permeable to wind and also but their texture should be designed in a way that lets the wind penetrate it, creating
breezeways. Breezeways can be formed by roads, open
spaces, and low-rise building corridors through which
air penetrates inner parts of urbanized areas.
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Obviously there are significant differences within the
species and seasonal change. Since deciduous trees
have no leaves in the winter season and some species in vegetative period have much bigger porosity
their affect the airflow much less than that when the
dense leaf crown creates more solid obstacles for the
airflow (Janhäll, 2015). Like in case of any obstacle the
geometrical shape of trees also has a great influence

on the airflow. Coniferous species due to their (in many
cases) conical shape influence the windflow differently
than deciduous trees with a crown. Also arrangement
of vegetation has significance in shaping wind flow.
As showed previously, dense vegetation can be used
as windbreaks. Proper planting with the use of a mix
of dense vegetation with empty spaces can direct the
wind to a desired location (ill.2.27).
The shape and size will also determine the effectiveness of protection of people from the pollution coming
from different sources at different heights. Modelling
that used remotely sensed inventory of tree-top pattern
calculated a median reduction of 8% in ground-level
concentrations of PM2.5 across a speciﬁc city centre
due to the dispersive effect of the trees (Jeanjean et
al. 2015). However in case of city street canyons the situation is more complicated and requires proper planning and planting, since a recent summary reported
increases of between 0 and 96% in modelled average
street canyon pollutant concentrations due to the introduction of trees (Abhijith et al. 2017). The difference
between the positive and negative effect of trees in
street canyons is determined from the source of pollution. Since (mostly) the deciduous trees create a canopy layer that closes the air circulation below, in case
the pollution is above it generates a positive outcome
in form of closed “roof” and in this way helps to stop
letting polluted air to get to the street level and even
if it does the air is at least partly filtered by the tree
crowns (ill.2.28).
However, in case the source of pollution is located below the crown level, in particular cars, the canopy working as a “roof” does not let the pollutants to go up and
thus contributes to pollution accumulation under the
trees on the street level (ill.2.28). This is particularly noticeable in deep street canyons, where the air located
near the ground does not have much space and thus
the chance to go up and exchange with cleaner air is
limited (Hewitt et al., 2019; Ferranti et al., 2018). However
if the canyon is wide enough or with use of less sprawling trees or placing trees in a proper distance this
negative phenomenon can be avoided.

Ill.2.28 Effect of tree canopies on pollution removal/accumulation according source location (Ferranti et all., 2019)
Another influence of vegetation in the cities is the
air convection (vertical air movement), that occurs in
particular in the summer. Since vegetation keeps the
terrain cooler compared to the surroundings covered
with asphalt, concrete or bricks, it improves the vertical mixing of the air in the city.

2.3.4 Conclusions
- Each obstacle, including vegetation, has influence
on the wind speed and direction
- Cities, as “roughest” surfaces greatly influence the
wind flows, where the wind speed in the densely built
up areas might be slowered even by 30% compared to
surroundings
- Natural ventilation is important in the cities, especially those with high air pollution emissions, since it
allows to eliminate the hazardous compound from the
areas where people live
- Ventilation corridors are areas with low roughness,
that allow wind to move smoothly according to its direction and they consist of main corridors on a city
scale, secondary corridors on a neighbourhood scale
and tertiary corridors on a local scale
- Vegetation influences horizontal and vertical air
movement, and to what extent depends on the perme-

Ill.2.27 Directing horizontal movement of air by layout of vege-

ability and shape

tation (Wolsztyn, 2009)
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2.4 Overall

conclusion

- Scientific

principles
Scientific principles aim to help to design a filtering
system that will protect people from air pollution in an
effective way. The principles were created based on the
theoretical knowledge gained in this chapter and they
provide the base for the design. Here knowledge about
phytoremediation and ventilation is synthesized and I
try to come up with spatial solutions that will work optimally in reducing the negative effect of PM.

Low roughness areas allow wind to
move smoothly

Ill.2.29 Areas of low surface roughness eneabling
free air throughflow (metrowarszawa.gazeta.pl)

Low surface roughness enables the airflows to move
smoothly and provide proper ventilation in a city.
Therefore it is important to provide enough of those
surfaces in urban areas in the form of connected areas, so called ventilation corridors. The areas of low surface can be areas with low vegetation such as meadows, agriculture land or water bodies.

Permeability
Permeability of a plant determines both phytoremediation effectiveness as well as ventilation. The air flow entering a plant depends on how permeable it is - denser
plants and crowns (permeability lower than 60%) works
as an almost solid obstacle. In this case phytoremedi-

Ill. 2.30 Amount of air entering the crown depending on premeability
of the crown

ation properties are reduced, since less air can enter
the crown, but this kind of plants are important, since
they can be used as elements directing the windflow
(both horizontally and vertically). Obviously since deciduous vegetation drops the leaves for winter and its
filtering area and permeability changes dramatically,
therefore its properties in terms of effectiveness of air
filtering and influence of airflow changes during the
seasons.

Shape
Shape and size determines the effectiveness of protection from PM coming from different directions and
heights. Tall trees with big crowns above the human level work as a protection “roof” from the pollution coming
from different angles from greater height. They, however, do not protect well from the pollution coming with
the parallel to the human level airflows. The coniferous trees, with their mainly conical shape, in contrast
to the trees with crowns, do not protect well from the
pollution coming from greater heights, but the conical
or cylindrical shape works well in filtering polluted air
coming with horizontal wind flows.
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Ill. 2.31 Wind flow around and air filtering by vegetation depending on
shape of the plant

Directing the wind
By using different heights and densities of vegetation
the wind can be directed horizontally and vertically. In
this way crucial areas where people spend more time
can be protected. For instance dense clusters of trees
and shrubs will lift horizontal windflow that will go
down after 15-20 times height of the obstacle. It should
be noticed, however, that the solid obstacle will decrease wind velocity, therefore dense “walls” should not
be used too much. Also directing vertically the airflow
on a low level by dense gradually increasing in height
into a taller vegetation with higher phytoremediation
properties. In terms of horizontal direction also density and spacing will determine the airflow, therefore use
of dense clusters can work as directing the flow into a
desired location.

Extending the path from the source to human - multiple filtering elements
Extending the way from the source to people is an effective way to reduce pollution, therefore designing
the path for air pollution so it encounters as many obstacles as possible on its way reduces the amount of
pollution when it finally reaches people.

Ill. 2.32 Examples of directing horizontal and vertical aiflows by use of
vegetation of high density

Ill. 2.33 Extension of path of a polluted airflow through multiple filtering elements
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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3. Analysis of Legnica landscape
system and its air qualities

Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

3.0 Introduction
In this section I focus on in-depth analysis of the urban system of the case - Legnica, and its correlation
on air pollution distribution in the city. The analysis
provides better understanding of the case in terms of

3. Occupation layer - the human activity such as land
cultivation or urbanization. Often, in strongly changed
by anthropogenic activity environments, the only or
the most visible layer

local context, origins and scale of the air pollution issue as well as creates a base for the design solutions.
This part aims to answer design sub-question: What
design preconditions can be drawn from the landscape and pollution dispersion analysis of Legnica?
The chapter starts with the analysis of the city’s landscape, understood as a system of different layers interconnected with each other and resulting from natural conditions on the site combined with the human
activity. Understanding the city’s landscape is the
starting point and the base for other analysis.
The second part identifies the magnitude of the issue
and investigates the sources and distribution of air
pollution in the city. In this part I used the landscape
analysis and knowledge gained in sections 2.1. And 2.3
to model the dispersion of the pollution across the
city. Additionally I include information gathered during interviews with residents of Legnica about their
subjective experience and perspective of the air pollution issue in the city.

3.1 Landscape analysis of Legnica
In order to understand the urban system of Legnica,
a landscape analysis of the city is crucial. The landscape analysis, resulting in creating a landscape units
map and cross-section, gives understanding of how
the city’s system works and provides answers of the origins of the issues. It is also the base for specific analysis and the design concepts.
Landscape can be understood as a complex system
of interconnected, overlapping layers (Kerkstra & Vrijlandt, 1988). These layers are a combination of natural conditions on the sites with human activity on the
land. The visible landscape of a particular site is a result of interconnection of three layers (ill.3.1):
1. Abiotic - the basic layer that strongly determines the
other two layers. It consists of natural, but inorganic
components of a site such as relief, climate, geology,
soil type, hydrology etc.
2. Biotic - the organic elements: flora and fauna
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Ill.3.1 On the top - Landscape triplex (Kerkstra et al. 1988), found in
Duchhart, 2007. On the bottom - Landscape layers (Kerkstra et at.,
1976,) found in Papenborg & Buijs, 2016 (Atlas-van-Waterpoort HZ
University of Applied Sciences)

Elevation
The great majority of the city’s area in terms of elevation does not vary significantly - within the range of
120 to 130 m a.s.l, however the south-western and most
northern parts belonging to Chojnowska Plain and
Lubinska Upland respectively are more elevated and
reach up to 170m a.s.l. On the Legnicka Plain, which
includes the Kaczawa and Czarna Woda river valleys,
the altitude variation is small, from 108 to 130 m a.s.l.,
at which the terrain falls to the east and north-east.

Legnica

The surface of the Lubińska Upland in the north of
the city is slightly undulating and descends gently to
the south. The Chojnowska Plain, stretching west from
Legnica, is a moraine plain rising to the height of 200
m a.s.l. and sloping north towards the Legnicka Plain
Ill. 3.2 Location of Legnica on the relief map of Poland (wikipedia.org)

(ill.3.3).

3.1.1 Underlying landscape units

Geomorphology

Studying the abiotic landscape layer required anal-

The older geological units are covered with the

ysis of several different characteristics of the land:
topography (elevation), geomorphology, surface and
groundwater as well as soil. In order to do so several
methods were used: site and photography observations, various maps available online, hard-copies of
professional maps available in the municipality office
as well as municipality documents and literature on
the subject.

Poland at the altitude of 110, a.s.l to 170m a.s.l. in
the

vast

Silesian-Lusatianplain

south

iments. The visible geomorphological forms that
create the abiotic layer of Legnica’s landscape were
shaped mainly by glacial, periglacial and fluvial
processes in Quaternary:

Pleistocene and Holo-

cene. Great influence of the terrain of Silesian and
Silesian-Lusatian Lowlands had pleistocene glaciations, when sediments were formed mainly as moraines during San, Odra and Warta glaciations.

Legnica is located in the south - western part of
a

complex of Cenozoic (Tertiary and Quaternary) sed-

by

the

Sudetes

surrounded
mountains

(ill.

from
3.2).

Dominant geomorphological forms in Legnica are
those of river origin, elither fluvial (holocene) and

fluvioglacial (pleistocene): floodplain terraces, erosion and accumulation terraces and bottoms of
river valleys. The Holocene formations are usually
formed in the form of clays and muds on floodplain
terraces as well as sand and gravel of the contemporary rivers beds. The minor forms of erosion and
denudation (degradation and aggregation zones)
origin, are located in the southwest parts of the city
and created in pleistocene glacial plains. The Pleistocene is represented mainly by sands, glacial and
river gravel as well as till. They create elevated outwash plains in form of an upland (the most elevated
part of the city), where river valleys cut in between,
which results in quite significant land leveling. However the great majority of the city’s area does not
vary a lot in terms of elevation difference. The terraces, both of older glacial origin and the younger
ones are very similar in terms of elevation, there-

N 1000m

fore the borders between them are not visible in the
Ill.3.3 Elevation map of Legnica and surroundings with contours of the municipality of Legnica

landscape
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There are also complexes of tills separated by discon-

The city is exposed to a serious flood risk from the

tinuous layers of fluvioglacial sands and gravels, and

rivers in its area and from the rainwater. There were

locally also with sands and clays. In Legnica, like in big

several major floods in Legnica in the last century in

parts of the Silesian Lowland, some areas are covered

1917, 1937, 1977 and 1997. The threat of floods is a con-

with a thin layer of loess-like sediments, usually thin-

sequence of the city’s location in the Kaczawa and

ner than 1m, that are loess redeposited from original

Czarna Woda water junctions, whose catchments tend

location or transformed by glacial and periglacial pro-

to generate floods. In addition a considerable area

cesses, mass movements or wind/water erosion. Addi-

of the water catchment area is characterized by low

tionally in the south-eastern (at lower altitude) part of

forest cover and presence of slopes in the southern

the city there are remains of holocene lake or river or-

part, which, combined with a significant decrease

igin in the form of peat deposits.

of the rivers’ slopes on the Legnicka Plain, causes a
flood wave accumulation in the north-central area of

Hydrology

the city. Floods are also favored by the monotonous
terrain with dominant vast floodplains, since flat and

The hydrological system of the city consists of two

low location makes it difficult to drain water through

main rivers, several smaller streams and several water

the rainwater drainage system and forces the use of

bodies, such as ponds and small lakes, of anthropo-

numerous protection methods in case of high water

genic origin created for recreational purposes or be-

levels in rivers.

ing remains after excavation. There is a lack of stand-

Soil

ing waters of natural origin in Legnica. There are 67
stagnant water bodies of anthropogenic origin in the

Large parts of Legnica, like other parts of the plains in

city, with a total area of 57.3 ha, of which 40.1 ha are

the Lower Silesia are covered with fertile loams or silt

infiltration ponds for water intake in waterworks in the
southern part of the city.

loams. These complexes of tills are separated by dis-

Legnica is located within the middle of the Odra riv-

clays. In addition significant parts are covered with a

continuous layers of fluvio-glacial sands, gravel and
layer of loess-like sediments, however usually it is so

er catchment area, in the lower course of the Kaczawa

called “secondary loess” - deposited from the origi-

river (Odra’s tributary), which is the main river in the

nal site, decalcified and thinner than 1 meter (Kabała,

city. The main rivers and streams are the Kaczawa Riv-

2015). Therefore a typical loess profile is not developed

er with its tributaries: Czarna Woda (right-bank) and

in most of the areas except for the eastern part (south

Wierzbiak (left-bank), along which the eastern bound-

from Wroclaw), where the loess cover is thicker (3-6m)

ary of the city was established.

N

N

500m

Ill.3.4 Geomorphology map of Legnica
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500m

Ill.3.5 Flood risk map of Legnica

and very fertile Phaeozems developed. In general the
lowlands and plains in the region are characterized
by favorable soil types for agriculture: the dominant
type of soil is luvilols and in the river valleys - fluvisols.
Relevant situation is in Legnica, where these dominant
types of soil cover occur. The fluvisol and sandy soils
of fluvial origin are the youngest (holocene) and occur in the river floodplains. The upland is built from
tertiary clay and silt and pleistocene glacial till, covered partly by loess like silt and loam that is also distributed in a form of separate islands in the lowland
landscape. The upper river terraces as well as parts
of the uplands are covered by pleistocene gravel and
sand soil and were formed by fluvio-glacial processes.

Climate

Ill.3.6 Wind rose of Legnica (meteoblue.com)

Legnica is located in the temperate climate zone with
transitional features between the marine and continental climate. The city is characterized by exceptionally mild and warm temperatures and long growing period (230 days) in comparison to the rest of the
country. The amount of precipitation in the Legnica
area is highly variable, resulting in relatively frequent
droughts and floods. The amount of precipitation
here is one of the lowest in Lower Silesia (Environmental Protection Programme for the city of Legnica until 2020 year, meteo.blue.com). The climate of Legnica
is characterized with more frequent dry periods from
March to October (from 9 to over 28 days). The mean
annual precipitation is 500–620 millimeters, with its
maximum in July and minimum in February. Dominant
winds in Legnica are western winds. Northern winds
have the lowest share. In the warm half-year, the share

N

1000m

Ill.3.7 Air inflow to the city of Legnica according to relief

of north-west winds is clearly higher, while in the cool
half-year the share of south winds slightly increases.
Based on the wind rose for the city and the relief map
I created a simplified map showing the main air inflow to the city (excluding land use, thus obstacles like
buildings etc.). Since the terrain features work as obstacles for the wind (at least in the bottom layer) the
wind avoids them and comes easier from the site with
lack of the obstacles. The main wind inflow takes place
from the west, however due to presence of the upland
in the south-west, the wind comes mainly from the lowland in the north- west. Another main path of the air
inflow is from the south, where Kaczawa river shaped
a valley, thus lower terrain where wind can easily pass.
It can be assumed also that the wind on the higher
layers can pass above the south-wester upland and
“slide” down.
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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Underlying landscape units
Based on all of the information collected from the

and the peat sub-unit, where peat and warp occurs.

maps, documents and from the city’s site inven-

The glacial landscape is located higher in the relief

tory I created Underlying landscape unit maps

and was created earlier - in the pleistocene. The distin-

(Ill.18). It unifies as well as simplifies the above de-

guished subunits are: the upper river terraces creating

scribed factors influencing the abiotic layer of the

almost flat surface with very gentle slope, the outwash

city and it shows the main units of the landscape

plain - creating a hill with some steep slopes visible

of the city pre to the biotic and occupation layers.

in the landscape, the diluvial plane - eroded outwash
plain and loess like periglacial silt and clay covers cov-

There are two main units in the city’s landscape: R-riv-

ering the top of outwash plain as well as areas of up-

er landscape and G-glacial landscape. The river land-

per terraces, that create small hills (usually so short

scape is located lower in the relief and is the young-

that not visible with a naked eye in the landscape) .

er landscape - created by the river processes in the
holocene. The subunits of this landscape type are:
the rivers, the floodplain with fluvi and sandy soils

Ill.3.8 Underlying landscape unit map of Legnica
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3.1.2 Spatial development of the city

tions favorable for land cultivation, caused that Leg-

with buildings typology and green
structure of the city

nica played an important role in the region and grew

In this sub-section I will analyze development of the

ferent nations caused that for centuries, Polish, Czech

city and its green structure. The abiotic layer determines the vegetation and fauna occouring at particular site as well as the human activity, especially in early stage of civilization development when limited tools
and techniques forced people to search for the most
favourable conditions for living and land cultivation.

Spatial development of the city
Legnica’s development resulted from natural conditions in the area (abiotic layer) combined with social
and geo-political factors. A special role in it played the
city’s location location, at the crossroads of important long-distance routes: from Hungary and Russia
through Cracow-Wroclaw into the Western Europe and
the northern route connecting Pomerania (Baltic Sea
coast) with Czechia (Goliński, 2009). This enabled development of trade and combined together with condi-

into one of the larger cities of Lower Silesia. On the
other hand Legnica’s location on the edge of three difand German influences clashed causing that the city
was passing from hand to hand. Each period and each
nation had a great influence on the development and
shape of the city, which I will describe in this section.

Medieval period - origins of the borough
and development of the city
Lowland areas in the Kaczawa river valleys were from
prehistorical times convenient areas for settlement.
Even though traces of existence of Lusatian culture in
the area of Legnica from around 1000 B.C. were found,
the first documented settlement comes from the 8th
to the 9th century (Lasota, 2009). The settlement located on an elevated land (ill. 3.11A & 3.12), in the place of
today’s castle, was founded by the Silesian tribe Trzebowianie belonging to the Western-Slavic folk group.
Around the year 990 the borough became part of the
newly created Polish Kingdom. The settlement consisted of the castle and probably open settlements in its
vicinity. Its defensive system was a moat and the structure running along it consisting e.g. wooden palisade
and earth fortifications in front of it (Lasota, 2009). In
the 12th century the first brick caste was constructed,
which nowadays belongs to the oldest in Poland. In that
time Legnica grew in south-western direction almost

Ill. 3.9 Medival castle in Legnica (muzeum-miedzi.art.pl)

all located in the river landscape and was forming a
polycentric early urban agglomeration with a system

Ill. 3.10 Timeline of the city of Legnica
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A

B

Ill. 3.11 A - Location of the first settlement, B - location of medieval city
The location reform - Magdeburg rights, took place in

duchies, became a vassal of the Kingdom of Bohemia,

the second half of the 13th century and stimulated de-

however the city kept some autonomy and remained

velopment growth of trade and therefore a dynamic

ruled by polish Piast dynasty. The city walls were con-

development of the city at the foot of the Piast castle.

structed probably in the 13th century, but economic

In the 14th century the city, along with other Silesian

and demographic development cause also the expansion of residents to areas outside the city walls (Goliński, 2009). The main feature of the layout of medieval
Legnica was its regularity (ill. 3.13) (Chorowska, 2009). As
part of the transformation of the agglomeration into a
municipal city it obtained a fairly regular trapezoidal
shape, subordinated to two important communication

Ill. 3.12 Cross-section of the location of the first settlement

Ill. 3.10 Timeline of the city of Legnica
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arteries going from the south-west to the east.

Ill.3.13 Plan of medieval Legnica (Eysymontt et al., 2009)

Modern era
The first half of the 16th century was characterized by

Ill.3.14 Plan of Legnica with triple fortification from 1646 (Eysymontt et al.,2009)

intensive economic development. Reign of Duke Fred-

embankment with a wall and a wide moat. With the

erick II (1498-1547) was characterized by expansion of

increasing threat from each side (e.g. the Swedish in-

the territory, marked not only by the increase in the

vasion) an additional defensive system was created

political significance of Legnica, but also by massive

around the city, which transformed Legnica into a for-

construction works, including primarily rebuilding of

tress (ill. 3.14 & 3.15). It consisted of 19 external elements

fortifications and Renaissance transformation (Ey-

earth fortifications, of which 4 were independent re-

symontt, 2009). Important decision of the Duke that

doubts in the southern part surrounded by water, and

had big influence on the direction of development

connected with internal fortification by drawbridges.

of the city was accepting Lutheranism in 1539. Since
then the Duchy remained the mainstay of the Silesian

The city experienced the peak of its development at

reformation until the end of the Piast epoch in 1675.

the beginning of the 17th century, when the popula-

Construction of the new bastion fortifications sur-

tion of the entire city reached a dozen thousand. A

rounding the city started in the early 16th century stim-

deep regression occurred with the 30-year war and

ulated by the threat of Turkish invasion. The expansion

the epidemic in 1633. The city’s population decreased

of the fortifications caused fundamental changes in

to only about 2,500. In 1675 the last ruling of the Pi-

the external shape of the city and changed the for-

ast dynasty in Silesia died and the Duchy became the

mer defense system of the castle through widening

hereditary property of the Habsburgs, who promoted

the caste moat and integrating it into the new moat

counterreformation as a tool of absolutist policy (Ey-

system. The inner defense ring consisted of an earth

symontt, 2009).

Ill.3.15 Chalcography showing panorama of Legnica based on a drawing by F.B.Werner from around 1760 (liegnitz.pl)
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Prussian and German period
After years of stagnation caused by wars there revival
in the economic life of the city at the end of the 18th.
Formally, a new era began in 1742 with the victory of
Prussia over the Austrian Empire in the Silesian Wars,
when Prussia gained all of the territory of Silesia including Legnica. This period brought to the city religious tolerance, but at the same time absolutist and
militarized state. In the long run, however, militarization
had a beneficial effect on the city’s demographic and
economic development. Location of the seat of the
grenadier regiment as well as moving the headquarters of the regency and higher land court to Legnica
resulted in giving the city character of an important
center of state administration. It caused that officers
often returned here after retiring and together with
the retired administrative officials formed an influential group of wealthy renters who created demand for
new townhouses and simulated production and sale of
expensive goods (Wiszewski, 2009).

