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SUMMARY 

 
 

Lake ecosystems are sensitive to changes in hydrogeological parameters in their basin systems, which 

is especially evident in the context of global climate change. Disturbance of ecological balance in 

lake-basin systems (LBS) leads to changes in the level regime of reservoirs, intensification of 

waterlogging processes, excessive warming of shallow water areas, and intensification of 

eutrophication processes, and sometimes restructuring of LBS landscapes. Taking into account these 

circumstances, the need for geo-ecological monitoring of the lakes of the Nobel National Nature Park 

(Nobel NNP) is substantiated. For this purpose, the Humminbird 597ci HD was used to cool the lakes 

within the park with the use of floating means and the GNSS observation planning service. On the 

basis of the conducted instrumental landscape-hydrological researches of lake Khoromne (Nobel 

NNP), the basic limnometric parameters of LBS (area, depth, volume of water masses, and a number 

of coefficients) have been calculated. The three-dimensional model of the lake relief, the longitudinal 

profile of the lake basin, and the bathymetric map of the lake was built in the ArcGIS software 

environment of lake Khoromne with a depth interval of 0.25 m. The area of the littoral zone of the 

reservoir with a depth up to 3.0 m is the largest and is 30.55 ha (71.65%), it accumulates 861.15 

thousand m3 of water masses (88.31 %). Two micro-basins in the lake with depths over 4.0 m have 

been identified and the maximum depth of the reservoir has been set at 6.21 m. Taking into account 

the integrated data (bathymetric map, composition and capacity of bottom sediments, species diversity 

of surface and underwater plant groups, features of the temperature regime in the summer season) and 

geographic information a landscape map of the natural aquatic complex of the lake Khoromne with 

isolation of littoral and sublittoral-profound aquapidurochishche and a number of aquafathies has been 

created. High-precision echo sounding of the Nobel NNP lakes is a prerequisite for the development 

of bathymetric, and landscape maps, cadastral passports of lakes and geo-ecological monitoring of 

reservoirs. The concluded thematic digital maps of reservoirs will be used as an information and 

cartographic support of balanced reserve and recreational use of lakes. 
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Introduction 

 

According to Presidential decree N 131/2019 from 2019, the Nobel National Nature Park (Nobel 
NNP) was created on the territory of the Volyn Polissia physical-geographical region. The total area 
of NPP is 25,318.81 hectares. It is located in two physical-geographical districts of Volyn Polissia – 
the Upper-Prypiat (northern part) and the Lower-Styr (southern part). The NNP is dominated by 
landscape areas of high interfluves with flat-topped hills and ridges, and pine terraces which occupy a 
relatively higher geomorphological level. The lower geomorphological level is represented by areas of 
flat swampy interfluves, valley-terrace areas, swampy valley bottoms of small rivers and streams, 
high and low floodplains of the Prypiat river with single sand hills and dunes, with riparian sand 
banks, etc. (Martyniuk et al., 2019). The landscapes of the Nobel NNP are characterized by a dense 
hydrographic network, which in some places is complicated by reclamation systems. The Park is 
adorned with 12 lakes (Ostrivske, Velyke, Serednie, Khoromne, Lubinske, Lipenske, Nihovyshche, 
Omyt, Nobel, Zasvitske, Zadovzhe, Posvitske). Lake ecosystems are quite sensitive to the 
transformation of hydrogeological parameters in their landscape-basin systems, which is especially 
evident in the context of global climate change. Lakes are a kind of indicator of paleoclimatic changes 
in the past and can obviously act as environmental markers for predicting climate change in the future. 
Therefore, lake water bodies should become particular objects of geo-ecological monitoring. 
 
We have for a long time been conducting field instrumental landscape and limnological researches on 
the lakes of the Polissia region including those in protected and recreational areas, which involve the 
creation of digital bathymetric maps of water bodies and their geoecological passports (Martyniuk et 
al., 2020b) as well as the constructive-geographical models of the nature management in lake basins 
and recreational and conservation activities therein (Kovalchuk et al., 2020). Some peculiar aspects of 
the creation of a bathymetric and landscape maps on the example of Khoromne lake in the Nobel 
NNP are considered below. 
 
