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Abstract. Modern technological developments can induce substantial changes not only in
research methods, but also in theoretical concepts and approaches in Earth sciences. Recent
developments in the technologies of remote sensing, GIS data processing and mapping now
make possible to more directly consider ecologically relevant properties in the process of spatial
units delineation. The concept of morphotop has been proposed by author meaning spatial units
mapped taking into account ecologically relevant properties of terrain. It is different from the
commonly used concept of natural complex in that ecological and not genetic criteria are at the
base of spatial units differentiation.

The ecological approach for terrain morphology classification has been applied for the 4.5
to 2 km study area located at the upper part of Dnister river valley. The 10 m spatial resolution
DEM was obtained for the study area by the interpolation of digitized topographic map layers
with ANUDEM algorithm. Three groups of ecologically meaningful factors of landscape
differentiation have been taken into account: 1) solar radiation redistribution; 2) water and soil
moisture redistribution; 3) erosion potential of terrain. For each of these, the appropriate index
was proposed and derived from DEM by the respective formula. The method of iterative cluster
analysis with ISODATA algorithm has been applied to these variables complemented with
absolute elevation. This method distinguishes a predefined number of classes by revealing the
natural groupings of data in attribute space. Arbitrary presetting the number of classes allows to
classify data with the different levels of detail and to analyze the changes in classification
output as a function of classification scale and detalization.

The study area has been successively classified into 12 and 8 classes, with 100 algorithm
iteration in each case. Each class has been given a descriptive characteristic; an average values
of certain terrain morphometric parameters for each class were also calculated and given in a
table. The map of the distribution of the distinguished classes was produced.

Key words: terrain morphology, unsupervised -classification, morphotop, ecological
geomorphology
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AHoTaniss. PO3BUTOK CyuyaCHHUX TEXHOJIOTIH MOXKE 3yMOBUTH 3MIHM HE JIMIIE Y METOAax
JIOCITIIKEeHb, ajie W y TEOPETHYHUX KOHLEMNIISAX Ta MiJX0Aax B Haykax npo 3emto. HoBiTHIiH
PO3BUTOK TEXHOJIOTiH AMCTaHUiiHOrO 30HAYBaHHs 3emii, ['IC-TexHomnorii 00pOoOKH NaHUX Ta
KapTyBaHHS YMOXJIMBIIOE OUTBII TpsAME 1 TOYHE BpaxyBaHHA EKOJOTIYHO 3HAYMMHUX
BJIACTMBOCTEH TiJl Yac BHUJIUICHHA Ta KapTyBaHHS IIPOCTOPOBUX OAWHHI. ABTOPOM
3alpONIOHOBAaHAa KOHIEMNIS MOPQOTOMIB AK MPOCTOPOBHUX OJMHHUIG, KapTyBaHHS SKHX
3IIMCHIOETBCST HA OCHOBI 0€310CEpPEeHHOTO BpaxyBaHHS €KOJIOTIYHO 3HAYMMHX BIIACTHBOCTEH
penbedy. L kKoHLEeNIis BiApi3HIAETHCS BiJl MOMINPEHOI KOHLENIT MPUPOIHIX TEPUTOPIaIbHAX
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KOMIUIEKCIB THM, II0 B OCHOBI BH/IJIEHHS NPOCTOPOBHX OAMHMIL JIEKAaTh HE TCHETHYHI, a
€KOJIOTI4HI KpuTepii.

