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The paper deals with the analysis of the relationships between the visual characteristics of mountain
ecosystems as they appear on spatial images, and the characteristics of the abiotic conditions as being
governed and (or) indicated by the terrain morphometric parameters, in the study area in Ukrainian
Carpathians. LANDSAT 7 ETM+ spatial imagery with 30 m resolution, and SRTM v. 4.1 DEM with
90 m ground resolution were the main data sources used in the study. Based on the analysis of LANDSAT
imagery, three principal components have been picked out that describe the different characteristics of
vegetation and land cover spatial differentiation. Terrain parameters accounted for in the study included
raw elevation values, flow energy index, slope values, topographic wetness index, and insolation index.
The canonical correlation analysis has then been applied to analyze the relationships between the
landscape reflectance characteristics, and the terrain morphometric parameters, allowing deriving two
statistical significant canonical roots and determining their structure. The relationships between the
structure and properties of vegetation cover (as conditioned by landscape abiotic factors and the land use
structure), and the terrain morphometric parameters have thus been revealed and statistically
substantiated.
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analysis, canonical analysis.

The study of the relationships between the mountain ecosystem properties and
the characteristics of their abiotic environment is very relevant from the point of natural
conservation and the protection of flora and fauna species. New sources of detailed spatial data
have become available nowadays for scientists and practitioners, including high-resolution
spatial images of the Earth surface. The advantages of these data include the high spatial detail,
temporal actuality, and digital format, allowing directly processing and analyzing data in GIS.
At the same time, high-resolution spatial imagery now is widely accessible through the web-
services for anyone with internet access, and many kinds of images are distributed free
of charge, which is especially important for countries like Ukraine, where funding for scientific
research is very limited.

Two main kinds of digital spatial layers relevant for ecological and geographical studies are
digital elevation models (DEMs) and multispectral spatial imagery. The first are used to
calculate a set of morphometric parameters and the related hydrologic, climatologic, and other
characteristics closely linked to terrain morphometry, while the latter, characterizing reflective
properties of Earth surface in different spectral bands, are the valuable source of information
on natural and anthropogenic ecosystems distribution, on the state and functioning
of vegetation cover, and on the distribution of land use and land cover types.
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Ukrainian Carpathians are an important regional biodiversity hotspot and the refuge and
corridor for many plants and animals species, including rare and endangered ones. They
provide indispensable ecosystem services and contain important areas for local and regional
tourism and recreation. Article 4 of the Framework Convention on the Protection and
Sustainable Development of the Carpathians (known as a Carpathian Convention, signed
in 2003 in Kyiv) directs that the Parties shall pursue policies aiming at conservation, sustainable
use and restoration of biological and landscape diversity throughout the Carpathians, taking
appropriate measures to ensure a high level of protection and sustainable use of natural and
semi-natural habitats, their continuity and connectivity. The developing of an ecological
network in the Carpathians, as a constituent part of the Pan-European Ecological Network, and
the establishing and supporting a Carpathian Network of Protected Areas, have been prescribed.

The complex diverse terrain and the substantial diversity in environmental conditions within
relatively short distances are the factors contributing to high levels of biological diversity while
also facilitate the increased fragility of geosystems and the development of hazardous processes
like landslides, rockfalls, mudflows, avalanches, etc. Probably the most disturbing of these
in Ukrainian Carpathians is the supposed increase in the frequency and intensity of floods
hitting river floodplains where most settlements, local industry and infrastructure are located.

This study aims at the analysis and assessment of the relationship between
the morphometric terrain characteristics that condition the movement and redistribution
of water, solar energy, air, soluble matter and insoluble particles, and the reflectivity of
landscape cover in different spectral bands, indicating the type and condition of vegetation
cover, and the presence and structure of man-made features. The main data sources used in the
study have been SRTM v. 4.1 DEM with 90 m ground resolution, and LANDSAT 7 ETM+
spatial imagery with 30 m resolution, taken on May 2, 2000. Study area encompasses
the rectangular region of 90x70 km dimension, located in the central part of Ukrainian
Carpathians, spanning parts of northern and southern macroslopes and adjacent foothills. Data
have been analyzed with a set of statistical methods, namely multiple regressions analysis,
factor analysis, and canonical correlation analysis.

Ruska Mok®

Fig. 1. Study area location
Puc. 1. MicuenonoxeHHs TEPUTOPIi AOCTIKEHb
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DEM has been used for the derivation of primary and secondary morphometric parameters.
Primary morphometric parameters, apart from the elevation proper, included slopes, and plan
and profile curvatures. Secondary morphometric parameters calculated for the study included
Topographic wetness index (TWI) that relates to the water redistribution on terrain elements
and the location of cite in landscape catena [2]; the index of slope flow energy relating to
the erosivity of sheet-and-rill surface flow that causes the redistribution of solid matter [1]; and
the insolation index that reflects the relative supply of solar energy on terrain elements
of different aspect and slope values [3].

