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GIS-INTEGRATED SPATIAL ANALYSIS MODELS FOR IMAGING 

GEOMORPHOLOGY OF MROGA AND MROŻYCA INTERFLUVIAL AREA 

(CENTRAL POLAND) 

Abstract. GIS data processing techniques are currently being used to revise many ideas in the field of geomorphology and 

related sciences. The paper presents the characteristics of the landform relief of the Mroga and Mrożyca interfluvial area (on 

the northern margin zone of the Łódź Plateau) based on the results of GIS spatial analysis models. These are techniques that 

have not been used so far for such a detailed fragment of the Łódź Plateau. The aim of this paper was to show the possibility 

of detailing topographic and geomorphological analysis and re-imagining the features of the Łódź Plateau relief on the example 

of a case study of the Mroga and Mrożyca interfluvial area. In this case, the use of GIS modelling confirmed the main features 

of the strongly transformed relief of the Mroga and Mrożyca interfluvial area, which is a result of overlapping elements of 

relief formed during the Warta stadial of the Odra Glaciation and further, during periods of the Vistulian and Holocene mor-

phogenesis. 
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Introduction 

In terms of geomorphology and palaeogeography, 

the upper Mroga River catchment area and its vi-

cinity is one of the most studied areas in the Łódź 

Plateau. Since the 1960s, the region has been used 

as a study area mainly for research on periglacial 

(Dylik 1953, 1961, 1967) and river processes 

(Turkowska 1975, 1976, 1988, 1997). As a result 

of the long-term research, the post-Wartanian de-

velopment of the Mroga valley has been consid-

ered as a reference for rivers flowing down from 

the margin zone of the Łódź Plateau. The catch-

ment area of the upper Mroga River includes 

a feature of glacial relief in the form of moraine 

plateau, and overlapping features of post-War-

tanian relief, including the effects of processes 

that occurred in the periglacial climate of the Vis-

tulian and the temperate climate of the Holocene. 

As a result, the study area could be considered as 

a reference for the landscape on the Łódź Plateau. 

Although the area has been surveyed in terms 

of palaeogeography of the Upper Pleistocene, the 

aim of this paper is to reanalyse the contemporary 
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relief of the part of the Mroga catchment that co-

vers the Mroga and Mrożyca interfluvial area and 

to provide a quantitative morphometric analysis 

based on maps and three-dimensional representa-

tions created using GIS spatial analysis models. 

GIS has proven to be particularly useful in anal-

yses that land relief as an important element. It 

provides a comprehensive and integrated set of 

software tools, is open to new solutions and is de-

signed for the analysis of data that have a spatial 

component (Urbański 2012). GIS land relief anal-

ysis is currently the most common cartographic 

tool in the field of geomorphology. Although 3D 

modelling and analysis have been used since the 

1970s, contemporary 3D GIS systems provide 

a widespread use of such analysis (Franklin 1987; 

Raper 1989; Pike et al. 2009).  

Materials and methods 

The analysis of the landform relief Mroga and 

Mrożyca interfluvial area was based on the pri-

mary materials available in the form of the Digital 

Elevation Model (DEM), a 1:10 000 topographic 
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map and maps elaborated based on detailed geo-

logical research (Twardy et al. 2010) and indi-

rectly the 1:50 000 Detailed geological map of 

Poland (Nowacki 1990, 1993). 

The Digital Elevation Model is a digital rec-

ord of information on land surface altitude based 

on three-dimensional spatial data – points with 

the coordinates x, y and z, i.e. altitude above sea 

level (Groshong 2006; Medyńska-Gulij 2012; 

Żyszkowska et al. 2012). The Digital Elevation 

Model in the form of ASCII* and TIN files** for 

the Mroga and Mrożyca interfluvial area was ac-

quired from the Department of Geodesy and Car-

tography of the Regional Centre of Geodetic and 

Cartographic Documentation, and includes six 

sheets (M-34-4-A-d-4, M-34-4-B-c-3, M-34-4-B-

c-4, M-34-4-C-b-2, M-34-4-D-a-1, M-34-4-D-a-

2). On the basis of this model, morphometric fea-

tures of the modelled relief were determined, and 

the results were visualised in a 3D representation. 

