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INTRODUCTION

Urbanisation is considered to be one of the main causes of the fragmentation of
the natural environment (Koztowski, 2002; Hough, 2004; Benedict, McMahon, 2002),
which constitutes a serious danger to biodiversity (Colinge, 1996; Beatley, 2004) and
has an adverse effect on the abiotic environment (Zimny, 2005). The expansion of
investment at the expense of open areas results in their fragmentation and isolation,
which hinders the movement of living organisms and restricts gene exchange
(Ahern, 1995), and in consequence leads to impoverishing the diversity of habitats
and interference into or destruction of their natural functions (Andrzejewski, 1986).

In order to mitigate the adverse effect of urbanisation on the natural environ-
ment, and in particular to protect biodiversity, it is essential to preserve the spatial
continuity of open areas. Because of the location and intensity of investment cities!
contribute to a various extent to the fragmentation of areas performing natural fun-
ctions of regional and extra-regional significance. Therefore the purpose set for this
study was to diagnose the spatial relations between cities and valuable nature areas,
which resulted in the determination of the following:
- surface area and share of valuable nature areas surrounding cities,
- pressure exerted on valuable nature areas based on selected features,

1In this paper city shall mean either city or town.
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- typology of the cities of the voivodeship of Wielkopolska according to the varied
value of the natural environment in their surroundings and pressure exerted on
the natural environment,

- instances of spatial interference of cities with valuable nature areas.

METHODOLOGY

The analysis performed involved the administrative boundaries of 109 cities of
the voivodeship of Wielkopolska including a 1 km wide belt surrounding them. The
choice of the area based on the administrative division was motivated by the fact that
it is according to this division that planning documents — such as studies on condi-
tions and directions concerning communes, and local spatial management plans —
are created and spatial management related decisions are made.

To characterise quantitatively the location of cities according to the assets of the
natural environment, the analysis encompassed an extra 1 kilometre wide zone along
the administrative boundaries of the cities. The analysis involved establishing the
surface area of valuable nature areas (party determined by the city surface area) and
their share in the analysed zone (determining the possibility to link the regional
nature system with its areas within cities). Such an approach permitted to diagnose
the location of cities in relation to the natural assets of their surroundings without
referring to valuable nature areas inside cities, being only a small part a greater
nature system.

The 1 km width of the surrounding belt was selected as a result of an analysis of
2-km and 5-km alternatives, which showed a statistically significant correlation of
over 0.9 for 1 and 2-km wide zones and over 0.7 for 2 and 5 km wide zones. The
analysis aimed to select the zone, in which the nature system should be analysed.
The results show that the 1 km wide zone is representative of wider city surround-
dings.

The following were considered as valuable nature areas: national parks, land-
scape parks and reserves, CORINE biotopes areas (subsites), ECONET areas and
wildlife corridors connecting the NATURA 2000 network.

The analysis was performed using the data standardisation method according to
the following formula:
zi=(x-u)/q
where:
zi- standardised size of the analysed areas or features in city i,

x - standardised variable,
u - average for the set,
g- standard deviation of the set.
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As a result the average value obtained for all variables for the cities of Wielkopolska
was zero, values above the average were positive, and values below the average
were negative. This permits to compare quantitative characteristics of cities expres-
sed in different units.

In order to diagnose the natural surroundings of cities, the following synthetic
index of natural environment value was developed:

WWSPi= zpoe+zuoe+zpoc+zuoc+zpke+zuke+zpfop+zufop
where:
WWSP — natural environment value index of city ;,
zpoe —standardised surface area of ECONET areas,
zuoe —standardised share of ECONET areas,
zpoc — standardised surface area of CORINE biotopes areas (subsites),
zuoc- standardised share of CORINE biotopes areas,
zpke — standardised surface area of corridors linking NATURA 2000 areas,
zuke- standardised share of corridors linking NATURA 2000 areas,
zpfop- standardised surface area of selected natural environment protection
forms,
zufop- standardised share of selected natural environment protection forms.