Fig. 2. Topographic wetness index (TWI) distribution
Puc. 2. Po3noain TonorpaivHOro iHAEKCy BOJIOTOCTI

Principal component analysis (a variation of factor analysis) has been applied to analyze
the relationships between different bands of multispectral image. Bands 2,3,4,5 of
LANDSAT 7 ETM+ have been preselected for the analysis as the most informative ones.
The main mission of the principal component analysis as being applied to multispectral imagery
is to reduce the effective dimensionality of a set of image bands by separating the most significant
information (considered to be present on several bands) from the supposed information noise [6].

In our case the first three derived principal components have covered the 99,6 % of the total
spatial variability of 4 bands of the LANDSAT multispectral image. From this, the first
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principal component describes around 75 % of the total variability. It represents the total
“brightness” of the scene, and is highly correlated with all four image spectral bands. Its visual
inspection and juxtaposition with topographic and thematic maps and layers has revealed that
this component clearly shows the location and density of tree stands, featuring high values
in the places where dense deciduous and coniferous tree stands are located. This component
can thus be used for applied tasks of analyzing the general state of tree cover and its temporal
dynamics (if image sceneries for different time periods are being analyzed).
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Fig. 3. Principal component 1 of LANDSAT 7 ETM+ bands 2,3,4,5
Puc. 3. T'onoBHa komnoneHTa 1, BunineHa 3a gianazonamu 2,3,4,5 suimky LANDSAT 7 ETM+

The second principal component has revealed the strong negative correlation with
the reflectance values in the LANDSAT band 3 (corresponds to red spectral range) and
simultaneously — the positive correlation with LANDSAT band 4 (corresponds to near-infrared
spectral range). It also shows very strong (r =0,95) correlation with the values of
the Normalized Difference Vegetation Index (NDVI) introduced in 1973 and since then
extensively applied in the various fields for the vegetation and landscape analyses of remotely
sensed data [4, 5]. It is calculated by following formula:
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where RED and NIR are the reflectance values in red and near-infrared spectral ranges,
respectively. It has been shown that the values of this index correlate closely with the wide set
of vegetation characteristics, in particular its primary production, biomass, leaf area index,
chlorophyll concentration in leafs, etc. [4] In our case the second principal component very
clearly distinguishes deciduous forests (mainly of beech, Fagus sylvatica) with high values
of this component, from coniferous ones (mainly of Picea abies and Abies alba), where its
values are much lower. The second component also appears to be able to clearly distinguish
different types of grassland vegetation, in particular — subalpic meadows showing very low
values of this component, from lowland meadows where the values of second component are
much higher.

NDV
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Fig. 4. Principal component 2 of LANDSAT 7 ETM+ bands 2,3,4,5
Puc. 4. TonoBHa KOMIIOHEHTA 2, BUIiNIeHa 3a Aiana3zoHamu 2,3,4,5 snHimky LANDSAT 7 ETM+

Principal component three (not shown here) is relatively less informative in comparison
with first two components. It, however, allows to clearly discriminate areas with subalpine
shrub and grassland vegetation that show high values of this component. It generally correlates
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positively with reflectance values in LANDSAT 7 ETM+ band 2 (green), and negatively — with
reflectance in band 5 (middle infrared). This component is expedient to use for the purpose of
monitoring the dynamics of the extent and state of the ecologically valuable Carpathian
subalpic vegetation formations.

To study the relationships between the reflectance values of landscape cover in different
spectral bands and the landscape morphometric parameters the method of canonical analysis
has been applied. Canonical analysis allows to study the statistical relations between two groups
of values. In our case these groups have been the three principal components of
LANDSAT 7 ETM+ multispectral imagery, and some of aforementioned primary and
secondary morphometric parameters derived from DEM.

The calculated coefficient of canonical correlation equals 0.63, bearing evidence of rather
high degree of relationship between two groups of variables. In the process of canonical
analysis the canonical roots have been derived, each of which characterizing the correlation
between the two weighted sums of variables from each of the two groups. Maximal number
of canonical roots equals the least number of variables in any of the two groups (in our case
it equals three — the number of derived principal components of multispectral imagery). Two
of the three derived canonical roots appeared to be statistically significant: root 1 (r = 0,63) and
root 2 (r =0,215). Table below shows the structure of canonical factors (correlation
coefficients between input variables and canonical factors for three canonical roots).

