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ESTIMATION OF THE CHANGES IN WATER SURFASE AREA
BASED ON THE USE OF ARCHIVES SATELLITE IMAGES
OF LANDSAT SATELLITES
(ON THE EXAMPLE OF THE ERTIS RIVER)

Abstract. Conservation of the surface waters and their rational use is one of the pressing problems throughout
the world. In our country, monitoring the regulation of the flow and flooding of the floodplains is also an actual
issue. This article examines the remote sensing processing technique for studying the water surface, reflecting the
changes that occurred in size and in time, which allows the assessment at a new level.

To determine the technique for studying the surface water researches, the analysis of published materials on
modern methods of monitoring the natural water bodies based on data from the use of satellite imagery archives was
carried out, and the possibilities of their application to study floodplain flooding dynamics were studied. As a result
of the analysis, a technique based on the use of global surface water research data (Global Surface Water Explorer)
of the European Commission research center was determined. The global surface water data set (GSWE) uses three
million archival satellite images of Landsat to quantify flooding over 32 years (from 1984 to 2015) with a spatial
resolution of 30 m.

The analysis of the results obtained showed the presence of the problem for their use in the technique of
monitoring the areas of the water surface of the river Ertis floodplain associated with a large number of raster cells
with a NoData value (no data) for individual months of individual years. Despite the problems, as a result of
analyzing the data of the annual level (Yearly Water Classification), the areas of the water surface were determined,
which consists of the area of permanent (permanent water) and seasonal water surface (seasonal water) of the Ertis
river floodplain plots.

The purpose of the article is to obtain water surface data by using Landsat satellite imagery archives to monitor
area dynamics.

The presented results demonstrate a high potential for various applications requiring the information on the
dynamics of the surface waters.

Key words: Landsat, global data, surface waters, remote sensing.

Introduction. Water is a vital natural resource. Water reserves in natural and artificial reservoirs are
useful for increasing the available water resources for human society; therefore, water flow should be the
main direction in the assessment of water resources [1]. Surface water is an important variable in
hydrological, climatic as well as in biodiversity studies [2-4]. The surface waters in rivers and lakes are
important both for the existence of an ecosystem and for humans [5-6]. Therefore, the most urgent
problem at the present time is the conservation of surface waters and their rational use [7]. For monitoring
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the changes in the surface waters [8] and assessing the flooding of floodplain areas [9] recently, satellite
images are used, global databases are mapped and created, modeling is conducted [5,8,10].

The important advantages of the remote sensing methods are the ability to regularly monitor the state
ofthe earth's surface, the greater visibility, the high efficiency of obtaining information about the area of
interest and the integration into geographic information systems. The latest advances in remote sensing,
GIS will help ensure and process a large range of data simultaneously in real time [11].

The remote sensing has become an important source of information in the analysis and getting the
data on the changes in various terrestrial resources, and in particular, the surface waters. The sensing and
application of GIS technologies for the water resources include the assessment of the risk of flooding and
their management [12-13].

Analysis offoreign experience ofa similar study. At present, the issue of monitoring the flooding of
floodplain territories becomes relevant. There are many methods of floodplains research offered by the
scientists from different countries. Considering the global water deficit, the satellite images are used to
monitor the changes in surface waters and to assess the flooding of floodplain areas, the global databases
are mapped and created. The automatic mapping of the surface waters, their dynamics over seasons or
several years and over large areas is becoming increasingly important for quantifying the impact of factors
on surface waters, which is necessary for making management decisions [14].

One of the recommended global datasets to use is the Global Surface Water Exploration Data Set
(Global Surface Water Explorer) of the Joint Research Center (JRC) ofthe European Commission, created
by using the Landsat 5TM, Landsat 7ETM +, Landsat 8 OLI satellite images archived from
March 16, 1984 to October 10, 2015 [8].

The Global WaterPack dataset. The Global WaterPack time series (GWP), which is processed in the
German Remote Sensing Data Center (DFD) DLR, quantifies the daily dynamics of global inland waters
with daily time resolution. The daily temporal resolution and global coverage of the Global WaterPack
(GWP) has a great potential for identifying the effects of climate change, meteorological variability and
human activity on the surface water dynamics [15-16].

