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SUMMARY 

A research is proposed to find methodological approaches to identify the main criteria for identifying 
landslides in the upper Prut River basin (Ukrainian Carpathians) in satellite images. The study of 
landslides was conducted in the upper part of the Prut River basin, in particular in the Carpathian 
National Nature Park (Ivano-Frankivsk region, Ukraine). The most surveyed areas were within the 
settlements of Vorokhta, Tatariv, Mykulychyn and Yaremche. In general, the landslides of the south-
eastern part of the Carpathians are not significant in size. 
According to the results of complex processing of space images by GoogleEarth, Landsat and field 
research, the regularities of the spread of dangerous exogenous processes and their connection with the 
local features of the river network and channel were revealed. Analytical and cartographic research has 
revealed the main criteria for identifying landslides on the maps of the spatial distribution of Normalized 
Difference Vegetation Index and Normalized Difference Moisture Index. The conducted researches can 
be a basis of development of low-cost and reliable prognostic models of dangerous geomorphological 
processes in local territories. 
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Introduction 

Almost all mountainous regions of the world belong to the number of territories with a significant spread 
of various dangerous exogenous and endogenous phenomena and processes – earthquakes, downpours, 
floods, screes, mudflows, landslides, etc. Landslides by their nature occupy an intermediate position 
between landslides and mudslides, can cause significant economic damage and often lead to human 
casualties. To forecasting and prevention the negative impact of landslides national programs are 
created, such as, for example, in the United States – the National Landslide Hazards Program (in force 
since the mid-70's of the 20th century). 

Most modern models of landslide forecasting in the south-eastern Carpathians are quite generalized, 
which often does not meet local needs in the formation of safety measures against adverse endogenous 
processes. Almost all the landslides of the Carpathians, in contrast to the Alps, are not large in size and 
it is extremely difficult to detect them immediately on publicly available small and medium-scale 
satellite images. 

The aim of research is find methodological approaches to identify the main criteria for identifying 
landslides in the upper parts of the Prut River Basin (Ukrainian Carpathians) in satellite images. 
 
Methods of investigation 
 
Research and implementation of this goal were conducted in 4 stages. 1). Collection of available 
information on shifts (literature and documentary or archival data data). 2). Conducting field research 
and clarification of the location of landslides (using the Garmin GPSmap 60Cx GPS-navigator), their 
inspection and photo-fixing, conducting a survey of the local population. A number of small 
unaccounted landslides were also identified at this stage. 3). Processing the results of field work and 
creating a common database. 4). In the final stage, a cartographic method was used, which allowed to 
compare the results of field research with GoogleEarth and Landsat space images and conduct a detailed 
analysis. GIS were used to implement the last two stages. 
 
Research results and their discussion 
 
1. General characteristics of landslides in the study area 
 
The study area (about 640 km2) in hydrographic terms belongs to the Prut River basin. A significant 
area here is occupied by one of the largest national nature parks in Ukraine - the Carpathian National 
Nature Park (Ivano-Frankivsk region, Ukraine). 
 
In the Carpathians, landslides are more studied in Transcarpathia (Zakarpatska Region of Ukraine) than 
in the south-eastern part. The following types of landslides have been noted in the Eastern Carpathians: 
block landslides in flysch deposits that capture bedrock; landslides in the deluvial cover and ancient 
landslides deposits; fluids in the toe parts of modern landslides and in deluvial and ancient landslides 
deposits; small landslides in the deluvial cover, usually in the near-river part of the slopes (Natural 
conditions, 1968). 
 
In many cases, landslide processes have been studied within the Chornohora massif by Polish and 
Austrian scientists: W. Swiderski (1937); H. Teisseyre (1936); R. Kłapyta (2006, 2008); E. Gorczyca 
et al. (2014). Data on landslides in the upper Prut River Basin are found in the works of modern 
Ukrainian authors: monographs by S.V. Goshovsky, G.I. Rudka, B.M. Presner (2002); dissertation 
research, scientific articles and conference proceedings – M.V. Klapchuk (2006, 2010), tourist guides 
– V.M. Klapchuk, U.M. Abramyuk, V.Yu. Veredyuk (2003) and others. 
The largest landslide in the upper Prut River Basin was recorded in 1927 below the top of Shpytsi, 
which destroyed a mountain pine oil plant and caused several casualties (Teisseyre, 1936). Later, in 
1964, a significant landslide was formed in the root deposits of the menilitic series on the Kopchyn 
stream – Prutets Chemyhivsky River Basin, a right tributary of the Prut River (Natural conditions, 
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1968). In June 2020, a significant landslide occurred on the stream Meresnyi (right tributary of the Prut 
River), as a result of which a lake was formed and there was a threat of flooding of the village 
Mykulychyn. 
 
Currently, the monitoring of landslides in Ukraine is carried out mainly by specialists of the State 
Geological Survey. As of 2018, there were 27 landslides in the upper Prut River Basin (State Geological 
Survey, 2019). Studies have shown that in ordinary (raw) satellite images, even the smallest landslides 
are often observed in the following sections of watercourses: 1) at the site of formation of the river 
gyrus; 2) when branching the riverbed; 3) on the banks of the river, opposite the confluence of its 
tributaries. All this can be a confirmation of the tectonic theory of landslide processes. Most of the 
surveyed landslides were observed on the left bank of watercourses. 
 
It is interesting to reflect the shifts in the spatial distribution schemes of the normalized differential 
vegetation index (NDVI) and the moisture index (NDMI) (Landsat space images). 
 
