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STUDY AND MAPPING OF DEGRADATION
OF THE ARALKUM DESERT

Abstract. Desertification is a land degradation in arid, semi-arid and dry sub-humid areas as a result of various
factors, including climate change and human activities. The Aral Sea is called the once large, and now almost dry,
salt lake, which today looks like a large salt desert. Its drying is considered one of the greatest environmental
disasters of our time, because only 50 years ago it was one of the four largest lakes on our planet. In the 1990s, the
western world learned about the environmental disaster of what used to be the fourth largest lake in the world - The
Aral Sea. The abrupt drying of the Aral Sea led to the intensive development of desertification processes in the
region and the formation of the new man-made Aralkum desert.

The main method for determining the soil degradation of the Aralkum desert is the calculation of indices. The
selected methods are widely known and repeatedly applied in world practice methods for processing satellite images.
So, all of the listed spectral indices are universal. The uniqueness of this technique lies in the determination of the
exact ranges of values for each of the spectral indices in the identification of various indicators of desertification.

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

Introduction. In the 1990s, the western world learned about the environmental disaster that occurred
at the fourth largest lake in the world - the Aral Sea. The decline of the Aral Sea was called one of the
worst environmental disasters of the 20th century and called “quiet Chernobyl [1]. The sharp drying ofthe
Aral Sea led to the intensification of desertification processes in the region and the development of the
new Aralkum desert on the dried up seabed. Over the past few decades, the open bottom has become a
new “hot spot” of dust and salt storms in the region. The arid lands of South Kazakhstan, Uzbekistan and
Turkmenistan have always been exposed to dangerous dust storms. However, in the last thirty years ofthe
20th century, dust storms have shown a significant downward trend throughout the region [2].

In the arid regions of Central Asia, dust storms are observed with frequencies that are among the
highest in the world [3]. The emergence of an additional vast territory subject to wind erosion, namely the
anthropogenic created Aralkum desert, inevitably led to the activation of dust emission processes [4].

The water level in the Aral Sea started drastically decreasing from the 1960s onward. The reduction in
the volume and area of the sea has led to significant changes in the hydrological, chemical and natural
biological structure of the water [5]. The Aral sedimentary basin with an area of 70 thousand km2
occupies the north-western outskirts of the TuranPlate [6]. The Aral sedimentary basin extends from the
Mugodzhar mountains in the north to Sultanuizdag in the south for more than 440 km. Its width from the
Aral-Kyzylkum shaft in the west to the Akkyrsko-Kumkalinsky shaft in the east is about 210 km [7]. The
engineering and geological conditions of logistic center territories of Aralsk and Turkistan citie’s
determined by the development of loose rocks. They related with the manifistations of numerous
hazardous geological processes like salinization, swamping, deflation, linear erosion, slope wash, the
phenomenon of subsidence, etc. Their development conditions significantly depend on anthropogenic
factor.Sand massifs are affected by active deflation processes and with the development of the territory
can cover large areas [8].

Purpose of the research. The Aral Sea is a terminal salt lake in Central Asia, on the border of
Kazakhstan and Uzbekistan. Since the 1960s of XX century, sea level has been rapidly dropping due to
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water abstraction from the main supply rivers: Amudarya and Syrdarya. Before the shallowing, the Aral
Sea was the fourth largest lake in the world. Over-abstraction of water for irrigation of agricultural land
has turned the fourth largest lake-sea in the world, formerly rich in life, into a barren desert [9]. Water is a
tremendous value, a national treasure. The decision of all the most actual ecological and
hydrogeoecological problems depends on the state of water resources [10].

Drying of the Aral Sea led to two different types of desertification. Recently dried seabed and
artificial cutting of irrigated lands. As a result, a new Aralkum desert appeared in the center of the great
deserts. The sandy-salt waste lies on the territory of Uzbekistan and Kazakhstan, on the northwestern
extremity of the Karakum and Kyzylkum deserts. Aralkum covers an area of more than 38 thousand km2
and is a powerful source ofwind loss (figure 1) [11].

