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: Planning of spatial development in suburban areas requires considering natural and landscape criteria. In the studied tran-

carried out analysis and assessment of urban sprawl in the years 1987-2012 and its relationship with the features of the terrain as well 
as the degradation of visual landscape values – based on a broad set of numerical spatial data. There is a little negative correlation 
of the frequency of the built environment with relative heights and a positive with intensity degradation of visual landscape values. 
Within the given period, the increase in built-up area amounted to 137% and this trend may continue, in the light of the findings of the 
studies on conditions and directions of spatial development of municipalities. The latest development, to a small extent, interferes 
with elements of ecological networks: patches and corridors, however, the planned investments, especially metropolitan bypass road, 
can reduce the efficiency of the functioning of the ecological corridor of the Radunia valley. In order to present recommendations 
in the scope of  the landscape management and protection, the area was divided into 12 zone types, which were assigned with differ-
ent spatial policies. The largest of them include large forest complexes (A), farmland dominated by fields (D), multi-functional rural 
settlements (F) and suburban areas (G).

The development of urban sprawl in the area surrounding 
cities, especially large ones, defined as suburbanization, 
is one of the greatest contemporary civilization problems. 
Its effects have varying vector and intensity, however, 
according to many researchers, the negative effects out-

-
ban sprawl in Europe, 2006). These processes occur also 
around the Tri-City and, for more than a quarter of a cen-
tury, their intensity have increased. It manifests particularly 

through the change in the structural cover and land use, 
consisting mainly in a decrease in agricultural area, includ-
ing natural grasslands and peatlands as well as an increase 
in wastelands and built-up areas, and an increase in the 
number of inhabitants of the towns surrounding the main 

with a corresponding decline within the cities themselves 

The aim of the study is to identify the spatial aspects 
of the suburbanization processes in the context of natu-
ral conditions and the outlook for environment protection 
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and development of the selected section of environment 
of the Tri-City Metropolitan Area. The broader study on 
the verification of the forms of nature protection around 

implementation of the presented analysis and assessment. 
The characteristics of the structure of the natural environ-
ment as of 2012 serves as their background. Archival car-
tographic materials, used in the analysis of changes in the 
developed areas, refer to the second half of the 80s of the 
20th century (around year 1987).

The study area includes the transect located between 
 

-

In terms of area, mixed urban-rural municipalities domi-
-

(10.5%) (Fig. 1). A small part of the area is covered by 
 

Przodkowo. In physical and geographical terms, the whole 

The area is dominated by micro-regions of moraine eleva-

of the area), in the central – Skrzeszewo-Grabowo Up-

-
logical surface is dominated by sandy and clay soils, while 
at the bottom of valleys peat dominates. There are sev-
eral medium-sized lakes and hundreds of small reservoirs 
in the area. Their number and size increases in a westerly 
direction.

of the study area is covered by the forms of nature protec-
tion (Fig. 1): 4 nature reserves (including the largest “Ra-

Park (1.8% of the area) and 4 areas of protected landscape 
-

widzki) (total 45.5%). In the eastern part of the area, there 
is a Tri-City bypass road, while the line of Pomeranian 

has its course similar to the latitudinal.

The geospatial analysis is crucial for methodology of pre-
sented studies. In the light of previous experiences, Geo-
spatial technology is very useful tool in analysis of urban-
sprawl processes in various regions of the world (i.e. Ah-

A wide range of information and software for data ana- 
lysis was used in the study. The main materials which were 
used are listed in Table 1 for the main stages of the analysis 
and evaluation carried out during the research. 

Types of land cover and use have been identified on the 
bases of experience, among others, in creating data base 

of land cover were identified within the study area. The 
analysis uses digital elevation model with a resolution of  
1 m generalized – in order to speed up calculations – up 
to a resolution of 5 m. ArcGIS, MapInfo and Saga GIS 
software were used in the analysis and visualization. Drafts 
prepared by Pomeranian Office of Regional Planning was 
the starting point for the determination of ecological patch-
es and corridors (Studium korytarzy..., 2014). Their range 
has been clarified and supplemented. During the delimita-
tion of those elements of the ecological structure, main-
ly landscape approach was applied. It was based on the 
study of the structural features of the landscape and used 
in geoecology, where corridors are defined as “a relatively 
narrow strip of land that differs from the surrounding ma-
trix” (Forman, 1995). To a small extent, meta-population 
approach was also included, in which corridor is defined 
as “an area that allows migration of plants, animals and 

