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Abstract 
The aim of the study was recognizing the hydrotechnical infrastructure and metallurgical activity and changes in the structure 
of land use and its hydrographic network of the Czarna Konecka total catchment, and in Integrated Water Surface Parts 
(SCWP): SW0709, SW0710, SW0711 over the last 200 years. The analysis was based on a comparative analysis of 
cartographic material from various research periods. The development of the metallurgical industry in the period from the 
beginning of the 19th c. to the first half of the 20th c. caused a decrease in the forest's share in land cover and an increase in 
the length of watercourses. In the next 100 years, the area designated for renewal increased, but the species structure of the 
trees changed almost completely. Conifers were mainly used for afforestation. The increase in the length of watercourses 
was caused by the construction of drainage ditches, millers for the needs of water mills, mills, sawmills and for agriculture. 
In addition, many sections of the rivers were regulated and straightened. At the same time, due to the termination of many 
industrial plants, the area of water reservoirs drastically decreased until the first half of the 20th c. Many of them have been 
drained, or have been partially or completely silted up by sediments flowing in by rivers. The increase in standing water 
surface in the last about 100 years was caused by the construction of new water reservoirs, mainly for breeding ponds. 
 
Keywords: Czarna Konecka catchment, changes in catchment use, hydrographic changes, Polish Uplands, Merged 
Surface Water Parts. 

 
STUDY AREA 
Czarna Konecka is the right tributary of the Pilica, 
which belongs to the Vistula River basin. It is about 
85 km long. Its main tributaries are Barbarka, 
Krasna, Czarna Taraska and Plebanka. The Czarna 
Konecka total catchment to the estuary of Pilica 
covers an area of 972.6 km2 [2]. According to the 
division into physical-geographical regions [10], 
the research area is located in the province of the 
Polish Uplands, in the sub-province of the Lesser 

 
Poland Upland. Within the drainage catchment 
three Integrated Surface Water Parts (SCWP) were 
distinguished: SW0709, SW0710, SW0711 [15]. 
Until the end of the 19th century, the Czarna 
Konecka catchment was the most important 
industrial area in Poland in the field of iron mining 
and processing. In 1883, local metallurgical 
factories produced 50% of the iron produced at that 
time in the Polish Kingdom [5], [13]. 

 
AIM OF THE STUDY AND METHODS 
The aim of the study was to trace changes in the 
structure of use and hydrographic network in the 
Czarna Konecka total catchment and separated 
Surface Water Parts (SCWP): SW0709, SW0710, 
SW0711 over the last about 200 years (Fig. 1). The 
combined surface water bodies consist of Surface 
Water Homogeneous Parts (JCWP). JCWP units 

 
 
are similar in terms of quantity, physicochemical, 
biological state and forms of land use, water and 
sewage management and hydrotechnical facilities 
[3], [4]. The research was based on a comparative 
analysis of cartographic material from various 
research periods (Table 1).  
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Figure 1. Integrated Surface Water Parts (SCWP) in the Czarna Konecka catchment area. 

Table 1. Cartographic materials used in the study 
Time cutting Map Date of issue Scale 

I – beginning of the 19th c  Karte von West-Gallizien 1808 r. 1:172 800 

II – first half of the 20th c Tactical map issued by the Military Geographic 

Institute (WIG) 

1922-1934 

years 

1:100 000 

II – first half of the 20th c Hydrographic map of Poland on a scale 1:50000 2004 r. 1:50 000 

Corine Land Cover 2006 database (CLC2006) 2006 r. 1:100 000 

 
On the Austrian "Karte von West-Galizien" maps 
and Polish maps issued by the WIG, a 
georeferencing process was carried out. They were 
Polish topographic maps from 2000 [6]. They were 
assigned one coordinate system - PUWG 1992 to 
avoid distortions resulting from the state of the 
cartographic background and to make it possible to 
compare the quantitative features of the examined 
objects [11]. The work uses the geographical 
information system (GIS) tool - MapInfo 11. The 
area of individual types of land use (forests, 

agricultural areas, meadows, wetlands, 
anthropogenic areas) was generated, as well as the 
surface of water reservoirs and the length of 
watercourses. On the materials of the first half of 
the 20th c. additionally coniferous, deciduous and 
mixed forests were marked. In turn, Austrian maps 
do not have a legend. Therefore, it was not possible 
to separate agricultural areas, meadows and 
wetlands. These areas were treated as one whole 
and were called "other areas".