Figure 1- Studyarea- Aralkum desert

The Aral Sea and the Aralkum are located within the Asiatic desert belt [12]. The climate of the
surroundings of Aralkumis characterized by very cold winters and very hot summers. It is assumed that
the effects of the drying of the Aral Sea were associated with climatic conditions. Current climate data
show only a slight shift towards a more emphasized continentality [13]. Meteorological data show that in
the Middle East region, annual rainfall has increased over the past 50 years [14]. This is due to all parts of
the Turan Plain, as well as to high mountains on the outskirts [15]. Directly at the remnants of the Aral
Sea, and at the Aralkum, at the stations on the former islands (Barsa-Kelmes, Lazarev, Vozrozhdeniya,
Tigrovni) this trend cannot be traced significantly. However, those stations mostly have been closed since
the middle or the end of the 1980s.Thus, only the last 15 or 20 years of observations would have been
especially worthwhile. Only the Aral station clearly indicates an increase in precipitation within the 1950s,
but within the last 40 years the mean precipitation seems to be stable [16].

M aterials and methods. Currently, the quantitative characteristics of models of temporary and
spatial plants with remote sensing data are of great interest for the study of Earth sciences and global
changes. Spectral models and indicators are being developed to increase sensitivity to plants, taking into
account the effects ofthe atmosphere and soil.

In the table below (table 1), a list of desertification indicators is given and the possibility of
determining these indicators using remote sensing data is noted.

Table 1- Spectral Indices

Ne Desertification Indicators Spectral Indices
1 Vegetation cover NDVI

2 Soilsalinization Sl

3 Water TCT

The Normalized Difference Vegetation Index (NDVI) is one of the most widely used plant indexes,
and its usefulness for satellite-based assessment and monitoring of global vegetation has been well
demonstrated over the pasttwo decades [17].

IEEE Transactions on Geoscience and Remote Sensing, 32, 897-905.
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Normalized Vegetation Index NDVI is a standardized index showing the presence and condition of
vegetation (relative biomass). This index uses the contrast ofthe characteristics of two channels from a set
of multispectral raster data - the absorption of chlorophyll by the pigment in the red channel and the high
reflectivity of plant materials in the infrared channel (NIR).

NDVI isoften used around the world to monitor drought, monitor and forecast agricultural production,
assist in forecasting fire hazard zones, and desert attack maps. NDV I is preferred for global monitoring of
vegetation, as it helps to compensate for changes in lighting conditions, surface slope, exposure and other
external factors. NDVI indices range from -1.0 to 1.0, where higher values relate to green vegetation and
tiny ones relate to other widespread surface resources. Naked soil is indicated by NDVI values that are in
contact with 0, and water bodies are characterized by negative NDV | values [18].

Different reflection in the red and infrared (IR) channels allows you to control the density and growth
rate of green vegetation using the spectral reflection of solar radiation. Green leaves usually show better
reflection in the near infrared wavelength range than in visible wavelength ranges. If the leaves are
suppressed by water, fading or dead, they become more yellow and reflect much less in the near infrared
range. Clouds, water and snow give a better reflection in the visible range than in the near infrared range,
while the difference is almost zero for rocks and bare soil. NDVI processing creates a single-channel
dataset that basically represents greenery. Negative values represent clouds, water and snow, and values
close to zero represent rocks and bare soil.

The default documented NDV 1 equation:

NDVI = (1R:Reg) »

where, NIR is reflection in the near infrared region of the spectrum, RED is reflection in the red region of
the spectrum. The main research method was the analysis of the normalized relative vegetation index
(NDVI - Normalized Difference Vegetation Index), which was first described by B.J. Rouse in 1973 [19].

NDVI provides accessible constructive information for distinguishing and interpreting vegetation
cover that is widely used in remote sensing studies [20].

Salinization ofthe 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 [21].Salinity usually occurs in irrigated soils due to the accumulation of soluble
salts as a result of continuous use of irrigation water containing large or medium amounts of dissolved
salts [22]. The main problems associated with arid and semi-arid areas are salinization and desertification.
Soil salinization is the main form of land degradation in agricultural areas where information is needed on
the degree and magnitude of soil salinity for better planning and implementation of effective soil
reclamation programs.lrrigational evaporation of moisture from the surface or shallow depths within the
profile and insufficient annual precipitation to leach 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 [23].

