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Abstract

Presented here is a map of Poland drawn up to show differences in values obtained for the Shannon Diversity
Index, as calculated using Corine Land Cover data for the 2012 situation regarding the country’s landscape.
The level of detail is that of the Polish commune (gmina - unit of local-government administration), so the
analysis may prove to be of practical value. The same method gained previous use in depicting issues relevant

to Poland’s 2011 National Spatial Development Concept 2030.
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Introduction

Researchers from different geographical and
ecological disciplines have long taken an inter-
est in the spatial distribution of ecosystems
and forms of land use, in association with
diversity and heterogeneity analyses (Rich-
ling & Solon 2011). The interest was further
enhanced in the wake of the Rio UNCED
or ‘Earth Summit’ of 1992, at which the
Convention on Biological Diversity was open
for signature. The CBD is a legal instrument

stressing the particular environmental role
of biodiversity at the intraspecific and species
levels, but also at levels beyond that of the
ecosystem. Where the latter are concerned,
methods of research into environmental diver-
sity have tended to develop in partial isolation,
within different disciplines and sub-disciplines
of the natural and earth sciences. For exam-
ple, morphometric analyses of relief are based
around indices of the length-breadth relation-
ship, as well as depths of landforms (Stein-
haus 1947; Najwer & Zwolinski 2014), while
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interest is also taken in standard deviations
associated with relative heights or elevations
(Sleszyriski 2014). In Poland, a detailed study
was concerned with the shape of natural units
(Pietrzak 1989), with a series of indices of cir-
cularity, dismemberment and so on deployed.
The issue of the influence of vegetation’s spa-
tial structure on the diversity of the landscape
as a whole was taken up by Solon (2002),
while most contemporary approaches to the
assessment of the landscape’s spatial diversity
are based around the concept of landscape
pattern metrics (McGarigal & Marks 1995).
The latter approach is also becoming more
and more popular in Poland (Kot & Lesniak
2006; Koziet 2008; Zwierzchowska et al. 2010;
Niedzwiecki & Kolecka 2011; Pukowiec-Kurda
& Sobala 2016), and is being used to generate
different kinds of typologies and typological
maps, especially on the basis of land-cover
characteristics (Solon 2008; Niewiarowski
& Kot 2010; towicki & Mizgajski 2013; Sle-
szynski 2014, 2015; Chmielewski et al. 2015);
or else by reference to analysis of the linkage
between land use and abiotic conditions (Solon
2007); or through assessment of the influence
historical change has exerted on today’s land-
scape structure (Solon 2006).

The last decade in particular has seen in-
tensified interest in Poland’s landscape diver-
sity, undoubtedly in connection with the ever-
greater weight being attached to changes
in the environment, including of an anthropo-
genic nature. Characterisations of the spatial
structure of the landscape, e.g. as regards the
size and shape of land-cover patches, also al-
low conclusions to be drawn regarding the his-
tory of given areas, and the spatial conflicts
that may have arisen, e.g. in more-highly-
urbanised parts of the suburbs (Solon 2005,
2009), or in and around protected areas
(Brodka et al. 2012). It is particularly relevant
for conclusion-drawing and recommendation-
making in spatial policy (and development
policy more widely) that use should be made
of analyses of landscape transformations
based on universal, comparable indices or in-
dicators (Solon 2008). And it is for this reason
- among others - that the analysis presented
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here has been based around the Polish com-
mune (gmina - unit of administration at lo-
cal level), while the work also relates directly
to a map of landscape diversity included in Po-
land’s key binding document on spatial policy,
the National Spatial Development Concept
2030 (MRD 2011; map no. 16).

Methods and sources of data

The analysis used Corine Land Cover'
(CLC) data detailing the situation in Poland
as of 2012. Calculations were performed sep-
arately for each of the country’s 2478 units
of local-government administration at the so-
called gmina (commune) level. The differentia-
tion to the land cover in each commune was
determined using several basic indices, i.e.:

« the number of CLC types present, ex-
pressed per km? of area in the commune
(Richness - R),

« the number of separate patches, expressed
per km? of area in the commune (Number
of Patches - NoP),
the diversity to the areal land cover accord-
ing to CLC categories, as calculated using
the Shannon Diversity Index (SDI), which
combines evenness and typological diver-
sity in line with the formula:

H = -Sp log, p,

where p, - is the share by area accounted
for by category i (Shannon 1948; Shannon
& Weaver 1949),

the density of patch edges per km? of area
in the commune (Edge Density - ED).