-

of the landscape covered by the patches as well as ecologi-
cal corridors, we can find:

flowing and standing waters, marshes and other 
components of a wetland;
concave (valley, canyon) forms of relief, guiding 
the migration of species and favoring the shallow 
ground water and surface waters stagnation;
well-preserved non-forest communities and valuable 
natural areas;
selected localities of protected plants and animals;
forest ecosystems, with particular emphasis on bog-
gy, riparian and alder woodlands and older than  
140 years;
well preserved and moderately deformed forest com-
munities;
lines and strands trees with length over 500 m, per-
forming the functions of local ecological corridors, 
together with other elements landscape.

Analysis and evaluation of the degradation of visual 
landscape values was carried out in several stages, using, 
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Table 1. Sources of spatial digital data used in studies

Scale Institution

 

pa
tc

he
s 

an
d 

co
rr

id
or

s

la
nd

sc
ap

e 
m

an
ag

em
en

t

Topographical maps 1965 1:10000 raster X X X X X

Topographical maps 1992 1:10000 raster X X X X X

Ortophotomaps (geotiff) 1:5000 raster X X X X X

Topographical objects database 1:10000 vector X X X X X

Digital elevation model 5 m 
resolution vector X X

Digital land cover model 5 m 
resolution vector X X

Cadastral maps 1:1000 – 
1:2000 vector X X

Functional areas maps 1:1000 – 
1:2000 vector ARiMR X X

Geosozological maps 1992 1:50000 raster PIG-PIB X

Sozological maps 1992 1:50000 vector X

Digital forest maps 1:10000 vector BULiGL X X

Communes’ natural  evidence 
and evaluation 1:10000 vector X X

Soil-agricultural maps 1:5000 vector X X

Natural conservation forms 
borders

1:50000
1:10000 vector PBPR X

Regional ecological patches and 
corridors borders 1:50000 vector PBPR X

Studies of conditions and 
directions of spatial deve-
lopment of municipality

1:5000 – 
1:10000 raster Municipal    

offices X

Explanation of the names of the various institutions:

ARiMR – Agency for Restructuring and Modernization of Agriculture
BULiGL – Bureau for Forest Management and Geodesy
PIG-PIB – Polish Geological Institute – National Research Institute

PBPR – Pomeranian Office of Regional Planning.
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module of Saga GIS program. Analysis and evaluation 
of the degradation of visual landscape values was carried 
out in several stages, using, among others, gvSIG soft-

-
gram. The partly inspirations of study methods result from 

(2014). As a starting point, also used were the identifica-
tion of point, line and area anthropogenic objects which 
degrade landscape, and weighting them from 1 (poorly de-
grading) to 3 (strongly degrading). Using digital elevation 
model (DEM) and its cover (DTM), the range of visibility 
of these objects was determined. In order to take into ac-
count the declining influence of the object on the land-
scape, while moving away from it, an additional numeric 
layer, defined as “raster distance” was introduced; assum-
ing that the interaction within and on the border of the 
object is 1, and within a 5 km distance from it, it gets 
reduced to 0. An effect of distance factor was calculated 
by the formula:

y = 1/(1 + 0.01*(x-1))

where x is the distance to the nearest degrading object.

After assigning, previously determined, particular 
weights to the impact ranges, they were summed up, for 
the purpose of a total evaluation of the intensity of the 
degradation of visual landscape values.

Analysis and evaluation of changes within the build-up 
area, which took place during a quarter of a century, i.e. 
1987-2012, which involved determining the range of built-
up plots within the two extreme periods, based on raster or 
vector topographic maps, orthophotomaps, and other data-
bases, and then comparing their reach. The rate of change 
in the build-up areas was determined on the basis of the 
difference between the percentage share of development 
in the basic fields in 2012 and 1987. 3024 of square ba-
sic fields with a side of 250 m were used for the purpose 
of analysis and evaluation. 