Estimation of soil salinity can be applied using digital indices extracted from satellite images with
different spectral bands [24]. The digital elevation model (DEM) can also be used to predict soil
salinization based on the variographic morphology ofthe earth’s surface in order to increase the accuracy
of its prediction [25]. The rapid spread of salinization of the soil mainly depends on altitude, because the
terrain controls the rate of salt transfer through different layers of soil [26].

It has been proven that remote sensing has advantages in predicting soil salinity. Meanwhile, the
spatial distribution of soil salinity is apparently associated with one or more variables at the same time,
depending on the characteristics of the study area [27]. Researchers have developed many approaches to
studying and predicting soil salinity with multiple variables using statistical analysis [28].

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, S1 4, S19, SI 10, SI 14) taken into account in this study are given in table 2 [29].
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Table 2 - The most common salinity indicators (A. Azabdaftari a, F. Sunarb, 2016)

Salinity indices Equation Reference
Normalized Differential Salinity Index nd S‘:Hi% (Khan, Rastoskuev et al. 2001)
Salinity Index 1 SI1=VB X R (Khan, Rastoskuev et al. 2001)
Salinity Index 2 SI2=VGXx R (Douaoui, 2006)
Salinity Index 4 SI4=VG2 + R2 (Douaoui, 2006)
Salinity Index 9 SIQZ(E)BE%EB% (Bannari, Guedon et al. 2008)
Salinity Index 10 SI10=B (Abbas, 2007)
Salinity Index 14 SIL4=RIR (Abbas, 2007)

We have used the formula from the indices that determine the salinization ofthe soil, as follows:

S12= VGreen x Red 2)

Various analyzes, including remote sensing and spatial modeling using GIS, a regression model, and
method validation, were used to determine the feasibility of remote sensing and a geographic information
system for mapping salinity of the soil directly from the soil and indirectly from the vegetation.

Tasseled Cap Transformation (TCT) is calculated using the formula (table 3).

Table 3- Tasseled Cap Transformation (TCT) calculation formula (Healey S.P., et al, 2005)

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

TCT 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 [30]. This
technique uses the Brightness coefficient TCT.

Results and Discussion. The selected methods are widely known and repeatedly applied in world
practice methods for processing satellite images. So, all the listed spectral indices are universal, however,
they are relative. The uniqueness of this technique lies in the determination of the exact ranges of values
for each ofthe spectral indices in the identification of various indicators of desertification. This refinement
was made possible thanks to field survey data. However, ground-based data were taken for one field
season, therefore, the inclusion of more scientists in the calculation of ground-based survey data will allow
us to more accurately determine the ranges of index values for each ofthe desertification indicators.

Landsat TM data for 2000 and 2008 years were taken for this work (table 4). The image has seven
bands with a resolution of 30 m pixels. Image analysis was performed using ArcGIS 10.3.

Table 4 - Space imagery selection

Image type Shooting date
Landsdat TM5 09.16.2000; 09.16.2000; 09.07.2000; 09.07.2000
Landsdat TM5 07.11.2008; 07.11.2008; 07.27.2008; 07.27.2008

Since all the data received from the satellite is nothing more than multispectral images, to obtain the
information contained in them, it is necessary to interpret the data obtained and reveal their physical
meaning.

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
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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. Dead
standing 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 (figures 2, 3) [31].

Figure 2 - Satellite image based on a combination Figure 3 - Satellite image based on a combination
of 7.5.3 colors in the Study area, 2000 of 7.5.3 colors in the Study area, 2008

For Landsat-5 images, the normalized differential vegetation index (NDVI) was calculated as follows:

(band4-band3) 3
(band4+band3)° @)

Also, the Sl formula (salinity index) for Landsat-5 images:

NDVI =

S12= Vband2 x band3 (4)
The change in sea water was calculated by the formula TCT (Tasseled Cap Transformation):
TCT =0,304 x (b1) + 0,279 x (b2) + 0,474 x (b3) + 0,559 x (b4) + 0,508 x (b5) + 0,186 x (b7), (5)

where, b1, b2, b3, b4, b5, b7 are the corresponding Landsat channels.
As aresult, the Soil Degradation maps for 2000 and 2008were compiled (1:2500 000) (figures 4, 5).