18th century and aimed to adapt the medieval
layout to the needs of a modern urban center.
The focus started to be put on designing not the
individual tenements, but entire street frontages.
milestone

for

the

city’s

spatial

development

Ill.3.16 Plan of Legnica from 1863 with green belt in place of
former fortifications and moat (Eysymontt et al., 2009)
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cess starting in the late 18th century, enabled
expansion of the city and incorporation of the suburbs, however in the first quarter of the 19th century, the development of the suburbs was not intensive yet. Since the 1780s areas of the former external
city fortifications were gradually handed over to the
citizens with a condition of managemengt of the
land at the own expense but providing the citizens
also with a planting plan (Eysymontt, 2009). The area
was planted creating promenades and gradually surrounded the entire city creating a green belt
with private and later also public gardens (ill.3.15).
At the time when Legnica’s first urban development
project was created, most of these gardens were designated for buildings development, therefore nowadays
there are only few remains left.
The lush development of ramparts available to the

Urban planning was first introduced in the late

A

was demolition of the defensive walls. The pro-

public moved in the second half of the 19th century
to the suburbs, primarily to the traditionally recreation areas and pastures - meadows in the southern
suburbs (ill.3.16). A big part of the garden with winding paths, characteristic for new English Landscape
garden style, was created. This green space, separated
from pastures and planted mainly with poplars, was

Ill.3.17 Plan of Legnica from 1884 with neawly created neighbourhoods and enlarged city park (Eysymontt et al., 2009)

the nucleus of thecity park. Later it was enlarged by surrounding former cemeteries and nearby former shooting practice areas, created a triangular shape park.
At the end of the 19th and early 20th century, the city
park played role of a modern metropolitan enclave of
leisure and entertainment with a restaurant, cafe, summer theater, exhibition park, palm house, botanical
garden, mini zoo and others (Zaleska-Berbeka, 2010).
The city’s park played also another important role in
the city’s development - for almost a century it hosted annual gardening exhibitions, during which decorative plants and horticulture innovations were shown.

Ill.3.18 Main alley in Legnica-s park on a postcard from 1913
(liegnitz.pl)

The exhibitions were closely related with the economic
profile of the city. Due to favaorable condtions Legnica
for centuries was an important center for agriculture
production and even though various industries developed in the city in the 19th century (textile, music instruments production and others) the agricultural production was still dominant. Due to geographical location,
Legnica was quickly (1844) included in the railway network connecting the city with Berlin and Saxony and
Upper Silesia, which resulted in mass export of agri and
horticulture products. In 1886 alone, almost 47,000 tons
of vegetables were exported to various parts of Prussia and cucambers were cultivated on 2000 hectares of

Ill.3.19 Dalias and Roses horticulture exhibition in Legnica’s
park in 1910 (liegnitz.pl)

land around the city (Wiszewski, 2009). The boom for agriculture products encouraged development of related
industries including agricultural machinery factories.
From the mid-19th century, the city’s economic and
spatial development progressed rapidly, after the reunification of Germany. Population of the city increased
from 23,000 in 1872 to 68,000 in 1912 and authorities actions were guided by the vision of a modern city - unveiling itself from the medieval limitations in both spatial and production aspects. In the late 19th century the
city was modernized by implementing new infrastructure: sewage system, regular waste collection or the the
first tram line (Wiszewski, 2009).

Ill.3.20 “Greetings from Legnica - the city of cucumbers”. A
satirical postcard from 1915 (liegnitz.pl)

Ill.3.21 Agriculture land and panorama of the city on a postcard from 1900 from the collection of Z.Grosicki (liegnitz.pl)
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At the end of the 19th century, spatial policy led to the
formation of the foundations of a new socio-topography of the city. There was development of extension of
the streets of the historic layout outside the city walls
(Eysymontt, 2009). Thanks to that, after final demolition
of the city walls in 1860, the city center obtained over
a dozen of new connections.Many services and representative functions were moved outside the former city
walls, where lack of divisions into narrow plots allowed
the construction of monumental public buildings.
Industrial buildings were concentrated in the northIll.3.22 Upper class town houses from the beginning of the
20th century (liegnitz.pl)

west, creating the industrial district.
In the late 19th and early 20th century built up areas
increased significaly. The Eastern and northern sides
grew into residential quarters for workers (in particular railway workers due to the vicinity to the railway
station) and lower officials. The southern and western parts evolved into an elite space inhabited by
the richest members of the urban community, rentiers and the bourgeoisie (Eysymontt, 2009). These new
neighbourhoods differed not only with the comfort of
living in terms of available facilities, flats standard or
the facades of the buildings, but often also with the
conditions on the site and layout of the streets. While

Ill.3.23 Example of late 19th century upper class multi-family
town house (liegnitz.pl)

the estates for upper class were located mainly on the
eleveted area (glacial landscape) the houses for lower class were often built in less favourable conditions
in the (river landscape) flood plain, increasing the
risk of flooding for their inhabitants. The difference
in economic status could also be seen in the streets
layout and access to greenery. Despite the compact
development chracteristic for the urban design from
this period, richer neighbourhoods had wider streets
with front gardens, often with street trees and green
squares, while the estates for lower class chracterized
with little or even lack of greenery.

Ill.3.24 View on the 19th century working class neighbourhood
and railway station on postcard from 1910 (liegnitz.pl)

Interwar period
Rapid development of the late 19th and early 20th century was stopped by the outbreak of the 1st world war
that brought economic difficulties.
After the war, however, Legnica continued to be an
important administrative center and big agriculture
producer. New difficulties came in the early 1930’s with
the Great Depression, but were solved after the Nazis
came to power. Then military investments including expansion of the airport as well as construction of the
highway gave employment to thousands of city’s residents (Wiszewski, 2009).

Ill.3.25 Street in the working class neighbourhood on a postcard from 1913 (liegnitz.pl)
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In terms of spatial development since the end of World
War I, the burden of construction moved to suburban

areas. First new neighbourhoods developed almost
equally at the end of the war in 1918, with large estates
constructed on the eastern bank of Kaczawa river. The
most important feature of the buildings of the Weimar
Republic (1919-1932) was unusual order in arrangement
due to detailed Building Regulations issued for each
city. In those regulations the type of open-scattered
or compact development for specific streets was determined very precisely. In general urban design of the
interwar period characterized with lower development
density compared to the previous epochs. The goal
was to build cheap two and three-room apartments
in 2, 3 or 4 storey multi-family houses without unnecessary decorations (Eysymontt, 2009). Interwar period,
however, chracterized also with more massive and luxurious buildings. A new estate developed in the southern suburbs started with a rectangular street grid,
where mansions and luxurious single-family houses on
big plots with large gardens were located. The whole
composition, inhabited with the walthiest residents of
the city, was enriched with a dual avenue located in
the center with a row of lime trees on each side.
In the entire interwar period Legnica’s area increased
significantly by 700 ha. In 1937 the city was enlarged
by the nearby villages: Stare and Wielkie Piekary (east)
as well as Przybków (south). In this period the regulation of Czarna Woda took place and the creation of a
northern recreational area - a bathing beach. In the
entire interwar period, the percentage of built-up areas in the city area increased from 12.2% 1925 to 15.8% in
1935 (Wiszewski, 2009).

Ill.3.27 Multi-family residential buildings from 1930’s

Post war period
The outbreak of World War II caused troubles with food
supply and lack of hands to work, but most of the inhabitants of Legnica did not experience the tragedy
until 1945. The operation of conquering the city by the
Red Army in February 1945 did not cause any major
losses in the building substance of the city, however in
May 1945, the historic old town was severely damaged
during victory celebration by Soviet soldiers occupying the city. In result the castle was seriously damaged
and almost 1,000 of the buildings in the old town (23%
of the city’s buildings) burnt down.
Under the terms of the Potsdam Conference Germany
lost its eastern territory, including Legnica, to Poland
(as a compensation for loss of the eastern territories
lost to the USSR). In 1946, the first organized transports
of settlers from central and eastern Poland began to
arrive in Legnica.

Ill.3.26 Plan of Legnica from 1938 with new developments on
the ouskirts of the city (Eysymontt et al., 2009)

Ill.3.28 Frederich Teichert’s villa from 1927 in the new southern district currently used as a hotel
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Soon Legnica was selected as the seat of the Northern
Group of the Soviet Army, which was commissioned for
exclusive use of a significant part of the city, including
the southern district of the city with an area of 40 hectares, surrounded by a wall from the polish site (ill.3.31).
Living conditions after the war were far from satisfactory for a long time. The devastation of a large number of buildings and takeover of many of the best preserved ones by the Red Army caused severe housing
shortage. The city for half a century did not have real
sovereignty that significantly hindered its proper development, since all decisions of the authorities had
to be consulted with the Soviet commanders. The first
changes were introduced by reconstruction of the

Ill.3.29 Current layout of the old town with block houses in
place of the historical houses

city centre in the 1960s and later construction of large
block-houses estates after 1975. The reconstruction
was preceded by demolition of hundrets of destroyed
historical buildings, in place which block houses were
constructed (ill.3.29). It led to destruction of the historical city’s layout and tissue, which raised criticism from
the conservator’s point of view. Currently it is seen as
one of the most drastic interruption of the city’s historical development in Lower Silesia (Eysymontt, 2009).
Despite the destruction of the city’s industrial infrastructure, efforts were made to rebuild the former profile of its economic life. The trade was developing quickly and the city’s factories (piano production, clothing
industry as well as fruit and vegetable processing) were
restarted and nationalized. A complete change to the
industrial character of the city was introduced by the

Ill.3.30 Contrast between baroque building and a block house
built in place of historical town house

Ill.3.31 Plan of post war Legnica with areas (red) occupied by
the Soviet army (Eysymontt et al., 2009)
54

Katarzyna Klancko - Master Thesis

decision to build the Legnica copper smelter in 19511959 on the south-west outskirts of Legnica (ill.3.32).
Copper production stimulated development of related
industries and as a result heavy industry dominated
the economy of the city, distancing other industries.
From an administrative and leisure center for rentiers,
Legnica was transformed into one of the main heavy
industry centers in Lower Silesia.
The population was increasing gradually. Deportation
of indigenous people caused that despite the arrival of
numerous settlers from central and eastern Poland, the
city in 1950 had only slightly more than 39,000 inhabit-

Ill.3.32 Copper smelter in Legnica (polska-org.pl)

ants and only exceeded the pre-war state and reached
110,000 in the year 2000. The area of the city, to which
suburban villages were connected, was gradually built
up with new housing estates. In result the city’s area
increased from 2,170 to 5,600 hectares (Wiszewski, 2009).
Further significant transformations of the urban structure began in the 1970s with the expansion of the city
into the east direction. Construction of large housing
estates built in big concrete plate technology, in former horticulture and arable fields incorporated to the
city, lasted from 1972 to 1992. The eastern settlements
are Kopernik I and II (from the 70s and 80s), Piekary (from
the 80s and 90s) and smaller estates in the western
part (Asnyka and Zosinek). Kopernik is the largest one
(20,000 people)consists of a large 11-storey buildings
located in north-south direction and perpendicular
five-storey (east-west) blocks (ill.3.34) (Eysymontt, 2009).

Ill.3.33 New and old development in the city centre of Legnica
(photo by author)
Another kind of development were bigger and smaller estates of single and semi-detached houses, in the
suburbs in different sides of the city.

Ill.3.34 Kopernik- Big plate block houses area in the eastern part of Legnica (fakty.lca.pl)
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Current land use and city’s development
Today land use structure of the city is dominant unit
is built-up and urbanized land. Its total area is 49% of
the city’s area including 11% of industrial areas and
9.5% of roads (Chybiński & Janiaczyk, 2015). Residential
areas vary in terms of type of buildings and depend
mainly on the period of construction described in this
chapter. After the political transformation in Poland,
in 1992 the Soviet army had to return to Russia and
in result left 1,100 buildings, including 480 residential
ones (Wiszewski, 2009). This suden supply of abandoned buildings together with constant decrease in
the number of residents of Legnica prevented the city
from further expansion. The post-military buildings
have been gradually renovated and adapted for the
new use. While some of them have received important

Ill.3.35 Land use map of Legnica
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administrative or educational functions (e.g. college),
others have been taken over by private owners for residential or commercial use. Obviously new construction did not stop entirely, but are limited to the areas
inside the city increasing it compactness (residential
buildings) and close to main roads and highway in the
south (industry and warehouses). Industry, originally
located in the historical industrial district in the west
and north from the centre, expanded to the southern
outskirts: the copper smelter and the Special Economic Zone, where multiple companies are located close
to the highway. Legnica’s location, at the crossing of
main transnational highways: A4 and S3, is favourable
for storage and logisitic sector.

Buildings typology
Historical town houses
The late 19th and early 20th century development
characterizes densely built-up areas, where 4 or 5 storey buildings create closed or almost closed quarters.
Depending on the type of the neighbourhood, built for
16m

higher or lower class, the streets are wider and planted with rows of trees and have front gardens, or are

12m

narrow with road and narrow sidewalk only. Initially the
the street, were located outhouses. They were buildings of lower standard used as workshops (ground
floors) and living place for poorer residents. Currently
the outhouses are to a great degree removed, there-

16m

inside parts of those quarters, with no direct access to

18m

Ill.3.36 Cross-section of typical streets and backyards

fore the inside parts of the quarters are blank, with
vegetation or garages . In terms of ventilation this kind
of development has the least favourable conditions,
because the closed quarters hinder the windflow. The
worst conditions are in the inside part of a quarter.

Ill.3.37 Model of layout of historical town houses in Legnica

Multi-family houses (interwar and recent)
This kind of development was introduced in the 1920’s
and differs from the previous type, not only by different look, but first of all in lower compactness. The

12m

Ill.3.38 Example of historical town house in Legnica

18m
Ill.3.39 Cross-section of typical streets and backyards

buildings from the interwar period, aimed to optimize
the space - smaller apartments in terms of area and
first of storey’s height. Because of that the buildings
are a bit shorter and usually do not create continuous
units, but have gaps. Therefore they have better ventilation conditions than the older buildings type.

Ill.3.40 Aerial view of interwar period town houses in Legnica
(googlemaps.pl)

Ill.3.41 Example of interwar town house in Legnica
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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Multi-storey block houses
These types of housing made from prefabricated
concrete plates is the main type (together with single
houses) of development in the post-war period. The
block-houses in Legnica dive into two groups - 5 storey houses more similar to the inter-war buildings and
high-rise 12 storey buildings. The former type is mostly located in the western part, also as replacement of
older buildings. In the eastern part the high-rise blocks
are mixed with the lower ones creating various spatial
forms. In terms of ventilation different block-houses

Ill.3.42 Example of a block house in Legnica

have different properties of effecting the airflow. Even
though they are mainly single buildings not connected
with each other, block houses estates can have bad
ventilation.Height and in particular length greatly influence the wind flow and speed. Biggest block houses
in Legnica have more than 200 meters and height more
than 30 meters, therefore they create a big obstacle - a
“wall” stopping the perpendicular windflow.

Ill.3.43 Model a block house area in Legnica

16m

30m

150m

25m

Ill.3.44 Cross-section of a block house area in Legnica

Single houses (including rural type)
This kind of development in Legnica comes from different periods, but the most is relatively recent. Single-family houses types vary in the city into three types.
The first one is located mainly along the roads of rural
housing of the former villages incorporated into the
city’s borders in different periods - relatively big single
houses, usually with farm buildings. The second cate-

Ill.3.45 Aerial view of single houses area (googlemaps.pl)

large areas and are located on big plots. The last and
the biggest type of single-houses are houses on small
plots in single houses estates built after 1945 on the

6m

ed in southern and northern parts. These houses have

10m

gory are villa-houses from the inter-war period locat-

20m

6m

Ill.3.46 Cross-section of various single houses area in Legnica

outskirts of the city. Due to the area of the plots they
have higher density than rural and villa types, however,
due to the existence of gaps all types of single houses
estates have good ventilation properties. In addition
due to the presence of private gardens the amount of
greenery is higher than in other building types.

Ill.3.47 Example of a single house in Legnica
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Green structure of the city
Currently forests and organized green spaces in Legnica account for approximately 10% of the city’s total
area from which forests comprise 7.5% and protected
ecological areas occupy only 0.4%. Natural vegetation
in Legnica is restricted only to small parts of the city
including the meadow-like, bushy vegetation or clusters of trees of rivers floodplains, narrowed by the dikes
and areas with patches of natural forests in the north.
This forest reflects different water conditions: most of
the forest is covered with oak trees, in the north-west
part there is adler swampy riparian forest, while to the
south beech forest (Chybiński & Janiaczyk, 2015).

Ill.3.48 Vegetation of the river banks and flood plain (photo by
author)

Among the most valuable organized green areas in the
city are: city park occupying more than 50ha in the city
centre and the historical Zlotoryjski forest park established in the end of the 19th century in the south-western part, enlarged by young monoculture (birch-oak)
forest of the copper smelter protection zone. This
forested area planted in the 1990’s was planned as a
recultivation area of devastated surroundings of the
smelter, where the trees work as phytostabilizators of
the soil and immobilize hazardous compounds (in particular Cu and Pb) in their roots and therefore prevent
their leakage to the groundwater.
Important elements in the green structure of the city
are also the 19th-century municipal cemetery, the complex of Gdańsk Park with the Northern Bathing Area at

Ill.3.49 Green areas in Legnica

an artificial water reservoir with recreational and nature parts with large areas of meadow vegetation. A big
area of meadow vegetation occurs also at a former military airport in the south-east, partly in the peat area.
The green structure closer to the city centre is supported by allotment gardens, estate greenery in the form of
private gardens (mainly in the single house neighbourhoods), few green plazas and street greenery.

Ill.3.50 City park in Legnica

Ill.3.51 Young birch forest around the copper smelter

Ill.3.52 Wet meadow vegetation at water reservoir
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3.1.3 Landscape units with their

qualities and influence on ventilation
Since landscape is a combination of abiotic, biotic and
land use layers based on the information gathered in
previous sections in this chapter I distinguished Landscape units of the city of Legnica. The base of each is
an underlying landscape unit on top of which is land
use. In total I distinguished units that are presented in
the table 3.1.
As it can be seen on the Landscape Unit Map Legnica is a mosaic of different landscapes: built-up areas
of different characteristics, open areas of agriculture
and meadows as well as forested areas and water
bodies. They all are located in two main underlying
landscapes: R - river and G - glacial. Since there are
so many sub-units and different land uses occur on

Ill.3.54 Landscape unit map of Legnica
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Ill.3.53 Landscape layers

not very strong. However when looking closer at the

cated on more elevated parts in the glacial landscape.

frequency and percentage of the covering layer oc-

Therefore the river landscape is dominated by agricul-

curring on the underlying one the relationship can be

ture and greenery (park and natural vegetation).

noticed.
While many land uses occur in both river and glacial
underlying landscape, for instance agriculture (what
shows that the conditions in both landscapes are
suitable for it), the river landscape (flood plain and
peat), for instance, is less densely built up than glacial one. It is caused by less favourable site conditions
for construction and living due to flooding and seepage risk. Most buildings located in the floodplain were
constructed in the 19th century and earlier (or their
replacements), which means that later with a greater
awareness new estates (with some exceptions) were lo-

Ill.3.55 Cross-section A-A’

Ill.3.56 Cross-section B-B’

River landscape

Glacial landscape

Dike

Park R1P
Dike

Kaczawa

G2 F

Stone embankment

Flood plain
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Land use and
biotic layers

Landscape units

Ventilation

Underlying
landscape unit

River landscape
Sub-units
River and stream

Water and riverbank vegetation

R0 RBV

+

R1 A

+

R1 MV

+

R1 P

+

R1 AG

+

Dike

R1 D

+

Anthropogenic water
bodies

R1 W

+

Agriculture
Meadow vegetation
Parks and cemeteries
Allotment gardens

Flood plain (R1)

Flood plain
Industry
G1-I

Kaczawa

R1-A
Rapeseed field

Riverbank
vegetation

R2MV Dike

Built-up

Town houses

R1 HB

-

R1 MHi

-

Multi-storey block houses

R1 BH

-

Single-family houses

R1 SH

+

R1 I

-

R2 A

+

Meadow vegetation

R2 MV

+

Allotment gardens

R2 AG

+

R2 SH

+

R2 I

-

Historical town houses
Multi-family houses
(inter-war period)

Industry
Agriculture

Peat (R2)

Dike
Flood plain

Built-up
Single-family houses
Industry

Bridge

Dike
Very narrow flood plains on both sides

Meadow vegetation

Riverbank
vegetation

Kaczawa river

Table 3.1 Landscape units of Legnica

R1I
R1MH
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Land use and
biotic layers

Landscape units

Ventilation

Underlying
landscape unit

Glacial landscape
Sub-units
Agriculture
Meadow vegetation
Parks and cemeteries
Allotment gardens
Forest

Fluvioglacial
terrace - G1

G1 MV

+

G1 P

+

G1 AG

+

G1 F

+

Historical town houses

G11 HB

-

Multi-family houses
(inter-war period)

G1 MHi

-

Multi-storey block houses

G1 BH

-

Single-family houses

G1 SH

+

G1 I

-

Agriculture

G2 A

+

Forest

G2 F

+

G2 AG

+

G2 W

+

Multi-family houses

G2 MH

-

Single-family houses

G2 SH

+

Industry - copper smelter

G2 Ics

-

Meadow vegetation

G3 MV

+

Alotment gardens

G3 AG

+

G3 MH

-

Anthropogenic water bodies

G1BH
G1HB

Built-up

G2F

Built-up
Multi-family houses

-

Multi-storey block houses

Eolic- periglacial
silt-clay covers
G4

G1A & G2I

-

Castle

Allotment gardens

Deluvial plane
G3

+

Built-up

Industry

Outwash plain G2

G1 A

Single-family houses

G3 SH

-

Meadow vegetation

G4 MV

+

Forest

G4 F

+

Agriculture

G4 A

+

G4 AG

+

G4 W

+

Alotment gardens
Anthropogenic water bodies
Built-up
Multi-storey block houses

G1AG

G4W

G4 BH

G4MV
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3.2 Air pollution analysis

Summer

Pollution analysis aims to investigate the issue of air
pollution in Legnica - its sources, dispersion, impact on
the residents and magnitude across the city throughout the year. The outcomes of this analysis will be the
base for creating the preconditions aiming to reduce
the issue in the structure plan for the city as well as for
selection of places for the site design in smaller scale.

3.2.1 Sources of the PM in the city
In Legnica the sources can be divided into two main

Copper smelter

categories: permanent sources present all year long
with a constant emission of PM and the seasonal
sources, which are related to heating therefore present in colder months. The permanent sources are
the industry and traffic. The most significant point
source is obviously the copper smelter located in the

Winter
Municipal heating plant

south-western outskirts of the city. The smelter releases great amounts of pollutants into the air at great
height (200m). The amount of pollution depends on the
amount of processed copper ores.
There are great seasonal differences in the number of
pollution sources in Legnica in addition to the above
mentioned sources in the heating season from September to April. In this period the biggest source of
pollution in Legnica is heating of individual houses,
where thousands of individual solid fuel (coal or wood)
stoves create a huge surface emission. Based on mu-

Copper smelter

nicipal inventory I created a map with the areas with
coal stoves as the dominant heating method. Solid
fuel burning is related to the particular housing types
(3.3.4) - historical town houses from the 19th and early
20th century and single-family housing estates. There
are a lot of buildings (town-houses), where in different
apartments residents use different methods of heating.
In order to simplify I generalized the solid-fuel stoves
as the dominant form of heating in those neighborhoods. That is why the neighbourhoods located closer
to the city centre and in the suburbs are those where
emissions are the highest. In the inter-war multi-family

Ill.3.58 PM sources in Legnica in summer and in winter time
houses the heating form is mixed with dominance of
gas and all the block-houses (including rebuilt old
town) are supplied with heat from the central heating plant located in the northern part of the city.
The plant is also coal-powered, however as a point
source it emits pollution in one place. Additionally, since it goes through various regulations (filters
etc.) it can not exceed certain norms, when in individual heating it is more difficult to control. Some
people use very low quality coal for burning, many
stoves are outdated and therefore not efficient so
more fuel is burned. Some even burn trash, which
is strictly prohibited. Parts of the residens changed
the heating method to gas or electricity, however
there are still many who can not afford it or just prefer this kind of heating. For some years the municipality has subsidized the heating system exchange
and because of that the number of outdated stoves
is gradually decreasing. From the municipality data

Ill.3.57 Smoke from one of thousands coal stoves in Legnica
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only in 2019 587 coal stoves were replaced.