B nmanomy nociipkeHHI eKOJOTiYHME migxix 1o kiaacudikanii mopdoutorii pensedy Oyio
3aCTOCOBAHO ISl JUISTHKH po3Mipamu 4,5%2 kM, po3TamoBaHoi y OacelHi BepxHboOI Tedil p.
Huicrep. IMP mocmigHOl IiNSHKKA 3 MPOCTOPOBOIO PO3AUTBHICTIO 10 M OTpHMaHO MIIIXOM
iHTepmoAnii mapiB Tomokapté 3 BukopucTaHHAM airroputmy ANUDEM. B mocmimxenHi
BpPaxOBYBAINCH TPHU TPYIH €KOJOTIUHO 3HaUMMHX (pakTopiB mauamadtHoi audepenmiarmii: 1)
TIePEepO3OIT perbeOM COHSYHOI pamiallii, 2) mepepo3nonil BOAU Ta IPYHTOBOI BOJIOTH, 3)
epo3iitanii moTeHmian penbedy. s KOXKHOI 3 HHX 3allpONOHOBAHO OKpeMi IHAEKCH, fAKi
obpaxoBano 3a LIMP 3a BiamoBimammu Qopmymamu. [dami ansd nux iHIEKCIB JOTOBHEHHX
3HAYEHHSMH a0COJFOTHUX BHUCOT OYJIO 3aCTOCOBAHO METO/| iTepaliiHOro KJIacTepHOTO aHali3y
Ha ocHoBi amroputMmy ISODATA. lleit MeTon M03BOJISE BHUIUIMTH TOMEPEIHBO BU3HAYCHY
KIJIBKICTh KJIACIiB IUIIXOM BUSIBJICHHS MPUPOJHHUX IO€AHAHb JAHMX Yy IPOCTOpPI aTpuOyTiB.
JloBuUIbHE 3a/aBaHHS KUIBKOCTI KJIAaciB Jjae€ 3MOTY Kiacu(iKyBaTH NaHi 3 PI3HUM CTyIICHEM
JICTaTbHOCTI Ta aHAII3yBaTH 3MIiHM B pe3yibTarax Kiacudikarii sk QyHkKIito ii MacmTady Ta
JeTanizanii.

HocmigHy mingHKy Oyno mochimoBHO Kiacu(ikoBaHO Ha 12 Ta § KiaciB, B KOXKHOMY
BHIAAKy BUKopHcTOoBYylouM 100 itepamiit anroputmy. [ms KOXXKHOTO BHAIIEHOTO Kiacy Oyio
HAaBEJCHO OIMCOBY XapaKTEPUCTHKY Ta OOpaxoBaHO CepenHi 3HA4YEeHHS KUIbKICHHX
MOp(OMETPUYHHUX TMapaMmeTpiB. TakoX CKJIAJECHO KapTy HPOCTOPOBOTO PO3MOALTY BHUAIIEHUX
KJIACiB IT0 TEPUTOPIT TOCIIIHKCHHS.

Knrouosi cnosa: mopdornoris penpedy, HekepoBaHa kiacudikailis, MOp¢hOTOII, eKOJIOTIYHA
reomMopoJIoris.

Introduction. Terrain morphology is an important factor of the spatial
differentiation of biophysical and soil characteristics. It is thus one of the main criteria
for the terrestrial ecosystem units delineation and mapping, by means of either manual
and semi-automated or fully automated methods. It is claimed that boundaries between
potential ecosystems can be mapped to coincide with changes in those landform
characteristics known to regulate the reception and retention of energy and water
(Rowe, 1996). Terrain morphometric parameters are also widely used for the purpose
of soil mapping, especially when modeling and mapping the soil attributes connected
with the gravitational redistribution of soil water, particles and nutrients.

While nowadays terrain morphometric parameters are often directly used to
analyze and predict the distribution of climate, vegetation, ecosystem and soil
characteristics (Gessler et al., 1995), (Gessler et al., 2000), (Syssouev, 2004),
(Mkrtchian, 2016 a), the more traditional approach of delineating discrete spatial
entities (units) comprising a distinctive pattern of landscape characteristics
(encompassing characteristics of terrain, rocks, soils, climate, hydrology, plant and
animal communities) remains appropriate. This approach has some important
advantages, namely it is more intuitively comprehensible by decision makers who
could operate on a limited set of strictly defined and mapped spatial units; these units
are easily visualized on maps, their descriptive characteristics given in compact tabular
form; these units can serve a basis for environmental stratification that provides
sampling efficiency as it enables the precision of the estimates based on smaller
samples and allows the results to be quantified with statistical descriptions of
confidence (Jongman et al., 2006). Environmental stratification can thus serve as a
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stratification framework for monitoring biodiversity and habitats and as a framework
for scenario building and reporting.

The traditional landscape science as it developed and proceeded in former USSR
and post-Soviet countries has set as its ultimate task the comprehensive mapping and
characterization of spatial entities denominated as ‘“natural areal complexes”
(Isachenko, 1991). These in fact are mostly the geomorphic spatial entities — landforms
of different rank, their elements, and the complexes (patterns) of landforms, with the
characteristics of other landscape components (soils, local climate, water regime, plant
communities) being mechanistically bound to these entities under the hypothesis of
unidirectional impact of geology and terrain properties on other components of
landscape. This approach made a certain practical sense under the former conditions of
the scarcity of detailed spatial data represented mostly by topographic maps and air
photos, interpreted manually by experts. Yet the hypothetical model of the spatially
discrete and strictly unidirectional relationships between landscape components is too
unrealistic and goes against the dominant modern concepts of ecological and
environmental sciences. Still another shortcoming lies in the fact that spatial units in
geomorphology and landscape science are mostly delineated by the considerations of
their genetic integrity, yet there is no one-too-one correspondence between genesis,
modern dynamics and the ecological properties of these units. The genetically holistic
spatial entity (unit) could have very dissimilar ecological properties in its different
parts, and very similar ecological properties could characterize the units of completely
different genesis.