In order to characterise the urban pressure the following city features were
selected based on relevant literature: the surface area of areas used for investment,
the density of hard-surface roads, land use changes from open areas to investment
areas between 1990 and 2000 and the population density in areas with urban fabric.
Investment areas include industrial, commercial and transport areas, continous and
discontinous urban fabric, mine, dump and construction sites (EEA, 2007). The
choice of those areas was motivated by the fact that road infrastructure along with
expanding urban development are the main causes of the fragmentation of natural
environment (Makomska-Juchiewicz, 2007; Geneletti, 2004; Breuste, 2004). Popula-
tion density in turn translates into development intensity, and according to Alberti
and Marzluff (2004) multi-family housing plots have a considerably larger share of
tight areas than single-family housing plots. Based on this it was established that
higher values of each of the adopted features evidence a stronger urban pressure on
valuable nature areas.

Based on the values of city features standardised according to formula zi the
following urban pressure index was defined:

WPMi=zpz+zgsd+zgz+zpzpt
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where:

WPMi - urban pressure index of city;,

zpz- standardised surface area of areas used for investment,

zgsd — standardised density of road network,

zgz — standardised population density in areas with urban fabric,

zpzpt — standardised surface area of land use changes from open area into
investment area between 1990 and 2000.

Based on the WWSP and WPM indices a typology of the cities of Wielkopolska
was defined, which distinuishes:
- cities where both the value of the natural environment and the pressure are
above the average,
- cities where the value of the natural environment is above the average and the
pressure is below the average,
- cities where both the value of the natural environment and the pressure are
below the average,
- cities where the value of the natural environment is below the average and the
pressure is above the average.
Spatial analyses were made using GIS techniques based on cartographic and
statistical data. The timeframe of the analysis comprises data on valuable nature
areas and city pressure from 1995 to 2006.

RESULTS
Location of cities with regard to natural assets

Among the 109 cities of the voivodeship of Wielkopolska the 1 km wide sur-
rounding zone includes areas belonging to the country’s ECONET network (55
cities), wildlife corridors linking NATURA 2000 areas (47 cities), CORINE biotopes
areas (subsites) (27 cities), natural environment protection forms (national parks,
landscape parks and reserves - 20 cities). Eight of the cities are situated in the vicinity
of all the above area types. These are: Konin, Odolanéw, Pita, Poznan, Puszczykowo,
Pyzdry, Wagrowiec and Zagdéréw. In contrast, as many as 43 of the cities do not
neighbour any of the listed valuable nature areas. Those are mainly cities located in
the south western part of the voivodeship (fig. 1).

Valuable nature areas can be found around 66 cities of Wielkopolska, 42 of
which have outstanding natural environment in the perspective of entire voivode-
ship. Cities with valuable natural environment are mostly located in the northern
and central part of the voivodeship, which are characterised by significantly larger
share of valuable nature areas than the south and south west.
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The diversity of the natural environment value index for city surroundings was
presented in tab. 1. The index is highest in the case of large cities, which primarily
results from a larger absolute surface area of valuable nature areas. In contrast, the
surroundings of middle-sized and small cities show clearly lower value of the
natural environment.

Tab. 1. Diversity of natural environment value index for areas surrounding cities.

Areas 3
ses CORINE WWSP
Cities ) Corridors linking .
ECONET blotoPes Protected NATURA 2000 arcas index
(subsites)
Small! -0.21 -0.09 0.14 -0.03 -0.19
Medium-sized? 0.31 -0.09 -0.20 -0.24 -0.22
Large? 0.99 1.57 -0.50 1.46 3.52
Poznan 2.32 0.21 -0.59 0.64 2.58

1 Below 10,000 residents, 2 from 10,000 to 50,000 residents, > above 50,000 residents excluding Poznan.
Source: author’s study.

Characteristics of cities in respect of the pressure exerted on natural environment

The diversity of cities with regard to the pressure they exert on valuable nature
areas is shown in fig. 2. Cities exerting a strong pressure concentrate in the central
and southern parts of the voiveodeship. Cities with the lowest pressure index are
most numerous in the north and southern west.