3.2.2 Dispersion of air pollution
Horizontal dispersion

wind the plume is directed north and then all western

Based on the analysis of pollution sources and wind

south-western wind comes into the city, which directs

roses for the city I created models of horizontal dis-

the smoke into the city centre. In winter the situation

persion of pollution for the city for dominant wind

gets even worse with all of the pollutants coming from

directions. Since there is a significant seasonal differ-

coal burning. Obviously the highest concentration of

ence the models were created for two seasons: sum-

pollution should be near the source thus in the neigh-

mer and winter (heating season). Even though in the

bourhood with the stoves, but with a particular airflow

summer pollution sources are limited to industry and

direction (both horizontal and vertical) areas with no

traffic, a significant part of the city can be exposed to

sources (such as old town or eastern block houses es-

the pollution due to the activity of the copper smelter

tates) are affected too. Since there are so many sourc-

and all the roads, especially main ones. The location

es emitting smoke, that can mix and create one big

of the smelter is unfavorable due to the main wind

plume, that can basically cover the entire area of most

directions directing the plume into the city. With the

populated neighbourhoods.

part can be affected by it. The worst situation is when

most frequent western wind, all southern parts can
be in the range of the pollution. With the southern

12%

12%
13%

30%

Winter

10%

25%

Summer

Ill.3.59 PM horizontal dispersion in Legnica in summer and in winter according to prevailing wind directions
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The situation is unfavoura ble with all wind directions,
but particularly with south-western wind when in the
centre the pollution from the stoves can overlap with
the smoke from the smelter. Obviously these are only
three most frequent wind directions and wind blows
from every direction, therefore presented models contain 47% of all wind coming to the city in summer and

1.

Looping

2.

Lofting

3.

Coning

4.

Fanning

55% in winter.

Vertical dispersion
The pollution, however is not only dispersed horizontally but also vertically, which depends on meteorological
factors - stability of atmosphere and thermal inversion.
Both vertical and to some extent horizontal dispersion
can be observed on the copper smelter chimney. De-

Ill.3.60 Plume shape from the main chimney of the copper
smelter in different metheorological conditions: 1. looping, 2.
lofting, 3. coning, 4. fanning

pending on the stability of atmosphere and thermal
inversion the smoke forms different plume shapes (ill.
3.60), which determines on how much of the hazardous
substances reach human level.
The most favourable conditions are lofting and fan-

Looping

ning when thermal inversion lies under or in between
thermal inversion line and therefore smoke does not
go down and does not reach people. In fanning that
forms a narrow strip with the same high concentration
of pollution can travel a lot of kilometers and is harmful
when reaching inhabited places on more elevated are-

Fumigation

as. The most hazardous situation is fumigation when
the inversion line lies low and the smoke can not go
up. This situation occurs mostly in winter together with
low wind speed and increased emissions from different
sources that mix together that can not go up are the
cause of smog. In conditions of neutral stability of the

Coning

atmosphere the plume forms looping, which due to
temperature differences of different areas convection
causes that the smoke goes up and down on a sinuous
path and is most hazardous when the first loop with
the highest pollution concentration reaches ground
level. In conditions of neutral stability coning occurs,

Fanning

whereas in the previous situation is the most harmful to
people when the plume reaches the ground level, however the concentration is lower than in looping since
part of pollution goes up as well.
In all of situations, except fumigation, it is difficult to
estimate where exactly the plume will reach the human

Lofting

level. In particular that the meteorological conditions

Ill.3.61 Different shapes of smoke dispersion from the the main
chimney of the copper smelter in different metheorological
conditions on the cross-section of Legnica

can quickly change.

Ill.3.62 Multi kilometer fanning plume from the copper smelter seen from the motorway
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Additionally emission sources at different height: industry - smelter at 200m, heating stoves chimneys at
approximately 6-15m and pollution from traffic at the
level near the ground can mix together in different
conditions in various parts of the city where direction
of wind and vertical movements are modified by properties of a particular site. Vertical movements caused
by convection that enables air from lower layers mixing with air in the upper layers. These movements are
differs during the day and year. The strongest in the
sunny afternoons, where built up areas heat up and
therefore create a thermal difference between them
and the surroundings, and the weakest are at night
and in winter, where this difference is lower. The air

Ill.3.63 Smoke from a heating stove

mixing between different vertical levels can have both
positive and negative effects depending on the height
with higher concentration of pollution. While in case
of emission of PM at a low height it is beneficial if the
air mixes horizontally because the polluted air is mixed
with fresh air above causing that the concentration at
human level decreases and therefore is less harmful.
In Legnica, however with a source of copper smelter
chimney at a great height the pollutions with the convection movements can go down to the human level.
Another aspect is that additionally to seasonal changes in pollution emission there are significant changes
during the day. While the emission from the smelter

Ill.3.64 Smoke from the smelter

is rather constant, the emissions from the cars and
stoves are higher in the morning when people heat the
houses and use cars to get to work. The same situation is in the afternoon and evening when residents
go back home. Therefore the PM concentration greatly
varies during 24 hours.
All these factors cause that the concentration of pollution at a particular site can greatly vary during different periods in a short time period, therefore estimation of the highest concentration of pollution at a

Ill.3.65 Smog in the city centre of Legnica

particular moment and site is impossible. Therefore
for the scope of the design part due mix of sources located at different heights with majority at above street
level, I estimate that the pollutants come from different
heights, but mainly from above. Exceptions are places
close to the busy roads, where pollution comes mainly
from below the human level.
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3.2.3 Ventilation analysis
Important factor influencing concentration of pollution in the city’s ventilation. It determines where the
pollution is dispersed and how fast is eliminated. Proper ventilation does not only allow the pollutants to
leave the densely populated urban areas faster and
therefore reduces the harmful effect. The city’s ventilation depends on factors such as: dominant wind directions and speed, topography of the terrain (primarily
elevation) and surface roughness.

north-eastern direction. The second main path of the
air inflow is from the south, in Kaczawa river shaped
valley, where lower area enables wind to pass easily.

Surface roughness
Depending on the resistance to the wind and influence of if its flow different surfaces have different surface roughness length. With generic data for surface

Predominant winds and topography
Due to predominant wind direction, the main air inflow is from the west. Due to elevation difference, however, the wind modifies its direction

city’s topography - the elevation height decreases in

trying to avoid

big obstacles, such as upland in the south-west and
in the north, comes mainly from the lowland in the
north- west. Also the wind on the higher layers passes to some extent above the south-wester upland and
“slide” down the hill connecting with the river corridor
or going straight east. Legnica is therefore “supplied”
mainly with the wind from the west and the air movements take place mainly in west-east direction going
in the eastern direction, which is supported by the

roughness I created an analysis for the city of Legnica, which illustrates how particular influences the
windflow. The outskirts with low meadow vegetation
(in particular the former airport) and arable fields as
well as roads have the lowest roughness and therefore
the lowest impact on the airflow. Green areas have a
bit higher roughness, especially those with dense vegetation such as forests, however the roughness will
vary between seasons in terms of deciduous trees.
Built-up areas, as the areas with multiple solid obstacles, have higher roughness but different in different
types of buildings. The centre with densely built-up
areas of historical town houses, the multi-storey long
block houses or big industrial and commercial sites
have the highest roughness, so they are the areas that
due to resistance to slow down and modify the wind
flow. Most multi-family of inter-war period and recent
ones, part of the smaller block-houses as well
as single-family houses estates because of
the height and length of buildings and gaps
between them have lower roughness.

Ventilation of the city
Based on the geomorphology, wind
inflow to the city and the surface
roughness analysis, I created ventilation analysis of Legnica. A proper ventilation system of a city does not only
determine whether the emitted pollutants will be quickly removed from the
city or will accumulate decreasing air

Ill.3.66 Sourface roughness lenght in the city of Legnica
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Ill.3.67 Typical surface roughness lengths
(Djohra et al., 2014)

quality. It is also important in reducing the negative

and tall railway embankments, have a negative effect

effect of Urban Heat Island by supplying fresh, cooler

on the ventilation.

air from not urbanized areas in hot summer days.
Important part of the ventilation system, in particular
With predominant western winds Legnica’s ventilation

in the centre are the main arteries. Roads (being at the

system is mainly supplied with fresh, unpolluted air

same source of pollution)with their low roughness are

from the north-west, west and south. When the wind

important secondary corriors in the city that are at the

comes from the west it encounters a densely built-up

same time main corridors in many neighbourhoods.

area, which modifies it’s flow and slows down it’s velocity. The eastern neighbourhoods of blockhouses with

As described there are significant issues in particular

high surface roughness hinder the already slowed

neighbourhoods of the city. The main western wind-

down in the western and central part wind. However

flow delivering fresh air is blocked by the densely built

since there is a part south to them with lower rough-

up city centre. The main corridor - Kaczawa river is

ness the air can still be to some extent supplied from

narrow, in particular in the critical site, which decreas-

south-west.

es its effectiveness in terms of ventilation. It should be
remembered also that additionally to horizontal there

In the northern part the wind turns due to elevation

are also vertical air movements The location of the city

of an upland and supplies the city centre. It also goes

itself between uplands creates unfavorable conditions

freely through the river corridor, which is narrow and

- thermal inversion on a significant height and lower

located in less populated areas. It can, however, work

wind velocity in winter cause that fumigation together

as an important part of the ventilation system

with lack of slow wind result in creating smog.

in terms of removing the pollution from
the city particularly with the south-western wind. Unfortunately there are railway
embankments separating centre and the
north, which make the air mixing more difficult. The main ventilation corridor is the second
river floodplain going in a south-north direction
supplied with fresh air from the south. It is the only
non-built-up area going through the entire city
and passing next to the city centre.
due to buildings and dike the corridor gets very narrow next to the
city’s core, which not only increases
flooding risk, but also decreases the
ventilating properties of the
corridor. Additionally, perpendicular to the river flow
obstacles, such as bridges

Main wind inflow to the city through
the river corridor
Densely built-up area
Wind inflow to the city through the
areas with low roughness
Wind inflow to the city through main
arteries
Wind flow over hills

Ill.3.68 Ventilation system of Legnica
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3.2.4 Concentration of pollution

PM 10

In this subchapter I present the magnitude of the air

The high level of particulate matter (PM10 and PM2.5

pollution issue in Legnica - concentration of PM with

dust) has been in recent decades the most serious

harmful substances in Legnica from the official gov-

problem related to protection of air quality in Legni-

ernmental data. The goal is to complement the knowl-

ca, as well as throughout the region. In terms of PM 10

edge with some numerical data, as well as to compare

Legnica is the fourth municipality in the region with

and test the correctness analysis and therefore to tri-

the highest number of days exceeding the daily limit

angulate the previous outcomes.

values with 56 days in 2017 (Assessment of air quality
in the Lower Silesia Voivodeship in 2017). The limit set

The governmental document “Assessment of air qual-

by WHO for averaging period (year) is 40 µg / m3. While

ity in the Lower Silesia Voivodeship in 2017 “presents

in 2017 in the non-heating season the concentration of

concentrations of substances in several different cit-

PM 10 was slightly above 20µg / m3, in the heating sea-

ies, including Legnica. The concentrations were de-

son it was three times higher and exceeded the limit.

termined on the basis of the mathematical modeling

In terms of the trend of averaged PM 10 concentration,

of dispersion of pollutants in the air in combination

there is a slight difference between years in a period of

with data from 27 measuring stations, including one in

12 years. The values are close to the limit or exceeding

Legnica. While modeling of dispersion is based on sci-

it. It should be remembered that these are averaged

entific research, the real values can not be confirmed,

values from heating and non-heating periods, there-

since there is only one measuring station in the city.

fore as it can be seen in 2017 the norms in winter the

Therefore according to the guidelines of the Chief

norm was exceeded every year for sure. In terms of the

Inspectorate of Environmental Protection, the results

spatial distribution, the model in general confirms the

obtained on the basis of calculations with the use of

horizontal dispersion analysis from part 3.3.2. with the

models, not confirmed by measurements, should not

highest concentration of a rather horizontal shape (W-

be the basis for a decision on qualifying the zone to a

E) in and around the city centre with dominant western

certain air quality class.

wind direction pushing the pollution towards east. In
addition the model presents distribution according
to all wind directions, not only three dominant ones.

PM 10

avarage in heating season
(October-March)
annual avarage
avarage in non heationg season
(April-September)

Ill.3.69 Seasonal avarage concentrations of PM10 in Lower Silesia and in Legnica in 2017 (Regional Inspectorate of Environmental Protection, 2018)
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Ill.3.70 Concentration of PM 10 in Legnica in 2017 (Regional
Inspectorate of Environmental Protection, 2018)

PM 2,5
The same as in case of PM 10, the smaller and more
hazardous PM 2,5 in 2017 exceeded the safety limit
(25µg / m3) in the heating season and average annual
value was close to the limit. In many previous years the
averaged values were above the limit.
The model of spatial dispersion is
similar to the one of PM10, but the
area with the highest level is smaller.

Ill.3.72 Concentration of PM 2,5 in Legnica in 2017 (Regional Inspectorate of
Environmental Protection, 2018)
Ill.3.71 Seasonal avarage concentrations of PM in Lower Silesia and in Legnica in 2017 (Regional Inspectorate
of Environmental Protection, 2018)

Benzo(a)pyrene in PM

High concentrations of benzo (a) pyrene, which comes mainly from the combustion of solid fuels for heating (low-stack
emission), are the most serious and hazardous problem related to air pollution on the entire region of Lower Silesia.
The same situation is in Legnica, where the entire city’s area
is affected by too high concentration of benzo(a)pyrene in
PM. The norms for it in the air exceeded the norms by hundreds percent every year and the issue is present not only in
the heating period (when increases dramatically), but also in
other seasons.

avarage in heating season
(October-March)
annual avarage
avarage in non heationg season
(April-September)

Ill.3.73 Seasonal avarage concentrations of Benzo(a)
Pyrene in PM in Lower Silesia and in Legnica in 2017 (Regional Inspectorate of Environmental Protection, 2018)

Arsenic in PM

Ill.3.74 Concentration of B(a)P in Legnica
in 2017 (Regional Inspectorate of Environmental Protection, 2018)
In 2017 the level for arsenic in PM10 was exceeded by 161%
(9.68 ng / m3) to the target level. In contrast to the previously
shown types of pollution, which confirms the copper smelter
as the only source of arsenic presence in the air. In terms
of spatial distribution almost the entire area of the city is
affected by the arsenic pollution with decrease of concentration in the north. When zoomed out it can be seen that the
model corresponds to the wind rose of the city.

avarage in heating season
(October-March)
annual avarage
avarage in non heationg season
(April-September)

Ill.3.75 Seasonal avarage concentrations of arsenic in
PM in Lower Silesia and in Legnica in 2017 (Regional
Inspectorate of Environmental Protection, 2018)

Ill.3.76 Concentration of As in Legnica in
2017 (Regional Inspectorate of Environmental Protection, 2018)
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3.2.5 Residents perception of air pollution
To complement the numerical and spatial data and
to see the point of view of the residents I conducted semi-structured interviews. They were part of the
greater analysis of the social context described in
chapter 4. During the interviews I tried to investigate
the residents perspective of the air pollution issue
by asking about experienced air quality in the city (in
general and in different parts), diseases related to air
pollution and opinion about present strategies of the

little knowledge of the problem. There are no official
statistics that would show the real number of diseases related to the low air quality. First of all, because
health is influenced by many factors, it is hard to confirm that a particular disease or death is caused by air
pollution only. Additionally there would be a serious
problem with finding a comparable control group in
Poland, since most of the cities struggle with the air
pollution in particular from low-stack emission. Never-

municipality in relation to the issue.

theless almost all interviewed residents either have or

Most of the interviewed residents complain about the

ing it with the air quality situation in Legnica is can be

know someone who has respiratory problems. Combin-

air quality, especially in the heating season. Couple
of interviewees do not experience the problem of air
pollution especially comparing the current situation
with the past, when before the application and heightening of the copper smelter chimneys. Back then the
pollution was much more noticable and even visible
with greater smog and the acid rains that were melting
synthetic clothes. The residents experience a big seasonal difference in air quality - in the heating season
the quality decreases dramatically. Therefore the pollution domestic heating, together with traffic pollution,

estimated that many of theses health issued are related to the air quality in the city.
In terms of the places, where the pollution is experienced the residents generally do not see a big difference in different districts of the city. The residents of
western parts of Legnica had an opinion that in their
neighbourhoods the air quality is better, but the great
majority said the quality is equally bad everywhere in
the city. This confirms the data illustrated in the distribution and pollution concentration analysis shown

was mentioned as the most intrusive.

in the previous paragraph. As places with particularly

If it comes to health issues caused by air pollution

ily houses estates and the sites along the roads were

bad air pollution the copper smelter area, single fam-

among residents of Legnica it is difficult to estimate
the real scale. In the past there was a big problem with
an increase of heavy metals (Cu, Pb) detected in the
blood of children, who because of were getting benefits such as holidays in spa-cities in the regions with
better air quality. Nowadays with reduced amounts of
harmful compounds emitted from the copper smelter
the foundation taking care of the children was closed.
In terms of other diseases such as lung diseases and
cancer there are no official data, therefore there is

“It is very bad air quality
in the heating season,
you can feel the pollution
in the throat when you
breath”

mentioned. Places with better air quality were mentioned in green spaces such as park and cemetery.
This finding is not confirmed in the numerical data
and it might be just a psychological effect, however
the models of the distribution of pollution are simplified versions of reality since the measurements are
done only in few parts of the city. Therefore it can be
assumed that the green spaces have a beneficial influence of people’s perception of air pollution from a
psychological perspective.

“People complain, but I do not
experience bad quality of the
air. It was different in the past
when you could not breath
because of all the pollution
from the copper smelter”

“The quality is better when
people do not burn coal
for heating, when they
do you can’t really open
the window or got to the
balcony”

Ill.3.77 Some of the opinions of the air pollution issue in Legnica expressed by the residents during the interviews
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3.3 Conclusion - Landscape preconditions

Based on the findings from the analyses presented in
this chapter, I created a set of problems and opportunities in the city of Legnica, which I transformed into
preconditions for the design. I divided the problems
and opportunities into three aspects they refer to: the
characteristics of air pollution issues in Legnica, the
climatic conditions and the landscape form. Created
preconditions are, together with social preconditions,
set of criteria that have to be fulfilled in the design.

Pollution

Problems & Opportunities

Precondition

- highest concentration of PM
in winter period

- Protection in all seasons

- main pollution sources at
greaterheights (industry, heating), therefore direction from
above

Climatic

- Vertical air filtering protection above human
level

- predominant wind direction
W and SW

- Improvement of air
throughflow in various
directions, in particular
from W-E

- Kaczawa river - main ventilation corridor of the city

- Strenghtening the ventilation
quality of the river corridor

-densely built-up city centre
hindering ventilation
-highest concentration of PM
in the city centre

- Focus on reduction of PM
in the densely built-up city
centre

Landscape form

Table 3.2 Problems and opportunities in Legnica related to air pollution issue and the landscape preconditions for the design
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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4. Exploring socio-cultural context
- creation of social preconditions
for the design

Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

4.0 Introduction
In this chapter I investigate the social context of the

MEN

city of Legnica and try to answer the sub design questions:

WOMEN

What is the most suitable way for implemen-

tation and maintenance of a green infrastructure in
Legnica in terms of socio-cultural context? Exploring
the social context complements the outcomes of the
landscape analysis from the previous chapter and
adds another perspective and restrictions and opportunities. The methods used for answering this question are both secondary and primary data analysis. In
terms of the city scale was review of the municipality
documents in terms of spatial planning, strategies for
fighting the issue of air pollution and green structure
in the city. In terms of smaller scale, selected based
on landscape analysis in the previous chapter Zakaczawie neighbourhood, were collection and analysis
of primary data: interviews and participatory design.

thousands

thousands

Ill.4.1 Age and gender structure of the residents of Legnica in
2018 (stat.gov.pl)

Selection of participatory approach, where local people are involved in the design process.Local people are
not only a source of unique knowledge about the place
they live in, but as final users of space judges deciding
if a design will be legitimized and successful or not.
2012

2015

2020

2025

2030

2035

4.1 Social structure and characteristics of the residents of Legnica

Ill.4.2 Current and forecasted number of the residents of Legnica (Legnica.Strategia rozwoju 2015-2020 plus)

In the last century as a result of geo-political changes

The situation had changed with the political trans-

described in the previous chapter, Legnica underwent
a complete transformation in terms of social aspect.
The post-war period differed completely from the pre
war one, when the city was populated with officers,
administrative officials, some factory owners together with the working class, created a diverse structure.
After the second world war (until 1993) the city was divided into two zones - polish and soviet. In the polish
one lived a population resettled from different parts
of Poland, mainly industry workers, and in the Soviet
zones located in several parts of the city (higher standard and better preserved and military buildings) Russian soldiers and officers with their families, who had
their own facilities such as shops, hospitals etc. Resettlement of Polish population from different parts of the
country, resulted in a clash of influences from various
regions that mixed in Legnica creating a new social
structure. This new population had no place attachment, which together with uncertain geo-political situation in the Recovered Territories during the Cold War
and difficulties of life under communist regime caused
that passiveness and temporariness characterized the
first generations of Poles in Legnica.
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formation in Poland after 1989. Nowadays Legnica has
a population of approximately 100 000 (99 752 in 2018)
(stat.gov.pl) and in terms of nationality, after the last
Russian soldiers left the city in 1993, Legnica became
more homogenous. Currently, however, together with
improving economy and low unemployment (5% in 2018)
there is an increasing number of Ukrainian citizens living and working in Legnica, who in 2019 constituted 8%
of the total population.
Legnica in terms of age structure is characterized with
ageing society (ill.4.1). This together with low fertility
rate and significant outflow of population to bigger
cities and abroad causes that Legnica is becoming
a shrinking city. The demographic forecast made by
the Central Statistical Office (GUS) shows that over the
next 20 years the number of people living in Legnica
will systematically decline, reaching in 2035 a level of
88,549 inhabitants and the number of people in retirement age will increase to almost 30% (Lokalny Program
Rewitalizacji 2015-2020).