The other primary materials, i.e. the aerial 

photograph and the digital topographic map (ras-

ter data) provided by the Department of Geodesy 

and Cartography mentioned above, contained 

spatial reference information. It was therefore 

possible to georeference them to a map coordinate 

system. The geomorphological map and the geo-

logical map of the study area required digitisation 

(map scanning and vectorisation) and georefer-

encing of the digitised data using the existing spa-

tial data (vector feature class) contained in the de-

sired map coordinate system (Nita et al. 2007). 

These materials were analysed using the GIS 

environment and the 3D GIS spatial analysis 

model was built (Fig. 1). The generated spatial 

analysis models of the land relief made it possible 

to capture the main morphological features of the 

study area. Based on the Digital Elevation Model 

(DEM), and using the 3D Analyst Tools from the 

ArcScene software, a tree-dimensional represen-

tation of the Mroga and Mrożyca interfluvial area 

was created and overlaid with the aerial photo-

graph of the terrain surface and vectorised geo-

morphological and geological maps. A 12-fold 

coefficient of vertical exaggeration was used in 

the analysis to enhance the visibility of the relief. 

Furthermore, the 3D Analyst Tools made it pos-

sible to identify the slope (gradient) from each 

cell of the raster surface. The last element of the 

analysis consisted in preparing a map presenting 

the energy of the relief (absolute index expressed 

in metres, defined as the difference between the 

maximum and minimum height in a given surface 

area), based on the grid and selected geomorpho-

logical units (Wieczorek, Żyszkowska 2011). 

Study area 

The analysis covered a section of the upper 

Mroga River catchment area. The Mrożyca River 

is the largest left-bank tributary of the Mroga 

River and its valley runs parallel to the Mroga 

Valley. The interfluvial area of the Mroga and 

Mrożyca covers an area of ca 87 km2. It stretches 

over 20 km, from the spring area to the south-east 

of Brzeziny up to the mouth of the Mrożyca River 

into the Mroga River near Głowno. 

The Łódź Plateau descends towards the 

north-east. The land relief is highly diverse, 

which is manifested in altitude differences of ca 

85 m between the highest elevations in the south 

and the lowest ones in the north. The highest part 

of the plateau, i.e. 230.2 m a.s.l., is located near 

Szymaniszki, and the altitude differences relative 

to the Mroga bottom reach over 50 m (the lower 

Mroga River). The width of the interfluvial area 

varies – it is narrowest (5 km wide) at the longi-

tude of Kołacin and increases to over 8 km near 

Kolonia Niesułków, and gradually becomes nar-

rower again from Nowostawy up to the river fork 

(Fig. 2). 

Due to the heterogeneous land relief in the 

southern part of the interfluvial area, the GIS spa-

tial analysis conducted by the authors includes the 

region stretching from the area of Brzeziny in the 

south to Wola Cyrusowa village in the north (ca 

10 km of the latitudinal extent). Figure 3 shows 

the range of spatial analysis models generated for 

the research area. The largest area of 127.3 km2 

was shown on a hypsometric map using DEM, 

map of gradient of slopes, map of exposure of 

slopes, relief energy map. An area of 40 km2 is 

shown in a 3D geomorphological model and in 

a map of the land relief energy of denudation val-

leys. 

 

 

* ASCII (American Standard Code for Information Interchange) files contain series or collection of points with x-, y-, and 

associated z-values. 
** TIN (triangulated irregular network) files depict geographic surfaces as contiguous non-overlapping triangles used to 

match the elevation of a terrain exactly. 
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Fig. 1. GIS spatial analysis model of Mroga and Mrożyca interfluvial area 

* geological map according to Twardy et al. (2010) 

** geomorphological sketch according to Twardy et al. (2010) 

 

 

 

Fig. 2. Mroga and Mrożyca interfluvial area  

A – Hypsometry and transversal profiles, B – Location on maximum ranges of Vistula ice sheet (LGM – Last Glacial Maxi-

mum) and Warta ice sheet (LG MPG – Late Glacial of Middle Polish Glaciation, according to Lindner, Marks 2012) 
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Fig. 3. A – Hypsometric map of a fragment of Mroga and Mrożyca interfluvial area 

B – range of geomorphological model (Fig. 6) and land relief energy of denudation valleys (Fig. 10A, 11),  

C – range of geological model (Fig. 5) and land relief energy of denudation valleys (Fig. 10B) 

