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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MORPHOMETRIC ANALYSIS IN GIS BASED
OF RELIEF PARAMETERS MUDFLOW BASINS

Abstract. On based SRTM DEM using GIS technology morphometric analysis of relief Shinchay-Damira-
paranchay mudflow basins was performed. With this purpose there were built maps of hypsometry, slopes, aspec,
range relief and drainage density, indices, dissection and ruggedness, surface curvature. Also it was analyzed the
areal distribution of these parameters by grade.

Now, in connection with development of digital technologies and broad availability of data of remote sensing,
detailed assessment of a relief became possible. Application of the digital models of a relief (DMR) considerably
simplified the morphometric analysis of a relief.

Obtaining morphometric data in a form and structure of a surface of a relief serves the initial procedure.

Key words: GIS, DEM, morphometric analysis, range relief, SRTM.

Introduction. The drainage basin is the fundamental unit in fluvial geomorphology within which the
relationships between landforms and the processes that modify them have been studied. The study of the
geometry of the basin and the way in which it changes in response to processes has become a major part of
modern geomorphology. Morphometric analysis of a drainage basin is a quantitative description of a basin
and an important aspect to know the character of the basin [5].

In geomorphology long ago gained the development "geometrical approach" in studying of a relief. In
foreign literature this direction gained development under the name "geomorphometry" [7, 8]. There are
also synonyms of this term such as "quantative morphology" (the quantitative morphology), "quantative
terrain analysis" (the quantitative analysis of a relief).

The explored region consists of central and east parts of the southern slope of Greater Caucasus and
adjacent territories. The area of the explored region is 3220 sq.km (figure 1).

Methodology. As input data for the GIS-analysis of morphometric indexes of relief materials of
satellite photos of SRTM are used.

Data of SRTM (Shuttle Radar Topographic Mission) represent the processed results of radar survey
of the surface of the globe made from the board of the American Shuttle space ship by the method of radar
interferometry, in February 2015. This survey was conducted out almost in all territory and the water area
of Earth between 60 © north lat., 54 ° south lat. by means of the radar SIR-C and X-SAR.

A mathematical basis of the data is the referents-ellipsoid WGS-84 and a projection of
GCS_WGS 1984. For SRTM data processing we used the ArcGIS 10.2.1 software package (ESRI, Inc.,
the USA), the application — Hydro Tools and DEM Tools [1, 9].

The main operations were carried out in the ArcGIS - spatial Analyst applications, 3D analyst and
geostatistical Analyst. The Hydro Tools tool model operations of watersheds, reservoirs and drainage
network perform functions of processing and preparation of the digital models of a relief (DMR). The
DEM Tools applications which contain a number of functions, for calculation of some morphometric
indexes was useful to realization in some of operations [3]. The scheme of creation the morphometric
maps on the basis of digital models of a relief on ArcGIS (figure 2).
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Digital
model the
relief

Figure 2 — Scheme of creation of morphometric maps

Discussion of results. For the analysis, we used such classical parameters of morphometry as hypso-
metry, a surface bias, an exposition of slopes, horizontal and vertical partition, curvature and also, such
parameters as the index of partition (dissection index) and the index of ruggedness (ruggedness index).

Hypsometry. The analysis of the Digital model of relief (DMR) shows that absolute heights fluctuate
here at 175 to 4147 m. The analysis of the hypsometric map (figure 3) shows that the largest space (54%
in the explored region) is occupied by the range of height 175-1000 m (table 1).

Biases of a surface (steepness) and exposition of slopes. Calculations of the biases of a surface it is
necessary at assessment of slope processes, in soil erosion calculations, assessment of lands, etc.
According to the calculations received from the map (figure 4) slopes with the 10° occupy 49.5% of the
total area (table 2). Slopes of more than 10° where slope processes proceed more intensively, is occupied
50.5% of the territory, at the same time the large territory is covered with the slopes by the steepness more
than 40°.
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Figure 3 — The hypsometric map of the explored region

Table 1 — Distribution of the total areas on a hypsometry

Hypsometry, m | 175-500

500-1000

1000-1500

1500-2000

2000-2500

2500-3000

3000-3500

35004147

Area, km? 1003,385

760,8604

406,5572

391,5357

3247913

219,8148

100,4427

14,8772

Area, % 31,14

23,61

12,62

12,15

10,08

6,82

3,12

0,46
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Figure 4 — The map of slope angles of the explored region received by reference by method (a)

and the card of average slope angles received by method of Zone statistics (b)

Table 2 — Distribution of the total areas on slope angles

Angles 0-5° 5-10° 10-15° 15-20° 20-25° 25-30° 30-35° 35-40° 40°->
Area, km’ 1363,24 232,92 103,78 114,93 161,31 233,97 299,97 310,37 399,80
Area, % 42,33 7,23 3,22 3,57 5,01 7,27 9,32 9,64 12,41