Morphotops as units of automated ecological terrain classification. The rapid
development of modern technologies of remote sensing utilizing the capabilities of
satellite platforms to obtain detailed spatial data on various properties of land surface,
land cover and natural environment, as well as the capabilities of modern GIS and
spatial analysis technologies to rapidly process large amounts of data allow to model
the relationships between the terrain and ecological characteristics in a more refined
and realistic manner. Specifically, it is now possible to delineate spatial units directly
on the basis of the properties relevant to ecological communities, as well as to human
ecology, vital and economic activities.

The concept of morphotop has been proposed by us as an alternative theoretical
basis for such an approach (Mkrtchian, 2004). Morphotop has been defined as an area
with distinct land morphology and a certain degree of ecological homogeneity,
sufficient enough for a given goal (e.g., land use or conservation planning and
regulations) (Mkrtchian, 2004). Morphotopes can have different spatial dimensions
depending on the degree of ecological homogeneity required, and can even have a
nested structure. What distinguishes them from natural areal complexes and similar
concepts prevalent in landscape science is that their delineation should explicitly take
into account those properties of terrain that either influence of indicate the ecological
conditions and properties relevant to them, like the redistribution of solar radiation on
slopes of different aspect and the surface and subsurface movement of water and
dissolved soil nutrients by the force of gravity.

An example of such an approach is our attempt at ecological classification of a
small fluvially dissected forested area near Lviv, where five morphotopes have been
delineated with ISODATA algorithm on the basis of ecologically meaningful indices
characterizing the processes of solar radiation influx, water redistribution, and soil
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sheet-and-rill erosion (Kovalchuk & Mkrtchian, 2007). Analysis of variance then
revealed significant statistically meaningful differences between these morphotops in
terms of seminatural tree stand structure. In another our study, classification has been
performed of 90x70 km area located in the central part of Ukrainian Carpathians using
k-means method and a set of ecologically meaningful morphometric parameters
(Mkrtchian, 2013). As this method allows to preset an arbitrary number of clusters, two
different classifications were performed, respectively with 3 and 8 output clusters.
These clusters were given an ecological interpretations; in fact they are two sets of
morphotopes one being nested inside the other.

Methods of automated ecological terrain classification. Methods of ecological
terrain classification form a continuum, from fully manual that totally depend on
human expertise to semi-automated and automated, the latter deemed the most
objective and reproducible, with the minimal possible contributions from human
experts. Even manual methods nowadays often utilize the value of modern digital
spatial data and GIS facilities for their preprocessing and visualization. Thus, I.
Kruhlov delineated 33 morphogenic meso-ecoregions in Ukrainian Carpathians using
GIS, grouping them together into five classes according to the geology features and
also to nine bioclimatic classes according to their location respective to altitudinal
bioclimatic belts (Kruhlov, 2008). While their direct spatial delimitation has been
carried out manually, digital geospatial data were being used for the purpose of
visualization, and further grouping of these units into higher-level classes has been
obtained by means of hierarchical cluster analysis. In another work by I. Kruhlov,
geoecological spatial units of different ranks were distinguished in the upper Western
Bug basin using the combination of manual and semi-automatic methods, the latter
used for distinguishing the lowest-rank units in the dissected part of the watershed by
the classification with pre-defined value ranges of the two morphometric parameters
derived from SRTM Digital elevation model (DEM) (Kruhlov, 2015).

During last decades, several attempts have been made at landscape classifications
and mapping using modern remote sensing data and statistical methods of their
processing, like cluster analysis and principal component analysis (PCA). On the large
regional level, the works of (Metzger et al., 2005) and (Jongman et al., 2006) can be
mentioned that attempt at the statistical environmental stratification of Europe. The
final stratification consists of 84 strata aggregated into 13 Environmental Zones
(Metzger et al., 2005). While it was based mainly on climatic data, altitude and slope
were also taken into account. Detailed climatic surfaces in turn are usually produced
taking into consideration relevant terrain parameters (Jarvis & Stuart, 2001),
(Mkrtchian, 2016 a).