Using the satellite images, you can determine the state of the surface waters. One of these works is
made by Australian scientists; they developed the Water Observation from Space (WOfS) product.
Observing the Water from the Space (WOfS) is a web service that displays the historical surface water
observations from the Landsat 5 and Landsat 7 satellite images archives for all of Australia from 1987 to
the present [17-18].

Despite the rapidly growing number of large-scale and long-term surface water (SW) records (Pekel
et al.,, Klein et al., 2017; Mueller et al., 2016;), there are currently no proven methods to quantify the
dynamics of surface water (SW) according to Landsat resolution and regular time step of 8 days or less.
To achieve this goal and eliminate the space-time resolving limitations in Landsat and MODIS based on
the mapping of large-scale floodplain flooding dynamics, Australian scientists applied a generalized
additive model regression (GAM) [19].

Recently, in world practice, when assessing the river flow and rivers floodplains, the mathematical
models of floodplain processes are most effective, which allow reproducing various hydrological
phenomena in a wide range of geomorphological and hydrological conditions [20].

Methods. As a result of the analysis, the method based on the use of the data from global studies of
the surface waters (Global Surface Water Explorer) of a research center of the European Commission was
determined. The Global surface water research data are publicly available. For global studies, the Landsat
satellite images archives for the 32-year period 5TM, Landsat 7ETM +, Landsat 80LI, received in the
interval from March 16, 1984 to October 10, 2015, were used. These images contain the information on
the water surface for the period of March 1984 - October 2015, the data sets for 8 months (the snowless
period from March to October) [8,21]. For the study, the methods of processing and decoding the multi-
zone space images.

Results. To monitor the water surface of the Ertis floodplain the pre-processing of the raster datasets
ofglobal studies ofthe surface waters and the created floodplain layer was carried out

The preprocessing stage included the processes of preparing the database, bringing the dataset to a
common projection, clipping (Clip Raster) extra territory, converting the vector layer of the river Ertis
floodplain in raster, building and updating of raster attribute tables (Build Raster Attribute Table), creating
mosaic datasets (Create Mosaic Dataset).
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The process and its stages, as well as the preparation of input data sets for the classification and
ensuring compliance with the requirements of the data format, metadata and raster fields for analyzing the
changes in the area of water bodies are shown in (figure 1).

Figure 1- Preparing the input dataset

To extract quantitative data on the dynamics of the river Ertis surface water area from the
corresponding global surface water research datasets the Zone Statistics toolkit of the ArcGIS desktop
program was used. Zone statistics is the calculation of statistical data (by pixels) within a specific zone (s).
As zones, a mask in the sections of the Ertis floodplain was used. Using the methods of zonal statistics, the
maximum area of the floodplain, the area of constant water and the area of seasonal water were
determined.

When the source datasets were prepared, raster layers were classified by assigning them unique
values. Table 1 presents the attribute characteristics of the objects and their key values, which are used to
create and analyze the information on detected changes in surface water bodies for the purpose of
mapping. These fields provide the necessary information, such as weights for each class (output data) and
labels for each class (range labels).

For the "Yearly Water Classification” collection containing the raster datasets by year based on the
repeatability of values detected during the year, the unique values from 0 to 4 are assigned (0 = no data,
1= not water, 2 = seasonal water, 3 = permanent water ).

Table 1- Characteristics of object attributes for annual data (Yearly Water Classification)

Band Name Description Label

Classification of seasonality of

Yearly_\Water water throughout the year

0=no data, 1=not water, 2 = seasonal water, 3 = permanent water

The next step was to restore the gaps and redefine the cell classes (figure 2). In the “Yearly Water
Classification” raster dataset collection, the indication “No data” (0 = no data) is an omission due to the
lack of data or due to heavy clouds.

