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FUNCTIONALITY OF SPATIAL ANALYSIS IN THE ASSESSMENT OF THE IMPACT OF
LAND COVER ON THE EROSION PROCESS PREDICTION

Erosion is a process shaping the earth's surface, responsible for supplying sediment to the fluvial system.
Identification of areas vulnerable to erosion is a critical element of sediment management in the catchment, enabling
the assessment of the degree of its degradation. The research was based on the use of spatial data, Digital Terrain
Model (DTM), and Corine Land Cover (CLC) on the example of two sub-catchments located on the lower Brda River.
The main aim of the research was to assess the impact of land cover on the spatial prediction of the erosion process
at the catchment scale. The Maximum Entropy Method was used to determine the spatial probability distribution of
environmental variables related to the erosion process. Results showed the greatest predictive power of relief-related
environmental features, associated with specific types of land cover. Predictive models can be successfully used to
predict areas potentially exposed to erosion.

Keywords: erosion; Maximum Entropy Model; prediction; Corine Land Cover (CLC); spatial analyses; Brda
River catchment

Introduction. As is commonly known, erosion is a natural process that modifies the relief
of the Earth surface. The second component of the changes is the transformations of the terrain
resulting from human activity. Erosion and sediment yield depend on several factors, related to
geological, lithological, topographic, climatic, etc. conditions (Guerra et al., 2017). Hydrological
responses related to erosion processes in the catchment scale also depend on land use and
vegetation (Siriwardena et al., 2006). Understanding the erosion process enables sustainable
sediment management at the catchment scale.

Geographic Information Systems (GIS) tools enable remote control of environmental
processes, including the erosion process. In addition, the use of models enables a better
understanding and forecasting of processes taking place in the environment. Soil erosion
prediction models are classified into two groups: empirical and physical process-based models.
The most commonly used are The Universal Soil Loss Equation (USLE) (Wischmeier and
Smith, 1978), The Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1997), and
Erosion Potential Method (EPM) (Amiri, 2010), etc. They achieve the best results on small
scales, while their wider application for large areas is difficult (Merritt et al., 2003). Stochastic
models based on presence/absence factors with environmental variables are not commonly
used in erosion process research. It is a user-friendly tool, using the ROC (receiver operating
characteristics) curve, enabling the study of a large area in a relatively quickly.

The main aim of the research was to assess the impact of land cover on the prediction of
the erosion process on the example of two sub-catchments of the lower Brda River. In the
research, spatial data were used: a Digital Terrain Model (DTM), and a database of the
European land cover system - Corine Land Cover (CLC). The primary research hypotheses
were: (i) relief in connection with the type of land cover, mainly determines the probability of the
erosion process, (ii) local conditions strongly modify the sources of supply, transport paths, and
deposition of eroded sediment in the catchment; (iii) predictive models enable a qualitative
assessment of the erosion process at the catchment scale. To verify the assumed hypotheses,
the Maximum Entropy Model tool was used, to determine the predictive power of environmental
variables. The conducted research is significant from the point of view of the possibility of using
new tools in the qualitative determination of the circulation of sediment in the catchment scale.
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Study area. The Brda River catchment amounts to 4661 km? and a length of 245 km
(Map, 2007), which is a lowland tributary of the Vistula River (Poland). The geomorphological
genesis of the catchment is related to the accumulation stage of the last glaciation (Galon,
1953). The Brda valley is built of different-grained sands, surrounded by moraine uplands. The
Brda River catchment is intense modified by hydrotechnical structures: dams — Mylof Reservoir
in the middle course of the river, and Lower Brda Cascade (Koronowo, Tryszczyn, Smukata
reservoirs) in the lower course (Szatten et al., 2018). At the same time, the hydrological regime
of the estuary section of the Brda River, due to hydrotechnical works started in the Middle Ages
- weirs, sluices, and canalization, is strongly transformed (Szatten, 2022).

