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The cartographic visualisation of spatial data.
An example of nature protection areas in the Podlaskie Voivodship
(north-eastern Poland)

Abstract. The authors attempt to visualise nature conservation issues in the Podlaskie Voivodship using
a series of small-scale thematic maps. Publicly available spatial and statistical data was used. The authors
discuss the effects of applying the adopted methodological solutions. Some of them present a new approach to
cartographic visualisation of spatial data. It may be an opportunity to look at various visualisation methods,
their effectiveness, and the possibility of visualising nature issues on small-scale thematic maps.
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1. Introduction

According to the dictionary definition (L. Drabik,
E. Sobol 2007, p. 407), visualisation involves
“presenting something by means of an image”.
This very general statement has acquired a new
meaning in recent decades, also in relation to
cartography. The graphical presentation of data
is only one of the components of the visualisa-
tion process, which aims to provide a better
understanding of spatial processes and rela-
tionships through the increased possibilities of
various analyses using dynamically developing
computer technologies. Examples of publica-
tions from the end of the last century contri-
buting to the development of cartographic
visualisation include works by H.M. Hernshaw,
D.J. Unwin 1994; A.M. McEachren, D.R.F. Taylor
1994; M-J. Kraak, F. Ormeling 1996. Cartogra-
phic visualisation facilitates reading data (J. Jo-
vanovi¢ 2012), and we can acquire knowledge
about our surroundings in a more effective way
(T. Slocum et al. 2005). According to B. Medyn-
ska-Gulij (2011, p. 13), cartographic visualisation
is “the process of creating graphic presenta-
tions, most often in the form of a map, in order

to learn and explain the occurring spatial phe-
nomena”.

Since maps are one of the sources of infor-
mation about nature, as they show its condition,
threats, and forms of protection, it is possible
to analyse what happens in nature at various
scales — from large-scale thematic maps, through
overview maps, tourist maps, to small-scale
maps in geographic atlases. The Podlaskie
Voivodship is undoubtedly a good area for
such analyses. This article provides an oppor-
tunity to look at the region’s natural wealth
from the perspective of small-scale thematic
maps, which is possible thanks to an abundance
of source materials. The article can also be
treated as a voice in discussions conducted by
cartographers on the possibilities of cartogra-
phic presentation methods used in small-scale
thematic maps (P. Fabijanska, J. Korycka-Sko-
rupa 2018; K. Medolinska et al. 2018).

2. The range of research
The Podlaskie Voivodship is located in north-

-eastern Poland (fig. 1). There are valuable
areas of marshes in the valleys of the Narew
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and Biebrza rivers, which are one of the largest
refuges of wild flora and fauna, not only in Po-
land, but also in Europe. The region also includes
numerous forest areas, such as the Knyszyn
and Augustéow Forests, and the Bialowieza
Forest, which is on the UNESCO World Natu-
ral Heritage List, where the remains of the oldest
primeval forest in Europe have been preserved.
There are also numerous lakes in the north of
the voivodship, including Hancza Lake, the
deepest in Poland.
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Fig. 1. The location of the Podlaskie Voivodship
in Poland

Due to the unique natural values of the region,
four national parks have been established here:
The Biatowieza National Park (the oldest in
Poland), the Wigry National Park, the Biebrza
National Park (the largest in Poland), and the
Narew National Park, as well as three landscape
parks. In addition, there are 93 nature reserves,
13 protected landscape areas, 35 “Natura 2000”
areas, 1998 natural monuments, and many
other forms of protection. In total, almost 40%
of the Voivodship’s area is under protection
(Statistical Office in Biatystok 2017a). The Pod-
laskie Voivodship has the largest percentage
of national parks in Poland and is the second
largest in terms of the “Natura 2000” areas.

3. Nature protection of the Podlaskie
Voivodship on small-scale thematic maps

Conservation issues are important and always
included in geographical atlases. Polish carto-
graphic publications include national atlases [A1,
A2], numerous school atlases, e.g. [A6, A7],
atlases devoted to the natural environment of
the country [A3], and selected regions [A4, A5].

In the national atlases of Poland, the subject
of nature protection has been presented on maps
of the whole country at the scale of 1:2,000,000
and 1:1,500,000. The following protected areas
are shown in this way: national parks, landscape
parks, protected landscape areas, reserves and
natural monuments in various categories. In
the Atlas of the Republic of Poland [A2], the
World Biosphere Reserves and the “Green Lungs
of Poland” are also shown on a separate map.

The natural environment of the whole country
has been extensively presented on 1:2,000,000
maps in the Atlas of resources, values and
threats to the geographical environment of
Poland [A3].