1 – Plateau level (I), 2 – Smardzewski level (II) (according to Klatkowa 1965), 3 – Henryków sublevel, 4 – Żabieniec sublevel 

(according to Turkowska 2007), 5 – watershed (IV) between Mroga and Mrożyca 

 

A 4.3 km2 watershed section near the villages 

of Żabieniec and Syberia is analysed in more de-

tail in terms of interfluvial relief. This area has 

been thoroughly researched in the Żabieniec mire 

(Twardy et al. 2010) and in a fossil lake located 

south of the mire (Majecka 2012a, b, 2014). It is 

a closed depression situated directly among the 

culminations of the plateau area between Mroga 

River and Mrożyca River. This area is shown on 

the detailed 3D geological model and map of re-

lief energy of denudation valleys. 

Geology 

The entire interfluvial area of the Mroga and 

Mrożyca is covered with glacial sediments, depos-

ited during the Warta stadial of the Odranian Gla-

ciation (Lindner, Marks 2012). According to the 

1:50 000 Detailed geological map of Poland 

(Nowacki 1990, 1993) the general thickness of the 

Quaternary cover on the interfluvial area is 30 me-

tres (in the Mrożyca River valley near Tadzin vil-

lage) to about 80 metres in the area of fluvioglacial 

forms (for example to the south-west of Żabie-

niec). The deposits are predominantly of fluvio-

glacial sand and gravel of age related to the Warta 

stadial of the Odranian Glaciation. Near Siberia 

and Kołacin their thickness exceeds 20 metres. In 

addition to these deposits, glacigenic till, sand and 

gravel were documented. In the southern part of in-

terfluvial area, till is present directly on the surface 

of the highest forms and also often along the left 

bank of the Mroga River, where it occurs in zones 

of erosion undercuts forming high slopes. Accord-

ing to Nowacki (1990,1993), the till thickness is 

insignificant; it reaches 5 to 7 metres, or 5 to 15 

metres according to Rdzany (2009). 

Vistulian sediments constitute the surface sed-

iments of the Mroga and Mrożyca valleys and nu-

merous denudation forms cutting the moraine plat-

eau. The valley levels of the Mroga and Mrożyca 

are built of Plenivistulian sand and gravel sedi-

ments and sand-gravel sediments and, boulders 

from the Late Vistulian (Turkowska 1975, 1976, 

1988). The lithological research conducted within 
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morphologic analyses made it possible to docu-

ment the scale of the denudation transformation of 

the landform of a section of the interfluve (Twardy 

et al. 2010; Majecka 2012a, b). Glacial origin de-

posits build the upper parts of the slope. Bottoms of 

denudation valleys, similarly to the bottom of the 

watershed depressions, are covered with sandy and 

loamy diluvial sediments. Holocene deposits repre-

sented by organic-mineral silt and peat constitute 

the surface layer in the Żabieniec mire (Fig. 4). 

 

 

 

Fig. 4. Geological model of fragment of Mroga and Mrożyca interfluvial area  

(according to Twardy et al. 2010, modified) 

I – Plateau level, II – Smardzewski level, III – Strykowski level, IV – Katarzynowski level, V – Woli Mąkolskiej level 

 

 

Land relief and its origin 

The land relief of the Mroga and Mrożyca inter-

fluvial area is characterised by both longitudinal 

variability and latitudinal zonation. The longitu-

dinal variability results from a transition through 

consecutive forms of valleys, starting from the 

bottom, through successive morphological valley 

levels to the plateau area. The latitudinal variabil-

ity, on the other hand, results from a transition to 

consecutive levels of the Łódź Plateau edges. 