The study area is two sub-catchments located in the lower part of the Brda River.
Considering the physical-geographical regionalization of Poland (Solon et al., 2018), the Z1
catchment is located in the Southern Pomerania Lakeland macroregion (314.6-7), on the border
of two mesoregions: Southern Krajna Lakeland (314.74) (western part), and the Brda River
Valley (314.72) (eastern part). However, the catchment area Z2 is located within the Southern
Pomerania Lakeland macroregion (314.6-7) (the northern part of the catchment), the
mesoregions: Brda River Valley (314.72) and Swiecie Upland (314.73), and the Torun-
Eberswalde Ice Marginal Valley macroregion (315.3), mesoregion Torun Basin (315.35). Their
choice results from intense morphometric and land cover diversity. In the case of the C1
catchment, 9 types of land cover were distinguished, while in the C2 catchment, 15 types of
CLC were defined (Figure 1). The C1 catchment area — Brda River below the Koronowo
Reservoir, amounts to 29.38 km?. The area is dominated by non-irrigated arable land (type CLC
2.1.1) covering 20.31 km? of the catchment area (69%). The C2 catchment area — the estuary
part of the river within the city of Bydgoszcz, amounts to 111.79 km?. The land cover of this
catchment is dominated by coniferous forest (type CLC 3.1.2) 42.91 km® (38%), and
discontinuous urban fabric (type CLC 1.1.2) 24.33 km? (22%) (Fig. 1).
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Fig. 1. Corine Land Cover (CLC) of the Brda River sub-catchment area: C1 (A), and C2 (B).

Materials and methods. The input data was a Digital Terrain Model (DTM) obtained from
the resources of the Head Office of Geodesy and Cartography in Poland. Data in ASCII format
file in the 1992 coordinate system, with a horizontal resolution of 1 x 1 m, and a vertical pixel
accuracy of 0.1-0.25 m. The Corine Land Cover 2018 data was obtained from the resources of
the Copernicus Land Monitoring Service (CLMS). According to technical assumptions, CLC
uses a Minimum Mapping Unit of 25 ha for area phenomena and a minimum width of 200 m for
linear phenomena (Heymann, 1994).

Spatial analyzes in QuantumGIS (v.3.4.12), and SAGA software (Conrad et al.,, 2015)
were performed. Based on the Map of the hydrological division of Poland (2007), a sub-
catchment for further research was identified. DTM was preprocessed using the Fill Sink
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formula (Planchon and Darboux, 2002), and then selected geoprocessing tools to determine 4
basic spatial parameters were used: LS-Factor - LSF (Moore et al., 1991), Melton Ruggedness
Number - MRN (Marchi and Fontana, 2005), Stream Power Index - SPI (Moore et al., 1991) and
Topographic Wetness Index - TWI (Serensen et al., 2005).

The spatial probability distribution for the four environmental variables for the analyzed
sub-catchments was determined using the Maximum Entropy Method (Phillips et al., 2006). The
method is based on the Gibbs distribution and has been successfully used in environmental
research (Kornejady et al., 2017; Bosino et al., 2020; Szatten and Wiectaw, 2021; Brzezinska et
al., 2021). The dependent variables for the two studied sub-catchments were 10,000 random
presence/absence background points, according to the basis defined by Phillips and Dudik
(2008). The model was randomly validated, using it as a training sample (80% of data) and test
sample (20% of data). The results define the percentage share of environmental variables in the
model, using the AUC (area under curve) values, which determine the model's effectiveness.
According to the criterion introduced by Hosmer and Lemeshow (2000), AUC>0.7 indicates
acceptable model results, 0.8<AUC<0.9 indicates an excellent probability, and AUC>0.9
indicates an outstanding prediction.

