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ANALYSIS OF SOIL DEGRADATION AND DESERTIFICATION
IN SOUTHERN BALKASH DESERT BASED ON GIS

Abstract. Desertification and degradation provide a clear picture of global environmental and socio-economic
issues. Most of Kazakhstan is located in a desert region, including the suburbs of South Balkhash. The reason is that
desertification of the region has a strong influence on natural and anthropogenic factors.

To consider the geomorphological state of the region and the problem of desertification of the territory, it is
necessary to determine the importance of the process of relief of geological structure and relief of tectonics. In recent
years, the environmental situation in Balkhash has deteriorated sharply not only as a result of river flow regulation,
but also as a result of non-commercial economic activities. Therefore, it is very important to assess the situation of
desertification and degradation in the Balkhash region. Desert vegetation has been identified, since information in the
spectral range is often insufficient to describe the state of plants, plant indices often develop by combining two or
more spectral bands. Land cover index is the percentage of vegetation over a given surface area. Remote sensing
information was used to detect the entire land cover. Remote sensing with time and space limitations is widely used
to classify vegetation cover. In this work, the proportion of vegetation was estimated by NDVI. The proportion of
land cover is based on the relationship between NDVI (NDVIS) and NDVI (NDVIV) in the soil. Using the NDVI
index, land cover zones were determined based on satellite images of 2006 and Landsat-5 from 2011. TCT (Tasseled
Cap Transformation) coefficients are used in the widest range of problems solved using Earth remote sensing data:
from recognition of the coastline of water bodies to determination of forest disturbances. Stressful vegetation may be
an indirect sign of the presence of salt in soils. Saline soils are usually characterized by poorly planted areas.
A normalized differential salinity index (NDSI) was also determined.

Key words: degradation, desertification, satellite images, Landsat-5, NDVI.

Introduction. Scientists have used various methods to study deserts. The methods used vary widely
depending on the availability of information. The first researchers of the Balkhash region were such
naturalists as: A.A. Babkov [1], I.V. Mushketov [2], V. Fisher [3], A.M. Nikolsky [4], G. Karelin,
B.F. Meffert [5-6].

"Assessment of the geoecological state of Balkhash”. T. Tilekova, M.T. Oshakbaev,
A.P. Haustov, 2016. The current environmental problems of the Balkhash region are considered. An
assessment is made of the ecological condition of the territory and water resources, among which Lake
Balkhash, the Ili, Karatal, Lepsy rivers are identified as the most polluted. The necessity of geoecological
monitoring, as well as comprehensive measures to maintain the stability of the Balkhash level, prevent
water pollution, protect floodplains of lakes, preserve floodplain forests and saxaul plantations, control
desertification processes, is justified. The main pollutants are mining, utilities, the impact of human
settlements and agrocenoses, in particular, irrigated agriculture. As a result of the study, it was found that
all landscapes in the region underwent changes caused by anthropogenic impact, and are
anthropogenically modified natural landscapes [7].
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“Formation of anthropic soils in agricultural areas of the south of Balkhash (south of Kazakhstan)”
Tazabekova E.T., Usen Azina, 2015. The ecological assessment ofthe current state of breeding systems is
given [6].

“Geographic Information System (GIS) with integrated models: a new approach to assessing the
vulnerability and risk of desertification in Sardinia (ltaly)” Paola Molinari. The DPSIR (Driving Forces-
Pressure-State-Impact-Response) category is used to classify desertification indicators. The desertification
index (IDI) was classified according to five risk levels, and the results of field studies were tested in areas
selected as areas with high risk areas. “Desertification monitoring using satellite imagery LANDSAT TM”
Methods of Wu-Kyun Lee, Du-An Kwak, Sungho Choi, JeonheolLiTwo were used to determine the
desertification process. First, the extent and tendency of desertification was determined by classifying the
soil cover into four different categories using the Plant Index (NDVI): water-logged desert zone, a
partially recorded sand zone, a recorded sand zone and pastures. Secondly, the desertification
classification was classified by the Plant Index (ICAID): state of nature, latent state, weak desertification,
moderate desertification and high desertification level [8].