Ill.4.3 Location of Zakaczawie on the map of Legnica

4.2 Zakaczawie neighbourhood
The previous paragraph illustrates general data of the
society of Legnica, however, like in every city there are
significant differences in different neighbourhoods.
The district with the most social issuse is Zakaczawie

Ill.4.4 Poster of the theater play about Zakaczawie

located in the easter side of Kaczawa river. This historical densly built-up historical neighbourhood, built for
the working class, from the beginning characterized
with lower standard of living comparing to the others
parts of the city. Additionaly to environmental issues
like high concentration of air pollution and flooding
risk, Zakaczawie struggles with social problems that
are just as serious. In the post-war resettlement process it was the zone, where the the least priviliged citizens were located. Many of them treated the neighbourhood as a temporily place to live while looking
for something better, however, many of them stayed
for good. In result Zakaczawie became highly criminogenic and degraded environment, known as “district of
miracles” (where “anything” bad can happen) and place
to avoid by other residents of Legnica. The bad fame

Ill.4.5 Devastated building in Zakaczawie

spread throughout the entire country with award-win
ning, played in television theather play “Ballada o Zakaczawiu”, where the neighbourhood was illustrated
through fate of a thief and his gang was shown. Currently, even though the situation slowly changes, Zakaczawie is still the district with the highest criminality,
unemployment and poverty in Legnica. As the most
degraded neighbourhood, Zakaczwie has been undergoing the EU regeneration programme. The strategy aims to improve public space, renovate buildings,
backyards as well as prevent social exclusion (Lokalny
Program Rewitalizacji 2015-2020).

Ill.4.6 Renovated building in Zakaczawie
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4.3. Collaboration with the Community
Centre in Zakaczawie
In order to get to know the social context of the neighbourhood and to create social principles for the design in the smaller scale I started a collaboration with a
community centre located in the neighbourhood. The
community centre, founded 30 years ago, as an answer for the social problems of the Zakaczawie aimed
to help in particular children and youth. Recently, as a
part of the Regeneration Programme, the Centre was
connected with the Integration Centre, whose goal is
prevention of social exclusion of elderly. Therefore,
even though combined institutions help all residents
in need, the focus groups are the above mentioned:
children and seniors. While the former come in majority from the neighbourhood, the latter come from the
entire city. Because of that, the centre has become an
important place not only for the residents of the Zakaczawie, but for the residents from the entire city. The
Community and Integration Centre moved recently to
a new place in the middle of the neighbourhood to
a renovated historical townhouses adapted for various activities and needs of different age groups. The
centre organizes various activities for children and
seniors aiming equalizing social and educational opportunities and promoting social inclusion through
compensatory classes, preventive projects and providing opportunities for leisure (e.g sport, art.) During

the collaboration I interviewed users and staff of the
community centre, asked the residents to assess quality of the public spaces in the neighbourhood as well
as organized a participatory workshop. While the first
fieldwork was the phase of orientation and interviewing, the second was dedicated for the participatory
workshops with residents.

4.3.1 Interviews with residents
In order to get to know the social context better I used
a qualitative research method - the interviews. I used
quota and expert sampling in order to select the interviewed group. The quota sampling is based on the
researcher’s ease of access to the sample population
with relevant characteristics (Kumar, 2011). In this case
the characteristic was the place of residents - the city
of Legnica and in particular the neighbourhood of
Zakaczawie. Interviewing finished after reaching the
saturation point - interviewing at least one person
from each district of the city (except one). I conducted
in total 20 interviews, from semi-structured interviews
with the residents (16) and four with the staff (expert
sampling) of the Community Centre (4). The majority
of the interviewees (13) were users (9) and workers (4)
of the community centre. I decided to conduct structured interviews with the inhabitants that provide uniform information in order to assure the comparability
of data (Kumar, 2011). I prepared an interview guide with
written questions and followed it during each interview,
beside one exception when due to the conditions in
the Community Centre I had to conduct the interview
with a group of 4 people at the same time. Then the
guide was not strictly followed, since people started to
discuss with each other not always about the relevant
topic.

Ill.4.7 Entrance of the Community Centre in Zakaczawie

I chose the semi-structured interview as the method
for interviewing the staff of the Community Centre in
order to have more flexibility and even though I also
had the interview guide, I was coming up with many
new questions that I asked. The interview guides were
quite different for each group and while interviewing
the residents I asked about their personal experiences
and opinions, the staff was asked about the inhabitants of the neighbourhood, in particular the users of
the community centre - their habits and needs.
The questions were divided into different categories
and included:

Ill.4.8 Backyard of the Community Centre with sport facilities
and playground
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- resident’s opinion about the quality of life in the city

and in the neighbourhood including air quality and
quality of public space
- assessment of municipality policy towards air pollution issue
- experience with and attitude as well as need and
wishes towards green spaces
- involvement and activeness in public life on example

plain about the quality of the outdoor spaces. The seniors do not have much outdoor facilities, but, as they
say, do not even require a lot - a bench, greenery, in
general quiet places to relax. A big problem concerns
vandalism, on which many inhabitants complain. It is
a big problem in particular in Zakaczawie, where also
safety is a huge issue. Some people say they do not

of Participatory Budgeting

feel safe in the neighbourhood, in particular at night.

The interviewed group contained mainly female resi-

the Regeneration Programme of Zakaczawie are very

All the interviewees who are familiar with the topic of

dents (14/16) above 60 years old (8/16), therefore is not
representative for the entire population of the city.
Due to the social structure of ageing society I believe
the information obtained from this age group can be
useful for the design for the future, when many more
of the residents will be in the retirement age. Additionally I managed to interview at least one person from
different districts except one and from obtained information from which I could draw an overall image of the
city and compare the situation in its different parts.

satisfied with its outcomes. They appreciate all the interventions done in the neighbourhood and only want
more of them. The respondents like in particular the
newly renovated Sybiraków Square, where they sit and
relax, even though it is located next to a busy road.
The residents’ activity in deciding on urban planning
on a neighbourhood scale is rather high. A lot of respondents, also among seniors, said that they vote
in annually Participatory Budgeting deciding on proposed projects in each neighbourhood.
Based on the interviews with one of the
staff, the respondents

In terms of satisfaction of the

- users of the Com-

amount and quality of the green

munity Centre are

spaces the opinions differ among

above average in

residents from different parts of the

terms

city. While people from western and

not a represent-

Tarninów) almost all the others experience

ative group of

lack or not sufficient access

an aver-

to the green spaces in their

age res-

districts, in particular in Zak-

ident

aczawie, Old Town and the
North districts. The rescity’s park and those

active-

therefore they are

greenery in their neighbourhoods (Asnyka,

idents appreciate the

of

ness in public life,

south-western parts are satisfied with the

bourhood

15

and city.

living closer visit it often. The general idea
drawn from the interview is that the
re s i d e n t s
com-

of

the neigh-

16

“There is never too much
greenery, I would not say
its amount is satisfactory. I like the new green
square (Skwer Sybirakow)”

Ill.4.9 Location of interviewed residents of Legnica
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4.3.2 Assesment of public spaces in
Zakaczawie

Scary (-2 points)
Not nice (-1 point)

In order to select a site for the design from a social
perspective together with the interviews I used an addi-

Nice (1 point)

tional method of assessing public spaces in the neighbourhood. This complementing method took place in

Cool! (2 points)

a form of voting by expressing the feelings about four
familiar spaces by using emoticons. For two weeks pic-

Hmm, don’t know.. (0 point)

tures and the “votes’’ were hanging in the corridor near
the entrance where users were asked to select a familiar site and choose an emoticon expressing their feelings about the place.

1.

Primary school
2.

Church

Collage site

Community Centre
3.

4.

100m

1. Unoficial school backyard

3. Targowy Square (Pl. Targowy)

3. Backyard of the Community Centre

4. Newly renovated Sybiraków Square

Ill.4.10 Map of Zakaczawie with location and pictures of assessed public spaces
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2

1

-1

-2

0

1. Community
centre backyard

2

22

17

9

18

2. Targowy
Square

5

3. School backyard

Total
number
of votes
68

score got the place behind the primary school,

Score mostly empty open sign
was selected, this meth-

-9

od had several flaws. The
first one was that even
though

4

3

8

2

22

-5

the

emoticons

were supplied regularly,
however there is always
a possibility that some
of them could run out,

11

41

3

3

1

59

54

which

could

influence

the results. Another flaw
of this method could be

4. Sybiraków
Square

3

1

1

1

0

6

4

misunderstanding

of

the voting, even though
I chose a method com-

monly known and used
Ill.4.11Table with the votes and scores of the assessed public spaces in the
to express feelings that
neighbourhood
Because of the form of the “plebiscite” the focus was

should be familiar to a wide range of people. Another

the form of voting, as expected the spaces used by chil-

one was that the method was designed for the particu-

dren were assessed many more times than the others.

lar youngest group of residents, who do not represent

Therefore it can be deduced that the kids were the big-

all of the residents. Even though written comments

gest group of voters, who appreciated the newly reno-

could be added too, there were very few of them.

vated space in the backyard of the community centre
that got the highest score. Very well assessed in the

Therefore another method was planned to be used in

interviews Sybirakow Square got the lowest number of

order to get opinions of a wider group of residents. A

votes, which can confirm low participation rate of old-

big map was printed and hung in the corridor of the

er residents in this method of assessment. The lowest

Community Centre, where users were asked to pin the
emoticons in the places they have particular feelings.
In this way not only few selected sites could be assessed, but the entire neighbourhood and based on
those sites for the design could be selected. However
after one days after hanging the map the Community
Centre was closed due to the pandemic and therefore
no data was collected in this way.

Ill.4.12 A girl voting with emoticon for one of the spaces

Ill.4.13 A map of the neighbourhood with emoticons to pin on
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4.3.3 Participatory workshop
Next part of exploring the social context was the participatory workshop organized in the Community Centre.
Participatory workshop as part of participatory design
aimed to educate the residents on air phytoremediation and to get an insight of the residents needs and
wishes in terms of urban landscape design. The workshop was a part of a larger action of the Community
Centre, where during one day the residents together
with professionals exchanged talks about benefits of
greenery. The overall objective of the workshop was to
increase the awareness of the problem of air pollution
in Legnica, to show the participants possible interventions and solutions and to encourage people to act for

Ill.4.14 Presentation about air phytoremediation by the author
The second part of the workshop, the most important

the better living environment.

from the perspective of this thesis, was the art work-

The workshop with 30 participants, mostly seniors,

obtained during the interviews and public space as-

was divided into two parts: presentations and manual
workshop. The presentation started with my presentation about phytoremediation of indoor and outdoor
air, where I talked about the problem of air pollution
and showed plants absorbing hazardous compounds.
The other presentations were given by both the professionals (e.g a dendrologist), a local activist from the
neighbourhood as well as the users who talked about
their experiences with nature from different perspectives (e.g. gardening, nature in literature, edible wild
plants etc.) By direct involvement of the residents we
aimed to make them feel being co-organizers and a
very important part of the action. We tried to avoid the
approach of being educators only, but to make kind

shop in groups. The goal was to complement the data
sessment with a visual representation of the ideal, desired urban green space in form of a collage. Participants were divided into six groups (selected randomly),
who for one house were creating a collage on a base
of a panorama picture of an empty plot next to the
Community Centre (ill. 4.16).
The place was selected for three reasons: 1. unused
empty space with a potential into transformation
into a green space, 2. in the area between three important public institutions in the neighbourhood:
church, school and Community Centre, 3. in vicinity of
the Community Centre, therefore familiar to all participants also thode from other districts of the city.

of a platform of experiences and knowledge exchange.
We also tried to encourage the residents to start acting on a micro-scale by giving a flyer with information
of air phytoremediation species of house plants and
seeds for planting.

4.15 Participants working on the collages

Ill.4.16 The base for the collages - panorama picture of the area next to the Community Centre
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Before the start sets of tools for creating a collage were
prepared for each group. The set contained: scissors,
glue, tape, stickers, colorful paper, crayons, markers,
printed images of vegetation, newspapers and magazines (in particular those about gardening) together
with some already prepared cutouts. The participants
were asked to visualize a desired green space in the
place of the picture by using and making cutouts of
elements and pinning them on the picture. Since the
range of images in the magazines was limited and
not all of them could be found, which reduced the opportunity to express all wishes the participants could
also draw and pin desired spatial elements that were

4.17 Participants working on the collages

missing in the magazines. However, most of the participants did not feel the need or did not want to draw
so they had also a possibility to write down the ideas
instead of drawing.

4.18 Participants creating a collage

4.19 Participants creating a collage
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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Ill.4.20 All of the collages created during the workshop
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4.3.4 Evaluation of the workshop

as described in the previous paragraph, the tools

I analyzed the collages created by the participants

were working in groups some people probably did not

were limited. Additionally because the participants

and the results, combined with the information collected during the interviews, were a base for developing
social principles for the design. I analyzed the collages visually by distinguishing particular elements and
clustering them into groups. The objects were counted and grouped, however I tried to zoom out and subjectively see the overall atmosphere of a collage and

have equal opportunity to express their wishes, had to
compromise or their voices were omitted. Nevertheless
based on the results of the workshop I drew many important conclusions later used in the design.
It should be mentioned that the collaboration with the
Community Centre did not end after the workshop and

based on that to draw general conclusions.

a second one was planned. In that workshop, agreed

Obviously this kind method and analysis has its limi-

workshop would take place. The participants would

to be outdoors in the Centre backyard, a co-design

tations. First of all is that the participants represented mostly one group of the residents - seniors, and
therefore it is not a representative group for the entire
population of the neighbourhood. Second of all are
the limitations in terms of the collage method, since,

co-design green intervention on the big map of the
neighbourhood. Additionally real small interventions
were planned - planting in self created plant pots as
well as planting trees. Unfortunately due to the pandemic the second workshop had to be postponed to
a distant future.

Beehouse

Green wall
Relax, refuge
Flower meadow

Interaction
Colorfull plants

Gardening

Colorfull plants
Decorative trees and shrubs

4.21 Visual analysis - clustering the objects on the collages

Table 4.1 Evaluation of the collages
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4.4. Municipality strategies
Beside the social principles for outdoor space in a
smaller scale drawn from involvement and collaboration with the residents, there are also those in a bigger,
city scale created based on review of the municipality
regulations and strategies. Legnica’s authorities, like
in most cities in Poland, are aware of the problem of
the air pollution problem and aim to find a solution to
improve the air quality. There are municipal, as well regional and governmental strategies and programs that
aim particularly to reduce the low-stack emission. The
municipality conducts programmes aiming to reduce

For over a dozen years, the city has been implementing a project entitled “Restoration of medium and high
greenery” with active participation of residents. Each
year the city buys about 8,000 trees and shrubs. It receives seedlings annually from about 30 different institutions, including property managers, communities
and housing cooperatives,schools, kindergartens and
other institutions and residents. Thanks to the implementation of this project, the city greenery is enriched
every year.

the emissions and subsidies exchange of the heating
system for more environmental friendly. It results with
constant decrease of coal-fired stoves, however with
the still coal oriented economy of the country, social
prejudices towards sustainable energy as well as economic reasons, the process of exchanging the solid
fuel stoves will take many years. Even though the city
promoted the programme, the interviewed residents
know little about it. If they do, the majority claim that
the subsidy is not high enough, the subsidies number
per year are limited and in general they are not satisfied with the programme.
The municipality does not include green spaces as
a complementary method of reducing air pollution,
however there are other strategies and projects, which
include an increase of vegetation. The city is implementing the strategy of adaptation to climate change,
which include for instance an increase of permeable,
green surfaces. Another one is the “Sponge city” that
aims to retain rainwater also by creating new green
spaces. Additionally the municipality supports bottom-up initiatives such as Participatory Budgeting in
every neighbourhood and programme of proving the
residents (on request) with trees and shrubs seedling

Ill.4.22 A flyer of Legnica’s municipality informing about smog
and promoting exchange of heating system, photo by author

that the residents plant themselves in a public (or
semi public) area near their homes. The two latter programmes encourage residents to act and after years
of passiveness to start to take actions and change
their immediate surroundings.
In terms of a design in a city scale, there is no plan for
the green structure of the city. The authorities focus
rather on maintaining the existing big green spaces,
rather than expanding them. The city is compact in
terms of development in the centre and any intervention, especially those with demolishing buildings (unless non-private in bad condition) would be difficult.
Therefore almost all new green spaces are those on a
small scale.
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Ill.4.23 Logo of LBO - Legnicki Budżet Obywatelski [Legnica’s
Participatory Budget], retrieved from:lbo.legnica.eu

4.5 Conclusion - Social preconditions
Based on the outcomes of the social analysis, like in
the case of the landscape part, I formulated a set of
problems and opportunities, which I transformed into
preconditions for the design. They are presented in
the table below. While the more general preconditions
are crucial in design in different scale levels, more specific needs and wishes of the residents are applied in
the micro scale design.

Problem & Opportunities

Precondition

+ positive attitude towards
green and need for more
vegetation
+ need for more green spaces

- Overall increase of the
amount of vegetation

- increasing green and biodiversity in neighbourhoods

-orientation of small scale
projects
-opposition fir demolition

General

- Minimal demolition

- other existing programmes
oriented on increasing
amount of greenery and biodivesity
- no inclusion of green in
improvement of air quality
strategies

- Complementation with
other municipality
programmes

- limited budget
-orientation of small scale
projects

- Affordable solutions

- orientation on small scale
projects
+ pro-active attitude of the
residents
+ promotion of social cohesion and participation in
design

- Inclusion of public
participation into
establishing city’s
green structure

Table 4.2 Problems and opportunities in terms of social context in Legnica and the social preconditions for the design
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-safety issue in outdoor space - design providing feeling of
safety

wishes and expectations of the residents toward green space:

Specific
(small scale)

Programme (activities)
+ need forspaces for social
interactions
+ need for spaces for refuge
+ interest in food production in
urban green spaces
+ spaces for different groups
of users
Layout:
+ appreciation of order and
geometry in layout (vegetation)
+ appreciation for colours and
decorative vegetation

Table 4.2 Problems and opportunities in terms of social context in Legnica and the social preconditions for the design
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5. Application of the principles
in a landscape design in Legnica

Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

5.0 Introduction
In this chapter I apply the principles for directing air-

The selected concept is further developed, but before

flows and effective filtering in Legnica. The principles

designing in the macro scale, I focus on the micro

are adjusted and combined with the local precondi-

scale first, in order to come up with solutions that lat-

tions resulting from the specific context - local land-

er on can be upscaled and applied in the city scale.

scape conditions and social conditions.

In the site design, beside the scientific principles for
effective mitigation of PM, as well as general local

First step is summarizing the principles and precon-

preconditions, specific needs and wishes of the resi-

ditions. Scientific principles are core to finding solu-

dents, expressed during the interviews and workshop,

tions for improvement of the air quality in the study

are included in the design.

case, which combined with physical conditions lead
to creation of three macro scale concepts for the city.

Inbetween meso (neighbourhood) scale design works

Later, in order to select the optimal one for further

as a link between micro and the city scale. Since de-

development, I assess them using local preconditions.

signing is an iterative process - application, testing

Landscape preconditions enabled answering, which

and assessment of solutions and the interaction be-

alternative would be the most effective in reducing

tween different scale levels takes place multiple times.

PM, while social preconditions helped to assess the

The final outcome of the Research through Designing

feasibility in terms of social context.

is creation of the landscape structure plan of the city.

Generic

Local

Filtering and ventilation design principles

Landscape preconditions

Social preconditions

Concepts
General

Assesment

Neighbourhood concept

Site design

Adding specific needs and
wishes of the residents

Neighbourhood design
Upscaling solutions

Landscape structure plan
Ill.5.1 Graphic representation of design process
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Specific

5.1 Summarizing design principles and
preconditions
Previous chapters provided answers to the sub-research and sub-design questions, which create a set
of principles and preconditions for the design. The
theoretical knowledge obtained by literature review
on air pollution dispersion, air phytoremediation
and urban ventilation, resulted in creation of general scientific principles aiming to improve air quality.
In order to implement these principles in the con-

text of Legnica, I analyzed the study area in terms of
physical and social conditions. The results are local
preconditions, according to which design principles
should be implemented in the study case, in order to
create optimal design, that first of all is effective in
air filtering, and which is also socially accepted and
therefore feasible.

GENERIC

LOCAL

Scientific

Landscape

Social

principles

preconditions

precontidions

allow wind to move
smoothly and thus
improve ventilation
- Directing airflows
by use of dense
plants work that work
like (almost) solid
obstacles

- Protection in all seasons

- Overall increase of the
amount of vegetation

- Vertical air filtering protection above human

- Minimal demolishion

level
- Improvement of air
throughflow in various
directions, in particular

General

- Areas with low roughness

from W-E

- Plants with permeability
of ca. 60% are the most
effective in air phytoremediation,
since more air can enter into the
crown that in case of denser
vegetation

- Complementation with
other municipality
programmes
- Affordable solutions

- Strenghtening the

- Inclusion of public

ventilation quality of

participation into

the river corridor

establishing city’s
green structure

- Focus on reduction of PM
in the densely built-up city

- Different shapes of

centre

tree crowns work better
pollution coming from
different directions
- Extending the path
from the source to
human - multiple
filtering elements

+ providing feeling of safety

Specific (site design)

in protection from the

+ need for spaces for social
interactions
+ need for spaces for refuge
+ interest in food production in
urban green spaces
+ spaces for different groups
of users
+ appreciation of order and
geometry in layout (vegetation)
+ appreciation for colours and

Ill.5.2 Summary of the design principles and local preconditions
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5.2 Spatial concepts in the city scale

Wedges Model

and their assessment
The first step in the design process was drawing of conceptual design models in scale level of Legnica. They
represent the main ideas behind the improvement of
air quality through strengthening existing landscape
qualities and introducing new landscape features. In
all three concepts the focus lies on improving the overall ventilation system can bring a supply of fresh air
from the rural areas into the city and quickly remove
the polluted air from the most critical area of the city,
which is the city centre.

Concept 1 - Wedges model
This concept is based on wedges that consist of green
areas of low roughness entering the city centre from
different directions. They consist of existing and new
green spaces that create a system that enables wind
inflow and outflow from and to surrounding rural areas. The western and eastern wedge connect in the
city’s core, providing throughflow through the most
polluted area in the centre and in this way does not
allow PM to accumulate in there. This solution favours
ventilation in case of every wind direction and uses a
favorable factor of dominant wind direction from the
west to supply fresh wind flows to the centre.

River model

Concept 2 - River model
The second concept strengthens the ventilation function of river corridors. Floodplains form smooth surfaces going through the entire city, enabling uninterrupted wind throughflow in the crucial parts of the city.
By widening the corridors according to natural floodplain contours, the ventilation system becomes more
efficient. The fresh air is supplied from the south-west
by the main river corridor and is pushed into different
areas of the city centre by the secondary corridors arteries. Additional benefit of the river model is reduction of the flood risk.

Concept 3 - Radial model
The third concept is a combination of two previous
ones and it takes the main ideas of the two, but on a
lower level of scale. The concept aims to improve both
west-east ventilation, according to prevailing wind direction, and improvement of the river corridors. The
wedges as well as the corridor. Additionally more narrow compared to those in the wedges and river models
and the concept focuses more on the secondary ventilation corridors in the densely built-up city centre.
Focus lies also on incorporation of small green spaces
and secondary ventilation corridors.
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Radial model

Assessment of the concepts
The three presented models are now assessed based
on the local landscape and social preconditions, in
order to select the optimal concept for the city in Legnica. The one scoring the highest will be further developed in a design in different scale levels.

