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Abstract
The map shows the diversity of the area surface of Poland in terms of its morphometry and land cover. Both 
SRTM-3 and Corine Land Cover (2006) satellite data were used. The transformation and combination of the 
contents of  these two databases resulted in  a  classification of  the landscape of  Earth surface, especially 
in terms of physiognomy. The content of the map is an attempt to find a comprehensive and possibly synthetic 
solution, presenting the diversity of  landscape. The data were arranged by communes, which has practical 
significance related to the assessment of these units for the purpose of spatial planning.
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Conceptual and methodological 
assumptions

The research on  the relief and land cover, 
conducted for a  long time, remains a prime 
subject of analyses. A decade ago, Pike (2002) 
collected information about more than 6,000 
bibliographical items regarding geomorphol-
ogy alone. In  the recent years, the process 
of  making available detailed satellite data 

regarding the diversity of relief and land cover 
of Earth surface, combined with the develop-
ment of computer technology, made the anal-
yses of  this type a  remarkably dynamically 
developing branch of  knowledge. A  compre-
hensive overview of the methods and indexes 
defining the morphometric diversity of  land 
surface was presented by Shary et al. (2002), 
while on the subject of land use, a useful book 
is  the textbook by  Forman (1995). A  range 
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of  analyses was performed for the area 
of Poland as well, including both the geomor-
phometric (Śleszyński 2013a) and land use 
diversity (Solon 2006; Łowicki &  Mizgajski 
2013).

What is problematic in the evaluation and 
analysis of  the landscape diversity is  its high 
heterogeneity, due to  which a  large number 
of  its individual elements must be  taken into 
account. Despite the indubitable conceptual 
and methodological progress, there are still 
no satisfactory methods to present the diver-
sity in a synthetic or comprehensive way, show-
ing quantitatively the characteristics related 
to  denivelations, the size of  relief forms, 
and the land cover present there, similarly 
diversified in  terms of  the shape and nature 
of boundaries of various forms of land use. This 
subject is discussed, among others, by Solon 
(2003), who indicates that there is no consen-
sus among the researchers in  problematic 
terms, concerning the best, or for some reason 
most efficient approach (structural, dynamic, 
functional, etc.), even more so  in  the scope 
of delimitation of units to be analysed in terms 
of various traits attesting to the internal diver-
sity of these units. One has to agree with the 
views arguing for using various approaches 
and units according to the needs.

In general, the relief and land cover form 
the basis for distinguishing the categories, 
classes, or  types of  landscape, particularly 
in  its physiognomic aspect. Simultaneously, 
the relief is  the basic determinant for the 
typology of  natural landscape (Richling 
& Dąbrowski 1995). Whereas combining the 
elements of  natural and anthropogenic envi-
ronment gives grounds to distinguish the so-
called architectural-landscape units (Bogda-
nowski 1989) or cultural landscapes (Degórski 
2009; Myga-Piątek 2012). Prevalent in a vast 
majority of  analyses is  the method which 
assumes distinguishing the units in  relation 
to the natural boundaries of forms, especially 
the land relief and then the land cover. Analy-
ses using regular fields of  reference, such 
as  squares, are less common (Wyrzykowski 
1991), and virtually non-existent for adminis-
trative units.

The proposed method is an attempt to com-
bine the measures of the land relief and land 
cover diversity. The result is  a  classification 
of earth surface in terms of landscape. Obvi-
ously, it does not cover the whole complexity 
of  biological environment which forms this 
landscape; still, it pertains to its most impor-
tant structural traits constituting the ‘frame’ 
of  the landscape, especially in  the physiog-
nomical aspect mentioned above. This is why 
it is particularly suited for practical purposes, 
particularly in  the assessment of  landscape 
diversity for the purposes of spatial planning 
and the monitoring of spatial governance and 
development (Martín Ramos &  Otero Pas-
tor  2012; Śleszyński 2013b). This is  why the 
commune was chosen as the basic unit of ref-
erence, as  for various reasons it administra-
tive boundaries cross various land formations 
and various categories of land cover.

Two sources of data were selected for anal-
ysis, both available to  the public and most 
adequate for morphopetric analyses (SRTM3) 
as  well as  the analyses of  land use (Corine 
Land Cover). In the former case, a thorough 
source technical characteristics of  this data 
set for the construction of  a  digital terrain 
model was presented by  Rodriguez et  al. 
(2005). It  is  worth to  supplement here that 
the mean error of measurement for the area 
of Poland is slightly greater than the assumed 
1 m: in particular, in  the case of areas with 
steeper slopes and in the rolling and hilly ter-
rain it equals 2.7 m (Karwel & Ewiak 2006). 
Moreover, the horizontal resolution for the 
latitude where Poland lies means a  higher 
degree of latitudinal, and lower degree of lon-
gitudinal details. The horizontal resolution 
of publicly available files equals 3̋  which for 
the area of Poland amounts to 60-65×90 m. 
For the purpose of the analysis, this was inter-
polated into a  >300×300  m grid, resulting 
in a database for the area of Poland contain-
ing about 2.5 mln altimetric points.

The land cover analyses used the Corine 
Land Cover database for 2006. What becomes 
visible in this case is the problem of the detail 
level of divisions which do not cover areas with 
buildings smaller than 25 ha or narrower than 
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100 m. Gallego (2009) remarks that for 29% 
of  NUTS5 units in  Europe, covering 16.6% 
of  its territory and 2.9% of  population, the 
‘artificial surfaces’ category is  absent. This 
problem is  of  lesser importance for the ter-
ritory of  Poland, where a  commune (NUTS5) 
is relatively large in terms of area compared 
to other European countries.