“Terrestrial and satellite studies of the productivity of pasture republics of Kalmykia with an
affordable degree of degradation of plant communities” A.N. Zolotokrylin, T.B. Titkova,
S.S. Ulanova, N.L. Fedorov, 2013.

Using satellite data from NDVI MODIS and NDVI ETM + Landsat-7, we studied the space variations
in productivity, identified areas other than the degree of degradation, estimated the correlation between the
values of NDVI and the productivity of desert phytocenoses, measured by the number of available
methods [9].

“Regional manifestation of global desertification in the north-west of the Caspian Sea”
K.M. Petrov, V.A. Bananova, V.G. Lazareva, A.S. Unagaev, 2016. Degradation of vegetation, condition
of lands and irrigation systems, fluctuations in the level of the Caspian Sea, development of transport
networks, cities and towns in the region are used as objects for monitoring levels of destruction of the
natural environment. The concept of cartographic monitoring of degradation of arid ecosystems is
discussed and a map of the modern desertification of the Northwest Para-Caspian is proposed. Thanks to
GIS technologies, the map can be updated taking into account the dynamic processes of land degradation
[10].

“Development of an algorithm for assessing the degree of soil degradation from a multispectral
image” V.G. Bondur, A.B. Murynin, A.A. Richter, M.A. Shahramanyan. An algorithmic assessment ofthe
degree of soil degradation using aerospace images is described. A block diagram of a software module
that implements the proposed algorithm is presented. An example of the study of soil degradation during
littering in areas of large urban landfills is given [11].

The reason of formation of the centers of the mobile sandy barkhans formed as a result of anthro-
pogenic degradation of sandy soils of desert rangelands of SouthernLake Balkhash region is studied. The
main soil-hydrological properties the 0-60cm a layer of a sandy barkhan of friable-sandy granulometric
composition with absolute prevalence of fine sandy fraction (> 90 %), having very high speed of
absorption (8.1 m/min), filtrations (2,1 mm/min), minimumwater capacity (MWC) - 7.3 % and wilting
moisture (WM) 1.7 % are defined. Features of the seasonal regime of field moisture of a sandy barkhan,
characterized maximum moisture (5,6 %) during the early-spring period, the beginning of deficiency of
moisture (~ 2 %) in June and acute shortage of moisture in July, August and in September with moisture
of all thickness ofa root zone below WM are established [12].

The article provides the data of the seasonal hydrothermal regime of the centers of the mobile
barchans formed from sandy soils as a result of anthropogenic degradation, which were widely spread in
Southern Balkhash region [13].

Aim of the research.Balkash is a closed semi-freshwater lake in the Balkash-Alakol depression in
southeastern Kazakhstan, the second largest non-drying salt and the 14th in the list of the largest lakes in
the world (figure 1) [14].

Absolute elevations of the earth's surface vary from 340 m to 500-600 m. The northern and western
border of the basin is Lake Balkhash. From the south and east it borders with the spurs of the Zhongar
Alatau, and from the southwest it borders with the Shu-lli mountains [15]. The Early Paleozoic
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successions dated by the Cambrian are known in the northwest of the Balkhash lake. This vast area was
named the Atasu-Zhamshi watershed [1], that is, thearea located between the rivers Atasu and Mointy. In
geological literature, one can find also anothernaming of the Atasu-Mointi watershed[16].The southern
Balkhash region is divided into western and eastern parts. On the left bank of the Ili river basin, the
Taukum and Moiynkum deserts, and in the middle of the Ili and Karatal rivers - the Saryesik-Atyrau
desert. In the east, between the Karatal and Aksu, Zhamanzhal and Lyukum sands and Aral rivers on the
lower bank of Aksu and the Lepsy river. The arid climate of the region is characterized by desert
landscapes [14]. Balkhash region is mining large-scale polymetallic ores, coal, building materials.
Traditionally, large areas were used for pasture. In the region, 16 % of industrial production and 13 % of
agricultural production in Kazakhstan, fishing accounts for more [17].