The indices referred to fall within the
group of landscape composition metrics and
are concerned with the differentiation and
abundance of occurrence of different types
of patch, regardless of their precise location
in space (McGarigal & Marks 1995).

! The Corine Land Cover 2012 Project in Poland
was implemented at the Institute of Geodesy and Car-
tography, with funding from the European Union. Re-
sults used in the work were obtained from the website
of Poland’s Chief Inspectorate for Environmental Protec-
tion (Gfwny Inspektorat Ochrony Srodowiska) (clc.gios.

gov.pl).
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Results

The spatial variability characterising the vari-
ous indices analysed is of a clearly geographi-
cal nature. Both the number of types (CLC
2012 Richness) (Fig. 1) and the degree of land-
use fragmentation (Fig. 2) are highest in the
south of Poland, appearing to be progressively
lower further to the north. A link between this
and settlement structure is justified, with his-
torical shaping of the population breakdown
also relevant, as greater fragmentation of ur-
ban settlement and influence of agrarian
structure proving characteristic for areas once
falling within the Congress Kingdom of Poland
and Galicia (i.e. the formerly Russian- and Aus-
trian-partitioned parts of Poland).

The synthetic map of landscape diversity
has been presented on an insert. The main
map features two layers representing the
Shannon Diversity and Edge Density Indices.
This makes particularly plain a division of the
Poland into a central and south-eastern part,
and a north-western part. The south of Po-
land also emerges as different from the north
in terms of the fragmentation of land-cover
types, with this linking much more closely
with habitat fragmentation. Also making itself
felt is the influence of historical factors on the
nature of the landscape mosaic, with this
seen to be strongest in the formerly-Prussian
or Austrian parts of Poland (even if the values
for the landscape metrics in these two regions
do in fact differ very markedly).

There are also clearly contemporary factors
that influence diversity, like different means
of organisation of rural settlement, and the
defragmentation of the landscape as a result
of urbanisation, transport and agriculture.
In the case of farming it is a process of the
ongoing division and sub-division of fields that
has been involved, but also the status as only
weakly mechanised, of low commercial vi-
ability and frequently existing solely to meet
a farmer’s own needs. The impact of urbanisa-
tion is in turn especially characteristic for the
suburban zones of the largest agglomerations,
including Warsaw, Poznan and the ‘Tri-City’
(Gdansk-Sopot-Gdynia).
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Also noteworthy is the way today’s land-
cover diversity relates quite markedly to con-
temporary historico-cultural differentiation
of the landscape in line with the division into
regions arrived at by Plit (2016).

More detailed conclusions emerge when
data on differentiation and diversity are ex-
pressed in relation to functional types of com-
mune’. The division here is into the 10 catego-
ries of: A - Functional Urban Areas (Miejskie
Obszary Funkcjonalne, MOF) of the capitals
of voivodeships (i.e. units of administration
at provincial/regional level); B - external
zones of MOFs; C - Functional Urban Areas
of sub-regional centres; D - external zones
of the latter; E - multifunctional urban centres;
F - communes with a developed transport
function; G - communes with other developed
non-agricultural functions (typically tourism
or large-scale functions including in extractive
industry); H - communes with an intensively-
developed agricultural function; | - communes
with a moderately-developed agricultural
function; J - communes only subject to ex-
tensive land-use and management (typically
in forestry and/or nature conservation).