In order to ensure the proper coverage of water bodies, the “Water Recurrence” raster set (Water
Recurrence Map) was used to eliminate a small imperfection in the annual raster data. The water
recurrence map reflects the interannual variability of water availability. This map shows how often water
returns from year to year (expressed as a percentage). Recurring water at 100% means that water is present
every year from the beginning of the year of water observations. On the contrary, low percentages
characterize the variability of water. Therefore, we believe that if the sum of repetitions of the observed
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pixels is more than 75%, then the presence of water gives sufficient confidence that the water returned
annually. Conversely, below 74%, the lack of the observation of the water is enough to demonstrate the
seasonality ofwater or its absence.

In the presence of the water indication "NoData" in the year of observation, the following transitions
were displayed:

- Permanent water surfaces equal to a value greater than 75%;

- Seasonal water surfaces are from 11 to 74%;

- Lost water surfaces with a value below 10%.

Figure 2 - Process “Restore Missing Pixels”

To eliminate the gaps in the source data, the RemapValue tool in conjunction with the Con tool was
used, which allows you to change the NoData values in the raster to any desired value while maintaining
the original values, other than NoData (figure 3), for the remaining cells. To reclassify the output raster of
the raster dataset RemapValue, Reclassify (Spatial Analyst) was used as follows:

1 reclassfield = "Value"

2. remap = RemapValue ([[0,10,1],

3. [11,74,2],

4. [75,100,31])

5. rasterlist = ]

Figure 3 - The example of a raster after restoration (on the left - the original;
on the right - the result of the restoration); black color indicates missing pixels

For example, to create a raster where the NoData areas (figure 3) were assigned to a specific value
from the data set, while the other (NoData) cells retain their values, the procedure would be as follows:

1 inRasterl = "Yearly_Water"

2. inRaster2 = "year2_2015",
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3. inRaster3 = "Yearly_recurrence"

4. outCon = "C: / ArcGIS / output / outcon™

5. # Process: Con

6. arcpy.gp.Con_save (inRasterl, inRaster2, outCon, inRaster3, "Value = 0")

Calculation ofsurface water bodies areas. To study the temporal variability of surface water bodies,
the Tabulate Area tool was used, which calculates a cross table of areas between two data sets and
provides an area table as quantitative characteristics (table 2).

The principle of the "Tabulate Area" tool: If you know the size of the grid cell, then you can easily
calculate the area occupied by each object (figure 4).

In table 2: Z1 - nominal input layer - objects

Z2 - new scalar type layer - area of objects

Table 2 - «Tabulate Area»

the value inthe cell ofthe Z2 layer is equal to the area of the object from the Z1 layer

72 = objectArea (1) that includes this cell

For example: let the cell have a size of 100m * 100m = 1hectare, then we get the area in hectares

1 1 0 0 10 n n 0

1 2 2 13 13 1 12

4 0 0 2 10 10 12

4 0 1 1 13 12 1 10
Zonal raster Class raster

Tabareal dbf

VALUE VALUE 10 VALUE 11 VALUE 12 VALUE_13
0 3 1 1 0

1 2 2 0 1

2 0 1 2 0

4 0 0 0 1
Figure 4 - Example of statistics “Tabulate Area”

As a result of the study, the method of monitoring the water surface area of the Ertis floodplain was
defined in terms of annual average data based, from which the data of permanent (Min) and seasonal water
(Max) areas were extracted from 2000 to 2015 (figure 5).
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Figure 5- Dynamics of the changes in the Ertis river water surface based on the archives of satellite images of Landsat satellites,
(from the PRC border to the Bukhtarma wiater reservoir, km2)

83



N E WS ofthe Academy ofSciences ofthe Republic o fKazakhstan

Discussion. The analysis of the results showed that there is a problem for their use in the method of
monitoring the surface area of the Ertis river floodplain associated with a large number of raster cells with
a NoData value for individual months of individual years. Most of the raster cells with a NoData value is
associated with the absence of separate Landsat 5 images for the territory of Kazakhstan for the period
from 1984 to 1990 in the used remote sensing archive. Space images (from 1984 to 1999), which were
characterized by high clouds, do not allow their use for assessing and monitoring the water surface.