2. Rationale for using the Normalized Difference Vegetation Index 
 
As a rule, after the active phase of soil landslide, the structure and species composition of vegetation 
can change under the influence of natural factors, due to the peculiarities of landslide body and, 
sometimes, amplified by anthropogenic factors. 
 
Natural factors 
From the initial stage of soil landslides to the period of attenuation in forested areas, there is often a 
deviation of the stand in the direction opposite to the movement of the rock mass (Figure 1A), and at 
large scales – deranged forest (Figure 1B). 
 

  
А В 

Figure 1 Slope of the stand on the active landslide in the basin of the river Prutets Chemyhivsky (A) 
and deranged forest in the basin of the stream Meresnyi (B), upper Prut River Basin, 2020 (photo by 

R.L. Kravchynskyi, 07.12.2020 and 19.10.2020) 
 

The sliding zone and the shear wall are often rocky and exposed to external influences. Therefore, the 
edge of the landslide is characterized by either a complete lack of vegetation (young landslides), or 
sporadic germination of grassy vegetation, mosses, lichens. Furthermore, with the extinction of felled 
old trees on a landslide, there is a natural restoration of the forest by younger woody crops, which, 
moreover, can sometimes have a different species composition (succession). For example, according to 
the results of research in 2020, it was found that the ancient shift in the village of Tatariv on the right 
bank of the Prut River is overgrown with European spruces (Picea abies). While in the upper part (intact 
slope of the landslide) is dominated by beech species. The opposite situation was observed on the 
Kopchyn stream - against the background of the widespread distribution of spruce stands, small areas 
of landslides were recorded, where deciduous tree species dominated. 
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An interesting fact was noted by us in 2017. Near the places of modern activation of landslide processes 
it is possible to observe drying of spruce stands. In turn, it is noticeable that the degradation of trees on 
a number of grounds is often confined to areas of tectonic disturbances. This complements the above 
statement about the relationship of landslides with regional or local tectonic conditions. 
 
The combination of the above facts determines the difference of the landslide area (ancient, modern, 
and sometimes future) from the surrounding area, which stands out against the background of the spatial 
distribution of NDVI on Landsat space images in different periods (Figure 2). 
 

А В 
Figure 2 Location of landslides in the Meresnyi stream basin before the active phase (22.10.2019) 
(A) and after the attenuation period (30.08.2020) (B) on the NDVI spatial distribution map (source: 

https://learn.arcgis.com) 
 
Anthropogenic factors 
First of all, it should be noted that human activity can often be a direct factor in the activation of 
dangerous geomorphological processes. In the upper part of the Prut River Basin, such phenomena are 
sometimes observed along dirt roads (sometimes central asphalt roads) and railways running along 
watercourses. There are no buildings on these sites, a number of landslide measures can be carried out 
(planting new trees, cutting down old, felled ones), repair-road works (if the movement of rocks 
occurred near highways), which distinguishes the site from the surrounding area. Landslide bodies are 
often used for individual gardening, cattle grazing, and measures are taken for municipal purposes (for 
example, the construction of a power line). In urban areas, natural planting of landslides by shrubs and 
trees can also be observed, in contrast to the adjacent private areas, where the area is actively cleared 
of vegetation. 
 
3. Rationale for using the Normalized Difference Moisture Index 
 
The Normalized Difference Moisture Index maps used to detect or predict landslides is based on the 
features of the landslide position from the initial stage of development of this geomorphological process 
to the period of attenuation. The presence of a sliding zone directly depends on the presence of water 
in a given place (local manifestations of water). These can be natural groundwater outlets to the surface 
(temporary or permanent natural springs) is shown in Figure 3. 
Due to its shape (Figure 3), the depletion (rear seam) is a place of accumulation of atmospheric 
moisture, some of the surface-slope or underground runoff. Therefore, during the formation of 
evaporation fogs, which are often observed in the Carpathian region (especially in autumn), the shift is 
allocated in the form of a ring outlined by water vapor outside and can be seen on NDMI spatial 
distribution maps (Figure 4). 
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Figure 3 Scheme of landslide slope (N.V. 

Koronovskyi, A.F. Yakusheva, 1991) 
Figure 4 Reflection of the landslide in 

Yaremche on the NDMI image in a period 
the formation of evaporation fog 

(10.12.2018) 
 
Sometimes a small shear body can slide directly into the river network in such a way that the rear seam 
is constantly or periodically (during rising water levels) under water, may forming an island. Therefore, 
on the maps of the spatial distribution of the NDMI indicator, the shift (ancient or predicted - the area 
of increased risk of landslides) is highlighted as a ring anomaly formed by low values of the moisture 
index inside the landslide body and high rates around. 
 
Conclusions 
 
As a result, conducting large-scale studies, taking into account the features of the local hydrographic 
network, analyzing the features of the spatial distribution of NDVI and NDMI, you can predict 
landslides or identify areas of inactive (ancient) landslides. 
 
An additional source of information can be satellite images in the infrared range and a geological map 
of the area. The vast majority of large landslides formed on the left bank of the streams, small - more 
often observed on the right. The latter fact can be related in advance to Behr's law. The main limiting 
factors for detecting and forecasting shifts in satellite images are active human activity and significant 
cloud cover. 
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1 - initial position of the slope 
2 - intact slope 
3 - landslide body 
4 - slip surface 

5 - rear seam  (depletion) 
6 - head scarp 
7 - sole of landslide (toe) 
8 - spring 