IHgradMlio  Map Of Ihc Aralkum D ttrrt. 2008

Scale 1:2 5001100
1ﬁI

) $!1’1

Figure 5- Soil Degradation Map
of the Aralkum Desert, 2008

Figure 4 - Soil Degradation Map
of the Aralkum Desert, 2000

The results of the calculation of the two-year index are presented in the following table. As a result,
the desertification process in 2008 increased by 26,871km2desert area compared to 2000, the bottom area
was 13 849km2, and the vegetation cover was reduced to 1175 km2. As a result, the drying of the Aral
Sea, the Aralkum desert increased, and the soil degraded significantly (table 5). The quantitative indicator
for 2000 and 2008 obtained from the results of calculating the index is shown in diagram (figures 6, 7).
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Table 5- Dynamics of changes in objects of the Aral Sea and
its region in 2000 and 2008

Calculated objects Area
2000 year 2008 year
Desert 33 354km2 60 225km2
Vegetation 7 375km2 6 200km2
Water 24 428km2 10 579 km2
desert vegetation water desert vegetation water
Figure 6 - Calculatedindexes, 2000. Figure 7 - Calculated indexes, 2008.

Conclusion. Desertification, a phenomenon related to land degradation in arid, semi-arid and arid
sub-humid regions as a result of climate change and human activities, is considered one of the most
serious environmental and socio-economic problems of our time. The study of its dynamics should be
accompanied by a full-scale comprehensive study and ground-based route observation data. However, the
observation of the underlying surface, that is, vegetation and open soil cover, as one of the main
components of this complex process, is to some extent possible when using Earth remote sensing data.

This study performed several tasks related to desertification degradation. The main objectives are to
increase the area ofthe Aralkum desert due to changes in the volume ofthe Aral Sea from year to year and
determine the reduction of vegetation cover. Based on two-year satellite images, it is clear that the
distribution of vegetation in the Aralkum desert is relatively small.For example, in 2008, the area of
vegetation was reduced to 1175 km2compared with estimates of 2000. The area of sea water decreased by
13 849 km2compared with 2000. The current state of the youngest desert in the world of Aralkum is in the
worst condition. Due to quantitative indicators of the process, salinization of the Aralkum desert makes it
clear that the area of deserts is increasing. This is due to the fact that in 2000 the desert area was
33 354 kM2, and in 2008 60 225 km2, that is, it increased to 26871 km2. Due to the drying of sea water,
some areas have degraded, and the risk of salinization is increasing. As a result of the research, the
distribution of vegetation cover, the risk of degradation and the dynamics ofthe development of sea water
were determined. And also the dynamics of changes in the objects of research is shown in the diagram and
compiled, and maps of the degradation of desertification of the Aralkum in 2000 and 2008, at a scale of
1:2 500 000.

I.E. CapyoBal, I'.T. NicaHoBal2 E.X. KakumxaHoBl, . Abyaysainun3

19n-dapabu aTblHAArbl Ka3ak “NTTbIK yHUBEPCUTET
[eorpaus xaHe TaburatTbl NainganaHy akynbtet Anmatbl, KasakcTaH;
20pTanbiK A3ns 3KOM0rMA X3He KopLuaraHd opTa rbiibiIMU-3epTTey opTanbirbl, AnmaTsl, KasakcTax;
3CVHbL35H 3KOMIOTUSA X3HE reorpaus MHCTUTYThI, KbiTall rbiibiM akagemusicol, Kbitai