The exposition of a slope is one of morphometric characteristics of a relief, characterizing dimen-
sional orientation of the elementary slope (figure 5). It characterizes the slope relation to the multi-scale

processes (insolation, gravitation, circulation etc).The exposition can be considered as the direction of a
bias [2, 4, 11].
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Figure 5 — The map of an exposition of slopes of the explored region
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Table 3 — Distribution of the total areas on an exposition of slopes

Exposition | Flatness | North | North-East East South-East South | South-west | West North-west

Area, km® 47,29 231,07 193,76 200,83 383,37 762,79 672,10 419,73 309,23
Area, % 1,47 7,18 6,02 6,24 11,91 23,69 20,87 13,03 9,60

As seen from the table, the southern exposition slopes (southern, southern, western, southern and
eastern) is composed of half a total of 56.5%. The slopes with anti-polar orientation (northern, southern-
western and northern-western) have more than twenty-eight percent of the total area.

Vertical and horizontal partition. Calculates vertical scattering by using a cartogram, which is a
tool used by ArcGIS (Spatial Analyst Tools — Zonal Statistics), which calculates the amplitude (in
meters) of the DMR values in the calculable cells (figure 6). The vertical clearance, more than 350 m, was
discovered in the main section of the Caucasus Quarter and in the high-altitude zone.

. 4
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Figure 6 — Map of vertical spreading relief of the region

For horizontal computing, there has been used the Hydrology Tool (Spatial Analyst) to create all
erosion network (figure 7).

The erosion network was the base for the calculation horizontally partition. The analysis of the map
(figure 7 b) shows that the maximum marks of horizontal partition are found for the Qanix-Ayrichay plain,
the least — for water separate zones.

DI, dissection index. This index expresses a ratio of the relative relief (in this case vertical partition)

to an absolute relief (i.e. to the maximum indicators of a relief, so-called topmost surfaces).
Zmax — Zmin

Zmax
He is an important index of partition of a surface and indicates a vertical partition. The high value of

the index indicates the orogeny, low value corresponds to stable areas.The analysis of literary data and
morphometric features of the explored territory allows us to choose on the basis of this index five class
scale system - such as, very low DI (<0,1), low DI (0,1-0,2), temperate DI (0,2-0,3), high DI (0,3-0,4) and
very high DI (>0,4) (figure 8). More detailed characteristics of this index are given in table 4.
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Figure 7 — Resistance to CMS Erosion network (a) and map horizontally-distal relief region of the method zonal statistics (b)

Table 4 — Distribution of the total areas by the index of a partition (DI)

Class DI Area, km? Area, %
Very low <0,1 1067,583937 33,17
Very low 0,1-0,2 594,9441697 18,49
Temperate 0,2-0,3 1225,437168 38,08
High 0,3-0,4 312,8245578 9,72
Very high >0,4 17,44357346 0,54
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Figure 8 — Distribution of the index of a partition

Ruggedness index. This index describes the complexity and roughness of a land relief. The
ruggedness defines extent of crossing of area where the drainage (erosive) network acts as a key para-
meter. Chorley (1972) developed a formula for this index [9-11]:

Deep partition (m/km?) x horizontal partition (km/km?)
1000 '

This index is widely used by scientists in morphological researches for the best comprehension of
formation of elements of a relief in the difficult geomorphological conditions [5-8]. Results of the analysis
show that the maximum values are partition are observed in mountain and mid-mountain zones of the
territory (figure 9).
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Figure 9 — Distribution of the index of ruggedness
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Table 5 — Distribution of the total areas by the index of ruggedness (RI)

Class RI Area, km’ Area, %
Very low <0,5 2180,205994 67,74
Very low 0,5-1 909,3180482 28,25
Temperate 1-1,5 122,4866082 3,81
High 1,5-2 6,030192299 0,19
Very high >2 0,481880286 0,01
Conclusions.

1. So, for the first time for the explored territory is carried out the complex morphometric analysis
according to the radar interferometric topographic trajectory SRTM, with the software of ArcGIS.

2. On the basis of the created DMR and the modern GIS-technologies are calculated morphometric
parameters of a relief. This way allows to carry out the assessment of the modern erosive processes on the
quantitative basis and to create a set of geomorphological maps.

3. By means of our research materials is possible to study characteristic of processes of an erosion
and accumulation and also assessment of potential stability or tendency to an erosion of various sites of
the explored territory.