Conclusion. Despite the above problems, for the data set "Yearly Water Classification” from 2000 to
2015 we got the water surface area of the floodplain areas of Ertis river (min = permanent water and max
= seasonal water). With enough professional study of the water surface area ofthe floodplain, it is possible
to get quite understandable, clear picture. The obtained results allow to analyze the distribution and
changes of water bodies in Kazakhstan, including unexplored water bodies.

In view ofthe vastness ofthe river floodplains and the speed of its flooding processes, remote sensing
data can be used to solve the problem. For land modeling and water management, it is advisable to have
daily or more frequent information about water. The satellite remote sensing is only technology available
to obtain such information over large areas.

A. K. Tonen6aesal23 A. A. TaH6aeBal4 P. K. Kaparynosal2
. M. Nckanuesald A. A. XXakynosa2 . M. ¥pasbaeBal AH JleHuke5

1reorpaumst UHCTUTYTbI, AIMaTbl, Ka3aKCTaH;
2on-dapabw atbiHAaFbl Kaszak ynTThiK yHUBEPCUTETY A/MaThl, Ka3akCTaH;
Satbayev University, AnvaTbl, KasakcTaH;
4Ka3aK ¥NTTbIK Arpap/bik YHusepcuteTy Anmartsl, KasaxcraH;
Jymb60nbg yHuBepcuteTy bepnvH, MepmaHums

LANDSAT APXUBTTKTAPbIWLTbHLW, TYCTPTATMAEPTHLY HETT3THAE
CY BET1HLL 03reP1C1H BATANAY (EPT1C 03EH1HEI131HAE)

AHHOTaums. XXep 6eT cynapblH cakTay >k3He oniapfbl TMimMAI MaiganaHy gyHue >KY3i 60libIHLIA eH e3eKTi
macenenepgw, 6ipi 6onbin oTbip. IpTYpni engepaw, Fanbimgapbl ycbinaH, >KaibliMaHbl 3epTTeyaLw, KenTereH
agictemenepi 6ap. Fanamgplk cy TanwbibiFbiHa GaiinaHbICThl, XXep 6en CybiHbIH €3repyiH 0aKbiiay >X3He
XaiblnManblK aymakTbl CyfblH 6acyblH 6aFanay MakcaTbiHAa FapbIlwTbik TYCipiniMaepai naingaHana oTbipbir, XKep
6eTi cynapblHbIH KapTachl Xacanbin, Fanamgbik 6a3a Kypbuibin Keear KawbiKTbIKTaH 30H4TayAbIH MOHUTOPUHITIK
[epeKkTepiH eudeyaiH HerisiHge KypbuiFaH FanamblK AepeKTep XblibIHTbIFbI Cy PecypcTapbiHbIH XKblAgap MeH
MayCbIM apacblHaFbl e3repy AMHAMUKACbIH TYCiHyre MyMLUHIK 6epesi.

Bi3giH enimisge ae aFblHAbIFA MOHUTOPUHI XXacay MeH XalibliMa aymMakTapbiHAaFbl cyapbl 6acy - eTe MaHbI3abl
cypakTapabiH 6ipi. byn Makanaga XepAi KalbIKTbIKTaH 30HATayfa cy 6eTiH 3epTTey YLiH 60/bIN XaTKaH
esrepicTepAi Kenemi MeH yakbITTbIK GenrinepimeH 6eliHeneiiTiH, 6aFanaygbl xxaHa fgeHreinge xYprisyre MyMLIHALL
GepeTLU eufey 3a4icTeMECi KapacTblpbliagbl.

Byn mauanaHbiy MalcaTbl - XKep 6en cynapbl ayaHblHbIH AMHAMMKACbIHA MOHUTOPUHT Xacay MakcaTblHAa
Landsat apxvBT>X FapbIThIK TY CipiniMAepiH naiganaHa oTbIpbin, AepeKTep ay.