While analyzing the current building development and 
planned investment, determined on the basis of studies 
of the conditions and directions of spatial development 
of municipalities, against the structure of land cover, hyp-
sometric and ground water features, as well as the position 
of the patches and ecological corridors, zones where varied 
spatial policy relating to management and protection of the 
landscape should be carried out were identified. 12 basic 
types of such zones and a similar number of subtypes were 
determined, for which the framework of trends in manage-
ment and protection of the landscape was formulated.

Among the 18 types of land cover identified, the study area 
is dominated by forests, which occupy a total of 40.1% 
of the area (Fig. 2). The area is dominated by dry, fresh and 
moist habitats, while the forest occurs on a boggy and ri-
parian habitats covers only 2.3% of the area. Three forests 

and between Borowo and Przywidz, and one in the east – 

by agricultural area, dominated by arable land (22.8%), 
and smaller area occupied by grassland (15%). Their main 
complexes are located in the western part of the area – be-
tween Somonino and Borowo as well as in the central part, 

-
ered by turfland, part of which is semi-natural grasslands. 
However, the majority consists of abandoned farmland, 

will be mainly built up. Among the significant land cover, 
we should also indicate water reservoirs (3% of the area), 
and especially built-up areas, occupying a total of 8.5% 
of the area of   research. It is worth notifying that the big-
gest part is covered by the suburban built-up area  (3.8%), 

Invested areas are complemented by the industrial (1.3%) 
and communication areas (1.1%), with a rise in frequency 
closer to the Tri-City. Highly degraded areas (mainly area 
of opencast exploitation of gravel and sands and  landfill) 
occupy 0.5%.

Referring to the urban sprawl, serving mainly for resi-
dential, commercial and industrial functions, it was found 
that in 1987 they used to occupy 4.15% of the study 
area (Fig. 5). These days, they occupied the largest areas 

-
ern and central part of the study area. In 2012, the share 
of such areas was 9.8%, hence an increase in a quarter-
century amounting to 137% (from 781 to 1,850 hectares). 
The center of gravity of the frequency of built-up areas 
moved towards the eastern part of the area, located within 

-
-

pality. In a relatively limited scope, the buildings devel-

Losses in the built-up areas within the study period had 
little significance for the balance of their surface. Refer-
ring the changes in surface development to the basic fields 
(Fig. 6), the highest growth rate was observed in the east-
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as, which were completely devoid of buildings in 1987, 
are currently occupied by plots of lands with buildings at 
70-100%. 

Comparing the range of the built-up areas to the cha- 
racter of the relief, referring to the basic fields 250 x 250 m 
relative  heights in particular (Fig. 4), we can observe 
a tendency towards building up the areas characterized by 
smaller relative heights – not exceeding 20 m. This should 
be assessed positively from the point of view of the com-
patibility of the building with physiographic circumstanc-
es. The correlation coefficient of the share of built-up areas 
with relative height is -0.036, which however indicates the 
insignificant relationship. Only in a few cases did buildings 
enter areas with high relief differentiation. This is particu-

last decade, there have been built mainly single-family 
houses of a suburban character.

Analysis and evaluation of the degradation of visual 
landscape values, due to the existence and visibility of the 
selected anthropogenic objects (e.g. highways and road 
junctions, landfills, pits and dumps, industrial and energy 
buildings, electrical power lines, chimneys and telecom-
munication masts, breeding farms, suburban and summer 
estates, acoustic screens), indicated the highest intensity 

-

(Fig. 7).
It is the results of considerable visibility of degrading 

objects, as well as the high frequency of anthropogenic ob-

for power is located – one of the four largest electrical sub-
stations in the region, and numerous overhead high- and 
medium-voltage power-lines. A significant level of degra-

linear correlation coefficient between the value of the in-
dex of degradation of the landscape, with an averaged ba-
sic field side of 250 m and a share of buildings in these 
fields amounting to 0.17 – however low – indicates a weak 
positive correlation between the increase in built-up area 
and visual degradation of the landscape. In this respect, 

-
-

regards to visual landscape (Fig. 8).
The intensity of the process of suburbanization in the 

analyzed transect – rated as very high in the eastern part 
and significant in the central – in light of the findings 
of documents on spatial planning (studies of conditions and 

directions of spatial development of municipality), may be 
subject to a further increase (Fig. 9).