J. A. UcmaiibuioBa', C. 0. Kynnesa®

'O3ip6aiikan MeMIIeKeTTIK MyHail oHe OHepKacin yHuBepcuTerti, Baky, O3ipGaiixaH,
Teorpadus nuctutytsl O¥FA, Baky, O3ipOaiixan

T'AK HET'I3IHJIE CEJI KAVIITI BAP BACCEMH/IEPIIH,
BEJEP ITAPAMETPJIEPIH MOP®OMETPUAJIBIK TAJLJAY

J. A. McmaiibuioBa', C. FO. Kyimnesa®

' Asep6aiikaHCKHil rOCY JaPCTBEHHBIN YHUBEPCUTET He(TH U POMbIIIIEHHOCTH, Baky, AsepGaiimka,
ZI/IHCTI/ITyT I'eorpadmm HAHA, baky, AzepOaiimxan

MOP®OMETPAUYECKHI AHAJIN3 TIAPAMETPOB PEJIbE®A
CEJIEOITACHBIX BACCEHHOB HA OCHOBE I'iC

Annoranus. Ha ocHoBe mngposoit momermn penmseda SRTM ¢ momompto [MIC-TeXHOIOTHIT BBITOTHEH MOpP-
(homeTpruecKmii aHaH3 penbeda ceneomacHsIXx bacceitHoB Mexxaypeubs Llunuaii-/lamupamnapangait. C 3T0i b0
MOCTPOEHBI KapThl THIICOMETPHH, YIJIOB HAKJIOHA, SKCIIO3MIMU, TOPU30HTAIBHOTO M BEPTHKAIEHOTO PACUICHEHHS,
MHJECKCOB PACUJICHEHHOCTH M IEePEeCeYeHHOCTH, KPUBH3HBI ITOBEPXHOCTH. Takike NPOAHAIM3HPOBAHO IUIOIIAIHOE
pacnpocTpaHeHHe ITUX IapaMETPOB IO KJIACCaM.

Penped sBiseTcss omHNM M3 OCHOBHBIX (PaKTOpOB B muddepeHnuranun JanamadToB. B HacTosmee Bpems, B
CBSI3H C Pa3BUTHEM LIM(PPOBBIX TEXHOJOTUIl M IIMPOKOH TOCTYNMHOCTBIO JaHHBIX JUCTAHIIMOHHOTO 30HIMPOBAHHMS,
cTajla BO3MOXKHBIM JIeTallbHas OIeHKa penbeda kak saHmmadTooOpasyromero ¢akropa. [Ipumenenne muppoBBIX
Mogneneit penseda (LIMP) 3HaunTenpHO ympocTHio MoppoMeTpudecknii aHamu3 penbeda. imMerHo pensed u ero
napaMeTphl IPU3HAIOTCA HauboJiee BaXKHBIMH NP BBIICICHNUH JTaHIIa(TOB.

[Nomyyenne MOphOMETPHUYECKUX CBEICHUI 0 GOpPME M CTPYKType HNOBEPXHOCTH penbeda CIyKUT HadalbHOH
NpOLENYPO, KOTOpas MPEAIIECTBYET COACPIKATEILHOMY UCCIICIOBAHUIO TEHETHYESCKUX, AMHAMHYECKHIX, BPEMEHHBIX
(T.e. 0OmMX reoMOp(OTOTHUECKIX) ACIEKTOB (PYHKIIMOHUpOBaHUs penbeda. [IpenmymiecTBo Takoro moaxoja 3a-
KJIFOYaeTCsi B BOBMOXKHOCTH aOCTParupoBaHUs OT HEONPENEeJICHHOCTH M HEOJHO3HAYHOCTH B reOMOP(OIIOrHIECKOM
OTHOILEHUH, IIPH STOM COCPEAOTOUYMBASICh HA aHAIN3e MOP(HOMETPHUECKUX ITOKA3ATEIICH.

B ompenenennn penpeda Kak 00BEKTa HMCCIEIOBAHUS TeOMOPQOJIOTHH CYIIECTBYIOT 2 OCHOBHBIX B3TJISA.
[TepBblid U3 HUX paccMaTpUBAeT peibed Kak HEKYI0 COBOKYIHOCTH ()OPM 3e€MHOM MOBEPXHOCTH, KOTOPYIO MOXKHO
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omucarh B BHJE HAOOpa MPOCTPaHCTBEHHO-KOOPIMHUPOBAHHBIX BBHICOTHBIX OTMETOK (B Buae XYZ). T.e. uccieno-
BaHMIO TIO/VIEKAT FE€OMETPUUYECKHE MOKa3aTesau. Takoil Moaxoa Has3bIBaeTCAd TeOMETpUYecKuM. J[pyras TpakToBKa
penbeda yUUTBIBACT U CJIATAIOIINE €TI0 T'€0JOTHYECKUE TeNa. DTO 3HAYUTENIFHO YCIOXKHSICT U IeNIaeT CyObEeKTHBHBIM
kiaccudukammio Gopm penbeda.

Kuarouessie ciopa: ['VIC, [IMP, MopdomeTprdeckuii aHATIH3, pacwIeHeHHOCTh, SRTM.
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