APAJIU¥M WeNW UL nerpagpayunsacblH 3epTTey XX3He KapTtorpagpusanay

AHHoTauus. LlleneiiTTeHy - 3pTYpni hakTopnapabil, COHbIL LI BAE KAMMATThIL e3repyi MeH afgaMHblL, to-
3peKeT HaTMKeaH[e K¥prak, LUIeNeilT XaHe K¥prak cybrymuan xepnepgen ankantapipbly Aerpagauyuacbl. B
Xarganga «kep» TepMULL TOMbIpakTaH, CyAaH, eaMmXTepaeH, 6acka ga 6uomaccafaH TpaTbiH 6MONPOAYKTUBM
XYWeHi, conpaii-ak XYVIeHw, iWwinHAeri 3KONOrvAnbIK >X3He TMAPONOrUAnbIK npouecTepai 6ingipeai. MXepau
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ferpagauuscel - Xepai nakganaHy H3ITUXKeciHAe encrnK XXepnepAL, HemMece XalblbIMAapAbIH 61M0N0M UAMBIK XK3HE
3KOHOMMKa/bL, eHIMAINIriHIH TemeHaeyi Hemece xoranybl. On a3 Mesfepae >XepmeH, eciMaikTepfiH 6arnak-
TaHybIMeH, TOMblpakK GIpTeKTINIriHIH TeMeHAeyiMeH cunaTTanafbl, HITWXKECIHAE Xblgam >Ken 3po3usacbl 60aybl
MYMKI1H.

Apan TeHi3i - 6ip Ke3aepi eH ipi Ken gen atanca, Kasip TapTbiiraH, Ty3Aabl Ken, 0N 6ynHAe YAKEH Ty3abl Wenre
yKcaiabl. OHbIH TapTbiybl 6i34iH 3amMaHbIMbI3garsl opacaH Kypfenl aKonorusnblk anatrapiblH 6ipi 60MbIN caHa-
nafbl, eTKeHi ocbigaH 50 Xbin 6ypbIH 0N 6i34iH NnaHeTambl3farbl eH ipi TepT Kenguw, 6ipi 6oaraH. 1990 xbingapsl
6aTbiC 3neMi 3KONOrUAMbIK anat Typanbl 3f1emMaen TepTiHWI ipi ken - Apan TeHi3i Typanbl 6ingi. Apan Tew3LwLy,
KypT TapTblaybl aliMakTa WeneiTTeHy MpoLecTepLill KapKblHAbl faMyblHA X3He XaHa aHTPOMmoreHmX Apankym
WeniHiH nainga 6onybiHa aKengr

LLleneiiTTeHY nNpoLECTepiH X3He XXepAiH ferpafauus npouecTepll aHblKTay MOHWUTOPUHTIHIH Harbl3
T3CLUIHE MblHaNap XaTadbl: KallbIKTbIKTaH 30HATaY AepeKTeplue HerisgenreH 6akbinay 6alikaybliHbIH OPbIHAbILITbIH
aKblHAANTbIH Taburu o6bLEKTINEPAiH, LWeneTTeHy npouecTepiHiH Hemece KyO6blNbICTapbliHbIH (MHAMKATOPAapbI-
HbIH) Ti36eci; ocbl ecKepTynepai XYPprisy Keseuepi MeH Mep3imaepi; XY Weni Typae xaHe KemKbinablK Hen3ze epklH
TapaTblfaTblH FapbIlWTbIK KepiHicTepaiH Typnep”™ onapra 6akbinay >XYpPrisy YcbiHbinagbl; 6akbinayfblH Herisri
Ke3eHaepi, apbip baiikanraH MHAMKATOP 6OWbIHLIA WbITbIC HITVIKENEPiHIH FreoaknapaTTbiK HbICaHbI XX3He e3repicTep
OVHaMKKacblH baranay.