Xep 6en cynapbliH 3epTTeyAiH 34iCTEMECIH aHbIKTay y™H, apxMBTIK FapblWThIK TYCipiniMaepai naiganaHy
Ke3iHgeri ManiMeTTepai Herisre ana OTbIpbin, TabeTy Cy HblCaHAapbiHA MOHWTOPUHI >KacaydblH Kasipri 3amaHFbl
agicTepi 6olibiHWA XapusnaHFaH ManiMeTTepre Tangay >acanfbl, onapfbl Xaliblima aymakTtapgaFbl cyfabl 6acy
OMHAMUKACBIH 3epTTey YL KongaHy MYMKIHAIKTEPi KapacTbIpbiigbl.

Tangay HaTwkecwge Eyponanbik KOMUCCCUSHBIH 3epTTey OpTasibiFbIHBIH xep 6en cynapbliH Fanampgbik
3epTTey (Global Sutface Water Explorer) gepektepiH naiganaHyFa HerisgenreH agicteMe aHblkTangsl. XXep 6en
cynapblH FanamablK 3epTTeyAiH fepeKTepi Xannbl KomKenmar

Fanamgbik 3eptTeynep YuwiH Landsat 5TM, Landsat 7ETM+, Landsat 80OL >xep cepTHeH anblHFaH
1984 xbingbiH 16 HaypbidbiHaH - 2015 XbingeiH 10 KasaHblHa AeiiHri 32 XbINAbIK Ke3eudi KaMTUTbIH FapbIlWTbiK
TYcipinimaepaiH apxusi maiganaHbingbl. byn TYcipimaepaiH keHicTik gangw - 30 MeTp, 1984 XbingblH HaypbI3
aiiblHaH - 2015 XbINAbIH KasaH aiiblHa AeliHri >xep 6en cynapbl Xalinbl aknapaTtTapfaH Typagbl, LepekTep
XuHaFblHa 8 aii Kipegi (HaypbI3faH KasaH aiibiHa AeliHri Kap XOK yaKbITrap).

EpTic e3eHi alblMacbiHbIH Cy 6eTLIe MOHWUTOPWHT >cacay YLUiH Xep 6eT cynapbiHbiH Fanamablk 3epTTey
fepera” MeH Xaiibl/IMaHbIH KypblnFaH KabbITbiHa anfblH ana eufey xacangpl.
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Anbl™as HaTwxenepai Tangay, EpTio e3eHi >aliblIMacbiHbiH Cy 6eTLill ayjaHblHa MOHUTOPUHI >kacay
aficTemeciHfe onapdbl NaiganaHyaa npobnemanap TybIHAAWTbIHBIH KEpCeTTi, 0fiap pacTpAa >KeKenereH Xbligap
MeH >xekenereH ainapgaFsl NoData (gepekTep >XOK) M3l 6ap yAWbLIKTAp CaHblHbIH KenTiriMeH 6alinaHbICTbl.
Pactpnapza NoData (aepektep »O0K) M3l 6ap yAWbIKTap CaHbIHbIH KeN 60/ybl, XepAi KaWwbIKTbIKTaH 30HATayAaFbl
apxvBTiK Tycpwmaepae 1984 >xbingaH 1990 xwbingap apacbiHAaFbl KeseHae KasakctaH aymaFbiHAa >xoFapbl
OyNTThIIbIKNEH cunaTTanaTeiH Landsat 5 >kekenereH Tyhpwmgepwi, 6onmaybiMeH 6GaiinaHbICTbl, Cy 6eTiHe
bakblnay acan, 6aFanayFa MYMKiHAiK 6epmeiigi.

YKoFapbiga aitTbinFaH macenenepre kapamacTaH, 6i3 «Yearly Water Classification» pgepektep >uHaFbiH
naviganaHbin, EpTiC e3eHi XaliblIMacbIHbIH XXeKenereH yyactkenepi 6oibiHWwa 2000-2015 xbingap apanbiFbiHAaFb
TypakTbl (min=permanent water) »3He MaycbiMAblK (max =seasonal water) >kep GeTi cynapblHbIH ayAaHAapbiH
6epeTiH cy GeTiHiH ayfaHbIH angplK.