This particular feature of the relief of the northern 

border of the Łódź Plateau was first described by 

Lencewicz (1927). The author included charac-

teristic, cascade levels in his Morphological map 

of the central Powiśle district. He also associated 

the existence of the edge between the Łódź Plat-

eau and the Warsaw–Berlin proglacial stream val-

ley with tectonic origin, and explained the for-

mation of the consecutive levels as an effect of 

erosion and denudation processes. Following the 

interpretation of Klatkowa (1965), particular lev-

els separated by steps of the edge zone the Łódź 

Plateau were formed in the glacial environment as 

an effect of advances by the Warta ice sheet trans-

gressing over the high-altitude area of the Meso-

zoic substrate, which was a barrier for the glacier 

front. Depending on the dynamics of the ice mass 

inflow, the glacier pushed sediments over an ob-

stacle, causing them to pile up. The first Plateau 

level (I), including areas elevated above 210 m 

a.s.l. The lower Smadzewski level (II) covers the 

zone in the ordinate range 185–210 m a.s.l. The 

next Strykowski level (III) is located between 

165–180 m a.s.l. and lower Katarzynowski level 

(IV) is located between 140–160 m a.s.l. The fifth 

and the lowest level of Wola Mąkolska is located 

between 117–137 m a.s.l., and is also part of the 

highest accumulation level of the Warsaw–Berlin 

proglacial stream valley (Fig. 5) (Klatkowa 

1965). 

One feature of the longitudinal variability of 

the relief in the Mroga and Mrożyca valleys is the 

occurrence of low and high valley levels. The val-

ley levels are the most important forms of the per-

iglacial relief associated with the Plenivistulian 

(high level) and Late Vistulian (low level). The 

course and parameters of the Mroga River valley 

levels have been documented in detail by 

Turkowska (1975, 1996). 

The low level in the valleys of both rivers oc-

curs fragmentarily, and only on the western side. 

In the Mroga River valley, south of Nagawki and 

Dmosin villages, the width of the preserved frag-

ments of the low terrace reaches a few tens of me-

tres, and the slope gradient does not exceed 2º. 

Thus, due to their insignificant size, their pres-

ence in the contemporary relief is not conspicu-

ous. The higher valley level is well preserved in 

both valleys. It consists of two overlying levels – 

the older level of a high terrace covered with 

younger terrace sediments. It plays a significant 

role in the varied relief of the Mroga drainage 

area. During the Upper Plenivistulian, valley 

slopes were exposed to the strongest denudation 

processes. 

 



Aleksandra Majecka, Karolina Dmochowska-Dudek 

194 

 

Fig. 5. Levels of edge zone of Łódź Plateau (according to Klatkowa 1965) 

1 – Wartanian till, 2 – glacial gravel and sands, 3 – various glacial mineral materials, 4 – fluvioglacial gravel and sands,  

5 – diluvial silt, 6 – multifractional sands, 7 – diluvial sands, 8 – diluvial silt with admixture of sands, 9 – silt of closed 

depressions, 10 – aeolian sands, 11 – diluvial sand with admixture of silt on top of organic deposits, 12 – mineral-organic silt, 

13 – peat, 14 – water 

 

The height of the higher valley level reaches 

12 metres, and the width ranges from approxi-

mately 200 to 500 metres. It becomes wider in the 

areas of outlets into lateral valleys. In the Mrożyca 

River valley, the higher level of accumulation oc-

curs on the right, eastern side of the valley. Its 

slope is characterised by a diversity and a steeper 

slope compared to the gentle, straight south-west-

ern slope. In the upper section of the valley, its 

width reaches 150 metres. In the section north of 

Kolonia Niesułków village, where the river 

changes direction from westwards to north-west-

wards, the level disappears and becomes wider in 

the longitudinal section of the valley. 

The borders between the plateau and the val-

ley elements are not clear in many places due to the 

multiplicity of denudation forms combining the 

high valley level with areas of the highest altitude. 

The watershed creates a sequence of elevations 

that are more compact in the south, and become 

fragmented or disappear in the north. In the land-

scape of the southern part, it occurs as a separate 

elevation divided by E–W depressions. They serve 

as a starting point for the denudation systems de-

veloped on the slopes. The highest part of the wa-

tershed is in the south-western part of the interflu-

vial region, between Szymaniszki village and 

Brzeziny. To the east, the watershed is divided by 

a deep valley with a radial outlet into the Mroga 

River below Olsza village. The valley near Syberia 

village has a similar pattern. These valleys repre-

sent the greatest variety of the interfluvial land re-

lief and there are no other valleys cutting so deeply 

the dense, longitudinal part of the plateau. There is 

no explanation so far as to why the most favourable 

conditions for the development of crosswise ero-

sion forms occurred in these places. The fossil 

closed depressions documented in the upper sec-

tion of the valley in Syberia are identified as factors 

initiating the processes of denudation and the de-

velopment of valley forms. Thus, it may be as-

sumed by analogy that fossil closed depressions 

are likely to occur in the upper part of the valley 

running south of Olsza village, representing the 

primary factor initiating the origin of the valley 

(Fig. 6). Currently, they are not visible in the mor-

phology of the interfluvial area. 