In the Atlas of the Biafystok Voivodship [A4]
(similar in area to today’s Podlaskie Voivodship),
nature protection was only included in the
1:300,000 Tourism map. Reserves and strict
reserves according to their type are shown.

In 2018, the Statistics Poland published
a series of sixteen statistical atlases of Polish
voivodships (M. Zych, K. Medolinska 2018), in-
cluding the Statistical Atlas of Podlaskie Voivod-
ship [A5]. Only one map in the scale of approx.
1:1,200,000 concerns issues related to nature
protection — the share of legally protected areas
in relation to communes (basic administrative
units) is shown.

Many issues related to nature protection can
be found on the official portal of Wrota Podlasia
(The Gateway to Podlasie) (wrotapodlasia.pl;
as of May 11, 2020) and in its cartographic part
GIS dla Podlasia [GIS for Podlasie] (geoportal.
wrotapodlasia.pl; accessed May 11, 2020). These
are maps in topographic and overview scales,
presenting protected landscape areas and “Na-
tura 2000” areas.

Small-scale maps of protection and threats
to the natural environment of Podlasie are in-
cluded in Raport o stanie Srodowiska wojew6dz-
twa podlaskiego 2015 (Report about condition
ofthe Podlaskie Voivodship’s environment 2015),
available on the website of the Chief Inspecto-
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rate for Environmental Protection. These are
thematic maps similar in scale to those that
are the subject of this article (scale of approx.
1:1,200,000).

A query of maps in the field of nature pro-
tection was also used to analyze the thematic
content, which included nature reserves, pro-
tected landscape areas, nature monuments,
and other forms of nature protection provided
for in the law. Their base map content is stan-
dard: rivers, reservoirs, towns, and administra-
tive boundaries.

Among the cartographic methods used in such
maps, the most common is the chorochromatic
method, used to show objects with a relatively
large area, e.g. forests, national parks, and land-
scape parks. The symbol map is used to re-
present objects with a point reference, such as
reserves or natural monuments. The choropleth
map shows quantitative indicators related to
enumeration units, most often administrative
units.

As can be seen from the review of cartogra-
phic studies on nature protection in the Podla-
skie Voivodship, this issue is mainly shown on
maps of the whole country, i.e. small-scale
maps. The task of the authors of the article is
to look at the availability of source data suitable
for the elaboration of maps on such scales and
visualise them using proven methods and to
propose new solutions.

4. Data and methodological assumptions
of maps

The first stage of elaborating a series of maps
of the Podlaskie Voivodship was to collect, orga-
nise, and verify publicly available data from
various sources (fig. 2). The vector data was
collected from two databases provided by the
Head Office of Geodesy and Cartography:
State Register of Borders and Area of Terri-
torial Units of the Country (vector layers with
administrative boundaries) and the General
Geographic Objects Database (layers with for-
ests and surface waters). Another data source
was the website of the General Directorate for
Environmental Protection, from which layers
with forms of nature protection were down-
loaded. The statistical data was provided by the
Statistical Office in Biatystok (2017a, 2017b).

The next step was to formulate the methodo-
logical and editorial assumptions of the maps.

It is a very important stage in every editorial
process, because good maps are simple, legible,
without methodological mistakes (J. Korycka-
-Skorupa 2015). When preparing a series of
maps on a given topic, it is also necessary to
ensure that they are coherent, both thematically
and graphically (V. Vozenilek, J. Kanok 2011),
and that their thematic and base map content
is properly and equally generalised (P. Cebry-
kow 2017). The maps were prepared at the
scales 1:1,500,000 and 1:2,500,000 (graphi-
cally simple choropleth maps). The content of
the maps has been limited to the area of the
voivodship due to both data availability and the
uniformity of the map series.

A key stage in formulating the methodolo-
gical assumptions was the selection of appro-
priate cartographic methods. The choice of
methods resulted primarily from the analysis of
the available data: from the method of their re-
ference - to a point, line or surface, as well as
their nature (relative or absolute data) and the
method of presentation (continuous or interval,
i.e. divided into classes) (J. Korycka-Skorupa
2002). While elaborating the maps, efforts were
made to use various possibilities of cartographic
presentation, both qualitative methods — choro-
chromatic and symbol, as well as quantitative
ones — a proportional symbol map and a cho-
ropleth map were used. Ordered levels were
not used, as they were considered to be an
overly generalised form of statistical informa-
tion. The presentation methods were selected
so that the data was presented in a varied, in-
teresting, and as comprehensive manner as
possible for the user.

