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SUMMARY 

 
 

Ukrainian Polissia is among the regions of Ukraine that have the biggest number of lakes. Lakes have 

a significant potential of water, organic-mineral, biotic and recreational resources. Lake reservoirs 

regulate the hydrological regime of the landscape, improve the microclimatic conditions of geo-

complexes adjacent to the lake, accumulate surface water, and are a habitat for water organisms and 

waterfowl, etc. On the other hand, lakes are objects of economic activity, which requires cadastral 

accounting, thematic GIS mapping and substantiation of measures for balanced nature management. 

The purpose of the research is to develop a cartographic model of Lake Luka basin (Volyn Polissia, 

Ukraine) with the aim of landscape-geographic substantiation of the functioning of the lake-basin 

system (LBS) in the context of balanced nature management. The bathymetric model of the lake, the 

map of the landscape structure of the natural-aquatic complex and the map of the land use of the 

catchment area were developed based on the results of field research, cameral processing of data, using 

the remote sensing data and QGIS software modules. The research included assessment of the 

morphological-morphometric and hydrological parameters of the LBS. The maximum depth of Lake 

Luka is 24.4 m, and the maximum depth of the lakebed, taking into account the depth of bottom 

sediments, is 32.3 m. The landscape structure of the natural-aquatic complex of Lake Luka is 

represented by a complex water tract, which includes the littoral-sublittoral (44.37% of the area) and 

profundal (55.63% of the area) aquatic sub-tracts, as well as six types of aquafacies. The research 

determined the ratio of anthropogenically transformed lands (ATL) to ecologically stabilizing lands 

(ESL) within the catchment area. The ratio is ATL – 9.8%, and ESL – 90.2%. The research identified 

that the structure of the catchment area land is optimal, and the indicator of economic development is 

low (0.11). The developed cartographic models and calculated morphological-morphometric and 

hydrological parameters of Lake Luka LBS are the basis for the development of the ecological passport 

of the lake. The developed model of land use allows optimizing nature management of the catchment 

area and taking preventive measures against geo-ecological risks, which meets the modern needs for 

the sustained development of such local territories as LBS. 
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Introduction 

 

Ukrainian Polissia is among the regions of Ukraine that have the biggest number of lakes. The region 

is part of the Polissia lake belt of the East European plain. Lakes have a significant potential of water, 

organic-mineral, biotic and recreational resources. Lake reservoirs regulate the hydrological regime of 

the landscape, improve the microclimatic conditions of geo-complexes adjacent to the lake, accumulate 

surface water, and are a habitat for waterfowl, etc. At the same time, lakes are very vulnerable to human 

intervention regarding catchment area landscape complexes and changes in environmental parameters 

in general. This is especially noticeable in the conditions of global climate changes, which lead to a 

noticeable transformation of lakes (decrease in the water areas, increase in areas occupied by higher 

aquatic vegetation, shallowing of reservoirs, and acceleration of eutrophication processes in summer). 

On the other hand, lakes are objects of economic activity, which requires cadastral accounting, thematic 

GIS mapping and substantiation of measures for balanced nature management. The relevance of the 

specific research on lakes is due to the implementation of the directive of the European Parliament in 

the field of water policy (DIRECTIVE 2000/60/EC…, 2000), implementation of the integrated 

approaches to the management of water resources of Ukraine according to the basin principle (On 

Amendments to Some Legislative Acts…, 2016), implementation of the Sustainable Development 

Goals of Ukraine for the period up to 2030 (Decree of the President of Ukraine…, 2019), improvement 

of land use planning issues (Law of Ukraine…, 2020), in particular at the level of territorial 

communities, and a number of other legislative and regulatory documents, which aim to react to the 

present-day situation. 