When data are set against the above classi-
fication it becomes clear that communes of the
more-urbanised types (A-E, which is to say cit-
ies and/or their suburban zones) are charac-
terised by values for all indices above the na-
tional average (Tab. 1). The converse situation

2 These are functional types of commune arrived
at in the classification from Sleszydski and Komor-
nicki (2016). They are based on a so-called deductive-
inductive approach, devised conceptually to meet the
needs of Mazowieckie Voivodeship (SleszyAski 2012).
Where the identification of specific criteria is con-
cerned, this is in turn a functional typology serving the
process of monitoring in spatial planning (Komornicki
& Sleszyriski 2008). The assignment of Poland’s com-
munes to categories is based on a classification proce-
dure entailing four successive stages, i.e. the selection
and determination of a hierarchy of categories in line
with significance for spatial organisation, the choice
of criteria appropriate to the given category (adminis-
trative or economic specifics, and so on), the arrange-
ment of communes by reference to the detailed criteria,
and an inductive process seeking internal differentia-
tion and distinction (albeit via a search for similarities
arising from the indices describing communes’ develop-
mental and morphological features).
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Figure 1. Richness per km?
Source: Corine Land Cover 2012.
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Figure 2. Number of Patches per km?
Source: Corine Land Cover 2012.
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Table 1. Differences between types of communes in values for indices calculated on the basis of CLC

2012
c;JBr/nprrewSrie Number of Area Population Non-weighted means
’ 2 .

(gmina)” communes | (‘000 km?) (‘000) R NoP Dl D
A 33 4.7 9,632 17.6 90.7 0.45 7.8
B 266 279 4,432 18.7 86.2 0.38 73
C 55 34 4,495 25.7 98.6 0.48 7.9
D 201 214 2,352 15.8 83.1 0.38 7.4
E 147 10.6 3,927 36.7 97.3 0.48 7.3
F 137 19.9 1,430 1.2 70.3 0.32 6.9
G 222 33.6 1,809 12.6 69.7 0.35 6.9
H 41 55.5 2,647 8.7 54.6 0.25 58
| 748 93.3 5,624 10.9 71.3 0.33 71
J 258 41.6 1,863 8.8 67.7 0.32 7.0
Total (Poland) 2478 311.9 38,209 13.7 72.9 0.34 6.9

* Abbreviations used in describing types of commune (after Sleszyfiski & Komornicki 2016): A - Functional Urban
Areas of voivodeship capitals; B - their external zones; C - Functional Urban Areas of sub-regional centres; D - their
external zones; E - multifunctional urban centres; F - communes with a developed transport function; G - communes
with other developed non-agricultural functions (tourism and large-scale functions, including mining); H - communes
with an intensively-developed agricultural function; | - communes with a moderately-developed agricultural function;
J - extensively developed communes (with forests or protected areas).

applies in the less-urbanized and peripheral
areas (other than in the case of the ED index,
whose values are close to the national aver-
age in weakly-urbanized communes).

While all of the indices analysed are inter-
correlated, the strongest (Pearson Index) lin-
ear correlations are those pertaining between
NoP and ED, as well as SDI and ED. More-
detailed analysis shows that these relation-
ships tend to be non-linear in character, as for
example in the case of SDI v ED (see Figure
on the insert).

Likewise, it is clear that, by analysing
dependent relationships separately for dis-
tinguished functional types of commune,
it is possible to note ways in which these local-
authority areas assigned to different groups
differ markedly from one another in their spa-
tial organisation (Tab. 2).

Data in the Table show that, in the cases
of communes of types A and C (in the cores
of the Functional Urban Areas of voivodeship
capitals or sub-regional centres), the relation-
ship between SDI and ED is better described
by a logarithmic model. This attests to clear

differences from the remaining types, which
are better-described using a logistic model.
At the same time, the latter group is diverse
internally, albeit characterised by more sub-
tle differentiation. In respect of parameter b,
type-F communes (those with developed trans-
port infrastructure thus characterised by the
clear presence of linear elements) differ signif-
icantly from types G andJ (i.e. communes with
other developed functions outside agriculture
(typically tourism or large-area functions) and
communes only subject to extensive land-use
and management (typically in forestry and/
or nature conservation). Beyond that, type-G
communes also differ significantly from those
of type | (with a moderately-developed agricul-
tural function).