As many as 44 cities in the voivodeship of Wielkopolska are characterised by
a higher than average road density, 25 show larger than average surface area of areas
used for investment and only in 16 of the cities the surface area of land cover changes
(from open area into investment area) exceed the average. Only in Swarzedz and
Poznan the density of population is above the average whereas the remaining cities
are little different from each other and show a lower and similar value of this index.
In the case of 48 cities four pressure features are below the average.

As shown in tab. 2, the weakest urban pressure is observable in small cities,
where all factors analysed are below the average. Increased pressure can be noticed
in larger cities, of which Poznan is most conspicuous. The cities exerting the
strongest pressure are respectively: Poznan, Konin, Kalisz, Gniezno and Leszno,
where investment is continuously expanding at the expense of open areas. Land
cover changes are also a cause of strong pressure from small cities, such as Lubon
and Swarzedz, in which the nearby Poznan spurs intensive urbanisation, or as in the
case of Kleczewo, an increase of areas exploited by the lignite mine.
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Fig. 1. Cities and areas with outstanding natural environment value
Source: Author’s study based on data from (Jedrzejewski et al. 2005; Liro 1995; EEA 2001; Geo-environmental Map
of Poland 2005).
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Tab. 2. Diversity of urban pressure.

Features
. f f .
Cities Population Surface area o Land cover |[Road network| WPM index
. areas used for .
density . changes density
investment

Small -0.11 -0.25 -0.22 -0.21 -0.80

Middle-sized -0.07 0.01 0.02 0.44 0.41

Large -0.05 1.23 222 0.00 3.40

Poznan 0.00 9.66 1.95 1.49 13.10

Source: author’s study.

Typology of cities

Based on the urban pressure index and the natural environment value index of
city surroundings four types of cities were defined (fig. 3).

Type 1. Cities where both the value of the natural environment and the urban
pressure are above the average.

As many as 15 cities in areas with higher than average value of the natural
environment (in the perspective of the voivodeship) are characterised by an urban
pressure index above the average. This group comprises cities with a clearly high
natural environment value index and a relatively weaker pressure, and cities with
a considerably less valuable surrounding natural environment and a stronger
pressure. The latter are concentrated around the Poznan metropolitan area and
scattered irregularly over the remaining area.

Among this type of cities are Poznan, the largest city of the voivodeship and the
capital city, and two other large cities — Konin and Pita (former capital cities within
the previous administrative division). Apart from the above, this group includes
6 medium-sized and 6 small cities. The strongest urban pressure in this group is
exerted by Poznan and Konin, while the most valuable natural environment can be
found in the surroundings of Puszczykowo, Pita and Mosina.

Type 2. Cities where the value of the natural environment is above the average and
the urban pressure is below the average.

There are 26 cities where the urban pressure is below the average and the value
of the surrounding natural environment is above the average. Such cities are mostly
located in the northern part of the voivodeship. Out of the cities in this group
Sierakéw and Jastrowie are conspicuous because of the weakest pressure and most
valuable natural environment in the surroundings. This group includes mainly small
cities but also 6 middle-sized cities were noted.
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Type 3. Cities where both the value of the natural environment and the urban pre-
ssure are below the average.

As many as 44 cities show lower than average value of the natural environment
of the surroundings and a lower than average urban pressure. Such cities are concen-
trated in the southern west. The lowest urban pressure was observed in Dobra and
Wysoka. The lowest environment value index was noted in 27 cities with no neigh-
bouring valuable nature areas. The majority of cities in this category are small cities
(35), and the rest are middle-sized cities.

Type 4. Cities where the value of the natural environment is below the average and
the urban pressure is above the average.

As many as 24 cities are characterised by urban pressure above the average and
are situated in areas where the natural environment value is lower than average.
Those cities are concentrated in the western part of the voivodeship. The strongest
pressure is exerted by Lubon and Kalisz. Most of the cities in this group are small
(10) and middle-sized (10) but there are also 4 large cities, namely Kalisz, Leszno,
Gniezno and Ostréw Wielkopolski.

Of 109 cities in Wielkopolska, 15 (type 1) are located in surroundings with out-
standing natural environment value and show strong urban pressure, which is a con-
sequence of intense investment. Those are: Golina, Koto, Konin, Mosina, Murowana
Goslina, Ostrzeszow, Pita, Poznan, Puszczykowo, Steszew, Srem, Wagrowiec,
Wielichowo, Zbaszyn and Zerkow.