In the case of land relief, the standard devi-
ation indicator was used. This results from the 
fact that this measurement shows the devia-
tion from arithmetical mean, that is, how 
much all the measurements (of altitude in this 
case) differ from each other. In other words, 
the analysis of  standard deviations provides 
the answer to  the question what is  the dis-
persion of values surrounding the mean and, 
thanks to this quality, well describes the vari-
ability of  a  given set. Therefore, it  is  useful 

in studying the degree of land relief diversity. 
The standard deviation indicator for reference 
fields in  the form of  a  regular grid of  hexa-
gons for the territory of Poland was presented 
elsewhere (Śleszyński 2013a).

The analyses were performed using vari-
ous computer software, mainly Global Map-
per 9.0 (Global Mapper Software LLC ) and 
Vertical Mapper (MapInfo Corporation / Pit-
ney Bowes, Inc.). The final edition of the map 
was done using MapInfo Professional  9.0 
software.

Results

The results of  the analyses were presented 
on a map with a scale of 1:2,500,000. The val-
ues of the diversity indicators of relief and land 
cover were divided into 3 classes each. The 

Table 1. Characteristic of communes by classes of relief and land cover

Class*
Number 

of  
entities

Area  
(thous.  
sq. km)

Popula-
tion 

(thous.)

Density  
of population  

(persons per 1 sq. km)**

Standard  
deviation 

of denivelations**

Density of CLC 
boundaries, level 3 
(km per 100 sq. km)

A1 213 25.6 1,307 51 6.82 133.9

A2 175 21.4 1,058 49 7.41 215.3

A3 150 16.9 1,013 60 7.38 287.4

B1 238 39.4 1,505 38 14.20 147.6

B2 430 66.5 2,821 42 14.46 214.8

B3 263 30.4 1,661 55 14.01 286.8

C1 107 16.8 671 40 36.03 149.5

C2 274 41.7 2,036 49 40.07 215.6

C3 322 32.5 2,867 88 62.44 301.9

M*** 900 21.6 23,270 1,079 – –

Total 3,072 312.7 38,209 122 22.07 238.0

* Abbreviations: letters mark the assignment to a class according to the standard deviation of denivelation 
(in meters), and digits according to the CLC boundary density (Corine Land Cover, level 3; in kilometres per 
100 square kilometres). Values: A – less than 10, B – 10 to 25, C – more than 25, 1 – less than 180, 2 – 180 
to 250, 3 – more than 250.

** Indicator values calculated as non-weighted mean for all commune units in the class.

*** Towns and cities in their administrative boundaries (urban communes and towns in urban-rural communes). 
This category was not examined in terms of the values of diversity indicators but was included in the table for 
informational purpose.
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combination of both divisions results in a clas-
sification composed of 9 classes (Tab. 1).

The most represented class is  B2, or  the 
‘middle’ class in  the proposed classification. 
It  amounted to  430 units (rural communes 
or rural areas in urban-rural communes) and 
encompassed 66,500 km2 of  the country’s 
area. The next most numerous class was C3 
(322 units and 32,500 km2).

The most diverse relief and land cover (C3 
class) can be found in the communes in moun-
tain (the Carpathian Mountains and Sudetes) 
and upland areas (the Świętokrzyskie Moun-
tains, Lublin Upland, Krakow-Częstochowa 
Upland), and also in the Kashubia Lakeland. 
Interestingly, while the highest parts of  the 
Polish mountains are characterised by  high 
standard deviation values and slightly lower 
CLC boundary densities, which stems from 
them being less populated and having less 
transformed environment. In  lowland areas, 
in  turn, it  is  the eastern Mazovia and Podla-
chia (Podlasie) region which stand out in this 
respect. The higher CLC boundary density 
here is the result of historical conditions and 
the development of individual farming, which 
informed the greater patchwork of land use.

Somewhat ‘opposite’ to the C3 class is the 
A1 class, characterised by  the lowest values 
of relief and land cover diversity. Communes 
belonging to  this category are found mainly 
in  Greater Poland, which is  the result of  its 
lowland landscape and larger, less fragment-
ed agricultural holdings.

The content of the map was supplemented 
with population density. It  is  a  determinant 
of  land use, particularly in  the suburban 
zones of the largest cities. Most interestingly, 
however, it does not translate directly to  the 
increased CLC boundary density on the map. 

This may be due to the insufficiently detailed 
division of the land cover map, as well as the 
presence of mixed classes in  the CLC classi-
fication, which do not accurately reflect the 
boundaries between all the forms of land use. 
Therefore, it  can be  questioned how useful 
CLC is in the analyses of this type and if, per-
haps, it might be necessary to have a more 
detailed land cover database at one’s dispos-
al for more specialised purposes.

The additional map with the scale of 
1:7,500,000 presents the classification 
of  relief and land cover diversity according 
to mezoregions. The same methodology and 
cartographic presentation method were used. 
The purpose of  this map is  to  compare the 
analyses according to  various units of  refer-
ence, as  well as  to  present the results and 
classifications in  a  more generalised form 
in terms of geographical scale.

Obviously, the proposed solutions do not 
exhaust all the possible ways of  construct-
ing the indicators and classifications (includ-
ing typologies) of  landscape diversity based 
on  the relief and land cover. It  seems that 
the proposed methodology can be developed 
further in  several directions. First, it  is  pos-
sible to seek a greater number of  indicators 
characterising the diversity of relief and land 
cover. Second, one may look for better individ-
ual indicators reflecting the diversity of relief 
and land cover in the best possible way. Third, 
it  is  important to  indicate the level of  data 
detail which is optimal for the needs and pur-
poses, in particular in the area of land cover.

Editors’ note:
Unless otherwise stated, the sources of tables and 
figures are the author(s), on the basis of their own 
research.
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