Method and Theory 

 

Lake bathymetry studies include echo-sounding of a water body from a boat or from ice surface in 
winter, together with processing of materials using GIS technologies and construction of a relief map 
for the bottom of the. water body. Lake bathymetry studies are important for finding out the genesis of 
water bodies, their level regime, assessing their sanitary and ecological state, landscape mapping, etc. 
These directions of research form the basis for geoecological monitoring of lake-basin systems (LBS) 
and the elaboration of measures to optimize their nature management. In connection with the 
implementation of the Procedure for state monitoring of Ukrainian waters (About..., 2018), 
bathymetric models of lakes will become the basis for multidiscipline surveys. The research 
methodology is based on works on limnology (Lopuh et al., 2011), high-precision echo-sounding of 
small lakes (Naumenko et al., 2012), and many years of experience in landscape-limnological and 
bathymetric studies of water bodies in the Ukrainian Polissia (Martyniuk et al., 2020a). 
 
Expedition landscape and limnological studies on the Ostrivsky lakes were conducted on May 12-15, 
2021. The Humminbird 597ci HD echo sounder was used, mounted on a transom of a 2-seater electric 
boat. The observation time was selected using the GNSS observation planning service 
(gnssplanning.com) whichm together with the use of a global differential correction propagation 
system, made it possible to perform measurement work with an plan accuracy of 0.5..1.0 m. Previous 
landscape-geographical and bathymetric surveys on the same lake were conducted in winter from 
surface ice using the wireless Lucky FFW718 echo sounder (Martyniuk et al., 2019). 
 
Research results and discussion 

 
Lake Khoromne belongs to the group of the Ostrivsky lakes of the Nobel NNP. The water body is part 
of the Ostrivsky Hydrological Reserve, which was established in 1984 to preserve the wetland area of 
pine-alder-birch forest, which has a water-regulating value for the lakes Velyke, Serednie and 
Khoromne. From the tectonics viewpoint, the basin of the three mentioned lakes poses interest 
because the Stokhid-Mogilev tectonic zone of mantle laying passes here. In general, the territory of 
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the Nobel NNP underwent a number of glaciations in the Pleistocene, primarily – the Early Neo-
Pleistocene (PI tl) Oka (500–410 thousand years), which corresponds to the Tiligul climatolithe of the 
platform part of Ukraine, and the Middle Neo-Pleistocene (PII dn) Dnieper (290–240 thousand years). 
Further development of the landscapes of the NPP and natural aquatic complexes (NAC) of lakes in 
the postglacial period took place under conditions of excessive humidity, waterlogging, and the 
predominance of aeolian processes. Karst intensified on the glacier-depleted surface, especially in the 
areas of the so-called chalk socles. The most favorable conditions for karst geomorphogenesis have 
been formed at the boundary of the late Dryas and early Preboreal. It was during this period that a 
number of lake basins of Volyn Polissia were laid down under the influence of favorable climatic and 
hydrogeological conditions. Naturally, this doesn`t exhaust the account of preconditions for the 
genesis of the lake basins in the park, but it is an important consideration to clarify the 
geomorphological structure of water bodies and bathymetric studies of the lakes of this area. 
 
The catchment area of the lake Khoromne is insignificant and makes up just 107 hectares, while the 
area of the water body is 42.64 hectares. The lake has an irregular oval shape, elongated from 
northwest to southeast with a slight narrowing in this part. The share of the water body in the areal 
structure of the total catchment area is 39.85%. The rest of the catchment lands are occupied by 
forests (including waterlogged ones), shrubs, open sands, swamps, forest clearances, trails, field 
roads. In many places on the lake terrace there are beaver passages up to the lake. The maximum 
depth of the lake is 6.21 m (N51.7245333 and E25.8393167) recorded in the south-eastern part of the 
water body; the average depth is 2.3 m. The length of the lake is 1.172 km, the maximum width is 
0.521 km, the average is 0.362 km. The length of the coastline is 3.047 km. The total volume of water 
is 975.25 thousand m3. Other morphological, morphometric and hydrological parameters of the lake 
are given in detail in Table 1. 

 
Table 1 Morphometric and hydrological characteristics of the lake Khoromne 

*F, 

hа 

Habs., 

m 

hmid., 

m 

hmax., 

m 

L, 

km 

Wmax., 

km 

Wmid., 

km 
, 

km 
Ct. Clen. 

42.64 146.5 2.30 6.21 1.172 0.521 0.364 3.047 0.743 3.220 

Ccap. Cop. Cdep. 

Vlake., 

thousand 

m3 

A 
ΔS, 

km 2 

Winflux
**

., 

thousand m3 
awat. 