Among the studies encompassing smaller spatial scales, the typology of natural
landscapes of Central Europe can be mentioned created with a non-hierarchical k-
means cluster analysis using terrain variables together with climate and soils data;
seven clusters were identified, interpreted as seven types of natural landscape and
mapped with 10x10 km grid (Fiiukalova & Romportl, 2014). Burrough et al. applied
an unsupervised fuzzy k-means classification technique to eight topoclimatic attributes
computed from a DEM for a 10 000 km? study area in the West Yellowstone National
Park, which enabled to automatically extract a number of topoclimatic classes;
specifically: valley bottoms, drainage channels, lower slopes, ridges, north-facing steep
slopes, south-facing steep slopes and lakes (Burrough et al., 2001).
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The concept of geometric signature plays a central role in the characterization of a
link between quantitative terrain variables (features) and the holistic spatial entities
(units) serving as an aim of classification. R. Pike defined the geometric signature as
“‘a set of measures that describe topographic form well enough to distinguish among
geomorphically disparate landscapes’® (Pike, 1988). This is likened to ‘‘topographic
fingerprint”” that can apply to both individual landforms (watersheds, drumlins,
landslides) and to composites of related landforms referred to as landscapes (Pike,
1988), (MacMillan, Keith Jones & McNabb, 2004).Whereas no single magic number
or measurement exists that can express topographic character completely enough to be
sufficient for unambiguous geomorphic interpretation, land topography is intrinsically
synthetic and multivariate in nature. Its characterization is thus should be considered a
statistical problem that requires a statistical approach and methodology (Pike, 1988),
(MacMillan, Keith Jones & McNabb, 2004).

The problem comes up of the set of parameters (features) that comprise the
geometric signature for the purpose of ecological terrain morphology classification.
Simple terrain parameters like absolute elevation and slope values, their range and
dispersion in a local window, and a system of local curvatures are most often used for
this aim, mainly for the reason of the simplicity of their calculation in popular GIS-
software. Yet for the derived classification to be ecologically meaningful, these
parameters should in their turn carry an ecological meaning, being indicative of
important ecological processes and properties of land surface. Thus, V. Syssouev used
for the purpose of the landscape terrain classification three groups of topographic
parameters characterizing respectively redistribution of solar radiation, redistribution
of moisture and redistribution of solid matter under the influence of gravity (Syssouev,
2004). Our earlier works (Kovalchuk, Mkrtchian, 2007), (Mkrtchian, 2013) likewise
used ecological meaningful topographic parameters for the purpose of delineation of
ecologically homogeneous elements of terrain (morphotops).

Study area and input data. In our present work the ecological approach for
terrain morphology classification has been applied for the 4.5 to 2 km study area
located at the upper part of Dnister river valley. It encompasses the river floodplain,
terraces and adjacent slopes, with the elevation range 370-670 m. The most detailed
1:10 000 topographic map was used as a source of terrain data. Digitized data
containing elevation contours, points, streams, and water bodies were interpolated
using ANUDEM algorithm, developed by M. Hutchinson (Hutchinson, 1989) and
realized in ArcGIS software package with Topo to Raster tool and with TOPOGRID
function in early versions of Arc/Info. Thus DEM was obtained for the study area with
10 m spatial resolution, which is substantially higher than the maximal solution of
SRTM DEM (1-arc second =~ 30 meters) and other freely available global DEMs.

Classification criteria and algorithm. Upon the examination of data, the river
floodplain was excluded from the analysis because of its very complicated and highly
dynamic relief, with even small variations in elevation often indicating very large
differences in deposits composition, soils and water regime. Three groups of the factors
of landscape differentiation being regulated by terrain have been taken into account: 1)
solar radiation redistribution on surfaces of different aspects and slope angles; 2) water
and soil moisture redistribution on watershed surfaces; 3) erosion potential that
determines the energy of surface flow that regulates the erosion and deposition of solid
matter.
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To calculate the index that characterizes the solar radiation redistribution, the
method based on the hemispherical viewshed algorithm developed by Fu and Rich was
used (Fu & Rich, 2000). It calculates the integral amount of global insolation (as a sum
of direct and diffuse ones) for the arbitrary time span, taking into account the effects of
shading and the atmospheric absorption of radiation, but not taking into account its
absorption by clouds and long-wavelength radiation. This method is realized through
the Area Solar Radiation tool from the Spatial Analyst toolbox of ArcGIS Desktop GIS
software. It allows to calculate the integral amount of global insolation for the arbitrary
time span. The same kind of analysis can be performed with the Potential Incoming
Solar radiation tool from the Terrain Analysis toolbox of the free and open-source
SAGA GIS.