XKeTKinikTi geHreinge Kacibu Typae 3epTTece, XaiblimMa yqacTKenepiHgeri cy 6eTwL, ayaHbl Xaisibl HaKTbl,
TYCiHiKTI 6eiHeww anyFa 6onagpbl. AnbiHFaH H3TVKenep KasakCTaHHbIH Cy HblCaHAAPbIHbIH €3repyi MeH TapanyblHa
Tangay >kacayFa, acipece, aca 3epTTe/IMereH Cy HbiCaH4apbl Xxaiinbl fa Aepektep anyFa xakcbl MYMKIHAIK 6epesi.
¥CbIHbIbIN OTbIpFaH HITVDKEHI Xep 6eTi CynapbliHbIH AMHAMMKAChI Xainbl aknapaTTapabl KaKeT eTeTLl KenTereH
Xepnepre kongaHyFa 6onagpl.

CnyTHUKNK KalubIKTbIKTaH 30HATAY - Y/KeH ayMakka MyHfali aknapaTtTapipl anyfa KonfaHblnartblH OipaeH-
6ip TexHonorus. 03eH >kaliblIMacbIHbIH KEH AT MeH OHAa 60naTbiH cy 6acy npouecTepLuLy XbingamMabliFbiH eckepe
OTbIPbIM, TYbIHAANTLIH NPO6IeManapbl WeLyAe Xepai KawbikTaH 3o0HaTay (PKK3) fepekTepiH naiganaHy Kepek.

TywH ce3fep: Fanamaplk fepekTep, KallblKTaH 30HATay, Landsat, xxep 6eT cynapsl, cy 6acy.
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OLIEHKA M3MEHEHWA NJIOWAAN BOAHOW MOBEPXHOCTW
HA OCHOBE NCIMOJIbSOBAHWA APXNBOB KOCMNYECKNX CHUMKOB
CNYTHWMKOB LANDSAT (HA MPUMEPE P. EPTUC)

AHHOTaumsa. CoxpaHeHVe MOBEPXHOCTHLIX BOA, W WX paLyOHa/bHOe WCMO/b30BaHWe SAB/SETCA O4HUM U3
aKTyabHbIX Npo6nem BO BCeM mMupe. CyLLecTBYeT MHOXECTBO MeTOAMK WCCNef0BaHUsA MOWMbl, Npeanaraemble
YUeHbIMM pasHbIX CTPaH. Y4uTbiBas rn1o6anbHbli 4enLuuT BOAb! 415 MOHUTOPUHIA U3MEHEHNS MOBEPXHOCTHBIX BOZ,
M OLEHKM 3aTOMN/EHNS NMOVMEHHbIX TEPPUTOPMIA, UCMONB3YIOTCA KOCMUYECKME CHUMKM, KapTUPYHOTCA U CO34aroTces
rno6anbHble 6a3bl AaHHbIX. Habopbl rn106anbHbIX AaHHbIX, CO3A4aHHbIX Ha OCHOBE 06PAbOTKM MOHWUTOPWHIOBbIX
[aHHbIX [OMCTAHUMOHHOrO 30HAMPOBAHWS, MO3BONSIOT MOHATb OCOGEHHOCTW MEXrOAOBOM W BHYTPWUCE30HHOM
[OMNHAMUKIN BOLHBIX PECYPCOB.

B Halueli cTpaHe MOHUTOPWHI PerysMpoBaHUA CTOKa W 3aTOM/eHUIA NOMMEHHbIX TePPUTOPUI Takke ABNSETCA
aKTyanbHbIM BOMPOCOM. B faHHOI CTaTbe paccMaTpvBaeTCs MeTOAMKa 06paboTKV AMCTaHLMOHHOIO 30HAMPOBaHUS
LSS UCCnefoBaHWs BOLHOWM MOBEPXHOCTW, OTPaXKAIOLLMX MPOM3OLLEALIMe U3MEHEHUS B BENUYMHE U BO BPEMEHM,
KOTOpas Nno3Bo/ISeT MPOU3BECTU OLEHKY Ha HOBOM YPOBHE.