 

Methods of investigation 

 

We have been conducting structural and geographical studies of lake-basin systems (LBS) of the 

Polissia region of Ukraine (Martyniuk et al., 2018) for a long time. The research methodology is based 

on works on atlas GIS mapping of basin systems (Kovalchuk A. et al., 2018), landscape (Herenchuk et 

al., 1975) and landscape limnology studies of the LBS (Kovalchuk et al., 2015). The model region of 

our search is the physiographic region of Volyn Polissia. The research includes a field stage 

(hydrological measurements of depths, sampling of bottom sediments, hydro-chemical diagnostics of 

water masses, study of thermal features, species composition of plant communities of water bodies, 

etc.), laboratory analyses of water samples, lake sediments, catchment area soils, cameral stage and GIS 

mapping (defining the catchment area based on the data of the remote sensing, creation of land use 

maps, developing of bathymetric and landscape models, assessment of hydrological and landscape 

parameters of the LBS), development of measures for the protection and rational use of lakes, and for 

certain water bodies – initiation of geo-ecological monitoring. 

 

Initial research data 

 

The purpose of the research is to develop a cartographic model of Lake Luka basin (Volyn Polissia, 

Ukraine) with the aim of landscape-geographic substantiation of the functioning of the LBS in the 

context of balanced nature management. The research materials include seasonal field observations 

within Lake Luka basin in 2018-2019. Lake depths were measured with Lucky FFW718 depth sounder 

(wireless) from the ice surface. During the research, space images from the EO Browser resource, a 

digital terrain model (according to the SRTM data), and modules of the QGIS software package were 

used. The research partially used the data of the Kyiv Geological Exploration Expedition regarding 

Lake Luka sapropel. 

 

Results of investigations 

 

Lake Luka (N 51º51'30"; E 24º37'30") was formed in the Upper Pripyat physiographic district (FGD) 

of Volyn Polissia and belongs to the areas of pine terraces with lichen pines and juniper on sod-hidden-

podzolic and sod-slightly-podzolic soils. The reservoir is located in the north-eastern part of the village 

of Samara, Kovel administrative district, Volyn region. The catchment area of Lake Luka is small and 

is 3.36 km2. The catchment area of the lake in the northern, eastern and southern parts is limited by land 



 

 

International Conference of Young Professionals “GeoTerrace-2022” 

3-5 October 2022, Lviv, Ukraine 

improvement canals of the Tur drainage system. On the western side, its border mainly runs along the 

central road of the village of Samara (Fig. 1a). The north-western part of Lake Luka basin is adjacent 

to the catchment area of Lake Bronne (a hydrological reserve of local importance), which is also limited 

by land improvement canals, and in the south by a marsh massif. The bathymetric map of Lake Luka 

was developed based on the materials of 2019 winter hydrological profiling with a depth interval of 2.0 

meters (Fig. 1b). The deep-water part of the reservoir is located in the southern part with a mark of 24.4 

m. It is related to the karst sinkhole, which begins with a deepening from the 16.0 m isobath. 

 

  
а) configuration of the catchment on the DRM (SRTM) b) bathymetric model of the Lake 

Figure 1 Configuration of the catchment and the bathymetric map of the Lake Luka 

 

The area of the lake is 1.34 km2. The maximum length of the reservoir is 2.3 km, the maximum width 

is 0.67 km, and the average is 0.58 km. The length of the coastline is 5.76 km. The volume of water 

masses is 6492.0 thousand m3. The lake is fed by rainwater and meltwater. The absolute mark of the 

deepest point of the lake is 126.4 m. Taking into account the insignificant thickness (21.0-30.0 m) of 

the Quaternary sediments within the catchment area, we believe that the lake is also fed by pressure 

waters of the Upper Cretaceous. Other morphometric and hydrological parameters of Lake Luka are 

given in Table. 1. 

 

Table 1 Morphometric and hydrological characteristics of the Lake Luka 
*F, km2 Нabs., m hmid., m hmax., m L, km Wmax., km Wmid., km ι, km Ct. Clen. 

1.34 150.8 4.8 24.4 2.3 0.67 0.58 5.76 0.79 3.97 

Ccap. Cop. Cdep. Vlake, thous. m3 A ΔS, km2 Winflux.**, thous.m3 awat. Δawat., mm Alayer. mm 

0.20 0.28 4.36 6492 0.40 2.51 169 0.03 38.41 484 

*Area (F); absolute height of the water level (Habs.); maximum (hmax.) and average depth (hmid.); length (L); maximum (Wmax.) 

and average (Wmid.) width; length of the shoreline (l); coefficients: of shoreline unevenness (Ct.); of the lake lengthening (Clen.); 

of capacity (Ccap.); of openness (Cop.); of depth (Cdep.); lake volume (Vlake); area index (А); specific catchment (ΔS); volume of 

inflow water from the catchment (Winflux); conditional water exchange (awat.); specific water exchange (Δawat.); water storage 

level on the catchment surface (Alayer). **The average annual runoff module, dm3/s*km2 – 4.0. 