Results and discussion. Results of spatial analyses of environmental variables allow for
characterizing the study area in terms of the erosion process. The first one, the slope-length
factor (LSF) is a commonly used indicator of erosion, proposed by Wischmeier and Smith
(1978) in the USLE model. For C1 it assumes values in the range from 0.00 to 7.22 (average
0.29), and for C2 in the range from 0.00 to 18.49 (average 0.17). In the case of both analyzed
catchments, the LSF maximum values are related to the area of the river valley edges, for C1 -
the Brda River valley, and for C2 - the marginal zone of the moraine plateau (Fig. 2). A similar
spatial distribution for the second analyzed index MRN (Fig. 2) is observed. Index described a
flow accumulation index, related to terrain relief (Melton, 1965). For C1 it assumes values in the
range from 0.00 to 2.75 (average 0.21), and for C2 in the range from 0.00 to 2.39 (average
0.28). The research of Saha et al. (2019) also shows that relief variability is strongly related to
susceptibility to soil erosion in the catchment. The next indicator is SPI, which determines the
erosive power of flowing water (Moore et al., 1991). For C1 it assumes values in the range from
0 to 45979 (average 796), and for C2 in the range from 0 to 171003 (average 41). Linking the
value of the SPI with the water surface slope makes it possible to characterize the ability to
sediment transport, indicating that C2 has a much lower potential (Fig. 2), due to the regulated -
canalized water regime of the river channel (Szatten, 2016). The SPI index was also included in
the research of Pournader et al. (2018), where the prediction results of the Maximum Entropy
Method indicated it as significant in the preparation of erosion susceptibility maps. The last
indicator — TWI describes a potential generation of runoff (Sgrensen et al., 2005) and indicates
a potential area of sedimentation. This indicator has been successfully used in determining the
potential erosive power of the surface runoff in the small catchment (Bosino et al., 2022). For
C1 it assumes values in the range from 5.29 to 20.88 (average 9.46), and for C2 in the range
from 4.49 to 23.17 (average 10.21). The spatial distribution of the maximum TWI values for the
C1 catchment indicated the upper areas as potential areas of supply of eroded sediment, and
the bottom of the Brda River valley as an area of sediment accumulation (Figure 2). However, in
the case of the C2 catchment, the environmental variable indicated the potential path of the
sediment transport associated with surface runoff (Fig. 2).

Depending on the type of CLC, the percentage share of the tested environmental
parameters in the Maximum Entropy Model had a unique distribution. The dominant
environmental variable identified by the model was the MRN for both analyzed catchments (Fig.
3). Depending on the type of CLC, the maximum percentage in the model was 88.01% for CLC
2.1.1 (catchment C1), and 96.59% for CLC 3.2.4 (catchment C2). The average MRN value in
the model was 49.03% for the C1 catchment, and 63.81% for the C2 catchment. The other
three environmental variables had significantly smaller contributions to the model results (Fig.
3). The average model shares for LSF, SPI, and TWI were respectively 19.70% (C1) and 12.62
(C2), 11.66% (C1) and 9.28% (C2), 19.61% (C1) and 14.29% (C2).
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Fig. 2. The spatial image of morphometric characteristics of the study area catchment: C1,
C2 — analyzed sub-catchments; a— LSF, b — MRN, ¢ — SPI, d - TWI.
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Fig. 3. Percentage of the dominant parameter in Maximum Entropy Model in the examined
sub-catchments (C1 - A, and C2 - B) for selected CLC types.

In the case of the C1 catchment, the spatial distribution of the model results indicates
that the areas with AUC>0.9 are the edge zone of the Brda River valley (type CLC 3.1.1), and
the fragmentarily sandur area (type 2.3.1) (Fig. 4). The total area of the C1 catchment
corresponding to the value of AUC>0.9 is 0.64 km? Areas with lower predictive power
(0.7<AUC<0.9) are unevenly distributed for other types of CLC, most concentrated for CLC
2.4.3 located in the bottom of the Brda River valley.
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Fig. 4. Spatial differentiation of AUC values for Maximum Entropy Model in examined
catchments: A-C1, B - C2.

For the C2 catchment, the spatial distribution of the model results indicates that the
areas with AUC>0.9 are fragmentary edge zone (southern) of the moraine plateau (type CLC
1.4.1), fragmentary edge zone (north) of the moraine plateau (type 2.4.3) and partly the edge
zone (northern) moraine plateau covered by forest (type 3.1.1) (Fig. 4). The total area of the C2
catchment corresponding to the value of AUC>0.9 is 2.56 km?. Areas with lower predictive
power (0.7<AUC<0.9) are unevenly distributed for the remaining types of CLC, most
concentrated within the narrow valley of the Brda River.

Conclusion. Based on the results of the conducted research on the assessment of the impact
of the catchment area land cover on the prediction of the erosion process, using the Maximum
Entropy Method, the following conclusions can be drawn:

1. The lithological, and hydrological characteristics of the catchment determine its erosion
potential to a large extent. In the case of the studied catchments, the diversification of the
terrain relief showed the highest predictive power in the model. Among the studied indicators,
the MRN showed a positive correlation with the potential sources of sediment supply from the
catchment. The impact of local morphological conditions of the catchment, which intense modify
the sources of supply, transport paths, and deposition, should be taken into account.