Apankym LenwL, ferpajgaumacbiH aHbIKTalTbIH HEri3ri 3410 - MHAeKCTepai ecenTey. TaHAanraH 3410Tep KeH
TypAe TaHbIMan XaHe anemall Taklpnbege GipHelle peT CNYTHUKTIK cypeTTepAi eHaeyae KongaHbinagbl. COHbIMEH,
aTanraH 6apnblK CNekTPAiK KepceTK1lwTep ambeban 60nbin Kenegr Byn aficTiH Gipereiniri weneiTTeHyaiH apTypnl
KepCeTKilITEPiH aHbIKTayAa CNeKTPAiK KepCeTKiWTepAiH 3pKaicbicbl YLUiH HAaKTbl M3HAEP ayKbIMbIH aHblKTayga
XaTblp. ApankyM LeiHiH WenenTTeHyi MeH AerpafauusnaHybiHbiH FapbIlUThIK MOHUTOPUHT 3ficTeMeciHeri
OpblHAanraH LWewyLwi Kafamaap: CAYTHUKTIK CypeTke Tarncbipbic 6epy, onapabl anfblH ana eHfey; CNeKTphik
KepCceTKiluTepAi ecenTtey; BuM3yanabl Oaxainay; WHAEKC M3HAEPIHIH KaXeTn pAuanasoHbiH 6eny; LengeHy
NpoLeciHiH MHAEKCTIK M3HAepi Henswie KapTa KypacTblpy; >epaeri mManiMeTTepAi naiganaHbin, KapTanapfgbl
TeKcepy; a/lbIHTaH HaTWXenepai Tangay.

TywH cesgep: gerpagayms, Wwengeny, rapbiwTbik cypeTTep, Landsat-5, NDVI,SI, TCT.

I.E. CapgyoBal I'.T. NcaHoBal2, E.X. KakumxaHoBl, ). Abyaysainnn3

1Kazaxckuii HalMOHabHbIA yHUBEPCUTET UM. anb-Papadu,
daky/nbTeT reorpaduu U NPUPOAONObL30BaHNSA, ANMaTbl, KasaxcTaH;
2HayuHo-mccnejoBaTeNbCKUI LEHTP 3KOMOTM N OKpYXKatoLleit cpeabl LieHTpanbHoi A3, Anmatbl, KazaxcTaH;
3CUHBL3SIHCKNIA UHCTUTYT 3KOMOTMU U reorpaduy KuTaiickoii akagemun Hayk, KuTaii

KAPTOTPA®UMPOBAHMNE U NCCNEAOBAHWE AETPAOALNN
MYCTbIHN APAJTIKYM

AHHoTauna. OnycTblHMBaHWE - Aerpagauus 3eMeslb B 3aCyLUNNBbIX, MOMY3aCyLUINBLIX U CYXUX CYBryMULHbIX
paiioHax B pe3ynbTaTe AelCTBUS Pa3MUHbIX (HaKTOPOB, BK/KOYAs M3MEHEHWE KNUMaTa W [esTeNbHOCTb YenoBeKa.
MoHATUE «3eMs» B [aHHOM Cflyyae O3HayaeT 6UONPOAYKTVBHYK CUCTEMY, COCTOSILYHD W3 MOYBbI, BOAbI,
pacTUTENbHOCTW, MPOYeil GMomMacchl, a TakkKe 3KONIOTUYEeCKMe U TUAPONOTrMYEecKMe NPOLECcChl BHYTPU CUCTEMBI.
Lerpagaums 3eMenb - CHWXeHWE WKW MNoTeps OGMONOTMYECKOW M 3KOHOMMYECKOW MPOAYKTUBHOCTM MaXOTHbIX
3eMeNb WAM MacTéumly B pe3ynbTaTe 3eM/enonb30BaHUS. XapakKTepusyeTcs ManeHbKUM KOMMYeCTBOM 3eMAu,
YBAAHNEM PacTUTENbHOCTU, CHMKEHVNEM CBA3aHHOCTM MOYBbI, B Pe3yNbTaTe Yero CTaHOBMTCS BO3MOXHO GbicTpast
BETPOBAs 3po3us.