Figurel - Study area- Southern Balkash Desert

The featureless relief. The climate is continental. Winter is cold, summers are hot, arid. The average
temperatures in January are 13-15 °C, July 24 °C. The average annual rainfall is 100-150 mm [18]. The
largest river is Ili with a length of 1001 km. On its right bank laid Akdalinsky irrigation system. Numerous
bakanas are old dried river beds. On the territory ofthe district is the Karoy state reserve with an area of
509 thousand hectares. The main soil cover: takyr-like soils and sands on which saxaul, meadowsweet,
jujube, wormwood, cheegrass, sedge and others grow. There are wolf, fox, badger, hare, roe deer, saiga,
wild boar, muskrat are found in dense reeds. Pheasants, partridges are found in floodplains and river
valleys; on ponds - cranes, pelicans, flamingos, etc.; in reservoirs: carp, crucian carp, perch, marinka.

Deposits of coal, manganese and uranium have been explored in the bowels of the Balkhash region.
Marble and granite are mined at the Zhalpaktas deposit. In addition, there are deposits of salt, building
sand and clay for the production of bricks. All settlements are located in the valley of the Ili River. The
basis of the region’s economy is agriculture. In crop production - irrigation and rainfed farming (wheat,
rice, vegetables and potatoes). The main areas of livestock breeding are sheep breeding, cattle breeding,
horse breeding. In the lower reaches ofthe Ili River, shipping is developed [19].

M aterials and methods. The calculation of the normalized differential vegetation index (NDVI),
which is available on the fly, comes first. In addition, NDVI is often used around the world to monitor
drought, forecast agricultural production, assist in forecasting fire zones and desert attack maps. NDVI is
preferred for global monitoring of vegetation, since it helps to compensate for changes in lighting
conditions, surface slope, exposure, and other external factors (Figure2) [20].

NDV 1 is calculated by the formula:

Proportion of vegetation cover = (~ + ") (1)

NIR - reflection in the near infrared spectrum
RED - reflection in the red region ofthe spectrum
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Figure 2 - Discrete NDVI Index Scale

The main research method was the analysis of the normalized relative vegetative index (NDVI -
Normalized Difference Vegetation Index), which was first described by B. J. Rouse in 1973[21].

TCT (Tasseled Cap Transformation) coefficients are used in the widest range of problems solved
using Earth remote sensing data: from recognition of the coastline of water bodies to determination of
forest disturbances [22]. This technique uses the Brightness coefficient TCT.Tasseled Cap Transformation
(TCT) is calculated by the formula (table 1).

Table 1- The calculation formula Tasseled Cap Transformation (TCT) (Healey S.P., et al, 2005).

Tasseled
Cap Formula
Transformation
Brightness 0.3037*(b1)+0.2793*(b2)+0.4743*(b3)+0.5585*(h4)+0.5082*(h5)+0.1863*(b7)
Green 0.2848*(b1)-0.2435*(b2)-0.5436*(b3)+0.7243*(b4)+0.0840*(b5)-0.1800*(b7)
Humidity 0.1509*(b1)+0.1973*(b2)+0.3279*(b3)+0.3406*(b4)-0.7112*(b5)-0.4572*(b7)

Salting of soil is the process of enriching the soil with soluble salts, which leads to obtaining
information about the soil exposed to salt. Soil salinization in irrigated areas is becoming a serious
problem for agriculture. Saline soil conditions have reduced the value and productivity of large areas of
land around the world [23]. The main problems associated with arid and semi-arid areas are salinization
and desertification. Irrigational evaporation of moisture from the surface or shallow depths within the
profile and insufficient annual precipitation for leaching salts from the rooting zone of plants contribute to
the excessive accumulation of soluble salts in soils of arid and semi-arid regions, which makes such lands
with minimal success.Sixteen different spectral salinity indices developed in numerous studies related to
salt detection and soil salinity mapping were studied for all Landsat images and seven salinity indices
were most commonly used (NDSI, SI 1, SI 2, SI 4, SI 9, SI 10, SI 14) taken into account in this study are
shown in table 2 [24]. The digital elevation model (DEM) can also be used to predict soil salinization
taking into accountthe variographic morphology ofthe earth's surface in order to increase the accuracy of
its prediction [25].