After collecting the data and selecting the
cartographic methods, it was necessary to trans-
form the data to the needs of visualisation, and
thus to process them (also referred to as “trans-
formation”) (J. Korycka-Skorupa 2002). The
processing of vector data downloaded from
General Geographic Objects Database con-
sisted in “technical” activities performed in the
ArcMap 10.5 program, which included clipping
the forest layer to the voivodship boundaries
and arranging the order of thematic layers.
Statistical data required ordering and some-
time changing the spatial reference, as well as
preparing distribution plot in order to determine
classes.

The next step in elaborating the map was
designing the symbols and preparing legends.
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The graphic symbols of the objects presented
on the maps were selected so that they were
associated with the presented objects, legible,
and distinguishable (B.D. Dent at al. 2009). An
important step in the process of elaborating
a map, especially a thematic map, is designing
a legend, especially when it contains symbols
not always intuitively recognised by users (I. Go-
tebiowska 2015). The content related to nature
protection has been arranged in a legend in
a logical order: national parks (along with
buffer zones), landscape reserves and parks,
and forms of protection allowing for increasing
human interference in the environment. This
order refers to the Ustawa o ochronie przyrody
(2004) [Act on the protection of nature]. The maps
were elaborated in ArcMap 10.5. and Corel
Draw X6. The justification of the adopted me-
thodological solutions is discussed further in
the article.

5. Small-scale thematic maps
of the Podlaskie Voivodship

Figure 2 shows a diagram which was used to
elaborate a series of eleven small-scale thematic
maps and a diagram showing nature protec-
tion in Podlaskie Voivodship. It is an attempt
at an exhaustive cartographic presentation of
generally available data on this issue, carried
out at scales of 1:1,500,000 and 1:2,500,000.

Area protected by the law

The series begins with a map at a scale of
1:1,500,000, which shows areas under legal
protection (fig. 3). The chorochromatic method
shows national and landscape parks with their
buffer zones, nature reserves and protected
landscape areas. It is important to choose the
right colours as this ensures proper distinguish-
ability of individual areas (C.A. Brewer 2016).
Other important elements are their hierarchy,
allowing for the highlighting of the main forms
of protection (parks, reserves), and shifting the
less important (buffer zones) to the background.

The base content of the map (forests, rivers
and lakes) makes it easy to see the character-
istics of each protected area, e.g. whether it is
related to the presence of valuable forest com-
plexes or rivers and lakes.

Although protected landscape areas occupy-
ing large compact areas dominate in the Pod-

laskie Voivodship, this dominance has been
visually reduced on the map by using of an
appropriate pattern. The smallest areas occu-
pied by nature reserves are shown with colour
spots. In the southern part of the voivodship,
there are relatively few areas under legal pro-
tection. Most of them are in the northern and
south-eastern parts.

Area and symbols of national parks
and landscape parks

The map at a scale of 1:1,500,000 shows
the logos of Podlasie national and landscape
parks (fig. 4). The symbols come from the official
websites of the parks. Their size is proportional
to the area of the parks they represent. In this
way, the map user can easily see the relations
between the parks’ areas, and identify what is
the main subject of protection. Such a combi-
nation of information and a graphic solution was
hardly ever used in nature conservation maps.

National parks and landscape parks
according to land cover

To present the category of land cover in parks,
a structural bar diagram was used (fig. 5). The
map at a scale of 1:1,500,000 shows the per-
centage share of each land category (forests,
wooded and shrubby areas, arable lands, re-
serves, water, others) in the total area of parks.
A simple structural chart was used, without
taking into account the size of the parks’ area
(M. Zych, M. Pienigzek 2017), because it faci-
litates comparing the land structure between
parks. The choice of colours refers to the colours
used in the earlier map (fig. 3), to ensure the
uniformity of the entire series.

The analysis of the map shows that in the
parks located in the eastern part of the voivod-
ship, forests are predominant, and in other
parks the land classified as “other”, with the
exception of Suwatki Landscape Park located
in the north, with a clear predominance of agri-
cultural land.

“Natura 2000” areas

Figure 6 shows Birds Directive Sites (SPA)
and Habitat Directive Sites (SAC) that are part
of the European Ecological Network “Natura
2000”. The chorochromatic method was used
here, expressed graphically by patterns varied
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the size of the symbol is proportional to the size of the park
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Fig. 4. Area and symbols of national and landscape parks

of the entire enumeration unit - in figure 7, in seems to be an optimal solution for the user
the area of the commune. The choropleth map (J. Pastawski 2003). The class limits have been
method was used, and the data was divided placed in “gaps” in the statistical dataset so
into six classes with different ranges, which that data with similar values is included in one
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Birds Directive Sites (SPA)
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class. It was also ensured that the class limits
had “round” values that were easy to re-
member. A one-hue colour scale was adopted
in shades of green, i.e. in “natural” colours.
Due to the statistical character of the map, it

Nurzec

LUBELSKIEz‘go
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Fig. 6. “Natura 2000” areas

was prepared at a scale of 1:2,500,000, i.e.
smaller than the previous maps, because in
the case of the choropleth method, the size of
the reference field and the number of classes
determine the level of detail, not the map scale.
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For the purposes of the article, a choropleth
map was also made based on higher-order
units (powiats), but they turned out to be too
large to properly show the spatial diversity of
the issue.