Relationship between input variables and canonical roots
BinHOmeHHS MK BXiTHUMH 3MiHHUMH Ta KAHOHIYHUMH KOPECHIMHU

Canonical factor structure
Canonical roots \ Root 1 \ Root 2 | Root 3
Morphometric parameters
TWI -0.2784 0.277 -0.1222
Elevation 0.9788 -0.026 0.1979
Flow energy index 0.2386 -0.5028 0.1488
Slope 0.5542 -0.7801 0.2583
Insolation index 0.0126 0.4838 0.8725
Principal components of multispectral imagery
Component 1 0.6986 -0.6937 0.1751
Component 2 0.7147 0.6883 -0.1246
Component 3 0.0341 -0.2122 -0.9767

As could be seen, root 1 shows the very high (r = 0,98) correlation with absolute elevation,
and rather high correlation with the first two components of multispectral imagery. Root 2
exhibits positive correlation with the second component and negative — with the first one. Thus,
this root differentiates between the first principal component (the general brightness
of the scene) and the second component (strongly positively correlated with NDVI and
biological productivity of ecosystems). As to morphometric parameters, this root correlates
negatively with slope values and terrain erosivity (Flow energy index), while being positively
correlated with the relative insolation and Terrain wetness index. The third root very strongly
correlates with the third principal component and with insolation.
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It can be concluded that the canonical correlation analysis applied to digital spatial data
in our study allowed to reveal the structure of relationships between the main principal
components of multispectral imagery and the major primary and secondary morphometric
parameters. These results by implication reveal the relationships between the structure and
properties of vegetation cover (as conditioned by landscape abiotic factors and the land use
structure), and the characteristics of abiotic landscape components as being governed and/or
indicated by the terrain morphometric parameters.
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AHAJI3 3AJIEXKHOCTEN MIK MOP®OMETPUUHUMHA TAPAMETPAMHA
PEJIBEDY TA BI3YAIIBHUMU XAPAKTEPUCTUKAMMU EKOCUCTEM
VYKPATHCBKHMX KAPITAT
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HaBeseHO METOMMKY Ta pe3yJbTaTH aHalidy B3a€MO3B’SI3KIB MK Bi3yaJlbHHMH BIIaCTUBOCTSMH
TipCBKHX €KOCHCTEM Ha KOCMO3HIMKaX 1 XapaKTepHCTHKaMU a0iOTHYHOTO Cepe/OBUINA, IO BH3HAYEH]
MOP(OMETPUIHUMH TIapaMeTpaMu penbedy, y Mekax IUITHKM Ykpainceknx Kapmar. OcHOBHHME
JDKepenaMu TaHuX ciyryBamu kocMo3HIMKH LANDSAT 7 ETM+ 3 posaineHoto 3patHicTio 30 M,
ta nudposa monenb penbedy SRTMv. 4.1 3 posxinsrHolo 3parnicTIo 90 M. Ha mincrasi amamizy
KOCMO3HIMKIB BHIJICHO TPH TOJIOBHI KOMIIOHEHTH, fIKi BIiANOBIJAaIOTH PI3HHUM XapaKTEPHCTHKAM
mpocTtopoBoi udepeHnianii poCIMHHOCTI Ta HAa3eMHOTO MOKpUBY. MopdomeTpuyHi mHapaMmeTpH,
BHUKOPHUCTaHI B JOCIHIIKEHHI, OXOIUTIOBAIN 3HAYEeHHsS a0CONIOTHOI BHCOTH, 1HAEKCY €HEeprii CXHMIOBUX
MOTOKiB, KPYTOCTi CXMJIB, TONOrpagiuHOro iHAEKCY BOJOrOCTi Ta iHAeKcy iHcomsauii. ms aHamizy
B32€MO3B’SI3KIB MK BiTOOpa)XK€HUMM Ha KOCMO3HIMKAaX XapaKTEePUCTHUKaMH BiJOMBHOI 37aTHOCTI Ta
MOP(OMETPUIHNUMH TTOKa3HUKAMH PeIbedy BUKOPUCTAHO METO/ KAaHOHIYHOTO aHaJIi3y, IKUi ]aB 3MOTy
BUJIUTUTH JIBa CTaTHCTUYHO 3HAYMMI KAaHOHIYHI KOPEHi | BU3HAYUTH CTPYKTYPY KAHOHIYHUX YNHHHKIB.

Kniouosi crnosa: xocmo3niMkn LANDSAT, mmudposi Mozeni penbedy, MophoMeTpryHi mapamerpu
pensedy, hakTopHHUit aHA3, KAHOHIYHHUI aHAII3.