The current dynamics of the process and findings 
of studies indicate that the current, approximately 10 per-
cent share of invested areas, may, within a few (10-20) 
years, be doubled, and the current population of about 100 
thousand may rise to nearly 200 thousand. Moreover, there 
are major road projects planned for this area: the extension 

-
tan bypass, their links with the current road system and 

The confrontation of existing and planned built-up areas 
and communication network with the course of the ele-
ments of ecological network, covering around 1/5 of the 
study area (ecological patches – 5.5%, ecological corri-
dors – 15.3%), indicate a relatively low conflict between 
anthropogenic and natural spatial systems. Existing build-

However, there is a risk, that the planned investment will 
interfere with some ecological corridors, reducing the ef-
ficiency of their operation. This may occur mainly in the 

-
zowo in the central part of the study (Fig. 9). Specific en-
vironmental problems may occur during construction and 
operation of the metropolitan ring road in the three zones, 
which intersect the ecological corridor of  Radunia valley, 

lines in landscape management  
and protection

Identification, analysis and assessment of natural and an-
thropogenic elements of the study area allowed the de-
limitation of zones in which varied policies in landscape 
management and protection should be carried out. 12 basic 
types of such zones and the same number of subtypes were 
identified, which occurred in 145 diverse spatial policy are- 
as (Fig. 10). The characteristics of these types are present-
ed in Table 2.

In zone A, it is desirable for sustainable forest manage-
ment, particularly, within the patches and ecological cor-
ridors. Due to the functional variety of large forests, which 
include, among others, important recreational areas, it is 
advisable to implement the principles of multifunctional 

Acquiring stands, which grow in the boggy and riparian 
habitats should be minimized. Both in A and B zones, the 
agricultural and habitat- forestry border should be shaped 
in such a way that it  minimizes the negative impacts of the 
environment on the forest. The area of   small forest com-
plexes should not be reduced, and, if possible, should rather 
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Lakes along with the environment, the expansion of deve- 
lopment within a 100-meter zone around the lake should 
be minimized. It is very important to maintain or restore 
a high quality of reservoirs’ waters, primarily by eliminat-
ing sources of pollution which enter them. The surrounding 
greenery should be nurtured, and where absent should be 
introduced. It must be so shaped to maintain significant 
exposure reservoirs, and at the same time allow the public 
to use recreational coastal zones, through the development 
of waterfronts.

The basic principle of management in zone D, should 
be focused on: maintaining its spatial continuity, by, among 
others, minimizing the introduction of new investment, 
including the technological dominants (e.g. telecommuni-
cation masts, overhead power-lines); maintenance of the 
avenues and tree rows as well as their view connections 
with local interior landscape; preservation and revitaliza-

dispersed settlements; avoiding dispersion of new build-
ings and using, in case  of its location, any architectural 
forms; maintaining the spatial structure surrounded by wa-
ter bodies; protection and establishment of green fields; 
maintenance and sometimes reconstruction of all natural 
and semi-natural water objects (ponds, swamps). It is im-
portant to maintain a significant share of grassland (mead-
ows and pastures) in the structure of agricultural land 
(about 1/3 of the area).

In Zone E, it is recommended to maintain the existing 
structure of agricultural land, including historical land di-
visions, as significant exposure zones of settlement units 
located in their neighborhood. New buildings should be 
avoided especially in areas with high level of morphody-
namic processes and terrains where shallow groundwater 
occurs. Allotment gardens in the E3 subtype should be 
maintained only in those areas where the quality of the 
environment (mainly air) does not exceed the standards 
which enable the production of healthy food. In other cas-

Table 2. Characteristics of the types of zones with varied policies of landscape management and protection

ha

A Big woodland complexes with subtypes with bigger valleys 
(A1) and lakes (A2) 7053.0 37.3 8

B Small woodland complexes with subtypes in valleys (B1) and 
with  lakes (B2) 446.4 2.4 15

C Bigger lakes with mainly wooded shores and subtype with non-
wooded surrounding (C1) 111.5 0.6 2

D
Mosaic of farmland with a great share of grassland and small 
woodland complexes with subtype located in valley  
and the low lands (D1)

1988.0 10.6 14

E
Agricultural area, mainly cropland with subtypes: with 
dispersed homestead (E1), with the areas designed as a built-in 
(E2) and dominance of allotment gardens (E3)