ApanbCKMM MOPEM HasblBalOT HeKorga 60/bllUoe, a ceiiuac NPaKTUUeCKM BbICOXLUEE, CONEHOE 03epo, KOTOpoe
CeroflHs BbIFNAAUT KaK 0ofbllas CconsiHas NycTbiHA. Ero nepecbixaHuWe CYMTaeTCs OfHOM W3  caMblX
KaTacTPO(UUYECKMX 3KONOTMUYECKMX NPo6aeM COBPEMEHHOCTM, X0TS 50 neT Haszaj OHO BXOAWO B YETBEPKY CaMbIX
60nbLIMX 03ep Halwein nnaHeTbl. B 1990-x rogax 3anafHblil MUp y3Ha/n 06 3KOMOrMYeckoi katacTpode Toro, 4To
KOraa-To 6bIfI0 YETBEPTLIM M0 BENIMYMHE 03ePOM B MUpe - ApanbCKUM MOPEM. Pe3Koe BbiCbiXaHne ApanbCKOro Mopst
MPMBENIO K WHTEHCMBHOMY pa3BMTMIO TMPOLECCOB OMNYCTbIHMBAHWS B PErMoHe U  (hOPMUPOBAHWUIO HOBOWA
aHTPOMOreHHOW NyCTbIHM ApPanKyM.

PeanbHbIM CMOCOG0OM MOHWTOPMHIa MPOLECCOB OMYCTbIHMBAHMS W MPOLIECCOB Aerpajauuun 3emMenb siBAseTCs
nepeyeHb NPUPOAHbLIX 0OBLEKTOB, NPOLECCOB UMW ABMEHWUIA ONYCTbIHMBAHUA (MHAMKATOPOB), KOTOPblE OMpeaenstoT
OCYLLECTBMUMOCTb KOHTPO/IbHbIX HabGMO4EHNI A HA OCHOBE AaHHbIX AUCTAHLMOHHOIO 30HAMPOBAHUS; CPOKU U CPOKMU
3TUX 3aMeYaHWii; TWMbl KOCMUYECKMX CHUMKOB, KOTOPbIE PACMpOCTPaHSATCA CBOGOAHO Ha PErynspHoi u
[IONITOCPOYHOW OCHOBE, PEKOMEHAYETCS X MOHWUTOPUHT; OCHOBHbIE 3Tamnbl KOHTPONS, FeOMH(OPMaLMOHHas dopma
pe3ynbTaToB PACXOA0B MO KaXA0MYy Ha6/i01aeMOMY MOKa3aTe/io U IMHaMWUKa U3MEHEHWIA.
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OCHOBHbIM METOAOM OnpeAeneHus gerpagauny nycTbiHU ApankyM fBASeTCA pacyeT UHAEKCOB. BblbpaHHble
MeTOfbl SBAAIOTCA LUMPOKO W3BECTHbIMWU WM HEOLHOKPATHO MPUMEHEHHbIMU B MWUPOBOW MNpakTUKe 06paboTKM
KOCMMYECKUX CHUMKOB. Tak, BCe MepeyucneHHble CheKTpanbHble WHAEKCHl ABAAKTCA YHUBEPCASbHLIMU.
YHUKaNbHOCTb K€ [JAHHON METOAWKWM COCTOMT B OMpefesieHUM TOUHbIX [AMana3oHOB 3HAYEHWI N0 KaXAoMy U3
CNeKTpasnbHbIX UHAEKCOB MPU MAEHTU(HUKALUN PA3NIUYHBIX UHAUKATOPOB OMYCTbIHUBAHWUA. BbINOMHEHbI KNHOYEBbIE
aTanbl MeTOAMKM KOCMWYECKOr0 MOHWTOPWHra MpOoLecCcoB OMYCTbIHMBAaHWA W fAerpafgauun nycTbiHW ApankyMma:
3aKa3 KOCMUWYECKUX CHUMKOB, WX MpefBapuTesibHad 06paboTKa; pacyeT CMeKTpanbHbIX WHAEKCOB; BU3yasibHOe
JelwmngprposaHue; BbligeneHne He06X0ANMbIX Mana3oHOB 3HAYeHWUA NHAEKCOB; 1cocTaBfieHe Ha OCHOBE 3HaYeHuit
MHAEKCOB KapT MpOLEeccoB OMYCTbIHWBAHWSA; BepuUMKaLusa KapT MO HAa3eMHbIM [aHHbLIM; aHann3 MOoAyYeHHbIX
pe3ynbTaToB.

KntoueBble cnoBa: gerpajaums, onycTbiHWBaHWe, KOCMUYeCKMe CHUMKM, Landsat-5, NDVI,SI, TCT.
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