Based on a 1:10 000 geomorphological sketch 

(Twardy et al. 2010), a 3D geomorphological 

model was generated for the analysed fragment of 

the Mroga and Mrożyca interfluvial area (Fig. 6). 

The watershed culmination comprises forms of 

glacial relief formed during the ice sheet recession 

phase. An important element of the watershed re-

lief is the Żabieniec basin with the Żabieniec mire 

at its centre. The Żabieniec basin was formed due 

to melting of dead ice blocks during the final phase 

of the Warta stadial (Nowacki 1993; Twardy et al. 
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2010; Majecka et al. 2018). It is surrounded by gla-

cial forms, to the north-east by morainic hills and 

crevasse landforms 5–13 metres high, and a mo-

rainic wave plain (5–9 metres height) to the west. 

Morainic hills are intersected with fluvioglacial 

plains to the south. Numerous denudation forms on 

the slopes of glacial forms result from the transfor-

mation of the original glacial surface. 

 

Fig. 6. Geomorphological model of Mroga and Mrożyca interfluvial area  

(according to Nowacki 1993; Twardy et al. 2010, modified) 

1 – flat moraine plains, 2 – undulating moraine plains, 3 – morainic hills, 4 – morainic mounds, 5 – fluvioglacial plains,  

6 – melt-out depression, 7 – visible closed depressions, 8 – completely filled closed depressions, 9 – slopes of river valleys,  

10 – upper valley level, 11 – bottoms of river valleys, 12 – denudation basins and valleys, 13 – younger denudation valleys,  

14 – gullies, 15 – rivers, 16 – waters 

 

 

Results 

The morphological profile generated using a Digital 

Elevation Model (DEM) shows in detail the latitu-

dinal variability of the Mroga and Mrożyca interflu-

vial area. The southern part of the interfluvial is lo-

cated within two levels of the edge zone of the Łódź 

Plateau (Fig. 7). The boundary between the Łódź 

Plateau (I) and the Smardzewski level (II) runs 

south of Szymaniszki village, at an elevation of 210 

m a.s.l., across the slopes of the Łódź Plateau, to 

Brzeziny. The lower, extensive Smardzewski level 

has a triangular outline (Fig. 3). Its northernmost 

part is located near Wola Cyrusowa at an elevation 

of 175 m a.s.l. It is characterised by considerable 

segmentation. There is a clear division into two 

arches of elevations running parallel to each other 

and crosswise to the valleys of the Mroga and 

Mrożyca rivers. The internal area of the arches of 

the watershed hills is covered by a landlocked de-

pression and its extension in the form of a denuda-

tion valley running westwards – towards the Mro-

życa River. To the east – towards the Mroga River 

valley – there is an extensive denudation valley, 

which has its origin in the depression of the water-

shed (Fig. 6). 

Based on the extent of denudation of the plat-

eau relief, the examples of which include parallel 

systems of denudation valleys, Turkowska distin-

guished two clearly outlined sublevels within the 

Smardzewski level – Żabieniec and Henryków 

(Turkowska 2007). The sublevel of Żabieniec is 

characterised by a lower altitude and greater frag-

mentation than the other level. Gentle slopes of mo-

rainic hills and a sandur plain in the south are sepa-

rated by denudation forms with varying levels of de-

velopment. The northern border of the Żabieniec 

sublevel runs along a range of elevations with an al-

titude of up to 200 m a.s.l. The Henryków sublevel 

is characterised by elevations reaching on average 

204–205 m a.s.l. In the south, it is bordered by 

a slope of the Plateau level (I) near Szymaniszki vil-

lage (Fig. 7). 
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Fig. 7. Morphological profile along line of Mroga and Mrożyca watershed on Brzeziny–Wola Cyrusowa section, 

generated using DEM (profile line No. 5 on Fig. 3) 

 

The longitudinal variability of the land relief 

of the Mroga and Mrożyca valleys is expressed by 

the clear asymmetry of the slope gradient model 

(Fig. 8). The valley slopes with western exposure 

are shorter and steeper than the slopes with east-

ern exposure (Fig. 9). The former are character-

ised by a gradient of over 10º, while the average 

gradient of the latter does not exceed 2º. The 

slopes of the Mroga River valley in the vicinity of 

Olsza reach gradients of over 12º. Most slopes in 

the interfluvial area are exposed to higher temper-

atures: S, SW and W Slopes with a gradient of 

less than 2º cover 77% of the analysed fragment 

of the watershed (Table 1). The slopes exposed to 

higher temperatures (S, SW, W) represent 49% of 

the area (Table 2). 