Table 2 - The most common salinity indicators [26]

Salinity indices Equation Reference
Normalized Differential Salinity Index NDSI:M (Khan, Rastoskuev et al. 2001)
Salinity Index 1 SI1=VB XR (Khan, Rastoskuev et al. 2001)
Salinity Index 2 SI2=VG X R (Douaoui, 2006)

Salinity Index 4 SI4=VG2 + R2 (Douaoui, 2006)

Salinity Index 9 SI9_(BoXH6#6 X6 (Bannari, Guedon et al. 2008)
5

Salinity Index 10 3|10=R (Abbas, 2007)

Salinity Index 14 SI14=94\M (Abbas, 2007)

For the tasks of determining the degree of salinization of the soil cover of the project territories, as
one ofthe factors of desertification, itis recommended to use this index during monitoring [23].

Results and discussion. Landsat TM data for 2006 and 2011 were taken for this research (table 4,
figure 3). The image has seven bands with a resolution of 30 m pixels. Image analysis was performed
using ArcGIS 10.3.
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Table 4 - Data used

Image Image data
Landsat TM5 09.09.2006; 02.09.2006; 11.09.2006; 19.09.2006
Landsat TM5 07.09.2011; 15.09.2011; 08.09.2011; 18.09.2011

The stage of Earth remote sensing data analysis, the main task of which is the recognition and
identification of objects detected in the image, is called image decryption.

For Landsat-5 images, in accordance with the process of soil degradation, salinization, and
desertification, the interpretation of these channel combinations was chosen, i.e., the color combination
7.5.3. This combination gives an image close to natural colors, but at the same time allows you to analyze
the state of the atmosphere and smoke. Healthy vegetation looks bright green, grassy communities look
green, bright pink areas detect open soil, brown and orange tones are typical for sparse vegetation. Dry
vegetation looks orange, water - blue. Sand, soil and minerals can be represented by a very large number
of colors and shades. This combination gives an excellent result in the analysis of deserts and desertified
territories [27].

Figure 3 - Satellite image of the Southern Balkash Desert (Landsat TM5)

The formula used to calculate the NDV 1 ofthe study area:

NDVI = (BAND4-BAND3)
(BAND4+BAND3) ©)

The formula used to calculate the S12 ofthe study area:
S12= Vband2 x band3 (3)
The formula used to calculate the TCT (Tasseled Cap Transformation) ofthe study area:
TCT = 0.304 *bl + 0.279 *b2 + 0.474 *b3 + 0.559 *b4 + 0.508 *b5 + 0.186 * b7 (4)

As a result, the map “Degradation map of desert soils of the South Balkash region, 2006” and the
Degradation map of desert soils of the South Balkash region, 2011” was compiled on a scale of
1: 2 500 000 (figures 4, 5).

Figure 4 - Soildegradation map ofthe Southern Balkash Figure 6 - Soil degradation map of the Southern Balkash
deserts based on GIS, 2006 deserts based on GIS, 2011
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The obtained values of NDVI, SI, TCT are varied (table 5). We showed this difference in the form of
diagrams (figures 7, 8). For example, if in 2006 the total area of SI was 49928 km2, and in 2011, the total
areawas 55754 km2.NDV1 in 2006 was 39433 km?2, and in 2011, the area was reduced to 17967 km2.

Table 5- The obtained values of NDVI, SI, TCT

Index 2006 2011
Sl 49928 kM2 55754 KM2
NDVI 39433 Km2 17967 kKm2
TCT 26310 kKm2 26975 Km2
Figure 7 - The calculatedindixes, 2006 Figure 8- The calculatedindixes, 2011

Conclusions. Most part of the study area has been changed to a high level of desertification and an
average level of degradation. You can use images taken at different times, which leads to some seasonal
differences in the vegetation cover. Such differences could affect the comparison of desertification rates
from 2006 to 2011.

This study performed several tasks related to degradation and desertification. The main tasks are to
identify plant indices and vulnerability to soil erosion, and the degree of salinity. In the Southern Balkhash
desert, we can observe a relative decrease in the distribution of vegetation based on biennial satellite
imagery through NDVI, which has a different standardized vegetation index. In addition, the main
problems associated with arid and semi-arid areas are salinity (NDSI) and desertification. The obtained
values of NDVI, NDSI are varied. We showed this difference in the form of diagrams. For example, if in
2006 the total area of NDSI was 49,928 km2, and in 2011, the total area was 55,754 km 2.