 
RESULTS 
At the beginning of the 19th century, almost 70% 
of the Czarna Konecka catchment area was covered 
by deciduous forests (Table 2; Fig. 2). In the period 
from the beginning of the 19th to the beginning of 
the 20th century, the share of forests fell to around 
47%. Deciduous trees dominated in the species 
structure of forests (Fig. 3). Coniferous forests 
covered only 0.5% of the basin area. By the 
beginning of the 21st century, the share of forests 

 
 
had increased. Currently, forests cover more than 
half of the basin area. Afforestation occurred in 
previously cleared land (Fig. 4). Over the century, 
however, there was almost complete replacement of 
species composition. Deciduous forests are 
currently less than 2% in the structure of use, while 
coniferous species currently account for over 70% 
of all forests). .
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Table 2. Percentage share of types of forests in the structure of land use of the 
Czarna Konecka catchment at the beginning of the 19th, 20th and 21st century. 

Type  I – beginning of 
the 19th c. 

II – first half of 
the 20th c 

III – beginning of 
the 21th c. 

forest 
  - coniferous 
  - deciduous 
  - mixed 
  - in a state of change 

68,0 
0,0 

68,0 
- 
- 

46,8 
0,5 

46,3 
0,0 
- 

50,9 
37,1 
1,9 
8,5 
3,4 

arable land  
27,9 

34,9 31,6 
meadows 8,5 9,4 
wetland area i 5,8 0,6 
anthropogenic areas 3,1 3,8 7,0 
watercourses 1,0 0,2 0,6 

Source: own study 
 
From the first half of the 20th century to the 
beginning of the 21st century, the wetland area has 
declined ten times - from almost 6% to just 0.6%. 
In turn, the area of meadows during this period did 
not show clear changes. The situation was different 
in the case of anthropogenic areas. In the period 
from the beginning of the 19th to the first half of the 
20th century, their total area increased from 3.1 to 
3.8%. However, a century later their area almost 
doubled - to 7.0%. Over the 200 years, the 
hydrographic network has been characterized by 

high variability. The length of the streams of the 
area in question increased almost threefold. At the 
beginning of the 19th century, watercourses totaled 
437.8 km. In the first half of the 20th century their 
length was 736.9 km and at the beginning of the 
21st century - 1264.5 km. However, the overall 
surface of water reservoirs (over 1 ha) over the past 
200 years showed a downward trend and decreased 
by almost half. At the beginning of the 19th century 
it had about 990 ha and two centuries later 545.2 ha. 
 

 

 
Figure 2. Land use and hydrographic network of the Czarna  

Konecka catchment at the beginning of the 19th century. 
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Figure 3. Land use and hydrographic network of the Czarna  

Konecka catchment in the first half of the 20th century. 
 
 

 
Figure 4. Land use and hydrographic network of the Czarna  

Konecka catchment at the beginning of the 21st century. 
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In the intermediate period, i.e. in the first half of the 
20th century, water reservoirs were less than 180 
ha. With the change in the surface of standing 
waters, their number changed. At the beginning of 
the 19th century, sixty-three reservoirs existed 
throughout the basin. Over the next century, this 
value decreased more than ten times and only six of 
them were reproduced in the image from the 
beginning of the 20th century. At the beginning of 
the 21st century, the surface of water reservoirs 

increased. New surface hydrographic objects 
appeared, covering over 450 ha.The above 
described changes in land use and hydrographic 
network had different intensities in the Integrated 
Surface Water Parts: SW0709, SW0710 and 
SW0711. Unit SW0711 was the most agricultural 
area. About 100 years ago, arable land covered 
more than half of SW0711, and at the beginning of 
the 21st century over 40% (Fig. 6).  
 