Closing remarks

The spatial diversity to be observed in today’s
Poland (as expressed in terms of Corine Land
Cover categories) is conditioned by two groups
of factors, of which the first are natural, in-
cluding relief, and habitat-type most often
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Table 2. Modelled relationships between values of the SDI (as the dependent variable) and the ED index (independent variable) for different functional types
of commune (localHevel units of Poland’s administration)

Model Parameter a Parameter b Parameter ¢
Std
Type R range (95%) range (95%) range (95%)
name formula err value std value std value std
err . err . err :
min max min max min max
A | Natural y=a+b*In(x) 0.336 | 0.106 2.331 1.074 0.142 4.521 0.310 | 0.524 | -0.759 1.379
Logarithm
B Logistic y =a/(1+(x/b)**c) 0.356 | 0.691 2.945 | 0.158 2.634 | 3.256 | 3.575 | 0.199 3.183 3.968 | -2.150 0.358 | -2.854 | -1.445
Power
C | Natural y=a+ b*In(x) 0.299 | 0.357 1.562 | 0.421 0.718 2.406 | 0.571 0.205 | 0.159 0.982
Logarithm
D | Logistic y =a/(1+(x/b)**c) 0.285 | 0.745 2725 | 0.080 | 2.567 | 2.883 | 3.482 | 0.127 3.232 | 3.733 | -2.889 | 0.416 | -3.709 | -2.069
Power
E Logistic y =a/(1+(x/b)**c) 0.361 0.616 3.327 0.671 2.002 | 4.653 | 4145 0.933 2.301 5990 | -1.630 | 0.695 | -3.004 | -0.257
Power
F Logistic y =a/(1+(x/b)**c) 0.285 | 0.848 | 3.061 0.230 | 2.607 3.516 4322 | 0320 | 3.689 | 4.954 | -2.179 0.361 | -2.893 | -1.465
Power
G | Logistic y =a/(1+(x/b)**c) 0.283 | 0.619 2.780 | 0.141 2.502 | 3.058 | 2.938 | 0.183 2.577 | 3.299 | -2.144 0.511 | -3.150 | -1.138
Power
H Logistic y=a/(1+(x/b)**c) 0.299 | 0.807 | 2.682 | 0.164 2.360 | 3.004 | 3.816 0.259 | 3.306 | 4.325 | -1.920 | 0.230 | -2.373 | -1.468
Power
Logistic y =a/(1+(x/b)**c) 0.319 0.668 | 2903 | 0.137 2.634 | 3173 3.830 | 0.164 3.508 | 4151 | -1.966 | 0.252 | -2.460 | -1.471
Power
J Logistic y =a/(1+(x/b)**c) 0.275 | 0.668 | 2.669 | 0.098 | 2.475 2.863 | 3.269 | 0.152 2969 | 3.568 | -2.529 | 0.452 | -3.419 | -1.640
Power
all | Logistic y=a/(1+(x/b)**c) 0.341 0.733 2.872 0.053 2.768 2.976 3.781 0.065 | 3.654 | 3.908 | -2.244 | 0118 | -2.476 | -2.011
Power

w
~
~
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expressed in terms of potential vegetation (cf.
Solon 2007, 2008a). This primary conditioning
is overlain by the impacts of numerous anthro-
pogenic factors.

Presented analysis reveals that landscape
is differentioted in markedly different ways
in some regions of Poland as opposed to oth-
ers, not least thanks to many different histori-
cal and contemporary processes. This leaves
it worthwhile to ask about the future devel-
opment of this already-visible differentiation
and diversity. Two groups of factors would
seem potentially able to play a more major
role here, i.e. those whose anticipated impacts
are typological (relating to the wealth of land-
scape types) and those with morphological im-
pacts (relating to the dismemberment of the
landscape into identifiable patches of differ-
ing sizes, as well as the development of their
boundaries).

The above relate (on the one hand) to the
expansion of settlement into areas that have
been typically rural hitherto, the processes be-
ing suburbanisation and ongoing sprawl and
dispersal of buildings (all the more intense
given a lack of public control over these pro-
cesses reflecting Poland’s crisis in planning
and spatial management). Clearly, these
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