This index classification is a natural histogram breakdown algorithm (which determines gaps between
classes, which divide the same values into groups and maximize differences between classes). The
prevalence ofvegetation cover, the risk of soil erosion and the results have been summarized.

A.F. Tababikagbipl '.T. McaHoBal?, E.X. KakumxaHoBL JToHr Ma3

19n-®apabu aTbiHAArbl Kaszak "TTbIK yHUBEPCUTETA
eorpadus aHe TaburaTTbl NanganaHy hakynbTet Anmatbl, KasaxcTaH;
120pTanblk A3Ma 3KONOTNA XK3He KopllaraH oprta rblbiIM1-3epTTey opTanbirsl, Anmatbl, KasakcrtaH;
3CUHbL3AH 3KONOTMA XaHe reorpa@us MHCTUTYThI, KbiTall rbifibiM akagemuscbl, Kbital

OH.TYCTIK BANXALW Wenuw, TOMbIPAK AETPAOALVNACHIH
XOHE WeNAEHY1H FT'AX APKbIJTbl TANOAY

AHHOTauus. WenaeHy xaHe Tonblipak ferpagauunsachl kahaHblK 3KONOTUANBIK X3HE 3N1EYyMeT/IK-9KOHOMM-
KanblK M3acenenepaw aikblH Kepwiow 6ingipeai. Wen aimakTapbiHbily, naiga 60nyblHA KAUMATTbIL, apuarwn,
TOMbIPAKTbIL, X3He eaM KT, AeNAUNANbIK XIHe 3p03NANbIK 3PeKTTepi HITMXKeaHAe GeTw 6edepaly 6°3binybl,
30NAbIK Y aepicTepaLy, KapKbIHAbIbITbI X3He Tarbl 6acka Taburn aktopnap raHa scep eTw Koimaii, aHTponoreHaLw
10-3PEKETTEePAL, SArHW EricTiK XX3He >KaiWblnblM >Kepnepgi Tuimci3 naiganaHy, Cy pecypcTapbliH biCbipanchl3
nafanaHy cUAKTbI Xargannap fia Taburatka Kepi biIKnanblH TUN3LW XaTbIp.

LLleneiiTTeHy - Taburat meH TaburaTTbil, Konaicbi3 K¥6binbicTapbl, 6ip-6ipiH HbiraTatelH TaburaT oprachl
cunatTaManapbiHblH - e3repyiHe akKefeTw Yy3ak Tapuxu Y[epicTiH HaTwKeci. KasakcTaHHbIl, Ken 6eniri wen
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afimarbiHAa >XaTblp, COHbL iWwiHae Ourycnk banxaw maubl aymarbiH epekie atan ainTtyra 6onagbl. Ce6e6i 6yn
eHipAiH wengeHyiHe Taburn >KaHe aHTPOPOreHiK (akTopnap KaTTbl 3Cep eTw OoTblp. byn 3epTTey XyMbICbiHAA
WenaiL, eciMAiK XaMbIrbiChiH Tangay HaTWXenepi KapacThipbligbl. OciMAiKTepail xai-kYWin cunattay YuwiH 6ip
crekTpanbfbl AuanasoHfarbl annapaTt 34eTTe XeTKinikci3 60nraHAblKTaH, ecimaik MHAeKCTepiHiy kKebwece ekl
HeMece OZilaH Aa afn cnekTpanbbl XoNfakTapabl 6ipikTipy apKblibl gamubl. 0CiM4iK XaMblrbICbl MHAEKCE - 6enriu
6ip 6eTkeil aymarbiHgarbl ecimaiktep aimarbiHbil, Ynec menwepi. COHbIMEH KaTap 3epTTey aliMarbiHbil, eCiMAik
XaMbINTbICbIH aHblKTan, Tangay YLWiH apakawbIKTbIKTaH 3epfeney (30HATay) Typanbl aknapartap KOnfaHblffbl.
YaKbIT MNeH KewcCcnkK LeKTeynepiMeH apakallblKTbIKTaH 3epefiey eciMAik XaMbINTbICblH XOKTeyAe KeLiHeH
KO/iAaHblNagbl.