2. The modeling results related to the types of CLC: 1.4.1, 2.3.1, 3.1.1, link with the local
characteristics of the independent environmental variables (LSF, MRN, SPI, TWI) showed the
highest predictive power, illustrated by the value of AUC>0.9.
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3. The conducted research showed the need to implement predictive models, including the
Maximum Entropy Method, in the qualitative assessment of the erosion process and the
circulation of sediments at the catchment scale. These tools can be successfully used to predict
areas potentially exposed to denudation, considering the variable land cover, to determine the
directions of anti-erosion protection in the catchment. It is a tool for sustainable sediment
management in the catchment.
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®yHKUiOHanbHIi 3Ha4YeHHs NPOCTOPOBOro aHanizy B OuiHUi BAAMBY FPYHTOBOrO MNOKPUBY Ha
NpPOrHo3yBaHHA npouecy eposii

CxxammedH []., N'epman O., TeHzoecbka H.

Eposia — ue npouec, wo ¢hopmye 3eMHy No8ePXH!o, 8idnosidanbHUll 3a HaOX0OXeHHsI HaHocie 00 PiYKo8ol
cucmemu. BusieneHHsi 30H, gpasnusux 00 eposii, € KoUMUYHUM erleMeHmomM yrpaerniHHs HaHocamu y 800036ipHomy
bacelHi, wo dosgonsie ouiHumu cmyniHb ix Oeepadauii. [ocnidxeHHs [PyHMYye8arnocs Ha UKOpUCMaHHI
npocmoposux OaHux, yugposoi modeni penvegpy (DTM) i Corine Land Cover (CLC) Ha nipuknadi d8ox 800036ipHuUX
baceliHie, po3mawiosaHux Ha HUXHIU medyii piyku Bpda. OcHoeHOW Memor OocnidxeHHsT bynno ouiHuUmu ennue
rpyHmMoB020 [roKpugy Ha [pOCmMopose po2HO3y8aHHs rpouecy eposii 8 macwmabi eodo3bopy. Memod
MakcuMarsnbHOi eHmponii eukopucmosgygagcsi 0O 8U3Ha4YeHHs1 po3nodify npPocmopoeoi UMosipHOCMI  3MIHHUX
HasKoNnuwiHbo20 cepedosuuja, os8's3aHux 3 Mpouecom epoasii. Pe3ynsmamu rnokasanu Haubinbwy rnposHOCMUYHY
dito  ocobrnusocmell HaBKOMUWHbLO20 cepedosuwja, 08’a3aHUX 3 pPenbehoM, ma 3 KOHKpemHuMmu murnamu
rpyHmMoegozo rokpusy. [poeHocmuyHi Modeni MOXHa ycriuwHO 8ukopucmosygsamu Orsi Mpo2HO3y8aHHs mepumopi,
MoOMeHUjtHO cxunnbHUX 00 epoasil.

Knroyosi cnosa: eposis; modesnb mMakcumarnbHOi eHmponii; nepedbaqyeHHs, MOOesib 2pyHMO8020 MOKpUBY
(CLC); npocmoposuti aHani3; 800036ip piuku bpoda.
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WATER EROSION POTENTIAL OF THE CONGO RIVER IN THE STANLEY-POOL BAY

In this paper, a scientific study on the understanding of the erosion and transfer processes of suspended
solids or sediments from the Congo River into the Stanley-Pool Bay was conducted. For this purpose, a treatment of
rainfall data over three decades (1990-2020), parameters influencing the process of erosive dynamics leading to the
realization of the water erosion map using the Universal Soil Loss Equation (USLE), was done. Using open access
spatial data and GIS, this USLE model allowed quantifying the rate of material transported over the three decades: a
spatialization of erosion risks on the right bank of the Congo River, notably in the Stanley-Pool Bay, a topography
dominated by steep slopes up to 10%, a high erosivity and erodibility and a low soil protection were revealed.

Finally, the results of the study show that about 40% of the study area is subject to soil loss. The erosion risk
is very severe despite the vegetation cover.

Key words: Solid transport, sediments, modelling, models, Stanley Pool, Congo River.

Introduction. The Congo River is the longest river in Africa (4,700 km) after the Nile, the
second longest in the world after the Amazon in terms of flow (41,000 m?s™) and has a basin
area of 3.7 million km? at its mouth. It serves as a border in its upper part between the Republic
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