The bottoms of the Mroga and Mrożyca val-

leys have varying widths in different fragments, 

ranging from 50 to 500 metres. The land relief be-

comes more gentle towards the north and the 

width of the valley bottoms increases. Compared 

to the Mroga River, the bottom of the Mrożyca 

valley is much narrower. In the narrow stretches, 

the Mrożyca bottom is limited by high edges 

reaching 4 metres, and steep slopes with a gradi-

ent of over 10º. The width of the bottoms of both 

valleys increases along the sections with a gentle 

land relief in flattened areas, whereas in areas 

with steeper slopes (edges of the horizons), the 

valley bottoms become narrower. 

 

 

 

Fig. 8. Gradient of slopes of Mroga and Mrożyca interfluvial area 
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Fig. 9. Slope exposure of Mroga and Mrożyca interfluvial area 

 

Table 1 

Gradient of slopes in Mroga and Mrożyca interfluvial area (%) 

Gradient (°) Surface (ha) % 

0–1  167.19 34.58 

1–2 203.19 42.03 

2–3 92.63 19.16 

3–4 14.38 2.97 

4–5 3.19 0.66 

5–6 1.69 0.35 

6–7 0.19 0.04 

7–8 0.19 0.04 

8–9 0.13 0.03 

9–10 0.50 0.10 

10–11 0.19 0.04 

TOTAL: 483.44 100.00 

 

 

Table 2 

Exposure of slopes in Mroga and Mrożyca interfluvial area (%) 

Slopes exposure Gradient (°) Surface (ha) % 

N 0–22.5 48.00 9.93 

NE 22.5–67.5 55.94 11.57 

E 67.5–112.5 23.06 4.77 

SE 112.5–157.5 39.56 8.18 

S 157.5–202.5 76.69 15.86 

SW 202.5–247.5 89.06 18.42 

W 247.5–292.5 70.00 14.48 

NW 292.5–337.5 50.13 10.37 

N 337.5–360 31.00 6.41 

TOTAL: 483.44 100.00 
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Analysis of the land relief energy was con-

ducted for different denudation forms, highlighting 

the extent of their development in relation to one 

another. The best developed forms with the great-

est land relief energy (25.1–43.7) occur on the 

western slope of the Mroga River (Fig. 10A), 

which results from the intensity of denudation pro-

cesses in the Vistulian period on humid, “cold” 

slopes. These are usually the longest forms, but 

also a short form in the vicinity of Mroga Dolna is 

characterised by the highest energy. Such a situa-

tion occurs also in the valley running into the 

Mroga near Kołacin. A system of denudation val-

leys located in the upper section of the Mrożyca 

River is characterised by the highest land relief en-

ergy. The greatest breakup of the watershed occurs 

near Syberia, where extensive denudation forms 

have their origin in the upper section of both the 

western and eastern slope, between which a valley 

watershed was formed. Analysis of the land relief 

energy conducted within the drainage basin of the 

depression confirms the existence of forms with 

the highest land relief energy (15–11.4) on the 

northern and eastern slopes of the watershed, 

steeper and built primarily of loose sediments (Fig. 

10B). 

The analysis of the relief energy was con-

ducted also for a grid of 200×200 m squares cov-

ering the entire area corresponding to six DEM 

sheets (Fig. 11). It shows that the largest differ-

ences in height occur primarily in the lower parts 

of the eastern slopes of the Mroga and Mrożyna 

valleys. Both variants of the land relief analysis 

captured a very distinct field energy in the vicinity 

of Syberia, at the estuary of the denudation valleys 

into the Mrożyca where a morainic inlier is lo-

cated. 