 

 
Figure 5. Changes in the percentage share of: forests (A), agricultural areas (B), 
 meadows (C), wetlands (D), anthropogenic areas (E), surface waters (F) in the  

Integrated Parts of Surface Water: SW0709, SW0710, SW0711 in last 200 years. 
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This unit also recorded the largest percentage 
decrease in the share of forests in land cover in the 
period from the first half of the 20th century to the 
beginning of the 21st century. Only in SW0711 an 
increase in the area of meadows was noted over the 
last century. This area was also distinguished by the 
fact that the increase in the length of watercourses 
and anthropogenic areas was continuous, and the 
changes in the share of standing waters, as in 
SW0710, variable (Fig. 5). In the period from the 
beginning of the 19th century to the first half of the 
20th century, there was a drastic decrease in the 
surface of water reservoirs in SW0711 and 
SW0710. During the next 100 years in SW0711, 
due to the appearance of the pond on the Barbarka 
River, this area increased, reaching a level similar 
to that of two centuries ago. Whereas in SW0710, 
due to the construction of breeding ponds, among 
others: Praga, Czapla, Cieklińsko, the share of 
standing waters in relation to the value from the 
beginning of the 20th century increased almost five 
times. In SW0711, over the past 200 years, 

watercourses have more than tripled and the share 
of anthropogenic areas more than doubled. The 
course and level of changes in anthropogenic areas 
was similar to changes in SW0709. However, 
SW0709 was the only one to be distinguished by 
the abrupt drop in stagnant water surface. As a 
result of the fall of industry, the surface of water 
reservoirs decreased until the first half of the 20th 
century. The joints were silted up. They were also 
dried. During the next century, their surface showed 
no change. This was due to the damming of the 
Czarna Konecka River and the creation of the 
Sielpia Reservoir with an area of about 50 ha for the 
needs of the rolling mill in 1821. However, due to 
the disappearance of ponds in the upper reaches of 
Czarna Konecka River, its surface and depth 
changed, which in 2008 did not exceed 50 cm [1], 
[7], [8], [9], [14]. The units SW0709 and SW0710 
were similar in terms of the share of forests, arable 
land and meadows, although the changes had a 
different direction.

 

 
Figure 6. Watercourse lengths in Integrated Surface Water Parts: SW0709,  

SW0710 and SW0711 at the beginning of the 19th century, in 
 the first half of the 20th century and at the beginning of the 21th century. 

 
CONCLUSION 
The research results indicate that changes in the 
structure of land use and the hydrographic network 
in the Czarna Konecka River drainage basin, 
belonging to the most important industrial areas of 
the Old Polish Industrial District, were associated 
with the activities of industrial plants. In addition to 
the network of rivers and rich deposits of iron ore, 
the development of metallurgy in the Czarna 
Konecka River Valley was determined by the high 
forest cover of these areas [12].  
The development of the metallurgical industry in 
the period from the beginning of the 19th century to 
the first half of the 20th century caused a decrease 
in the forest's share in land cover and an increase in 
the length of watercourses. In the next 100 years, 
the area designated for renewal increased, but the 

 
structure of the trees species changed almost 
completely. Conifers were mainly used for 
afforestation. The increase in the length of the 
watercourses was caused by the construction of 
drainage ditches and canals, millers for the needs of 
water mills, flour mills, sawmills and for 
agriculture. At the same time, due to the termination 
of many industrial plants, the area and number of 
water reservoirs drastically decreased to the first 
half of the 20th century.  
In the 19th and 20th centuries, water forges, in the 
20th century mills and sawmills closed down. Many 
of them have been drained or have been partially or 
completely silted up by settlements flowing in by 
rivers. The increase in standing water surface in the 
last about 100 years was caused by the construction 
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of new water reservoirs, mainly for breeding ponds. 
With the change in surface and number of tanks, 
their function changed. Due to the fact that the 
metallurgical industry did not develop evenly 
throughout the Czarna Konecka River basin area, 
the areas of Integrated Surface Water Parts: 

SW0709, SW0710 and SW0711 were characterized 
by a different structure of land use and 
hydrographic network. The changes taking place in 
these units over the space of the last two centuries 
had a different course and pace. It was related to 
conducting other forms of activity.
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