Another presentation of a legally protected
area is a comparison with the number of inhab-
itants, usually per 1000 inhabitants of a spatial
unit, a commune in this case (fig. 8). Here, too,
it turned out that the choropleth map based on
powiats does not show significant spatial dif-
ferentiation of the statistical indicator.

The analysis and comparison of the maps
presented in figures 7 and 8 shows that the
highest values of both indicators are found in
the eastern and northern part of the Podlaskie
Voivodship, i.e. where there are national and
landscape parks.

The elaboration of maps showing the share of
protected area in the area of communes (fig. 7)
and in relation to their population size (fig. 8)
allowed for reflection on the relationship between
the area and population of the communes and
its legal protection. Such relationships are pre-

Fig. 8. The legally protected area
per 1000 commune’s inhabitants

sented in figure 9, where the horizontal axis is
the area of communes (in km?), and the vertical
axis is the share of the protected area (in %).
Each commune is represented by a diagram
whose size is proportional to the size of the
population. The diagrams were additionally filled
with colours: yellow - small communes (less
than 10 thousand inhabitants), orange — medium
(10-50 thousand inhabitants), red - large (over
50 thousand inhabitants). The summary of the
data in the graph (fig. 9) and the use of redun-
dancy (the size and colours of the diagrams
show related information) allows us to see that
the highest share of protected area is in areas
with a relatively small population, and this in
turn makes it possible to infer about human im-
pact on the natural environment.

The statistical data of the Podlaskie Voivod-
ship includes detailed information on the area
occupied by individual forms of nature protec-
tion. In figure 10, this data is presented by
means of a segmented diagram map, which
shows the percentage share of forms of nature
protection — national parks, nature reserves,
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landscape parks, and protected landscape
areas — in the legally protected area of indivi-
dual powiats. It was decided that the weight of
one segment (square) would correspond to 5%
of the powiat area, but due to the low percentage
of some forms of nature protection, the detail
of the presentation was increased to 2.5% (half
a square). For the sake of graphic uniformity,
the map uses the same colours as in figure 3.
The presentation of forms of nature protection
in two perspectives — qualitative (natural) and
quantitative (statistical) gives a broad, comple-
mentary picture of the phenomenon, especially
its actual diversity.

Natural monuments

Figure 11 illustrates natural monuments. Their
number and types in relation to powiats have
been presented using the summary-structural
diagram method. The height of the diagrams
changes proportionally to the number of mon-
uments, which makes it easy to compare the
values assigned to them, but makes it difficult
to compare the structure of types of monu-
ments. Nevertheless, it is easy to notice that in
the entire region, animate nature monuments,
especially individual trees, are the most frequent.
In the northern part, in the area of the last gla-
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ciation, there is a significant share of inanimate Time of establishment the first forms
nature monuments in the form of erratic boulders. of nature protection

The colours refer to those used on a map
with a similar theme in the Atlas of the Repu- Figure 12 shows information about the time
blic of Poland [A2]. when the first forms of nature protection were
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established in each of the powiats. Dynamic
signatures were used here, the coloured filling
of which symbolises the time period in which
a given form of nature protection was created.
Brown is the oldest object, and yellow is the
youngest, so a multi-hue sequential scheme
was used here: the earlier, the darker. The
beginning of the timeline is the year in which
the oldest form of nature protection in the Pod-
laskie Voivodship was established and one of
the oldest in Poland — the Biatowieza National
Park, established in 1947 (its beginning is as-
sumed to be 1921, but formally this area has
been functioning as a national park since 1947).
At the end of the timeline is the year 2016
because this is the year from which the map
compilation data comes. In addition, there are
‘dots’ above the timeline, each of which repre-
sents one form of conservation shown on the
map. In this way, a histogram was created,
thanks to which the map reader receives infor-
mation about the number of the first forms of
nature protection in ten-year time intervals.
This method can be treated as a modification
of the method proposed by K. Katamucki and
D. Buk (2010).

The map shows not only the spatial aspect
of the formation of the first forms of nature pro-
tection in the voivodship, but also the time
distribution of the decisions regarding their
creation. It is clearly visible that the best period
of activities for nature protection was the years
1980-2000, after which there was a regress
that continues to this day.

6. Conclusions

The elaboration of maps is a process which
requires both extensive substantive knowledge
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