Byn XymbicTa eciMAik xambinrbicbiHbIL Yneci NDVI 6olibiHWa 6aranaHraH, an ecimgik XXamblArbICbIHbIL Y/IEC
Tonbipakta NDVI (NDVIS) xaHe ecimgikteri NDVI (NDVIV) apacblHfarbl KaTblHacTapAbl eckepe OTbIpbif,
€CiMAIK XXaMbINrbICbIHbIL, YNec canmarbiHa 6aiinaHbicTbl 6ec knacka 6eniHgi. NDVI nHpekc apkbiibl ecimMAik
XXaMbI/TbICbIHbIL Tapany aimaktapbl 2000 xbinra geiiH xaHe 2000 xbingaH KeidiHri Landsat-5 rapbllThiK cypeT
Hensuwige canbicTbipMansl TYPAe aHbikTangbl. TCT KoaduumeHw N apakallblKTbIKTaH 3epgeney M3niMeTTepiH
KONAaHy apKblfibl WeLineTiH Macenenepaiy, Kew cnera”Hae KonfgaHblnagbl: cy 06beKTiNepiHiy Xaranay Cbli3birbiH
TaHyAaH 6acTtan, opMaHHbIL OYy3blNyblH aHblKTayra feiiH. CTpeccTi eciMmfikTep TonbipakTa Ty3Abll, 601YbIHbIL
XaHama 6enrici 601ybl MyMWH. Ty3/bl TONbIPaK 3eTTe Hallap OTbIPrbI3bITaH XepepMeH cunartanagbl. KanbinTol
anddepeHymangaHrad Ty3abinbik nHaekci (NDSI) aHbIKTanabl.

TYWiu ce3nep: Aerpagauus, WenjeHy, rapbilThik cypeTtep, Landsat-5, NDVI.

A.l'. Tababikagbipl, I.T. UcaHoBal2, E.X. Kaknum>xaHoB1, JToHTr Ma3

1Kasaxcknii HaLMoHabHbIA YHUBEPCUTET MMeEHM anb-dapaby,
dakynbTeT reorpauy U NpUpoLONoabL30BaHus, AnMaTthl, KasaxcTaH;
2HayuHo-nccnej0BaTeNbCKUI LIEHTP 3KOMOTMM 1 OKPYXXatoLeil cpedbl LleHTpanbHoM A3un, Anmatsl, Ka3akcTaH;
3CUHbLU3AHCKUI UHCTUTYT 3KONOTMM U reorpadum Kutalickoii akagemumn Hayk, Kutaii

AHANNI AETPAOALNN N ONYCTbIHNBAHWNA MOYB MYCTbIHb
FOXXHOIO NMPUBANXALWbBA CMPUMEHEHWEM TUC

AHHOTauusa. OnycTbiHUBaHWE U Aerpajauuns noys NPeAcTaBNAOT YeTKYH0 KapTUHY rnobanbHbiX 3KONOrnyec-
KUX W couManbHO-3KOHOMMYeCcKUX npobnem. Ha onycTbiHMBaHWe BAUAIOT He TONIbKO KAMMaTU4Yeckue (HakTopbl,
HapylleHune pefbeda MOBEPXHOCTU BCNeACTBUE fedaAaAuuMM WU 3p03MM MOYBbI U PACTUTENIbHOCTU, WHTEHCUBHOCTb
BETPOBbIX MPOLLECCOB W ApYyrue NpupofHble hakTopbl, HO TaKXKe aHTPONOreHHble AeACTBUA, Takne Kak HeahdeKTnB-
HOEe MCNOo/Ib30BaHME MaxXOTHbLIX U NacTOMLLHBIX 3eMeNb U PACTOUYNTENIbHOE UCNOJb30BAHME BOLHbIX PECYPCOB. TaKXe
0Ka3blBalOT HEFAaTUBHOE BNAHWE Ha MPUPOAY.