Discussion 

The popularity of GIS methods in the recent geo-

morphological analyses necessitates the use of 

these methods for areas whose land relief and gen-

esis have already been recognised. Such an ap-

proach makes it possible to update the cartographic 

documentation of areas studied a long time ago, 

but also to verify the views on the prominence of 

certain land relief features and their importance. As 

part of the visualisation update as well as an at-

tempt to verify the palaeogeomorphological con-

cept of Klatkowa (1965, 1972, 1996; Turkowska 

1975) in the GIS environment, maps of the escarp-

ment zone of the Łódź Plateau have recently been 

prepared based on a free Digital Elevation Model 

SRTM-3 (Szmidt 2013). The conducted collation 

confirmed the hypothesis concerning the existence 

and separation of steps of the edge zone of the 

Łódź Plateau, but it also made it clear that the Dig-

ital Elevation Model SRTM-3 may be the basis for 

geomorphological analyses only to a limited ex-

tent. Similar observations come to mind after this 

analysis of the land relief of the Mroga and 

Mrożyca interfluvial area representing a fragment 

of the escarpment zone; the analysis was based on 

the Triangulated Irregular Network (TIN) built on 

an irregular grid of triangles set on measurement 

points. The contemporary cartographic processing 

techniques did not restrain the recognition of the 

land relief. Moreover, the quality of the archival 

cartographic works, despite the lack of advanced 

techniques, did not differ in terms of details and 

quality from the maps prepared with the use of the 

contemporary techniques. Archival research of the 

Mrożyca catchment is highly detailed. New tech-

niques allow the data to be refined by entering 

georeferencing into the coordinate system and al-

low for statistical analysis. Generally available 

data allows you to visualize the data depending on 

the needs. 

3D modelling is a technique that is currently 

bringing something new to geomorphological 

analyses. Visualisations are extremely useful in an-

alysing various parameters. At present, visualisa-

tions are the most popular method of creating and 

presenting information. The three-dimensional 

representations prepared for the interfluvial area 

present a new perspective on this area by facilitat-

ing a more detailed analysis of the land relief vari-

ability and conditions. The plasticity of the sur-

face presented in the geomorphological and geo-

logical models enhanced the relationships be-

tween the surface geological structure and land 

relief. Digital models of depressions and land ex-

posure allowed quantitative morphometric analy-

sis of these land relief features, reducing the prob-

ability of mistakes or subjectivity in measure-

ments. Consequently, these methods might revise 

many ideas in the field of geomorphology. They 

also guarantee the repeatability and comparability 

of results. Analysis of land relief energy, espe-

cially one conducted for specific land relief pa-

rameters, represents a new perspective on their 

old classification. For the study area, the analysis 

was conducted for denudation forms with a vary-

ing degree of development, being one of the most 

important features of the land relief. This imaging 

analysis partly corroborated the view that they are 

more developed on western (cold) slopes, yet it 

also showed no correlation between the length of  
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Fig. 10. Land relief energy of denudation valleys (in metres): A – in Mroga and Mrożyca interfluvial area  

(range area B, see Fig. 3), B – in section of watershed (range area B, see Fig. 3) 

 

 

Fig. 11. Relief energy (in metres) for square units of 200×200 m 
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the forms and their energy. Furthermore, it high-

lighted the relationship between the occurrence of 

denudation forms and geological structure, which 

was presented in the analysed watershed fragment 

where more denudation forms are located on the 

eastern and northern slopes of the watershed de-

pression, built of fluvioglacial, sandy and gravel 

sediments, than on glacial slopes built of compact 

sediments or with an admixture of compact sedi-

ments. 

Conclusions 

– GIS spatial analysis is useful for detail geo-

morphological interpretation, for example, of 

area, actual distance, frequency, exposure or 

slope gradient; however, what are crucial are field 

studies that allow for accurate recognition of sur-

face geological structure and its relationship with 

the morphogenesis of the relief. 

– Multi-variant GIS analysis generates land re-

lief parameters to allow precise conclusions as 

well as a confirmation, reinterpretation or revi-

sion of existing palaeogeographic concepts. 

– Numerous denudations valleys are more de-

veloped on western (cold) slopes, yet there is no 

correlation between the length of the forms and 

relief energy. 

– The maps and three-dimensional GIS mod-

els show a new perspective of the land relief of 

the Mroga and Mrożyca interfluvial area and are 

a starting point for further research on the factors 

and stages of its development. 

– However, the quality of the archival carto-

graphic works, despite the lack of advanced tech-

niques, did not differ in terms of detail and quality 

from the maps prepared with the use of contem-

porary techniques. 
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