Type 2 cities, whose surroundings show highly valuable natural environment
and where the pressure is weaker, have potentially the most favourable conditions
for spatial links between the city nature system and the neighbouring areas. Cities
with less valuable nature in their surroundings (types 3 and 4), because of little
occurrence of neighbouring valuable nature areas, do not have a direct influence on
the continuity of the nature system in the region. However, this indicates that such
locations provide the least favourable conditions for a development of nature areas
within the city and establishing a link with the surroundings. It may indicate
a necessity to enrich or complement the nature system of cities with less valuable
natural environment.
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Fig. 2. Urban pressure exerted on valuable nature areas in the voivodeship of Wielkopolska
Source: author’s study.
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Fig. 3. Typology of cities.

1- cities where both the value of the natural environment and urban pressure are above the average;
2 - cities where the value of the natural environment is above the average and the urban pressure is below
the average; 3 - cities where both the value of the natural environment and urban pressure are below the
average; 4- cities where the value of the natural environment is below the average and the urban pressure
is above the average. Source: author’s study.
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DISCUSSION AND CONCLUSIONS

The analysis performed permitted to differentiate 109 cities of Wielkopolska
according to their location in relation to areas with highly valuable natural environ-
ment. Areas like ECONET, CORINE biotopes, wildlife corridors linking NATURE
2000 sites, national parks, landscape parks and reserves form the backbone of the
voivodeship nature system and are important to the preservation of a diverse natural
environment. Out of 42 cities surrounded by highly valuable natural environment, as
many as 15 are characterised by a high urban pressure index. The intense develop-
ment in the immediate surroundings of those cities may lead to the fragmentation
and isolation of valuable nature areas making up the nature system and in
consequence to the restriction or total breakage of its spatial connectivity. For those
reasons type 1 cities were identified as those whose development should particularly
take into account environmental conditions. Proper spatial management, not increa-
sing the fragmentation of valuable nature areas, requires an appropriate policy both
on the regional and local level.

The most vulnerable parts of the nature system, which if used for investment
may endanger its continuity, should be identified in the regional spatial management
plan as crucial for the preservation of the value and functionality of natural
environment in the region. Also from the local planning perspective linking open
areas within cities with more natural areas around them is important because it
makes it possible to support the natural environment of those cities. However, as
Polski (2007) argues the spatial planning system lacks links that would integrate the
local and regional levels, which makes it inefficient. The relationships related to the
cities with outstanding surrounding natural environment, which exert strong urban
pressure on those surroundings, form a basis for the identification of instances of
spatial interference that are of crucial importance to the regional spatial planning.
Nevertheless, individual cities need more detailed studies which would determine
the degree of fragmentation of valuable nature areas. Further analyses should focus
especially on type 1 cities which, because of valuable natural environment in the
surrounding areas and intensive investment, put the nature system of the
voivodeship of Wielkopolska at the highest risk.
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SUMMARY

The purpose of this study was to classify the cities of the voivodeship of
Wielkopolska with regard to the diverse value of the natural environment of their
surroundings and the intensity of urban pressure exerted on them. Two groups of
factors were analysed. The first group included factors related to the value of the
natural environment of the city surroundings within a 1 km wide belt along the
administrative boundaries of cities. In regard to this the following features were
taken into consideration: the surface area and share of protected areas, the surface
area and share of ECONET-PL areas, CORINE biotopes sites and wildlife corridors
connecting NATURE 2000 sites. In the second part of the analysis, which concerned
the urban pressure, the following factors were analysed: the population density in
the urban fabric, the surface area of land used for investment, land cover changes
from open into investment areas between 1990 and 2000, and the density of roads.
As a result of the research conducted, 4 types of spatial relationships between cities
and valuable nature areas in the voivodeship of Wielkopolska were distinguished.
Among the cities whose surroundings have a valuable natural environment it was
the cities exerting the strongest pressure on the regional nature system that were
identified as causing the most severe spatial interference in the region.
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