 

The bottom sediments of the lake are represented by sandy, sandy-muddy, peaty-swamp varieties, as 

well as by organic-clay and zoogenic-algal sapropel. The area covered by sapropel is 71.0 ha (according 

to the materials of the Kyiv Geological Exploration Expedition). The total volume of sapropel is 3129.0 

thousand m3; the average thickness is 6.54 m, and the maximum is 11.4 m. The maximum depth of the 
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lakebed, taking into account the thickness of sapropel, is 32.3 m. The landscape structure of the natural-

aquatic complex (NAC) of Lake Luka is represented by a complex water tract, which includes the 

littoral-sublittoral (44.37% of the area) and profundal (55.63% of the area) aquatic sub-tracts (Fig. 2). 

The aquafacies (1.1) of the littoral-sublittoral aquatic sub-tract undergo the greatest natural and 

anthropogenic transformations. 

 

 
Figure 2 Landscape structure of natural aquatic complex of the Lake Luka 

 

І. The littoral-sublittoral aquatic sub-tract on alluvial sands with species diversity of surface and 

underwater macrophytes. 

 

Aquafacies: 1.1. Littoral abrasion-accumulative sandy-muddy and peat-swamp with low thickness (up 

to 0.5 m), carex-typha-phragmites and locally juncus, with a homogeneous temperature regime. 1.2. 

Littoral accumulative-abrasion sandy and muddy-sandy with low thickness (up to 0.8 m), sagittaria-

stratiotes aloides and locally nymphaea, with a homogeneous temperature regime. 1.3. Sublittoral 

transit-accumulative sandy and organic-clay sapropel with low thickness (0.8-1.5 m), sparse elodea-

potamogeton-chara communities, with a heterogeneous temperature regime in summer. 

 

ІІ. The profundal aquatic sub-tract on organic-clay and zoogenic-algal sapropel formed on 

alluvial sands underlain by the Upper Cretaceous rocks. 

 

Aquafacies: 2.1. Profundal accumulative-transit organic-clay sapropel with low thickness (1.5-4.0 m), 

filamentous-chara (alga), with a heterogeneous temperature regime in the summer. 2.2. Profundal 

transit-accumulative organic-clay and zoogenic-algal-sapropel with medium thickness (4.0-6.0 m), 

sparse free-floating algae, with a heterogeneous temperature regime in the summer. 2.3. In the deep 

parts of the lakebed, profundal accumulative organic-clay, alternating with zoogenic-algal sapropel, 

thick (more than 6.0 m), individual free-floating algae, with clearly defined temperature stratification. 

 

The cartographic model of the land use structure of Lake Luka catchment area shows the state of the 

land use – 21.96% make meadows and uncultivated land, 39.85% – the lake itself, 26.89% – forests, 

1.13% – arable land, 1.53% – the territory of an agricultural farm, 0.89% – cemetery, 3.31% – paved 

and unpaved roads, 2.8% – residential areas, 1.35% – open sands, 0.19% – swamps, 0.1% – ponds (Fig. 

3). The ratio of anthropogenically transformed lands (ATL) to ecologically stabilizing lands (ESL) is 

ATL – 9.8%, and ESL – 90.2%. According to our assessment, the structure of the catchment area land 

is optimal. The indicator of economic development of the catchment area as the ratio of ATL/ESL areas 

is 0.11 and is low. 
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Figure 3 The structure of the lands of the catchment area of the Lake Luka 

 

Conclusions 

 

The developed cartographic models (bathymetric, landscape, land use) and calculated morphological-

morphometric and hydrological parameters of Lake Luka basin are the basis for the development of the 

ecological passport of the lake. The electronic model of the passport is open for replenishment with various 

data and periodic updating. It allows optimizing the land use of the catchment area, taking preventive 

measures against geo-ecological risks, starting a program of comprehensive monitoring of the basin system 

of the lake, which meets the modern needs of balanced nature management. 
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