Wedges model

+++ Maximum score
++ Medium score
+ Low score
- Negative score
-- Should be avoided

River model

Radial model

Landscape preconditions
Use of certain type of solutions and vegetation refers to the design in lower level of scale and therefore can
be used equally well in all of three concepts

Protection in all
seasons

Air filtering at greater heights refers to the design in smaller scale and therefore can be used in all of three

Vertical air filtering -

concepts

protection above
human level
+++

++

+++

- Kaczawa corridor improves ventilation in case of S and SW wind,

- combination of W-E wedges with

Czarna Woda corridor supplies the

Kaczawa river corridor and cre-

Improvement of air

- wedges entering the city’s core

wind from the west, which is, how-

ation of secondary corridors in

throughflow in

from diffferent directions improve

ever hindered by the tall railway

the city centre provides efficient

various directions, in

the ventilation in case of any wind

embankments before entering the

ventilation in case of various

particular W-E

direction

city centre

wind directions

-

+++

++

+++

+++

+++

5

8

8

Strenghtening the
ventilation quality of
the river corridor

Reduction of PM in
the densely built-up
city centre

Sub-score

Table 5.1 Assessment of the design concepts in terms of local landscape preconditions
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Radius model

Precondition

River model

Mixed model

Social preconditions

Increasing amount of vegetation is a general precondition can be fullfield in

Overall increase the

all of the concepts

amount of vegetation

++

-

++

+++

+++

+++

- increasing biodiversity in the city

-decreasing flood risk

-decreasing flood risk

- increasing permeable surface in

-increasing biodiversity in the

-increasing biodiversity in the

the city improving water retention

Kaczawa river corridor

Kaczawa river corridor and in the

Minimal
demolitions

Complementation

and microclimate

- increasing permeable surface in

city

with other municipali-

-combination with neighbour-

the city improving water retention

- increasing permeable surface in

ty programmes

hoods regenration programmes

and microclimate

the city improving water retention

and participatory budgesting

and microclimate
-combination with neighbourhood regenration programmes
and participatory budgeting

Affordable solutions

++

+

++

- the model icludes creation of new

- the model consists of existing and

- the model creates a frame that

green spaces, but also incorpo-

new green areas, but require a great

incorporates exisitng and new

rates exisitng ones

change also in the built-up parts, in

green areas of different size in the

- possibility of combination with

the river beds (incresed cost)

other programmes

new structure of the city
- can be combined with other
programmes

++

+

+++

- the model consists of different

Inclusion of small
scale
interventions with

- the model consists of different

- since the model require a master

public

size green spaces with various

plan in city level of scale, bottom-up

size green spaces with various

participation into the

ownership, therefore bottom-up

small initiatives might not sufficient

ownership and use and put focus

city’s green structure

interventions can be easily incor-

to achieve objectives

on incorporation of bottom-up

porated to the overall structure

interventions

Sub-score

9

4

10

Total score

14

12

18

Table 5.2 Assessment of the design concepts in terms of local social preconditions and the total score of the concepts
94

Katarzyna Klancko - Master Thesis

Results

of the ranking and selection of the

concept for fruther development

The assessment of the three concepts shows advantages and disadvantages of each of the models and
scores them against the preconditions. In terms of
the landscape conditions, the river model scores (together with the radial model) highest, mostly because
it enhances important landscape feature - the floodplain, which also significantly reduces flood risk in the
city. However, the south-north direction of the Kaczawa
river corridor does not provide ventilation in case of
the dominant western wind direction. In addition, the
second river corridor in the north-east does not enter the centre and is separated from the core of the
city by railway embankments, therefore inflow from the
north-west is hindered and does not allow all of the
windflow to enter the crucial areas. In terms of social
preconditions, the river concept scored the lowest,
first of all because the floodplain is built-up in the city
centre and therefore implementation of this concept
would require huge intervention and therefore I estimate that it would have little chance to be accepted
and gain support from both individual as well as authority perspective.

atives of the residents. Unfortunately big parts of the
potential corridors are built-up, thus like in the river
model, demolition is needed. The wedges model does
not include the river corridor into the system, therefore it does not use its quality of an important element
in the natural ventilation system and therefore does
not have the added value of flood protection.
Radial model, which combines ideas from wedges and
river models and scores the highest in the total ranking. It takes the main ideas of the two, but the interventions are in a lower scale. The wedges are focused on
improvement of west-east ventilation, but the wedges
are narrower compared to the wedges model, therefore interventions are easier to implement. They focus
mainly on preserving non built-up areas and looking
for potential new spaces, for instance by demolishing
of buildings in bad conditions. The river corridor is
preserved and, where possible, widened. This concept
is the most optimal, since it improves the ventilation
in crucial directions, strengthens the value of the river
corridor and is the most feasible to implement, since

The wedges model enhances ventilation of the city in
an efficient way, since it enhances air inflows and outflows in case of all wind directions. Additionally, since
the wedges are located in various parts of the city, it is
easier to incorporate existing green spaces together
with new ones, including small-scale bottom up initi-

it does not require such huge interventions as the
two other ones. Since it compromises between what is
needed for efficient ventilation and what is possible in
socio-cultural and financial terms the radial concept
is the one that will be developed and transformed into
a design.

Neighbourhood concept
Specific needs and wishes

Site design
Upscaling solutions

Neighbourhood design
Upsacaling solutions

Landscape structure plan

Ill.5.3 Graphic representation of development of the concept into a landscape structure plan
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5.3 Development of the concept Site design
One of the critical in terms of concentration of PM
areas, and also significant in the concept of the new
ventilation system of Legnica is Zakaczawie district,
to some extent already described in chapter 4. The
neighbourhood is located right next to the city centre,
on the eastern bank of Kaczawa river. The magnitude
of the air pollution issue, the location along the edge
of the river ventilation corridor and new eastern ventilation wedge, makes Zakaczawie is an important node
in the proposed landscape structure. Therefore it is
the area to test the opportunities for development of
the concept and detail design.
Zakaczawie is a historical neighbourhood, located in
the glacial landscape, and partly located in the floodplain. As a working class neighbourhood Zakaczawie’s layout characterizes compact development with
narrow streets and sidewalks between (amost) closed Ill.5.4 Location of Zakaczawie on the concept design for Legnica

Kaczawa river
5.10

5.11

Municipal
cemetery

Jewish
cemetery

5.9
5.8

City park
100m
Community centre

Church

Railway station

Park

Restaurant

Public green space

School

Supermarket

Cemetary

Bank

Workshop

Synagogue

Ill.5.5 Plan of Zakaczawie with important elements and greenery
96

Katarzyna Klancko - Master Thesis

quarters of 4-5 storey multi-family townhouses from
the late 19th century. Organized greenery is limited
to few green public spaces with two squares in the
centre of the neighbourhood, greenery around public buildings: school and churches, some private front

5.10

gardens in the northern part and the biggest green

5.13

space; an old Jewish cemetery, connected with the
biggest municipal cemetery. Since the streets are narrow there are very few street trees. Big part of green-

5.12

ery in the neighbourhood consists of unplanned, wild

5.11

vegetation inside the courtyards and in places after
demolitions, in particular in the northern part.
Layout of the neighbourhood has changed over the
past years, which gives some opportunities in terms
of new green infrastructure. Before, development of
the district was even more compact, especially in the
western part, where in last years were many buildings were demolished, mostly due to bad conditions

Ill.5.6 Plan of Zakaczawie with countours of demolished buildings

the backyards, which before were filled with scattered
buildings and garages now have become more “open”.

16m

of the buildings. Also the inside parts of quarters -

12m

Ill.5.7 Cross-section of typical layout of buildings ans streets

Community centre

Ill. 5.8 A typical street in Zakaczawie

Ill. 5.9 Green square in the centre of the neighbourhood

Ill. 5.10 Ruins of a milk factory in the northern part

Ill. 5.11 Residential buildings in the eastern part of the district
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Ventilation analysis of Zakaczawie
Ventilation conditions of the district are unfavourable.
Due to the demolitions of part of the buildings in the
western part, however, they have become more favourable than in the past. More “open” layout in that part
enables more air to enter from the west. Still, the ventilation system is based on secondary corridors - main
arteries, which create nozzles that direct the main
windflows. The two main W-E arteries in Zakaczawie are
also important secondary corridors on a city scale. It
must be remembered that, while the arteries enable
the throughflow of the air in the neighbourhood, they
are at the same time also a source of pollution at the
lowest level from traffic.
In case of dominant W wind, the air inflow to the district takes from the city centre through place through
the roads and bridges in the western part of Zakaczawie. These airflows are already modified by the
compact development of the city centre and, because
of the vertical movements of the air, they can already
be polluted with PM. The polluted air moves with the
prevailing W wind further east. In case of S wind, the

Ill. 5.12 Entrance to Zakaczawie from the northern bridge before and after buildings demolition - one of two main arteries
of the neighbourhood

main inflow of the air to Zakaczawie takes place from
the Kaczawa river corridor - one of the main corridors
of the city. Unfortunately the corridor becomes very
narrow just right before the neighbourhood, what reduces the amount of the air that the corridor can supply. The wind flows at a lower level are also blocked by

In both cases of W and S wind, closed quarters of
buildings prevent the airflows to enter the backyards,
which results in air stagnation areas and therefore to
accumulation of PM in there.

16m

tall railway embankments.

Ill.5.13 Schematic drawing illustrating enclosed backyards
in Zakaczawie causing lack of ventilation and air stagnation,
which results in lower air quality in those areas

5.12

100m

100m

Ill. 5.14 Airflows in Zakaczawie in case of wind from W

Ill. 5.15 Airflows in Zakaczawie in case of wind from S

Note: blue arrows do not indicate the fresh air only - airflows can be also already polluted air coming from other parts of the city
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Neighbourhood - Conceptual design
The design aims to reduce the air pollution in the Zakaczawie neighbourhood and at the same time to contribute to reduce air pollution issue in the entire city
of Legnica. I created a set of six measures in order to

1. Opening backyards

improve air quality through improvement of the ventilation system of the neighbourhood and to implement
air filtering system.

5. Incorporation of semi-private
spaces of the backyards

In order to improve air quality in-

The idea of opening up the court-

side the backyards the idea is to

yards is connected with the con-

open them up by removing of few

cept of combining various types

buildings at strategic locations

areas of various ownership. The

and in this way to improve venti-

public green structure can be com-

lation system of the entire neigh-

plemented with the inside semi-pri-

bourhood.

vate areas of the courtyards. This
soultion would increase the total
amount of green and the same time
would engage the resident into a

2. Protection of unused spaces

creation of new green system of the
city.

The earlier mentioned empty and unused spaces
should be protected from development. They could be
converted into new green public spaces in a new ventilating and filtering system of the neighbourhood and
city.

6. Use of vertical and elevated
surfaces

Since space is scarce in densely built-up urban areas,

3. Connectiing existing ventilation
areas

A network of linear green space aims to link ventilation
areas of the city, enabeling throughflow from different wind directions. Connecting river corridor with a
cemetary by a linear space of low surface roughness,
strengtherns the secondary ventilation corridors in
W-E direction.

4. Widening the river corridor

alternative solutions need to be implemented. Other than “on the ground” green solutions can be used,
which in this case of PM emission on greater height can
be especially effective. There is number of flat roofs
on buildings in Zakaczawie, especially in the southern
part, that can be transformed into extensive green
roofs. Also facades of buildings can be equipped with
greenery. These solutions can complement, or even
partialy substitute demolitions of buildings if they are
for some resone impossible. This inexpensive method
serves also other purposes e.g regulates microclimate.

Since the river corridor is very narrow in the area next
to the neighbourhood, it is important to incorporate the arts located next to the corridor. By removing buildings in the southern part the corridor will be
enlarged, and in the parts where residential buildings
can not be removed the area should be protected from
any kind of further development and be transformed
into new green spaces.

Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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Kaczawa river

Municipal
cemetery

Site design I

Site design II

City park
100m

Ill.5.16 Concept design for improvement of air quality in the Zakaczawie neighbourhood
New ventilation pathways

Buildings for demolitions

Flat roofs - potential new
green roofs

Enlarged river corridor

Existing green spaces
Area of site design

Empty spaces
after demolitions potential new green

Boundary of
floodplain

Backyards for
incorporation into
new green
structure

Site design I
The conceptual design of the neighbourhood is further developed in site designs for two public spaces.
The first site is located next to the Kaczawa river and
the dike, in the north-western part of the neighbourhood. It is an important element in the new structure
of the neighbourhood, right next to the entrance to
Zakaczawie from the northern bridge. The area is important in terms of social context, since it is located
right next to a primary school. The residents, however,
scored the site with the lowest spatial quality in the assessment of public spaces of the neighbourhood (see
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chapter 4). In terms of landscape type, western part of
the area is located in the river landscape in the floodplain, while the eastern part belongs to the fluvioglacial landscape. It is an important area for place in the
ventilation system of the neighbourhood and the city.
First of all because it is located right next to the river
corridor and one of the two main roads enabling the
wind to enter from the western direction.

Current use
The site consists of empty plots from removal of previously existing historical buildings. Presence of the dike
in the western part of the area, together with removal of buildings with their foundations result in visible
elevation difference. In the eastern side there are still

school building, is used as sport field and playground
with the presence of some equipment. In the western
part next to the road there is an outdoor gym located,
constructed some years ago as a social initiative and
part of participatory budgeting.

some parts of the remaining walls of former buildings.
The most eastern part is used as an unofficial parking
lot and the central part, located north of the primary

Main northern artery of
the neighbourhood
Unofficial parking

Remains of wall of demolished buildings
Outdoor gym

Unofficial parking

Bridge
Dike
Elevation difference

Unofficial sport field
Playground
Entrance to the
school area

School sport field

50m

School sport field

School

Ill.6.16 Current use of the area

School

Ill.5.17 View of the area in E direction

Kaczawa river
School sport field

Gym

Dike

Ill.5.18 View of the area in W direction
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

101

Design concept
The goal of the site design is to create a new public
space that meets social needs while at the same time
to strenghten the ventilation and filtering system of
the neighbourhood. Therefore the site should fulfill the
scientific principles for purifying the air from PM by on
one hand allowing ventilation and containing filtering
elements, which makes the air going further east, according to the main wind direction, cleaner. The site
design should also meet requirements of social principles, in order to be used and appreciated by the residents. That is why the area should be safe, green and
provide facilities for various activities: social zones
and refuge places. Therefore, I try in the concept design to combine the above described goals.
Social zone is located in the central part of the area
- can play the role of an extended school backyard.
It is separated from the potentially polluted windflows
(west, road in the northern part) with green buffers.
The buffer zone along the road aims to protect peo-

Ill.5.19 Concept for design of the area
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ple from the emissions from the cars and at the same
time forms a physical buffer separating children from
the busy road. The social zone is composed of sport
and play zones supporting social interactions as well
as a relaxation zone with refuge spots. Sport zone is
an extension of already present sport facilities in the
shoolyard and an outdoor gym.
Out of respect for the bottom-up actions and citizens‘
involvement in the sphere of the public space design
and a perspective of human behaviours and habits,
two important elements are kept: the existing outdoor
gym built as residents activity in the Participatory
Budgeting Programme and a currently unofficial foot
path through the centre of the area.
Last, but not least, the mature tree in the southern part
of the site should be preserved as important air filtering elements.

Design
Central area is designed to be a new green and public
space and an extension of the school area therefore
the focus is put in particular on kids. As presented in
the concept, the social zone is divided into three parts
that overlap each other. The new sports area is located between the existing gym. Because there are sport
fields for team sports in the schoolyard area and gym
equipment, the new sport area contains equipment for
gymnastic, climbing and calenistics because these facilities are currently lacking and which residents were
asking for. Because of the character of this zone it is
designated for the older kids, teenagers and adults
while the zone next to is a playground therefore for use
by younger children, but as said the transition through
diversification of sport and play equipments is gradual in order to on one hand separate different age
groups but on the other hand do not create a sharp
boundary. In the central part the playground is followed by a social zone with an area of multiple sitting
spots and the main walking route. In order to provide
relaxation zones, the seats are scattered in the entire
area so everyone can find an isolated place for refuge.

My goal was to create a mechanism that filters the air
reaching the crucial spots of people’s activities, while
at the same time does not hinder the ventilation. Because the direction of fall of pollutants is mainly from
top at different angles, a combination of filtering vegetation at different heights should be used. In order
to protect people the zone with main activities is surrounded with vegetation of different heights, where air
is filtered by plants at different levels of height. Therefore less PM reaches people spending time outdoors.
Important elements in the central social zone are pergolas covered with evergreen climbers that create kind
of a protective canpy.
The entire site is equipped with filtering elements mostly trees, however the central zone is surrounded
by buffers from western and northern side, which are
zones where filtering the air is the main goal. The reason for it is that the air in the social zone is already
filtered multiple times before it reaches people. The
buffer and filtering zone is designed in a way that it
filters the air through the vegetation of different densi

Filtering towers

Cluster of trees

Dense
vegetation

Gym covered with
pergola

Pergolas with climbers

Sport and play
equipment

Permeable
vegetation

Parking covered
with pergola

Flower meadow

Lawn

Planters with
seating places
A

N
Buffer zone

Gym
Sport area
B

B’

Playground

Buffer zone

A’

Ill.5.20 Design of the area
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Vegetation
ty, where dense plants acting as solid obstacles direct
the wind flow into those of lower density that. I avoided
using long windbreaks perpendicular to the windflow
(which in terms of polluted horizontal airflow lifts it and
protects parts located behind it), but at the same time
slows down the wind. Instead a matrix layout with clusters of filtering vegetation was applied. This allows the
wind flow direction to be modified - directed from one
filtering element to the next thus extending the path of
polluted airflow so it is filtered more times, while does
not hinder the ventilation this much. Rows of dense
vegetation are used parallel to the main western wind
and at some angle next to the road are designed only
as short rows that create a nozzle that directs the wind
flow onto next filtering elements. This solution is also
important because of safety reasons, since it is important to not create long dense “walls” blocking the view
at human sight level. Lightning is important in reducing safety issues mentioned by many residents. The
design aims to reduce it by avoiding long, solid elements “covered” or hidden areas, but a proper lighting
system can contribute to it as well.

Selection of vegetation for the design was based on
the list of plants with high phytoremediation properties showed in part 2.2.3 complemented with additional research on species with similar characteristics (for
instance thick wax layer, evergreen) and resistant to
pollution (Abies concolor, Picea pungens). Since pollution concentration is higher in winter, the base of the design
are evergreen conifers and also climbers, in particular Hedera helix, which is placed on different kinds of
structures, therefore can work as biofilters at greater
height. The evergreen frame is complemented with deciduous trees that also score high as effective phytoremediators, first of all Betula pendula and Sorbus intermedia, which in addition are fast growing species and
therefore the effect of air filtering will occur faster. Beside trees there are many shrubs, including evergreen
ones that will phytoremediate the all year round and
colourful broadleaf species placed in elevated planters. In order to fulfill the wish of the residents in terms
of aesthetics, decorative and colorful plants are added in the design. They either have phytoremediation
properties such as Spirea japonica or Syringa vulgaris, or are
just decorative plants such as Wisteria floribunda.

Cross section A-A’

Evergreen

Filtering ramp

Planters + pergolas

Elevated planters

pergola

Mature tree stand

10m

5m

Ill.5.21 Cross-section A-A’ of the area with planting scheme
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Acer platanoides

Tilia cordata

Taxus baccata

Picea punges

Abies concolor

Hedera helix

Spirea japonica

Pinus strobus ‘Nana’
Juniperus communis

Taxus baccata

Hedera helix

Taxus baccata
Betula pendula
Syringa vulgaris

Pinus mugo ‘Pumilio’

Abies coreana

Rosa canina

Chamaecyparis lawsoniana

Sorbus intermedia

Wisteria floribunda

Spirea japonica

Hedera helix

Abies coreana
Pinus mugo ‘Pumilio’
Betula pendula

Abies concolor

Flower meadow

1m

Solutions
The particular solutions for air filtering were created
based on scientific design principles. Since range of
evergreen species resistant to high concentration of
pollution is limited and the conical shape of conifers
is not optimal the alternative solution is used in order
to protect people from PM coming from above in winter. This solution is structures for climbers, including
pergolas and filtering towers, where evergreen climber
Hedera helix can grow.

round. To keep the safety feeling the trellis are openwork structures with mostly triangular shape widening
on the top and therefore there are gaps at the sight
levels so the exercising people can feel safe “insight”
by keeping eye contact with the surroundings. This
solution not only enables to filter the air from PM, but
also provides shade in the hot summer days, therefore
supporting the use of the gym and playground all year
round.

Pergolas
Pergolas with openwork roofs in form of a net, where
filtering evergreen climber (Hedera helix) is placed above
human level and therefore can protect from low-stack
and industrial emitted PM. In the design large parts of
social zone is “covered” with the pergolas to protect the
zone with main activities. They create kind of a protective canopy, where Hedera could filter the air on higher
height before it is inhaled by people. Part of pergolas
are combined with trellis also with Hedera, which allows
the horizontal airflows to be filtered also. The outdoor
gym is equipped (covered) with pergolas and side trellis in order to protect people using the gym all year

Ill.5.22 Impression of the pergolas and planters

Ill.5.23 Impression of the pergolas and planters
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

105

Elevated planters

Ramps

Another idea are elevated hills and planters where

The hills in form of a ramp lift alfo the airflow from

vegetation is located higher so even a short vegeta-

a bottom layer which is lifted up filtered a bit until it

tion filters the air on a human level from the side. An

reaches human level as well as direct the windflow that

additional advantage is that the elevated vegetation

it can encounter a taller vegetation and ca

reaches tens of cm so it can also create a canopy and

be further filtered. This solution is used mainly on the

protect from the pollution above.

main airflow paths and next to the road.

Ill.5.24 Elevated planters and the mechanism of protection
from the PM

Ill.5.25 Ramps and the mechanism of protection from the PM

Cross section B-B’

10m

5m

1m

Ill.5.26 Cross-section B-B’ of the area
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Filtering towers
Another solution used in the design are filtering towers. They are structures with an inverted conical shape
that allow climbers to grow to greater height (5-6m).
They were created from the limited options of evergreen
species and need to place biofilters on greater height,
since the emissions of PM come mostly from domestic
heating and industry. The inspiration was observation
of Hedera helix growing on trees, which has positive
effect on air phytoremediation in winter, since Hedera is
evergreen climber, but might be harmful to the hosting

not occupy a lot of space on the ground level. Openwork structure of the tower with gaps of a significant
size does not create a solid obstacle that could hinder
ventilation. In contrast, it enables the airflow to enter
the structure, which is filtered by the climber’s leaves.
In order to create a more attractive element Hedera can
grow together with other ornamental climbers such as
Wisteria floribunda or Parthenocisuss or the structure
and be a double structure with inside tower with Hedera and outside one with more attractive climber.

it tree. After studying different shapes including the
ones similar to a real tree, prism, cylindrical etc. the inverted conical “mushroom” shape was selected as the
optimal one that elevates great amount of the biologically active, filterating leaf surface, creating kind of a
wide canopy or umbrella, while at the same time does

Ill.5.27 Filtering towers and the mechanism of protection from the PM
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Filtering and ventilating mechanism
As described in the design, the goal is to create a
mechanism that purifies air reaching the crucial spots
of people’s activities while not hindering the ventilation. The entire site contains filtering vegetation. The

onto next filtering elements of lower density. Then all
planting has a matrix layout that enables the airflows
to be filtered multiple times.

central part is covered with pergolas and the western
and northern edges are buffer zones for the polluted
air entering the site. The vegetation clusters in the
western buffer are composed of dense trees, in particular conifers, planted in rows horizontally that are
solid obstacles for the main western wind and create
a kind of nozzle cumulating air flows and directing it

N

Ill.5.29 Horizontal air flow in case of western wind in summer

N

Ill.5.30 Horizontal air flow in case of southern wind in summer
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Ill.5.28 Principles of directing horizontal wind flows

Cross section A-A’ Summer
10m

5m

1m

Ill.5.31 Cross-section A-A’ of the area with vertical airflows in summer - north wind direction

Cross section B-B’ Summer
10m

5m

1m

Ill.5.32 Cross-section B-B’ of the area with vertical airflows in summer - west wind direction
In terms of vertical flows, the multiple elevated elements create kind of a canopy that protects people
from falling from above PM. Use of vegetation with different heights and the ramps allows to lift the air and
make it fall again on the other filtering elements, such
as the filtering tower.
The road in the north is part of the ventilation corridor,
but is at the same time a source of pollution. Therefore
protection of a buffer zone was used with vegetation
at different levels. The solution used was a ramp that
through lifting the air directs it to go through different
vegetation: first flower meadow, then shrubs so when
it reaches human level is already a bit cleaner. Then
it falls on or goes through other elements that filter
it further so when it reaches the centre of the site it
encounters already multiple elements and is filtered
multiple times.