OnycTbiHWBaHWE ABAAETCA Pe3yNbTaTOM AANTENLHOIO0 MCTOPMYECKOrO Mpouecca, KOTOPbI NPUBOAUT K Hebna-
ronpuATHbIM BO3AENCTBMAM NPUPOLbl M MPUPOAbLI, KOTOPble W3MEHAT XapakTepuCTUKWM YCUAUBAIOLWLEA cpefbl.
Bonbwaa yacTb Ka3axctaHa HaxoAuTCA B MYCTbIHHOM pPernoHe, BKAOYas nycTblHW HOXHOro [Mpubanxatbs.
OnycTblHMBaHWE TEPPUTOPUU 06YCNOBNEHO BAUAHWEM MPUPOAHBLIX U AHTPOMOreHHbIX (haKTOPOB Ha 3KOCUCTEMY
MyCTbIHU,

B nocnegHue rofbl aKonormyeckas cutyaumsa B nycTbiHe KOXHOro lMpubanxawbsa pe3ko yXyAlunnach He
TONbKO B pe3y/nbTaTe perynmpoBaHns PeYHOro CTOKa, HO W B pe3yfibTaTe aHTPONOreHHOro BO3AelCTBUA. B faHHON
paboTe wuccnefoBaHWs pPacCcMOTPeHbl pe3ynbTaTbl aHanWM30B MYCTbIHHON pacTuTeNbHOCTW. WHGopmaumsa B
CNeKTpanbHOM AMana3oHe HefoCTaTOYHO ANS OMWCaHWA COCTOAHWA PAcTeHWI, MO3ITOMY WMHAEKCbl pacTeHWid 4acTo
pa3BuBalOTCA MyTeEM OObLEAVMHEHUA LBYX WNu 6Gonee CnekTpanbHbIX Monoc. WHAEKC pacTUTenbHOro - 3To Aond
pacTUTeNbHOCTU Ha OMpeAeNeHHOW NNoLWaAn NoBePXHOCTU. Kpome TOro, MCNOb30BaNMCh MaTepuanbl AUCTAHLMOH-
HOrO 30HAMPOBAaHWA ANS BbIABNEHUA W aHanuW3a pacTUTeNbHOro MOKPOBa MccregyeMoi Tepputopumn. Tak Kak
AWCTAHUMOHHOE 30HAMPOBaHWE C OrpaHWYeHWAMW NO BPEMEHW W NPOCTPAHCTBY LIMPOKO WCMOMAb3YeTcA And
KnaccmmKaumm pacTuTeNbHOro NokpoBa. B aToii paboTe [019 pacTUTENbHOCTM Gbifla OLEHEHA C MOMOLLbIO MHAEKCa
NDVI. [ons pacTUTeNbHOro NOKpoBa OCHoBaHa Ha B3aummocBAsM mexgy NDVI (NDVIS) n NDVI (NDVIV) B
noyse. C nomouiblo nHAekca NDVI 30HbI pacTUTENbHOrO NMOKPOBa ObINN OMpefeneHbl Ha OCHOBE CMYTHUKOBbIX
CHMMKOB Landsat-5 (2006 r n 2011 r). KoagpduumeHTol TCT NpUMEHAIOTCA B CaMOM LUMPOKOM CreKTpe 3ajad,
pellaembIX C MOMOLLbIO faHHbIX [33: 0T pacno3HaBaHWs 6eperoBoil NMHUKM BOLOEMOB L0 OMNpPeAeneHnNs HapyLleHWUi
necos. CTpeccoBasi paCTUTENIbHOCTb MOXET OblTb KOCBEHHLIM MPU3HAKOM Haln4yua COMM B MoYBax. 3aco/eHHble
MOYBbI XapaKTEPU3YIOTCA MNOXO BbIPaXeHHbIM pacTUTeNlbHbIM MOKpPOBaM. Takxe 6bin onpefeneH HOpManu3o-
BaHHbI pa3HOCTHbIN UHAeKC 3aconeHHocTn (NDSI).

KnwoueBble cnoBa: gerpagauns, onycTelHUBaHMUE, KOCMUYeCKne CHUMKU, Landsat-5, NDVI.
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