4709.0 25.0 25

F
Dense rural settlement (and farms, services and recreational 
areas connected with it) with a subtype covering the areas 
designed as a built-in and agricultural areas (F1)

1800.0 9.6 35

G
Suburban settlements with the areas designed as built-in and 
agricultural areas, with a subtype covering former agricultural 
areas designed as a built-in (G1)

1562.0 8.3 25

H Dense settlement of a small-town character 315.3 1.7 3

I Dense big-city settlement, mainly multi-family housing 487.5 2.6 8

J Magisterial communication lines, mainly roads 105.7 0.6 2

Industrial and warehousing areas, with a subtype covering the 203.8 1.1 4

L Areas of open pit mining of sand, gravel and clay 44.23 0.2 4
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es, their transformation into public greenery of recreational 
functions should be made. 

In Zone F, it is advisable to use planning practices 
leading to maintenance of  spatial order and harmoniza-
tion of investments along with natural elements, executed 
by protecting or improving the exposure of a panoramic 
contour of historical rural units, preservation and continu-
ation of the specifics of the historical layout of settlements, 
avoiding the use of any forms of architecture in the new 
building developments, the preservation and continuation 
of historical and regional building scale, introducing com-
posed greenery and semi-natural elements (water, vegeta-
tion) within existing and new settlement units. In some ar-
eas it is necessary to eliminate the causes of degradation 
of spatial structure (e.g. the sheer volume of outdoor ad-
vertising banners, arbitrary architectural forms and styles, 
diversity of elevation, etc.) as well as architectural revitali-
zation, along with saturation by natural elements (green-
ery), especially in areas of environmental functions (local 

should be covered by the principles of sustainable, and 
in some places even environmentally friendly, architectural 
development (Baranowski, 1998).

In Zone G (suburban development), due to the deficit 
of public spaces and generally accessible recreation and 
leisure greenery, further building development within eco-
logical corridors should be avoided, and eliminate common 
drawbacks of this type of settlement (especially mono-
functionality) in other areas. The functions of ecological 
corridors situated in their vicinity should be combined with 
the functions of leisure and recreational facilities. In Zone 

management should be developed in a manner which main-
tain the permeability of ecological corridors, among others 
by introducing and maintaining buffer greenery. The ex-
posure of units of historic buildings and entire panoramic 
contour of historical urban or rural areas hereby located 
in the landscape should be protected and improved. More- 
over, the exposure of objects to negative impacts, such as 
the industrial and substandard, should be limited while oth-
er causes of deterioration of spatial structure (similarly to 
the Zone F) should be eliminated. Zone I, which, within the 
study area, covers primarily multifamily housing estates 

and foremost the development of other functions (mainly 
services) – except for housing – as well as the formation 
of local ecological network in the form of housing estate 
greenery. During the investment process, it is recommend-
ed to maintain the majority of elements of greenery and 
water bodies existing in the area before construction and 
to use them in shaping the housing estate area.

In Zone J, routes and their proximity should be de-
signed, implemented and used in accordance with eco-
logical principles of landscaping work for roads, indicated 

in the development of Forman et al. (2003). Industrial and 

nature of the activities being carried out in this area, the 
possibilities for a sustainable development of their space 
are limited. What seems to be most essential is to limit 
the negative impacts of their operations, by isolating them 
from the surrounding areas, especially settlement and rec-
reational ones, which is, among others, a result of the loca-
tion of the buffer greenery. The areas of opencast mining 
of sand and gravel, which are located in zone L, must be 
exploited in such a manner that would minimize changes 
in the natural environment and landscape, e.g. according 
to the principles set by Olschowy (1975).

Trends in shaping the landscape of the study area based 
on natural criteria were already the subject of interest to 

1985). Directives formulated at that time are still valid to-
day, however, some of them were not taken into account 
during the process of planning and implementation of in-
vestments for this area in the last 30-year period. Due to 
the crucial importance of the analyzed area for the main-
tenance of spatial structural order as well as high quality 

its surroundings, during preparations of spatial plans at 
the sub-regional and local level, one should strive to, the 
broadest possible, take into account the principles and re- 
commendations presented in the article, as well as imple-
mentation of its findings.
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