Ill.5.33 Principles of directing vertical wind flows
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Filtering system in winter period
Because of seasonal differences the system works differently in summer and in winter. In the summer the
system is at its full filtering effectiveness due to the
great biologically active surface of both evergreen as
well as deciduous plants, in particular trees. The situation changes significantly in winter. Not only in terms
of concentration of pollution, but also in terms of effectiveness of air phytoremediation of deciduous trees
that loose leaves. That is why, designing the filtering
system for winter period is a challenge and because
of that alternative solutions had to be used. As mentioned earlier the core for the design are coniferous

N

Ill.5.34 Horizontal air flow in case of western wind in winter

N

Ill.5.35 Horizontal air flow in case of southern wind in winter
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species and evergreen climbers. The pergolas aim to
reduce the PM concentration in the air mainly in the
winter period. It can also be assumed that deciduous trees in winter can still play some role in catching
PM from the air. Part of the not filtered particles can
still be “trapped” by branches being a physical barrier especially in less windy conditions, when particles
just fall slowly down. Trees with a system of dense and
many branches and twigs are the most valuable, however even though deciduous trees with no leaves can
still play some role and their effectiveness in reducing
PM does not decrease to zero, it is very significantly

reduced compared to the situation when they have
leaves.
A big difference between summer and winter illustrates
the situation with southern wind. While in the summer
the air is filtered many more times, in winter it is much
more reduced. In particular the fully grown stand of
trees in the southern part loses its effectiveness that
is great in the summer. That is why other solutions, in
particular pergolas covered with evergreen vegetation,
play a big role in PM remediation in the winter time.

Cross section A-A’ Winter

10m

5m

1m

Ill.5.36 Cross-section A-A’ of the area with vertical airflows in winter - north wind direction

Cross section B-B’ Winter
10m

5m

1m

Ill.5.37 Cross-section B-B’ of the area with vertical airflows in winter - west wind direction
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Site design II
Location and current situation
The second site is located also in the western part of

Site design I

Zakaczawie and is composed of two empty plots, divided by (not busy) road. The site is an important element

Site design II

of the ventilation system and it is also important in
terms of social contex, since it is located between the
Community Centre, church and primary school.
Unused space consists of two plots after demolition of
old town houses. Since the area is a significant part of
the ventilation system of the neighbourhood, building
up (in particular compact development) would hinder

100m

Ill.5.38 Location of site designs on the map of Zakaczawie

wind inflow to the district. Therefore it is important to
change the designation to block unfavorable in terms
of ventilation terrain use. An alternative use could be
new green public space, in particular because of the

Primary
school

location of the site in between three important public
institutions of the neighbourhood. The site was selected for the design workshop with the users of the Com-

Unoficial parking

munity Centre on the basis of its proximity to the place
and importance of the area in the ventilation system of

Church

Parking

the neighbourhood. Both empty plots are often used
as an unofficial parking lots.
50m

Ill.5.39 Current use of the area

Ill.5.40 Pictures of the area
112

Katarzyna Klancko - Master Thesis

Unused space

Community
Centre
Community Centre
backyard

Ill.5.41 Design concept of the area

Design Concept
Like in the previous case, the idea for the site is to cre-

The social zones, like in case of site design I, are locat-

ate a system that enables filtering the air and protects

ed in the central parts of the area and are protected

the zones of social activities while at the same time al-

by buffer zones that aim to filter the air from the pol-

lows the ventilation and (with prevailing western winds)

lution.

makes the air going further (east) cleaner. Since the
eastern part is located directly next to the Community
Centre backyard, which is fenced and therefore creates semi-private space with limited access, the idea
for the site is to create an extension of the Community
Centre backyard. It can be done by creation of a community garden with wide access, but with focus on the
Community Centre users as an extra outdoor activity.
The desire of urban gardening was expressed by the
participants during the workshop and the vicinity to
the Community Centre makes the western plot a suitable spot for it.
The idea for this western part is to create a public
space for all groups of users with the special focus of
eldery, due to vicinity to the church and the Community Centre. There should be spaces for socializing, but
also calm, isolated spots for relaxing.

Design
Like in the previous site design the leading idea is to
create a matrix layout with multiple filtering elements
extending the path from the source of pollution and
humans.
Like mentioned earlier, due to the location of the site
between school, church and the community centre,
this area is designed mostly for elder residents. Here,
by using the preconditions from the participatory
workshop, the aim is to combine wishes and needs of
the users of the Community Centre. There is a social
zone as well as more quiet spaces for refuge and relax.
In the eastern part social gardening in form of common allotment garden is located close to the Community Centre, where people can work together and

Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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Multiple trellis

Pergolas with climbers

Community garden

Dense vegetation

Flower meadow

Cluster of trees

Green house

Green roof on a shelter

Lawn

Filtering tower

Planters

Bench

Green roof on a building

Graduation tower

Shelter

Ill.5.42 Design of the area

Solutions
socialize. The area is equipped with pergolas covered
with Hedera helix, which create a protective green canopy
above people and thus limit the amount of PM falling
from above. There are filtering towers and elevated

Solutions used in this design are mostly the same as
in the previous one: pergolas, filtering towers and elevated planters. Additional ones not described yet are
multiple trellis systems and green walls and roofs.

planters, described earlier, located in the site as well.
The nearby buildings with flat roofs are equipped with
extensive green and nearby facades with green walls
with climbers. Additional element is multiple trellis system, that form a “ribs” shape protection from polluted
air coming from the West. In the western part there is
also a small graduation tower located that has inhalation properties. The microclimate around the graduation towers is used in the prevention and treatment
of diseases respiratory system as well as have positive
psychological effect.

Green walls and roofs
The buildings surrounding the site are an additional
alternative surface for greenery. Like usually in urban
environments the area for plants is limited and therefore vertical surfaces as well as flat roofs are valuable.
In this case they can play a significant role in filtering,
since it is important if the PM can be coughed at greater height. That is why the roof and wall of one of the
school buildings (sport hall) as well as nearby empty
buildings’ facades are transformed into green roofs
and walls.
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Multiple trellis
In this design a set of trellis is placed parallel to each
other in the western part of the site. They create a kind
of a rib shape system, where the air entering the site
from the west has to go through the climber leaves
and therefore is filtered multiple times. The evergreen
Hedera’s leaves catch PM particles all year round, that
come not only with the horizontal wind, but also, due
to the height, partly particles falling from above at an
angle. The trellis are designed in a way that the wires
for climbers create a “V” shape so they do not reduce
visibility and do not create “closed” zones.

Ill.5.43 Impression of the site with graduation tower and
planters

Ill.5.44 Multiple trellis and the mechanism of protection from
the PM

Ill.5.45 Impression of the site with pergolas and filtering towers
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Filtering and ventilating mechanism
The system of multiple filtering elements provides the
site with a mechanism that extends the path of the polluted air. All the crucial parts are covered with pergolas
and the edges are buffer zones for the polluted air entering the site. The air entering the site from the west
needs to go through the “ribs” system and its filtered
couple of times. The southern part contains matrix layout of vegetation clusters, which create a filtering

Ill.5.46 Horizontal air flow in case of western wind

Ill.5.47 Horizontal air flow in case of southern wind
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system as well. Since there are gaps between the clusters, in case of southern air the air can easily enter
from the south too, and the air is also filtered before
reaching the central zone. On a higher level the filtering towers, trees, pergolas and green roofs and walls
catch the particles of PM and reduce their amount in
case of the dominant pollution coming from the stoves
and smelter.

Neighbourhood Plan
The two small green spaces are elements in the larger

In the new green spaces new vegetation is planned

green structure of the neighbourhood. The new sys-

(like in site design I and II), which works as an addition-

tem is a combination of public greens spaces with

al filtering system, but also in a way that it allows the

semi-private and private ones, that together create

ventilation. Part of the trees that currently grow in lines

a linear structure that is connected with larger green

and create kind of a windbreak is removed to provide

space - the cemetery in the east and is an important

the gaps for easier air throughflow.

element of a new ventilation eastern wedge of the city.
By removing few buildings in the strategic spots and

In the plan, semi-private backyards are incorporated

enlarging existing ventilation corridors of the district

with a transition from public space through semi-pub-

(arteries) the ventilation of the entire neighbourhood

lic to private gardens owned by the residents. In this

is improved in dominant west-east, but also south-

way the total amount of green spaces is increased and

north direction support the entire city’s ventilation

through smooth transition the feeling of privacy of the

system, where the new eastern edge enters very close

residents is ensured.

to the city centre and connects with the river corridor
(ill.5.51, p.119). In the southern part an old, abandoned

These solutions are complemented with implementa-

factory is removed, which widens the river corridor. In

tion of green on alternative surfaces, such as roofs

the northern part a new flooding area is planned next

and facades. In this way the amount of vegetation in

to the river corridor, which enlarges the corridor and

the neighbourhood, that can filter the air on greater

also can work for decreasing the flood risk.

height all year round is also increased.

100m

Public green spaces
Removed buildings

Main wind flows
Backyards incorporated
into new green structure

Green roofs

New trees

Existing
trees

Site design area

Enlarged
river corridor

New water
bodies

Ill.5.48 Plan for improvement of air quality in the neighbourhood of Zakaczawie
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5.4 Macro
the city

scale

- Structure Plan

for

Structure plan for the city of Legnica focuses on reduction of the concentration of PM containing hazardous
elements such as benzo(a)pyrene and arsenic and in
this way to decrease their negative effect on health of
the residents. Like in the lower level of scale the plan
consists of two main components: improved ventilation and filtering systems. By improving the current air
ventilation system of the city, the concentration of PM
is sparse and smoke with harmful particles is faster
removed from the most populated areas. Filtering systems containing bio-filters, in the form of vegetation,
reduce of pollution by catching and neutralizing part
of the PM particles.

Ill.5.49 Concept plan for the city of Legnica

Ventilation system
Effective ventilation system is important not only in
terms of removal and decreasing the concentration of
pollution, but also in terms of thermal comfort of the
residents in urban areas. In order to provide proper
throughflow to the city, there must be enough space
of low surface roughness, in particular those supporting prevailing winds. It is challenging in case of densely
built-up areas and that is why proper planning before
construction is important. Since in case of many urban areas it was not done, improvement in this matter
without (partial) demolition is extremely difficult. Each
intervention will have some effect, however a system of
connected areas of low roughness is the most efficient.
As shown in landscape and ventilation analyses, the
location and number of PM sources is in historical
neighbourhoods around the old town. Additionally,
the characteristics of compact development block the
dominant western windflow supplying fresh air from
the rural areas, resulting in the highest concentration of pollution in the city centre. For this reason, as
shown in the concept design, the main goal of this thesis study is to supply fresh wind to the critical area of
the city’s core and to provide easy outflow of pollution.
Considering social principles for the design, the structure plan tries to compromise new interventions with
minimal changes and demolition.
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Ill.5.50 Concept of new green structure entering the critical in
terms of PM pollution areas of Legnica

Improvement of the air ventilation system of Legnica
aims to make the system more efficient by using two
kind of solutions:
1. improvement of river corridor, which at the same
time provides better flood protection
2. protection of existing and creation of two new ventilation wedges

5.61

5.52

5.59
5.53

Zakaczawie
neighbourhod

Ill.5.51 Landscape structure plan for reduction of air pollution in the city of Legnica. Numbers indicate the illustrations showing the
impressions of the areas that can be found on next pages
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution

119

River corridor
The Kaczawa river corridor has a great value in terms
of the city’s ventilation due to its smoothness, which
enables the free throughflow of the wind. The corridor,
however, becomes very narrow, in particular in the city’s
centre, where areas in river landscape flood plain are
built-up. Widened corridor, which follows to great extent the natural boundaries, strengthens the quality
and value of the most important ventilation area of
Legnica. Widening could be done by relocating existing dikes, or just by preventing the area from construction in the spatial development plan. Rearranged corridor follows the natural floodplain, due to low surface
roughness of the area, allowing more air to go through
the city supplying fresh air and blowing out the polluted air out of the city. The area consists of spaces
of different use, from the existing city’s park, meadow

5.52 New water bodies in the floodplain - nature area

vegetation and agriculture. This area should be protected and it should be strictly prohibited from construction and already existing in this area buildings
should be, if possible, removed. In order to legitimize
the project and to reduce social opposition, only minimal demolition was planned. Expanding non built-up
space in flood plain decreases flood risk in the city and
since the river is also an ecological corridor, broadening it enlarges the migration route area and therefore
increases ecological value of the corridor. Creating
new water bodies in the floodplain increases ecological value even more and additional retention water
reservoirs in the agriculture area mitigate drought risk.

5.53 New water bodies in the agriculture area - flood and
drought prevention

5.54 Underlying landscape units with counturs of built-up areas

5.55 Widened river corridor (dark greeen line) following the
conturs of the flood plain
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Wedges
The second solution for improvement of the city’s ventilation is creation of new ventilation wedges. Main
existing wedge is located in the north-western part of
the city and it is the flood of the Czarna Woda river.
This river floodplain is a corridor, however since it does
not go through the entire city, but connects with (flows
into) the bigger Kaczawa river, due to the shape can be
rather considered as a ventilation wedge. This wedge
is the biggest and the most important wedge that supplies the city with fresh air from the north-west. It is
also an area of high flood risk designated in current
spatial development plan as nature and polder area
and in this way it is already protected from development. Other areas with low surface roughness, that can
be also considered as ventilation wedges are located
in south-western part: a single-houses neighbourhood
entering densely built-up city centre and wide space
on the eastern side of the Kaczawa parallel to the river,
consisting of agriculture, airport and various green
spaces. These spaces, like the north-western wedge

shown in the example of site designs in a micro and
neighbourhood scale in Zakaczawie, which are part of
the new eastern wedge district, entering into the centre of Legnica.
New wedges are designed to improve ventilation in the
west-eastern direction according to prevailing wind
direction and aim to enable fresh wind from the west
to enter to the densely built-up, most polluted city’s
core. Western wedge let the air from the rural area going to the city centre and eastern wedge is designated
mainly for the outflow of polluted air from in the eastern direction, but in case of eastern wind also inflow of
fresh air from the east. The wedges narrow towards the
centre and are designed in non or less densely builtup areas to avoid social conflict and contain existing
as well as new green and agriculture areas - areas of
low roughness.
In order to keep low surface roughness inside the

should be also protected from (dense) development.

wedges, therefore bigger, especially perpendicular

New wedges are located on the western and in the

removed and the wedges should be protected from

obstacles hindering the wind should be, if possible,

eastern side of the city. They narrow towards the centre
and enter into the densely built-up city’s core. They are
placed in non or less densely built-up areas to avoid
social conflict and contain existing and new green and
agriculture areas - areas of low surface roughness.
Empty plots are used there as new green spaces as

dense development. New vegetation in the wedges is
not only core of the filtering system, but also protects
currently non built-up spaces from development. As
mentioned in the Analysis chapter, Legnica is a shrinking city, however there is a trend for building up empty
plots and in general to densify development.

1
2

8
7
5

3

4
6

9

5.56 New ventilation system in the city centre of Legnica
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sive walls. Planty (5) connects the western wedge with

Extended northwestern wedge

8

the city park (6) that is part of the Kaczawa river corridor (4). The area of the historical green ring is partly built up, but not as densely as nearby areas and
it should be protected from compact development.
Some buildings will most likely be demolished due to
their conditions (old brewery) and could be replaced
by new green spaces directly connected with the city
park.

7
6

Western wedge

The inside part of the Old town (7) has pretty favorable
conditions in terms of ventilation. Block houses constructed in place of historical town houses, except for

3

5

Planty

two perpendicular block houses, follow the old layout
and are oriented according to the south-western wind.
Also with the dominant western wind the layout is ad-

lll.5.57 Current layout of the old town on a plan of Legnica
with green belt in place of former fortifications

vantageous, since the angle of the streets is not bigger than 45°, which does not not hinder the wind flows
supplied to the old town through the western wedge

Compact city has many advantages, but in terms of
ventilation is less favourable. It is important to keep
smooth areas also to enable inflow of the fresh air
into the urban core. Therefore (compact) construction
should take place only in between the wedges. While
residential development is not expanding, there is a
sprawl of large warehouses on the outskirts of the city.
Because of their sizes they can create huge solid obstacles affecting the ventilation. Therefore it should be
avoided to place them inside the ventilation wedges or
at least they should have proper shape and be placed
parallel to the dominant wind direction.
The system of wedges and corridors is entering into
the most polluted city core and is connected by green
structures that are extensions of the wedges (ill. 5.56 &
ill. 5.57). Czarna Woda wedge (1), which is in fact a river
corridor, connects with the Kaczawa river corridor in
the north. Western and eastern wedges are connected
with the river corridor too. The eastern one (2), which
most western part “touches” the river from the east,
which was shown in the site and neighbourhood designs. It consists of a new system of connected green
spaces in Zakaczawie and includes the cemetery, agriculture areas as well as single houses neighbourhoods.
The western wedge (3) was designed in partly empty
and partly built up plots of different density, but in a
way that minimal demolition is needed. This wedge enters the city centre, supplying fresh western wind to the
old town and connects with the Kaczawa corridor (4)
through an extension - partial reconstruction of the
southern part of the historical green ring (pol. planty)
around the city in the place of former moat and defen122
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that can go rather freely through the old town.
The northern part of the old town, with remains of
the old Planty (8), is connected with the north-western
Czarna Woda wedge (1) and they are an extension of it
that connects through main arteries with the Kaczawa
river and the eastern wedge.

Filtering system at the city scale
A filtering system is designed to complement the ventilation system of the city. While the former aims to
dilute concentration of harmful PM and supports its
removal outside the city, the filtering system catches
and neutralizes particles on the spot. Even if the overall ventilation is improved in the city, in some areas
(especially in compact development) pollution will still
accumulate. In addition vertical movements of the air
can cause descension of pollution, which then reach
human level. Therefore implementation of (bio) filters
can reduce the level of pollution.
In the case of Legnica different green areas according to their size, location and characteristics have different filtering properties, which depends also on the
season. Like in many urban areas the ratio between
green and built-up space decreases towards the city
centre, where because of the location of the pollution
sources bio filters are the most needed. An exception
is the city park, which enters into the direct centre and
is important in both ventilation as well as the filtration
system of the city.
Like in case of ventilation, it is challenging to introduce
big interventions in the densely built-up areas, howev-

er in terms of filtering the interventions can be punc-

Like in the lower scale, matrix layout contain clusters

tual and do not always have to be connected. Since it

of evergreen and deciduous vegetation with vari-

is easier to implement and when ventilation can not

ous density. They should have organic, aerodynamic

be improved, filtering can be the alternative to reduce

shapes for smooth directing of wind flows and should

concentration of pollution. Therefore filtering in many

not create long windbreaks to not block either western

cities can play an even more important role than venti-

nor southern airflows. Since dense tree clusters are

lation, especially in areas of high roughness of (dense-

almost solid obstacles that force a windflow to try to

ly built-up), and where demolition is not possible.

avoid them and make them turn horizontally, dense

As shown in the site design filtering elements can be

clusters direct the wind on more permeable ones that

applied on different surfaces, also vertical and elevat-

filter the air. The new big scale filtering area is located

ed ones. Alternative solutions such as roofs, walls or

in south-eastern part of Legnica in place of the for-

balconies can be used, which is particularly advan-

mer military airport (ill.5.58). The system is created in a

tageous for catching harmful particles coming from

way that the vegetation clusters filter the air, but at the

above. Since even individual point intervention con-

same time they allow a free through of the air from all

tributes to filtering hazardous particles, a bottom-up

wind directions. Denser parts of the clusters play the

approach with activities of the residents can be useful

role of directing elements, so the airflows are directed

and contribute to overall improvement of the situation

from one cluster to another providing multiple filtra-

of the city. Therefore small interventions can be part of

tion. Denser vegetation clusters in the form of nozzles

a bigger structure and can complement the design on

are also used on the edge of the ventilation corridor to

a greater level of scale.

direct and push fresh wind into the city from the main
river corridor into smaller arteries.

Filtering system of the city is based on experiences
gained on the lower level of scale designs. Solutions,
such as matrix design, use of vegetation of different
density for directing windflows (nozzles) through elements were enlarged to the city scale. However, the
plan is based mostly on improvement of the ventilation system of the city and implementation of greenery through small scale interventions inside the most
problematic compact development of the city centre,
where big scale demolitions are not possible.
5.58 Clusters of dense vegetation on the edge of the river
corridor directing aiflows to the built-up areas

Filtering and air directing
vegetation clusters

Low surface roughness
enabling easy air throughflow

5.59 Principle of directing aiflows and impression of new filtering area in place of the former military airport
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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Vegetation clusters

Fresh airflows

Polluted airflows

Boundary of the wedge

5.61
5.60 Schematic drawing
of the western wedge
with ventilation and
filtering mechanism

100m

As described in previous parts of the thesis the situation of intensity of pollution as well as filtering properties of various green spaces change seasonally. While
in the summer when PM emission and concentration is
much lower the city’s filtering system is at maximum level, in winter when the problem is the biggest the filtering abilities of deciduous vegetation decrease almost
to zero. In addition forested areas with the greatest
abilities of neutralizing pollution are either located too
close to the biggest point source of pollution (forest
around the copper smelter) or too far from populated
urban areas to be effective. It varies according to meteorological conditions where the polluted plume from
5.61 Impression of a new filtering area in the western wedge
Even though the wedges serve primarily for ventilation, they also contain filtering elements. Low surface
roughness is crucial for ventilation, but green spaces,
in particular with matrix layout or parallel to wind direction, allow wind flows as well. The new wedges in the
structure plan work both for ventilation, but also to
some extent filtration of pollution. Part of the eastern
wedge and system of ventilation and filtering in micro
scale was shown before in this chapter in the site and
neighbourhood design.
Westen wedge is a “supplier” of the fresh wind into the
city centre. It is designed in the partly built-up and
partly non built up area containing (starting from the
west) agriculture areas, allotment gardens, semi-detached houses, ruins of an old monastery and compact historical town houses. The most advantageous
would be demolition of at least buildings perpendicular to the western wind, but in case if it is not possible
at least keeping the non built-up plots, include all not
used spaces and include backyards of the town-houses. Open plots are transformed into new green areas
and planted with trees clusters to direct and filter the
air.
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the smelter’s chimney (200m tall) will reach the ground
level and since the smelter is located very unfavorably in terms of prevailing western and south-western
winds an effective protection of people is impossible
through filtering. Therefore the ventilation from the
west is crucial to faster elimination of the pollution
from the city and filtering elements on greater heights
are preferred.
Additionally the forested areas contain none or little
evergreen species and for this reason they are not
able to filter the PM in winter, when the concentration
is the highest. Therefore other green spaces containing conifers such as parks, private gardens, allotment
gardens and especially cemetery are much more important in filtering system of the city. In case of the
most polluted and densely built-up city centre all small
initiatives of individual residents and every even small
area transformed into a green space with evergreen
species is important. That is why education and promotion of the bottom-up actions should be supported
and appreciated. As already mentioned and shown in
the site design alternative surfaces can be used for
planting and use of plants like evergreen climbers can
contribute to the overall improvement of the filtering
system of the city.