The total amount of potential incident solar radiation was calculated with this
method for the most ecologically important time period from 1-st of March to 15-th of
October. The histogram of the distribution of this value on the terrain is characterized
by expressed asymmetry: the minimal values on the most shaded slopes of north aspect
amount to only 35% of the values on crests and mountaintops and 38% from the
average for the area. On the other hand, the minimal values on the sharp slopes of
southern aspect exceed the latter values only by 10% and 15%, respectively. The
incident radiation on the flat Dnister valley bottom appeared to be 3-5% less than on
flat elevated surfaces due to shading effects from surrounding slopes.

The moisture redistribution under the force of gravity can be modeled by
Topographic wetness index (TWI) suggested by (Moore, 1993). This index reveals the
location of site in the landscape catena and is calculated by formula:

TWI=In(A, /tan ) ,

where A — drainage (flow accumulation) area per contour line unit length, 5 — slope
angle. Large values of this index indicate the prevailing accumulation of water and its
increased content in soil that influence physical-chemical soil characteristics, its
microclimate, and in sum — the ecological characteristics of the site. A lot of studies
use this index for the prediction of soil characteristics. The authors of (Gessler et al.,
1995) have developed a statistical soil-landscape model for the prediction of soil
characteristics using TWI among a set of morphological characteristics. It was shown
that TWI alone can predict up to 71% of variation in the depth of the soil A horizon,
84% of variation in the total depth of soil profile, and 78% of the variation of soil
carbon content (Gessler et al., 2000). This index can be calculated through a
combination of Slope, Flow Accumulation, and Raster Calculator tools from the
Spatial Analyst toolbox of ArcGIS. In SAGA GIS, it can be calculated directly through
the Topographic Wetness Index tool from the Terrain Analysis toolbox.

On the our study area TWI values range from 0.5-1 on narrow convex crests to 5—
10 in the lower parts of stream valley bottoms. Statistical distribution of these values is
approximately normal, with average value ~ 3.

To characterize the erosion potential of terrain, an equation from the Revised
universal soil loss equation has been used:

LS = (m+1) [As/a]™ [sinp/bg]",

where A, — drainage area per contour line unit length; 5 — slope angle; m and n —
standard parameters; a, = 22.1m — the length and by = 0.09 = sin (5.16") — the slope of
standard plots, where the parameters of the model have been determined (Mitasova et
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al., 1996). While for the assessment of the real volumes of soil washout the values of
LS index should be multiplied by the values of the other erosion factors (precipitation
erosivity, soil and vegetation cover resistance to erosion and protective capacity), it
alone characterizes the property of local terrain to conduce or counter soil erosion.

On the our study area the values of LS index were in the range from 0-1 at the level
summits, flat terrace surfaces and valley bottoms to 50 and more at the steep lower
parts of the slopes and at the heads and slopes of gullies.

The method of iterative cluster analysis has been employed for the purpose of
ecological terrain morphology classification and morphotopes delineation. The classes
are thus being automatically distinguished and delineated from the analysis of natural
groupings of data in attribute space. Three above-mentioned ecologically meaningful
indices were complemented with absolute elevation that accounts for climatic vertical
temperature gradient and also helps in distinguishing between low-lying sites at the
valley bottoms and sites at level summit surfaces that can otherwise have a similar
insolation regime and similar values of TWI and LS indices due to low values of /3
(slope angle). Before the classification all the indices were standardized by the
subtraction of mean values and subsequent division to standard deviation of each
index.

Isodata clustering algorithm realized in ArcGIS tool Iso Cluster (or old Arc/Info
function ISOCLUSTER) is based on the principle of migrating averages. On every
iteration each site (approximated by raster pixel) is attributed to the class with the
closest centroid in the multivariate attribute space, whereupon the locations of each
class centroids are recalculated and the algorithm proceeds to the next iteration; the
process continues for the fixed number of iterations or until no change in classes is
observed after the next iteration. The algorithm requires the number of clusters to be
given beforehand, allowing to classify data with the different levels of detail and to
analyze the changes in classification output as a function of classification scale and
detalization.