Δawat.,  

mm 

Alayer  

mm 

0.371 0.185 3.056 975.25 0.399 2.509 135.1 0.139 2.509 911,4 
*Area (F); absolute height of the water level (Habs.); maximum (hmax.) and average depth (hmid.); length (L); maximum width 

(Wmax.); 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 (Δ awat.); water storage level 

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

The three-dimensional model of the reservoir (Fig. 1a) shows that the central part of the lake bed has 

the shape of an 8 with two depressions in the north-western and south-eastern parts. On the 

longitudinal profile of the lake (Fig. 1b) there is a slight increase in the central part of the lake bed, 

where the depths do not exceed 3.5 m. The slopes of the lake basin from the water edge up to 2.0 m 

depth are declivitous (10-15º), up to 3.0 m depth are very declivitous (15-20º), and from 3.0 m depth 

and deeper – are steep (over 20º). 
 

 

 
 

 

 
 

a) Three-dimensional model of relief b) Longitudinal profile (А-В) 

Figure 1 Three-dimensional visualization and longitudinal profile of the lake Khoromne 
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The microrelief of the lake bed affects the distribution of areas and volumes of water masses of the 

lake. The area of the lake littoral zone with a depth less than 3.0 m is the largest and is 30.55 ha 

(71.64%); it accumulates 861.15 thousand m3 of water (88.31%). About 28.35% of the lake area is at 

the depth of more than 3.0 m, accumulating 114.1 thousand m3 of water. A bathymetric map of the 

lake Khoromne with a depth interval of 0.25 m have been composed, based on the results of the 

processing of field echo-sounding data (Fig. 2). 

 

 
 

Figure 2 Bathymetric map of the lake Khoromne 

 

The bathymetric model of the lake, taking also into account the composition and thickness of bottom 

sediments, aquatic plant communities, features of the temperature regime in the summer season 

became the basis for the creation of a landscape map of NAC (Fig. 3). 

 

 
 

Figure 3 Landscape structure of NAC of lake Khoromne 

 

I. Littoral aqual sub-tract on silty and sandy, peat-swamp and sapropel deposits formed on 

alluvial sands with species diversity of surface and underwater plant communities. 

 

Aquafacies: 1.1. Shallow-water, accumulative peat-swamp and sandy-silty, of sedge-reed 

associations, with a uniform temperature in summer. 1.2. Shallow-water, abrasive-accumulative sandy 

and silty-sandy, of local bulrush-reed associations, with a uniform temperature regime in summer. 1.3. 

Shallow-water, accumulative-transit algae-carbonate-sapropelic of low-thickness (0.50–1.50 m), of 

sparse elodea-pondweed associations, with a uniform temperature regime in summer. 
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II. Sublittoral-profundal aqual sub-tract on clay-limestone and organic-limestone sapropel, 

formed on carbonate loams, with sparse species diversity of underwater vegetation 

 

Aquafacies: 2.1. Sublittoral transit-accumulative clay-limestone-sapropelic of low-thickness (1.50–
2.5 m), of filamentous-Charophyceae associations, with non-uniform summer temperature conditions. 
2.2. Profundal accumulative hollows of the lake bed, organic-limestone-sapropelic of medium-
thickmess (2.5-3.5 m) with sparse underwater vegetation and insignificant summer temperature range. 
In the landscape structure of NAC of lake Khoromne as a complex aqual tract two aqual sub-tracts 
have been identified, namely littoral 30.73 ha (72.07%) with four contours, and sublittoral-profundal 
11.91 ha (27.94%), where three contours were identified. Due to the droughts during the last five 
years, the littoral aqual sub-tract has been undergoing the greatest natural and anthropogenic 
transformations. The water level in the lake (as of 01.08.2021) has decreased by 0.4 m, and the 
shoreline has retreated up to six meters from the water's edge in some places. 
 
Conclusions 

 

High-precision echo-sounding of lakes of the Nobel NNP (lake Khoromne being an example) is a 
necessary precondition for the development of landscape maps, cadastral passports of lakes, and 
geoecological monitoring of slow-flow water bodies. The obtained bathymetric models of lakes allow 
to predict changes in the level regime of water bodies and decrease (increase) in the volume of water, 
thus can be used to prevent flooding. They will be useful for the purposes of the development of water 
recreation on the lakes (swimming, scuba diving, water skiing, recreational fishing, boating, etc.) 
Created bathymetric and landscape-geographical models act as an information base of the sustainable 
conservation and recreational use of lakes. 
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