Katarzyna Klancko - Master Thesis

6. Discussion
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In this final chapter I discuss the research results and

was to adjust the scientific principles to the local con-

conclude my findings. The first part is a reflection on

text. When the solutions based on them were combined

research methods, including the limitations and lat-

with the opportunities from the local landscape con-

er and and design process and later show the results

ditions were applied in the design, they immediately

with conclusions for further research as well as design

encountered restrictions from socio-cultural context.

recommendation for the municipality of Legnica. While

Therefore the final design is result of hours of compro-

seeing the results of this thesis, a range of limitations

mising these conflicting aspects. My aim was to cre-

have to be taken into account which could influence

ate guidelines that would be feasible and easy to be

the results.

realized in Legnica and that is why I found the social

6.1 Discussion

preconditions as important as the scientific principles

on research process and

methods

Limitations of air phytoremediation
First of all it should be remembered about the limitation of the air phytoremediation method itself. Elimination of emission sources is always the most effective
way of improvement of air quality (Hewitt et al., 2019).
Even though plants work as biofilters and the filters
are the only way to eliminate the pollution when it is released (Popek et al., 2015), its effectiveness (depending
on scale of emissions) is limited. Therefore elimination
of the sources of pollution should always be a priority
and use of greenery should be seen as a complementary, supportive method, but not as the main solution.
The second aspect of the limitation of air phytoremediation is resistance of particular plants. Even though
I aimed, based on scientific knowledge, to select species with high tolerance to the pollution, depending on
conditions on a particular site (that can also vary or
change) and properties of a particular plant, it can not
be guaranteed that a certain plants will survive, which
can decrease the effectiveness of filtering.

Reflection
Designing

on the research through

Designing is used in this thesis as the the research
method. It is where scientific design principles based
on scientific literature review are combined with the
local landscape and social preconditions. Design is
a complex and circular process, where application of
various ideas and their evaluation takes place constantly. It was the case of this thesis as well, where work
on design in different scale levels was overlapping and
coming back to the design principles and adjusting
them in the case of Legnica were taking place on a
regular basis.

Compromising

put on getting to know the residents’ perspective as
a way to find optimal solutions for design at different
scale levels. This aspect, on one hand, can be seen as
an advantage for the particular case of Legnica, but
on the other hand as one of the limitations on this
thesis, since it is very context related. Some solutions,
however, in particular those in micro-scale, can be
seen as generic solutions to apply also in other cities
with similar issues in terms of air pollution and climatic conditions.

Time aspect
One of the important issues I struggled with in the design of the air filtering system is the time scope. Plants,
and in particular trees, need time to reach the full
effectiveness in air phytoremediation. Until the trees
reach the desirable size, the issue might not be present
anymore or be significantly reduced and therefore the
purpose of the initial design was not achieved on time.
The solution is needed rapidly and that is why I worked
on solutions that would start working almost immediately such as fast growing vegetation, use of climbers, elevating the trees and shrubs in planters and as
well as use of alternative, vertical surfaces. It should
be also remembered that due to changing conditions
and uncertainty of the future (e.g. climate change) the
conditions on the site, including wind speed and directions, might change in the future, which can have a
great influence of the filtering and ventilating system.

Integrative design
It was important for me to create a design that combines multiple functions and it is not oriented on one
particular problem only. Also because of the time issue,
it was crucial that the project solves other problems as
well and is not outdated is case that air pollution is-

scientific principles with the lo-

cal preconditions

One of the greatest challenges in the design process
126

and landscape preconditions. A lot of attention was
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sue is solved by other methods, such as elimination of
the sources. In the case of Legnica it can be assumed
that the air pollution problem in the form of low-stack
emissions and emissions from the copper smelter will
be greatly reduced in the next decade, however it is

not certain. That is why I tried to create an integrative

ciples are the same, the articles turned out to be very

design, with several added values. Approach of multi-

useful in my research mitigation of air pollution.

functionality of the new green infrastructure would be
beneficial for the residents in many ways. Combination
of filtering and ventilation properties of the new green

Analysis - Lack of numerical and empirical data

structure of the city influences also the microclimate,

Important aspect of this thesis, which reduces its re-

reduces urban heat island effect in the summer as

liability, is the fact that all parts of the research are

well as, to some extent, prevents droughts, includes

based on simplified models. This applies also to the

surface runoff and reduces flood risk. These aspects,

analyses. Complexity of the subjects of air flows and

however, were only mentioned and not deeply studied

urban aerodynamics requires analysis of a particular

in this thesis.

site done by a team of experts with experience and

Implementation and maintanance issue

knowledge that I do not have. Because of that, the outcomes of particular analysis, even though based on
research and specific literature review, might not be

Important aspect, only mentioned in this thesis, is the

entirely correct. Lack of verified, expert analysis and

implementation of the design and maintenance. For

no numerical data result in assumptions and simpli-

implementation it is important to have a coordinator

fications. The results of reduction of PM from the air

on the site. It is crucial in case of this design because

lack numerical data and are to a great extent based

it is based also on small scale interventions with public

on simplifications. In addition, there are many factors

participation, that are incorporated into the big struc-

influencing the effectiveness of plants in air filtering,

ture of the city. That is why it is important to educate

which can greatly vary even among the same species

and engage local residents and for that a professional

according to different characteristics of a plant, site

is needed. For the filtering system, it is crucial to keep

and changing conditions. Therefore it was not possi-

the vegetation in proper shape and condition in or-

ble for this thesis to obtain numerical data or even es-

der to maximize the effectiveness of air phytoreme-

timate the amount of PM eliminated or immobilized by

diation. The main climber used in the project is Hedera

the plants after application of the design.

helix, which is a fast growing and expansive plant. That
is why it is important to provide proper maintenance
with trimming and pruning to control the overgrowth

Interviews and participatory workshop

of the climber. It is crucial in particular for open work

From the beginning of the research I wanted to use the

structures such as filtering towers, pergolas and trellis,

participatory approach in the design. Local knowl-

because the gaps provide proper throughflow of the

edge and contact with people who are the end users

air and allow maximizing the filtering. Another issue is

of the space, is an important aspects in the design

the maintenance of fallen polluted leaves of deciduous

(Berman, 2017). Because of that I initiated contact with

plants that should be removed and neutralized and in

the Community Centre in Legnica, where I conducted

any case burnt to not emit more pollution into the air.

interviews and together with the staff organized a par-

Reflection on the other research
methods

Literature review

ticipatory workshop with design exercises. This part
of the research was a great experience and a lesson
for me, first of all about conducting the interviews and
second of all in preparing a workshop and collaborating with a local institution. I was very lucky to work with
proactive and enthusiastic people, who shared with

Literature review was a starting point of the research. It

me their knowledge and experience as well as actively

enabled me to get familiar with the topic and enlarged

participated and co-led the workshop. Unfortunately

the scope of the thesis by the aspect of windflows and

the pandemic situation in 2020 did not help enable the

urban ventilation. In the course of reading the scien-

collaboration and to organize a second design work-

tific papers, it came clear to me that the ventilation

shop. That is why participation of the residents in the

and air flows are extremely important aspects in air

design process was limited to creation of social pre-

pollution removal and directing the air, which impacts

condition driven from the interviews and first and only

the phytoremediation and increases its effectiveness.

workshop and for this reason, unfortunately, it can not

In terms of articles about urban ventilation, I found out

be said the design was truly participatory.

that the research in this matter focuses in vast majority on reducing Urban Heat Island effect (Gal et al., 2009,
Wong et al., 2010, Su et al., 2016) , however since the prinUrban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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6.2 Conclusions & Recommendations

ness. Buildings in very bad conditions should not be

The main purpose of this thesis was to contribute to

opportunity for creating a new green structure of a

the research on the air phytoremediation from the

neighbourhood and the city.

landscape architecture perspective. Investigating the
spatial composition of green infrastructure aimed
to provide researchers and designers with new tools
for creating healthier urban environments, in cases

protected, but using demolitionas can be seen as an

Extend the path of the polluted air before it
reaches people - use nozzle and matrix layout

of polluted sites with various sources of PM. Sub-re-

Nozzles with clusters of dense trees on both sides di-

search questions about general rules on air pollution

rect windflow through the empty space in between. In

dispersion, air phytoremediation mechanism and ur-

this way they can be used as tools for directing pol-

ban ventilation resulted in creation of generic design

luted air into filtering clusters. Layouts with multiple

principles. Sub-design questions referred to the local

filtering clusters extend the path of polluted air and

conditions of the study case, a polish city of Legnica,

are filtered multiple times before it reaches people.

and led to creation of local landscape and social preconditions. They, together with design principles, were
applied in the designs in different levels of scale: mi-

Use evergreen vegetation

cro - site design, neighbourhood and city scale. In this

Since the issue of high concentration of PM is much

way I was able to answer the main design and research

more severe in winter, therefore use of evergreen spe-

question of this thesis.

cies that will filter throughout the year is required.

Answers of the sub-research and sub-design ques-

Create protective canopy

tions resulted in creation of design principles, identifying local preconditions and by applying them in the

Since the majority of PM in Legnica is emitted by the

design, the main design and research questions could

sources at great heights, protection above human

be answered. The answer to the main design question:

level is needed. This can be achieved by creation of a

How to design green infrastructure in the city of Legnica in a way that it mitigates PM in optimal way?

is a set of recommendations for the municipality of
Legnica, that should be followed in order to create an

“green roof” above spaces, where people spend time.
The canopy can consist of tree crowns as well as elevated climbers on structures such as pergolas.

Use fast growing species and elevate the vegetation

effective ventilation and filtering system and in this
way to mitigate the negative effect of the PM on the

In order to create protective canopy above people

health of the residents of the city.

trees are the most desired type of vegetation, but to

Recommendations for the municipality
of Legnica:
Do not densify development - No compact city
Stop densifying development in the critical parts is
crucial in improving ventilation system of the city and
to improve air quality. Unused spaces of low roughness should be transformed into new green spaces or
should be allowed only for low-density housing.

Create a network of spaces with low roughness to eneable free air throughflow

Linking existing green spaces by creating of new ones
in between is importnant in order to create a system
of connected green areas with low surface rough128
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reach a certain size they need time to grow. Therefore
use of fast growing species is beneficial. Another solution is to elevate the vegetation by planting them in
planters, where they immediately “get” extra centimeters of height and can create the canopy faster.

Use alternative surfaces
Since the space in densely built-up areas is scarce, alternative surfaces can be used. Green roofs and walls
not only save space on the ground, but also have the
advantage of being located higher and thus can filter
PM that is emitted from chimneys and in this way catch
part of the particles before they fall down and reach
human level. Another solution can be presented in the
design filtering towers, which are special structures
for climbers that imitate trees, but can filter the air all
year round.

Involve

community in the design process and

levels. While filtrering is a crucial aspect of the small

maintanance

scale design, in the macro scale it is the ventilation

Use the potential of the residents who are proactive

of air pollution. Therefore a system of connected areas

system that seems to be the most important in removal

and encourage them to take actions in their direct environment. Create a frame of the green infrastructure
and support bottom-up actions of the residents. Train,
educate and involve residents in all steps of the design
process, which will help also in further maintenance of

of low surface roughness in form of ventilation wedges and ventilation corridors is important on the city
scale level in order to provide sufficient air throughflow and in this way to reduce concentration of pollution, in particular in the most problematic areas of the

new green sites.

city centres.

Main research question

Relevance

The answer of the design question and the set of recommendation can be seen at the same time as the answer to the main research question of this thesis:
What composition of green infrastructure is required
for effective mitigation of PM in polluted urban
environment?

Even though some of the recommendations for the
municipality of Legnica are site specific, most of them
could be applied in any city of similar conditions to
Legnica.

and

recommendations

for

further research
This thesis aims to contribute to the overall research
on design for improvement of air quality in urban areas. In contrast to most of the studies, which focus on
traffic air pollution, this work focuses on air pollution
emitted above human level: domestic heating and industry. This thesis aims to explore possibilities of air
phytoremediation and urban ventilation and focuses
also on the relationship of the two. In this way it investigates a new field in urban and landscape design, and
the results can be used, or further explored, in designs
in polluted sites with similar to Legnica conditions. It

In particular the solutions for the micro scale are general and seem to work elsewhere in situations when
the majority of emissions come from above human level e.g. domestic heating and industry. The solutions,
which place biologically active surface of green on
greater height such as green walls, roofs and trellis
and creating a green canopy above people in form of
tree crowns or elevated climbers placed on structures
such as pergolas or filtering towers, provide a protection layer that eliminates parts of the PM pollution before they reach people. In terms of horizontal airflows,
nozzle and matrix layout are preferred as the most effective system for air phytoremediation, which extends
the path of polluted air. All social areas should be protected by buffer filtering zones.
Both parts of the research: Research for Designing as
well as Research through Designing parts showed that
different solutions work better for different scale levels, some of them can be upscales, but some are scale
specific. For instance, the filtering system of nozzles
and matrix layout can work on any scale, from single

can give tools for municipalities struggling with low
air quality that want to use greenery as a complementary method in mitigation of air pollution, especially
because new green investitions can serve many other
purposes at the same time.
Due to all of the limitations of this study, the main recommendation for further research on the influence of
spatial composition of green infrastructure on mitigation of PM is the application of vegetation and real life
experiments. By empirical research, numerical data
can be obtained, which would confirm or deny the outcomes of this thesis. Since effectiveness of a particular
species is site specific and on different sites the same
species can have different results, multiple applications and measurements should be taken in order to
obtain averaged results and to develop new or improved design principles for landscape architects that
will deal with design in polluted sites. Another helpful
method could be 3d modeling and with collaboration
with researchers and experts from different fields and
computer controlled tests.

trees and small clusters to big forest-like clusters with
the same expected effect. Some solutions, on the other
hand, can work only on a small scale such as structures for vegetation. Another aspect is the importance
of ventilation and filtering systems in different scale
Urban breathability - design research on spatial composition of green infrastructure in mitigating outdoor air pollution
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Appendix
Interviews- simplified transcripts
These are simplified transcripts made from the notes taken
during the and recorded. Even though questions in both
interview guides were similar, the answers among the residents, also because of time limitatins for interviews, were
shorter. Therefore they are more like a questionnaire while
the answers of the staff of the Community Centre are more
open.
Interviews with:
-residents of Legnica, (1-8,16 users of -Community Centre in
Zakaczawie)
-workers of Day Care Centre (4 person)
Residents of Legnica - Interview guide
1. In which neighbourhood do you live? What are the advantages and disadvantages of living there?
2. What are the advantages and disadvantages of living in
Legnica?
3. How often and when in particular do you spend time
outdoors? What activities do you do there?
4. What do you think about the quality of public space in
your neighbourhood?
5. What do you think about the amount and the quality of
greenery in your neighbourhood?
6. How would you assess the air quality in Legnica? When is
the air quality best and when the worst, or maybe you think
it is on the equal level all of the time?
7. Where in the city the air quality is best and where the
worst? Or do you think it is equal everywhere?
8. What are the most common health issues among Legnica´s citizens (in your age group)?
9. Do you, or anyone among your family, friends or relatives,
suffer from respiratory system diseases (lung cancer, astma,
allergies, etc.)?
10. Do you know the Zakaczawie Revitalization Programme?
What do you think about it?
11. Would you change anything in the programme?
12. Do you know LBO (Legnica´s Participatory Budgeting)?
Do you know any projects realized within this programme?
Do you vote or propose the projects?
13. Do you have solid fuels (coal) heating system in your
house? If so would you like to replace it for an alternative
heating (e.g. central heating)? What are the obstacles? Do
you think the municipality (authorities) actively and effectively supports the citizens in the replacement of the solid
fuel heating systems?
14. How would you assess the neighbours relationships in
your building, courtyard and neighbourhood? Do people
know each other? Do they spend time together?
15. Do you have an allotment garden, home/kitchen garden
or a balcony where you grow plants? If not would you like to
have one?
Interviews among users of the Community Day Care and Social
Integration Centre
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Person 1 - a (senior) lady from Zakaczawie
1.&2. I live in Zakaczawie, now the name has changed to
Kartuzy. It was a bit ugly, but it is recently getting prettier
here. More houses are bought, not rented or social housing
so the owners and housing associations start to take better
care of the buildings
3. Actively since I started to come to the Day Care Centre
- twice a week nordic walking, going for a walk with my husband, Community Day Care Centre, park, activities; senior’s
day
4. There is never too much of greenery, I would not say the
amount of greenery is satisfactory, I like the new green
square (Skwer Sybirakow)
5. I think it is rather good. I do not experience any health
issues related to the air, we always know what is the quality
- the information of the air quality is always displayed on
the screen on our (Wroclawska) street and usually it states
the quality is good or very good. In the past the copper
smelter was polluting, but not anymore since they installed
the filters. I feel a big difference of how it is now.
7. Rather equal everywhere
8. All issues related to the older age, mostly joints
9. Yes, I have problems with the throat, but i had been a
passive smoker when I was a kid. My sister who lives in Boleslawiec (another city) has the same problems
10. Very positive, a lot is happening
11.Only more of the interventions! Maybe the housing association should participate more
12. Yes I know and I vote every year. Our backyard was renovated thanks to this program.
13. No, I have alternative heating - infrared (electric) - replaced the coal stoves at our own expense some years ago,
7/11 apartments have electric heating. I left one stove just in
case (much higher electricity cost in the future). I know the
municipality supports somehow, my neighbours asked for
subsidies, but I did not.
14. I know the neighbours, but do not spend time with them,
younger adults and teenagers hang out on the courtyard,
eldery not. We meet sometimes when something in the
building or backyard has to be done to discuss, but I do
not have personal relations with my neighbours, except for
one person.
15. I had an allotment garden when I was younger, but gave
it away to my uncle and aunt. I am still the owner of it, but I
will not take it back since it is their whole life. There are over
80 and will not be able to take care of it for much longer so
eventually I will get it back. I would really like it.
Additional questions:
Do you think the space on your backyard support integration of the residents:
- The younger ones spend time there - they sit on benches,
there is a playground and an outdoor gym, but I just go
there to throw out the trash. I am in older age so I do not
integrate with them, I rather go to Skwer Sybirakow (newly
renovated small green space) and spend time with people I
know from here (Day Care Centre).
Do you think there is a satisfactory amount of facilities
for people in your age group? Or are they mostly (also the
projects of LBO) oriented on younger users?

- But what to make for the people in my age? There is an
outdoor gym, which I should use, but I do not because I am
ashamed. I do not see people use it a lot, it is rather empty,
only kids use it sometimes.
Person 2 - a (senior) lady from Piekary II
1.&2. Piekary II, but 9 I lived also in Zakaczawie and Tarninow in the past. Advantages are: access to services on
foot (school, supermarkets, clinic, hospital), Disadvantages:
another services are far away, public transport (frequency)
to the city centre
3. Transportation, LUTW (Third Age University)
4. Fixed roads and sidewalks, still some issues, but it is
getting better
5. Housing association takes care, but there is not enough
parkings, cars destroy the lawns. Too many cars.
6. Bad quality, I experience it. I have cardiovascular and respiratory issues. Today is good, but when the heating season
started in the beginning of autumn it was very bad. I experience a very bad smell in Piekary from the Sewage Treatment
Plant. I was a metallurgist, so my issues with lungs can be
related to my profession. I see a big difference between how
the air was horrible - sulfur and acid rains.
7. The worst air is along the roads and in single houses
neighbourhood, where people have coal stoves, the best
quality is in the park and cemetery I would say.
8. Cardiovascular diseases (heart problems), spine, joints.
9. Me and a friend of mine - ablation of lung arteries - all
related to Legnica’s climate, also joints, rheumatic issues wet terrain - former swamp.
10. This place and building are amazing. I love spending
time here. I come here like to my own house. Everyone is
super nice and respectful. We have a lot of activities, we go
for excursions. I like the new boulevard, renovated streets
and Plac Sybirakow.
11. No.
12. Atrium Piekary - Neighbourhood Culture Centre.
13. No, I have central heating from the city’s coal-fired power
plant, but I do not even need to use heating, since my
apartment is very warm.
14. I have good relations with neighbours, I do not have time
to spend time with them. There is an issue that teenagers
destroy benches etc. - vandalism.
15. I had one but I do not have anymore. I do not want to
have one again because of my age.
Persons 3, 4, 5, 6
1.&2:
3. Zakaczawie - All services close by. I like the new Sybirakow
Square (I live in front of it), I spend a lot of time there (also
with my disabled granddaughter - the place is accessible
for wheelchair), but I do not feel safe (nights), a liquor store
in front of my house - people behave very loud, complaints
and monitoring do not work
4. Piekary C - it is just Legnica’s bedroom - an empty space,
no facilities, vandalism
5. Piekary B - no facilities for eldery, places to go for older
people - we have to go to the city centre, no cafe etc., there
are benches, but other facilities are destroyed
6. Old town - all services are very close, but nothing for seniors, Zamkowy Park is destroyed - no benches. Gdanski Park,

which use to be a nice place now is occupied by drinking
people, safety issues, no benches to take a sit
Lack of bike paths, which are not well connected, vandalism,
traffic in the morning
3. Skwer Sybirakow, going to the park on the weekend
4. Allotment garden
5. Kunice (nearby village with a lake) by bike, walking, allotment garden, reading a book on a bench,
6. on foot to work, walking the dog 3 times a day
& 5.
3. I can not complain, I have Sybirakow Square in front of my
house, it smells really nice, when I open the window
4. A lot of Robinia pseudoacacia trees, lime trees
5. Lack of trees, some trees shade the windows, in the playground too little trees - no shading, they cut down a lot of
trees, lack of green spaces,
6. 3. Gas store near my house, I can’t open the window in
the summer
4. Bad smell from the hospital’s incinerator plant, car pollution
5. Worse air quality than before - when I moved in to my
neighbourhood in 1992
6. Car pollution
7. In the park quality is better
8. &9 Blood pressure, cardiovascular diseases,
atopic dermatitis, thyroid diseases, joints, allergies, asthma, rheumatoid arthritis
10. Great programme, just more interventions, the Sybirakow Square is great,
some vandalism already
11. Just more of interventions
12. 3. I know, but I have not voted yet.
4. 5. 6. Yes, I voted a couple of times, mostly projects for kids.
13. 3. Yes I have, I have tried, asked for it, some issues with
municipality - no permission, maintenance cost.
4. No
5. No
6. Yes, I would like to replace it with something else but the
problem is the cost both of the installation and especially the cost of maintenance. Municipality subsidies up to
5000zl
14. 3. One closer neighbourhood, the rest just “Hello”
4. Just “Hello”
5. Just “Hello”, with one I have closer contact
6. I know them, but just say “Hello”, distant - reserved relations
15. 3. No, but I would like to have
4. Yes I have
5. Yes I have
6. No, but I would like to have, however I have little
time
Person 7 - a (young) woman from Glogowska street
I live in the region of Glogowska street, but I often visit the
Day Care Centre
Air pollution in the city, littering. There could be more bike
paths, I see more and more people, especially older people
doing sport, including cycling
I spend time outdoors actively - I walk and do jogging - I
take part in running competitions so I train often
It is not bad, but the services are not located close to the
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place where I live, not good infrastructure for