Isodata clustering algorithm thus determines the characteristics of the natural
groupings of cells in multidimensional attribute space and stores the results in an
output ASCII signature file, that subsequently is used as the input for a classification
tool, such as Maximum Likelihood Classification, that produces an unsupervised
classification raster. In SAGA GIS this method is realized through the ISODATA
Clustering for Grids tool from the Imagery toolbox. The more sophisticated algorithm
implemented here allows the number of clusters to be automatically adjusted during the
iteration by merging similar clusters and splitting clusters with large standard
deviations (Memarsadeghi et al., 2007).

Results and discussion. The study area has been successively classified into 12
and 8 classes, with 100 algorithm iteration in each case. The most detailed
classification, as expected, was obtained with 12 classes. In this case class 1
corresponds to river valley bottoms; class 2 — to lower terraces, also including gentle
lower valley slopes; class 3 — to gentle and declivous lower slopes with “warm”
southern aspects; class 4 — to declivous and steep lower slopes with “cold” northern
aspects; classes 5 and 6 — to steep slopes of gulches, respectively of “warm” and “cold”
aspects; class 7 — to declivous upper slopes, class 8 — to the steepest parts of gulches
slopes, class 9 — to level summit surfaces and structural levels, class 10 — to declivous
middle parts of slopes, class 11 — to steep upper slopes of “warm” aspects, class 12 —to
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steep parts of slopes at the tops of gulches. The bottoms of small erosion forms
(qulches, ravines) were not classified properly.

When the number of classes was preset at eight, the new classes were obtained
which still bear relations to the classes obtained earlier. Namely, the area of class 1 has
substantially increased and now also encompassed gentle low slopes together with
river valley bottoms. Class 2 has also somewhat increased its extent, retaining its
essence. Class 3 now encompassed gentle and declivous lower slopes; class 4 — steep
lower gulches slopes; classes 5 and 8 — steep upper and middle parts of slopes of,
respectively, “cold” and “warm” aspects; class 6 — declivous lower slopes of “warm”
aspects; class 7 — summit surfaces and gentle near-summit slopes.

The table gives average values of certain terrain morphometric parameters and
ecologically relevant indices for the 8 distinguished classes. The picture shows the
fragment of the map showing the location of some classes.

Table. Some average quantitative morphometric characteristics and indices for
eight classes obtained

Class Average | Average LS Average direct solar Average
slope, ° value radiation incidence, MJ/m? TWI value

1 9.54 21.03 4045.8 3.52

2 7.92 4.95 4364.9 3.67

3 14.56 11.00 3863.2 3.12

4 24.59 24.91 3183.6 2.87

5 19.07 13.69 3603.0 2.63

6 14.34 12.87 4636.9 2.98

7 8.36 8.16 4509.1 2.86

8 20.96 21.63 4623.2 3.39

It can be seen that obtained classes differ substantially by the average values of
most parameters. The boundaries of classes obtained generally well agree with the
visually assessed character of the area landscape. An exception is the narrow bottoms
of gulches and small valleys which the present method appeares unable to distinguish.
It can thus be hypothesized that these classes differ significantly with respect to
specific properties of soils, moisture regime, microclimate, natural vegetation cover,
predisposition to exogenous processes (erosion, landslides, landfalls), etc. However, to
verify this claim and thus the validity of this classification approach and method, the
obtained results should be compared with the data on concrete landscape and
ecosystem properties, e.g. by the method of analysis of variance. Thus the prospective
future researches should compare the results of this classification (and similar
classifications for other areas) with concrete data on soils properties, on-site hydrologic
and microclimatic measurements, the observations of the structure and functional
properties of vegetation cover. The latter can be obtained for the extended areas
through the analysis of detailed multispectral satellite imagery, e.g. the calculation of
spectral indices that indicate some important functional properties of the upper tier of
vegetation cover (Mkrtchian, 2016 b).
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Figure. The fragment of map obtained for classification with 8 classes. Classes
description see in text, some quantitative parameters see in Table.

Conclusions. Ecologically meaningful terrain morphology classifications are a
promising method of ecologic geomorphology research that explicitly links terrain
morphometric parameters to the ecological factors, habitat conditions, suitability of
land for crops cultivation and other forms of economic activities, the quality of human
environment. Modern data sources like DEMs and spatial imagery together with
advanced tools of data processing offered by GIS and data analysis software present an
opportunities to more directly take into account ecological requirements and factors
while putting forward more appropriate conceptual models of landscape structure. New
concepts like that of morphotop can serve the purpose to match the theoretical basis of
landscape science and ecological geomorphology to modern data sources, data
processing capabilities, and practical requirements. The most important avenue of
future researches is the verification of classification principles and methods on the
basis of concrete data on ecosystem structure and functioning.
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