running. No place to rest or go for a walk.
Not much greenery in my neighbourhood, in Zakaczawie it is
ok but could be more
Air quality is not good.
The worst next to the copper smelter, better air quality there,
where there is greenery and the best it is in the park.
No. I was diagnosed with asthma, but it just passed away, so
I am not sure if the diagnose was right.
Yes I know, primary school sport field, boulevard, the Day
Care Centre. I really like the programme.
Yes I know and I vote, fixing the roads, playgrounds, most
projects oriented on facilities for children.
Yes, I would like to have a different heating. The main obstacle is the cost. I know there are programmes subsidisying,
but I have not informed myself about it yet.
Only saying “Hello”, do not spend time with them, they are
not very polite and friendly.
No, I do not have, but friends have so we spend some time
there, usually resting and having a bbq.
Additional question: Where do you go jogging usually?
I run basically everywhere, even when I go to work. I like
jogging in the park and in the urban forest. I do not like
running in the open areas in the summer, since there is no
shade.
Interviews among citizens of Legnica from different districts
Person 8 - middle age woman from Zakaczawie
1. Zakaczawie - Wroclawska street. Problems: safety, especially at night, no respect for common and private property
- vandalism.
2. All services are close by (access), people are polite
3. Morning till afternoon, going for a walk or sitting in the
backyard. In the summer longer since the days are longer so
it is safer
4. Not enough bins for recycling
5. There should be more vegetation
6. The quality is better when people do not burn coal for
heating, when they do you can’t really open the window or
got to the balcony
7. The quality is rather the same, depends how the wind
blows
8. Joints - knees and hips
9. Yes, i know one person, but she smokes also
10. Very beautifully renovated buildings and backyards,
beautiful playgrounds, renovated sidewalks,
11. Not enough of bike paths
12. Yes and I vote
13. No, I have heating from the city’s coal-fired power plant
14.I know some of my neighbours, I am a friend to some of
them, but do not really know the rest
15. No, but I like growing plants on my balcony - herbs and
flowers
Person 9 - a senior woman from Asnyka district
1&2. I have lived in this neighbourhood and in Legnica since
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1964. The neighbourhood is quiet, calm, there is a good
access to basic services
3. In the courtyard, alone or with the neighbours. We sit on a
bench in the sun or shade and chat
4. The housing association takes care of the buildings and
outdoor space, the facilities are ok
5. Yes, it is green here
6. People complain, but I do not experience bad quality of
the air. It was different in the past. You could not breath
because of all the pollution from the copper smelter
7. Here there is a good (the best in the city) ventilation
8. Joints, heart issues
9. Yes, I have respiratory issues
10. No
11. 12. No
13. No, I have heating from the city’s coal-fired power plant
14. Yes, we mostly know each other, help and like each other
15. I had an allotment garden in the past, now I only have a
home garden in front and on the back of the building
Person 10 - Middle-age man from Tarninow
1. Tarninow - I see a lot of advantages - various building
types, easy access to services. Disadvantages: basic infrastructure is ok - main roads, but smaller ones should be
fixed, no bike paths
2. I have lived here for more than 30 years, I think it is a city
of a perfect size - everything is close by
3. Often - weekends but outside of the city - in the mountains
4. The same as in question 1
5. Right amount of greenery - it is a green neighbourhood
6. Very bad quality in the heating season, you can feel the
pollution in the throat when you breath
7. No difference, the same in the entire city
8. Joints - hips and bones among people 60+
9. A friend of mine has lung cancer, but he used to smoke a
lot
10. I know it, a lot is happening there. I like how they renovated ugly, unmaintained buildings
11. No
12. Yes I know, I have not voted yet
13. don’t, I have central heating on gas. I know people who
have the stoves on coal. The problem is that the poorer people can afford the replacement of the heating system. I know
the municipality supports them, but if effectively enough I
do not know
14. I know them, but I do not spend time with them
15. We have a house garden in the front of the building and
in the backyard. Neighbours spend time there, me not. I do
not grow anything there, I do not have time
Person 11 - a (young) woman from al. Rzeczypospolita district
I live in the region of al. Rzeczypospolita. It is a neighbourhood of single houses. Most of the people living there are
eldery. The problem is that people burn coal for heating
so the air quality in the entire heating season is really bad.
People also burn trash in their gardens in the summer and
autumn. There are basic services provided - grocery store
and a post office. There is only one bus line going to the city
centre.

Basically me and other people just go to the shops and to
the city’s park which is nearby.
The quality of the infrastructure is mainly bad - sidewalks
(they have been fixed, but very slowly) and roads, there are
no common public spaces except those, but there is the
city’s park nearby. There is only one bike path - along the
new road going through the park to the city. There are dogs
droppings on the sidewalks - people do not clean after their
dogs.
There is only private greenery - private gardens, and the
park nearby
In the heating season the air quality drops a lot
No
I have a cough every time when I get a cold, which did not
happen in the past
No
No
Yes, cost. I heard municipality does something, but if it is
enough I don’t know.
Yes everyone knows each other, but mostly just saying “Hello”, they rather do not spend time together
Yes I have a private garden
Person 12 - senior woman from Kopernik
1. I live in Kopernik I. I moved here some years ago.
2. I like living in Legnica, it is a perfect size city for me. I
moved here some years ago from Wroclaw (a bigger city), in
my age such a big city is not for me anymore
3. I go for a walk to the allotment gardens and to the park
on Saturdays (if it is not too hot), it is safer there on the
weekend, since there is more people in the park. Pensioners
gather in front of the church to play cards. I also go to the
newly renovated Sybirakow Square.
4. My street is calm, there are lawns, benches and playgrounds. The municipality and housing association take
good care of the outdoor space here. The services are close
by. The only problem is dog owners who do not clean after
their dogs. There are dogs droppings on the sidewalks and
lawns. People are awful and do not follow the rules. There are
signs to clean, but people are lazy and do not do it anyway!
The other problem is that people do not segregate trash.
There are different bins to recycle but people do not segregate and put all trash in whatever bin.
5. There is enough greenery in my neighbourhood. There are
big lawns and a lot of trees.
When there is a fog yes, but i do not complain. I guess most
of the old coal stoves are replaced already. Maybe the copper smelter pollutes but I do not experience it.
6. 7. 8. I do have issues with the respiratory system, I suffer from
apnea and have difficulties with breathing.I visit a pulmonologist regularly so now it is ok. I have an inhaler and sometimes I use it.
9. 10.&11. 12. I don’t know it. Where can I vote?
13. No, I have heating from the city’s coal-fired power plant

14. Not very close, just “Good morning!”, but my neighbours
are calm, nice and polite so I do not have any problems with
them.
15. No, because my family doesn’t have one. If they had I
would often go and spend time there.
Person 13&14- a middle-age couple from Kopernik neighbourhood
1. We live in Kopernik II neighbourhood. There are more advantages I would say. It is not far away from the city centre.
There is a market and other services in the neighbourhood.
There is an open space nearby - fields. No big density of
buildings. A small park close by. The disadvantage is the car
noise we hear from the busy street (one of Legnica’s main
roads), but you
can get used to it.
2.3. We often go for a walk, sometimes biking, so rather actively.
4. There are playgrounds, park, skatepark.
There is a lot of green in our neighbourhood. 5. We have
park view from our apartment. But we can also see the copper smelter chimney and the smoke going out from there.
At least we always know what is the wind direction at the
moment by seeing the smoke direction.
6. & 7. It depends. Personally I think in the evening the quality
is better. In the morning when I go out to work I can feel the
bad smell and pollution in the air. The quality of the air is
not perfect for sure. We can experience the difference when
we go for instance to some forested areas.
- In the afternoon and in the evenings maybe and when
there is a fog the quality is low
Rather not, maybe in the park better. In Zakaczawie is lower,
because people burn whatever they can in their stoves, also
here nearby in the single houses neighbourhood there is a
lot of smoke. We clearly can see it from our apartment on the
10th floor.
8. 9. Yes, my mother
10. &11. We know the Poboznego street revitalization, but is
it Zakaczawie? There is a promenade (boulevard). But the
buildings on the other side of the river, where the poorer
people live are in very bad condition. I guess it is a problem
with the ownership too. There might be also a problem that
the residents where the revitalization takes place will not
respect all the work done. There is now a protest against
renovation of 2 buildings where Gypsy community lives (another part of the city), since the cost is high and a big risk of
vandalism, so people think it might be a waste of money.
12. Yes, I know it. There is a parking near our building built
thanks to this programme. I always forget to vote.
- I do not know it and I do not vote
13. No, we have central heating from the city’s coal-fired
power plant
14. People do not have close relations with their neighbours.
In our building a lot of people rent the apartments temporarily so there is a big rotation of people.
15. We do not have. I could have but a garden, but only next
to our house.
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Person 15 - a senior woman from Fabryczna district
1 &2 I have lived in Legnica since 1955. Disadvantage is that
we live in a valley and in the past the smelter was polluting
the city a lot, when you opened a window the air was suffocating. I like the old city is renovated, but still a lot of public
spaces including sidewalks require renovation and lightning
3. I do not spend time outdors, I am mostly at home
4. It is low, it is messy, not enough trash bins, sidewalks for
renovation
5.There are some trees
6. It is bad, people burn anything they can including trash
and low quality coal
7. Equal everywhere
8.Joints, heart diseases
9. No
10 No
11. 12. Yes I vote and my neighbours propose projects
13. Yes, i know municipality subsidies echange to other
heating system, but only partly after the repleacement of the
stove. I live alone and it is not worth to replece the heating in
my age
14. Yes I know all neighbours, we visit each other often and
help each other
15. I do not have an allotment garden but we have a small
decorative garden in front of our building
Day Care Centre staff - Interview guide
1. What is your position in the Day Care Centre? What classes
do you give in here?
2. Who are the users of the Day Care Centre? Are they residents of the neighbourhood or the entire city?
3. What are the most common/most serious problems of the
users (including health problems)?
4. Do the residents spend time outdoors? What activities do
they do there?
5. Do the Day Care Centre organize any activity outdoors? If
so then where, when and how often?
6. Do you know what do the residents think about quality of
public spaces and greenery in the neighbourhood?
7. How do the residents assess the Revitalization Programme
of Zakaczawie?
8. Do you think the residents are socially active? Do they
know and participate in LBO?
9. Do you know if the residents have at home heating on solid fuel - coal? Would they like to replace it with an alternative
heating? What are the obstacles? Does the municipality help
and support the residents in doing that?
10. How would you assess the environmental awareness
among the residents? Does the Day Care Centre organize
any educational activities to increase awareness?
11. How would you assess the social relations in the neighbourhood, including neighbours contacts?
Interviews among staff of community centre
Person 1 - a physical education instructor and trainer, a former
policeman

1. I give physical education classes for seniors - indoor biking, and for teens - gym, work out.
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2. Most of the users are pensioners (65-80 years old), mostly
women, there are only a few men. I have only 2 teen boys who
I train for now, they want to change something in their life. If
it comes to people between 18-60 there are no people in this
age, or at least I do not meet them. The classes take place 3
times a week. Around 50% of the people are from this neighbourhood and 50% from other districts.
3. This neighbourhood is kind of an enclave. Big part of society is deprived. People are poorer than in the other parts of
the city, they often have problems with the law. The kids and
eldery who come here to look for support, attention but first
of all to feel useful and needed. The parents in this neighbourhood often do not devote (dedicate) time to their kids,
so the kids come here where they can do even such prosaic
taks as doing homework. At home they are not supported
or do not have proper conditions to do it. When the kids
come here for the first time they are not very distrustful and
reserved, but with time it changes. If it comes to addictions,
it is a big problem in the neighbourhood. The new residents
changed a bit of the image of the district, however in 80%
the neighbourhood has not changed at all, it is still a highly
criminogenic environment. By growing up in this kind of
environment, the kids are determined (oriented) in the same
direction, unfortunately.
4. From what I noticed most of the people in the neighbourhood spend their free time on pleasures and addictions.
There is a small group of teen boys who come here to the
playground, put their music and work out - calisthenics.
But it is rare view in here. Kids come here or to the primary
school sport field to play football.
5. I do not give classes outdoors, but I know that (when it is
warm enough), there are classes of nordinc walking, organized walks to the park and excursions.
6. I do not know.
7. I do not know.
8. I do not know, I know part of residents were involved in
outdoor gym projects. But from what I noticed the gyms are
not used. Nobody works out, just people hang out there, sit
and smoke.
9. Yes, some people told me that they have stoves for coal
and they wanted to replace them but when they asked at
the municipality, at that moment the subsidies were over for
that year. So yes the municipality helps, but maybe it is not
as effective as it should be. With lack of funds and mess in
the housing associations are not able to help everyone.
10. I do not know if the Day Care Centre organizes any activities, but I don’t know everything that is organized here. If it
comes to environmental awareness - everyone knows about
the issues, knows something about the need of protection
of the environment, but if it comes to actions then it is
getting more difficult. They think “When I can afford it I will
be eco-friendly, for now I do not have to be”. There is also
lack of support from the law and regulations. In the West
the ecological friendly behaviour is supported, for instance
by refunds. Here it is not. That could be a way to encourage people, but for now it is not practiced in our country.
Banning certain things will not change people’s mindset.
We need to give them a reasonable alternative and then to
expect from them to behave in a certain way. Education and
giving good examples are important - to explain why something is important and why they should do it.
11. As I said before this neighbourhood is an enclave. These
people used to stick together, however from what I heard

from women I have classes with. It is not the same neighbourhood as it used to be. The relations are more distant
than in the past, but in my opinion it is a sign of our times. It
is happening everywhere, not only in Zakaczawie. If it comes
to safety - I used to work here as a policeman, but I would
not safe that it is less safe than in the other parts of the city
(for instance in Piekary). It is like a small town or village - people here know each other , especially teenagers. Criminality
is present here, but if it is higher than in the other districts I
would not say that.
Additional questions:
What do the residents think about greenery in the neighbourhood?
I can only express my personal opinion: there is too little of
greenery here. There is a small green square in front of the
building, but it is occupied by drinking people. It lacks green
spaces for people to spend time outdoors. I live in Rawicz
now and there is a lot more going on for instance in the city
park. There is the city’s park in Legnica, which I personally
think is one of the most beautiful parks. The infrastructure
and events in the park should be better developed and
promoted. In other cities parks and green spaces are much
better used by the residents, like sport and cultural events.
There is a lot of empty spaces in Legnica that could be turn
green, which would also stimulate and encourage people to
spend time actively.
What do you think about air quality in Legnica?
I experienced the difference in air quality when I was in Sweden. Education and support/ an alternative is important.
If there is a reasonable refund from the municipality or the
state people will switch to more ecological friendly solutions.
I think Legnica should follow Lubin’s example (nearby city in
the copper district) and apply free public transport, which
would solve the traffic problem. I think nothing motivates people more than an opportunity if saving money - if something
is for free people will just use it. The air quality would increase
a lot. I might not be objective, but I think Legnica has a great
potential to become a sustainable and green city. I am of
German origin, my family lived in this region and I know that
before the war Legnica was called “Blumenstadt” - it was a city
of gardens. Lasek Zlotoryjski (Legnica’s urban forest on the
southern outskirts) used to be the walking spot for Legnica’s
residents.
Do you remember how was the air quality in Legnica before
the filters were installed in the copper smelter (1990’s)?
Yes, it was often very smelly. I had a comparison because
my grandmother lived in another city. The snow there was
always white and in Legnica it was dark. But in my opinion
even though the filters were installed I have a feeling like
they are often off, they are not present at all or they should
be replaced with new ones, but nobody does it. Legnica’s
misfortune is they it is located in a valley and the smelter is
higher.
What do you think is potential of Zakaczawie to become a
green neighbourhood? How would you assess the potential

of bottom-up initiatives in here?
Before the war Zakaczawie used to be a neighbourhood
of railwaymen. The Germans used to locate certain workers’ groups next to their workplace. If it was good? I think
yes. The people used to stick to each other and take care
of each other. The problem of Legnica is that the people
are migrants (after II WW resetlements), that is why the social bonds were and are weaker. Nobody really wanted to
migrate here for longer, because everyone believed that the
Germans will eventually be back here. That is why they did
not fix/repair anything and did not care about the space at
all. The next generations seeing that from the example of the
parents grew and learned the same way. Legnica has a great
potential, even here along the river (the dike) there are great
places for going for a walk. Investing even little money and
engaging the residents would make those places much better. This neighbourhood is specific, asking people and engaging the - telling them “Guys, it is for you and your kids” will
make them cooperate. I will give an example from my youth
- the communist social works. By making a fence, digging a
ditch or whatever what you have done yourself you will respect the product of your work, you will not destroy it since
you know how much effort you had to put in it. One would
guard another to respect the work. There should be some
administrator (stewards) of the neighbourhood, who would
be responsible for taking care of the space. It should be a local person who knows the locals and speaks their language.
I remember i 1997 flooding, when people from Zakaczawie
gathered to protect their neighbourhood.
Person 2 - a physical recreation instructor and trainer
1. I work here as a physical recreation instructor and I
give indoors sport classes such as pilates, yoga etc. and
outdoor classes such as nordic walking (3 times a week).
Classes are in bigger room 10-11 persons and up to 5 people
in the smaller room.
2. The majority of people are from this neighbourhood,
but it has been changing. A friend told another friend and
now we have a lot more people also from the other parts
of the city. Out of 63 people coming there are 5 men. The
age range is from 41 to 86, however most of the people are
between 60-70. I also give sport classes to children. I am a
yoga instructor for kids, so I try to incorporate yoga into
the general physical exercises. The kids are between 5-12, I
do not have older ones.
3. If it comes to the health issues it is mostly osteoarthritis - problems with spine, hips and knees. Seniors and kids
also, especially boys, are not stretched. We start the classes
in September and I can see and they can feel the difference after a couple of months. There are some overweight
children, but a bigger problem here is malnutrition. There
is a free canteen in the Day Care Centre and I can see that
the kids use is when they can and go first there and then to
my classes.
4. I can see from my window here that the backyard is used.
There are people with dogs, people sitting on benches
chatting and people using some sport outdoor equipment.
There is an outdoor gym next to the Primary school number
1, but I think the location was not well thought through,
because it is close to the main road. I can also see a lot of
people from here in the park when we go for nordic walking.
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They are too ashamed to come to the sport class and work
out here, so they go to the park.
5. We go out twice a week for nordic walking to the park. We
use the unpaved paths, since it is better for nordic walking.
We use the dike route mostly. We would like to use Lasek Zlotoryjski (the urban forest), but it is further away so we would
have to go there by bus. The park is close so when someone
is too tired, she can go back earlier. We have not gone to the
other side on the dike (north, behind the train bridge) yet,
the users do not want to go there since there is no shade
and facilities like benches to rest. For users it is not only
physical exercises, but also contact with people and mental
relax. If it comes to yoga sessions outdoors the users prefer
to stay indoors - it is either too hot for them or they are
ashamed of people who would look at them exercising. With
kids we use the outdoor space here in the Day Care Centre.
6. There is a sport field (football) playground and a climbing
wall. There is a problem here in the summer - no shade. Once
I organized warming up, but because of not shading it was
too hot, even though it was only 9 am. There is also a problem with the surface on the football field - the surface gets
wet and slippery so often there is an information hanging
that the field can not be used at the moment, because of
safety.
7. There is not much greenery here, even this green square
close by is mainly occupied by drunk people. Fortunately the
park is nearby and the cemetery. If it comes to the quality of
sidewalks and roads it is not very good, however it has been
changing now.
They are happy about that, they can see the changes. A lot
is happening here. Of course you could find people that are
not satisfied with a particular intervention, but you can not
satisfy everyone.
8. If it comes to the users of the Day Care Centre then yes,
they are active. The others I do not really know, however the
children are our transmitters. We give information to them
and they tell it their parents.
9. I do not know about the municipality. From what I heard it
is individual cases: someone a bit richer saved money and
changed to an alternative heating.
10. It happens that after opening a window here the smog
enters the room. Sometimes the users can not breathe because of that and just suffocate. Often you can see it is grey
outside. It is a specific neighbourhood, so the people here
burn whatever (trash). That is why outdoor exercises, especially along the roads do not make much sense.
11. There is a problem here. Not all neighbours are nice to
each other. We can also see police interventions often here.
We can see boys coming playing on the football already at
8 a.m., so I do not know if it caused by a tough situation at
home, or they just want to train before classes at school, but
of course we let them play whenever they want.
What do you think about air quality in Legnica and do the
residents suffer from any health issues with respiratory
system?

Legnica is known from its bad quality air. Every time we cross
an overpass going from Piekary we see the copper smelter
chimney and all the smoke that comes to the city. I have
no idea why, but there is a new residential area in Lasek
Zlotoryjski, very close to the smelter. If it comes to the health
issues then yes, there are thyroid and joints diseases.
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Person 3 & 4 - an andragogist and another worker of the Community Centre
3. I am an andragogist - I work with seniors 5-70. I give
classes to seniors, including manual workshops, social and
support talks between their other activities here. However I
have been working here only for 2 months so I am not that
familiar with the place here like the other staff members
4. I am a cleaning lady, I used to work also in the former Day
Care Centre Place in Bracka.
5.Mostly residents of Zakaczawie.
6.Health issues including spine, joints and respiratory system.
7.Mostly kids spend time outdoors, there are also plenty
of people spending time in the new Sybirakow Square. The
nearby green space is occupied by drinking people. People from here go for a walk to the city’s park or to Kopernik
neighbourhood.
8.Yes, the opening was outdoors. When there is good weather we sit with the users outdoors, in the backyard. We also
organize excursions to the park and further ones by bus.
9. They are too few green spaces, not places to go and sit
in a nice atmosphere. They sidewalks are in poor condition,
but it has been changing recently.
10. They are very positive about it, finally something started
to happen here. Everyone can already see the changes..
People love this place (the Day Care Centre). However a lot of
new equipment has been destroyed already - fence, benches, graffiti etc.
12.Yes, they know. Some people are very active and every
year a new interventions is realized. However all the rest
does not really care.A lot of people still have coal stove.
They would like to replace it with another heating system,
first of all because it is much more convenient than the coal.
The biggest obstacle is the cost of new heating system. The
issue here is also that people here burn whatever they find
in their stoves - including trash. The municipality supports
in replacement of the heating system, but the information
available to people is not sufficient, people even come here
to inform themselves.
13. It is low (burning trash, not segregating trash). There
is some education activities such as a conference about
ecology.
14. They are not very close, rather just “Hello”. The safety
is a problem in the neighbourhood - our repairman in the
former location of the Day Care Centre was beaten up by
som teenagers, after reprimanding them to do not destroy
a fence. He was a couple of weeks in the hospital and did
not return to work with us. The same happened with the new
repairman, already here in our new location.