Lenb 3TOl cTaTby - NOMYYEHWEe JaHHbIX BOAHON NOBEPXHOCTU NyTEM UCMONb30BAHNS apXUBOB KOCMUYECKMX
CHUMKOB CMYTHMKOB Landsat ¢ Lieflblo MOHUTOPWHIa AMHAMUKW NIOLLAAEA.

[na onpefeneHnWs MeTOAWMKM M3YYeHUS WCCNefoBaHWn MOBEPXHOCTHbIX BOA Obll MPOBeLeH aHain3
ony6/MKOBaHHbIX MaTepUasioB Mo COBPEMEHHbIM METOAaM MOHUTOPUHIA NPUPOLHbLIX BOAHbLIX 06BEKTOB HA OCHOBE
[aHHbIX UCMO/Mb30BaHNSA apPXMBOB KOCMUYECKUX CHUMKOB, U3y4YeHbl BO3MOXHOCTU MX MUCMONb30BaHNA ANA UCCnemo-
BaHVS AMHAMUKW 3aTOMIEHNS NOMMBbI.

B pesynbTaTte aHanm3a 6bina onpefesieHa MeTOAMKA, OCHOBaHHas Ha WCMO/b30BaHUM [aHHbIX FN06a/bHbIX
nccnefoBaHuUiA MOBePXHOCTHbIX Bof, (Global Sutface Water Explorer) uccnegoBaTenbckoro LeHTpa EBponeiickoit
Komuccun. JaHHble rnobasibHbIX UCCNef0BaHUI MOBEPXHOCTHLIX BOA ABAAKOTCA 06LLEA0CTYMHbIMM.

[na rnobasbHbIX MCCNefoBaHMiA GblAM UCMOMb30BaHbl apXMBbl KOCMMUYECKUX CHWMKOB CMYTHUKOB Landsat
3a 32-neTHuid nepunog 5TM, Landsat 7TETM+, Landsat 8 OLI, nonyyeHHble B nHTepBane oT 16 mapTa 1984 roga fo
10 okTa6psa 2015 roga. 3TV M306paKEHNS COAEPXKAT MH(OPMaLMIO O BOAHON NMOBEPXHOCTY 3a nepunog MapTt 1984 -
oKTA6pb 2015 roga, Habopbl AaHHbIX 32 8 MecsueB (6ECCHEXHbIA Nepuog C MapTa Mo OKTA6pb) C MPOCTpaH-
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CTBEHHbIM paspeLleHvemM 30 M. Mcnonb3oBanv MeTogbl 06paboTku 1 AelunpupoBaHnis MHOTMO30Ha/IbHbIX KOCMM-
YECKMX CHMMKOB.

[ns MOHMTOpWMHra BOAHOIM MOBEPXHOCTV MONMbI p. EpTc 6blna npoBegeHa mpeasapuTenbHas 06paboTka
pacTpoBbIX HA60POB AaHHbIX F106aNbHbIX NCCEL0BaHNA NOBEPXHOCTHbLIX BOZ, U CO3LaHHOTO C/105 MOAMbI.

AHanN3 NonyyeHHbIX Pe3y/ibTaToB MoKasan Haanyme nNpobnemMbl 418 UX UCMNOMb30BaHWS B METOAMKE MOHUTO-
puUHra naowasgn BOLHONM NOBEPXHOCTW NOWMbI p. EpTuC, CBA3aHHbIE C 6OMbLUMM KONMYECTBOM SYEEK PacTpoB CO
3HayeHneM NoData (HeT 4aHHbIX) 3a OTAe/bHble MeCsiLibl OTAEMbHbIX rof0B. bonbluas YacTb HANMYMA A4eeK pacTpoB
co 3HayeHneM NoData cBsizaHa ¢ OTCYTCTBMEM B UCMONb30BAHHOM apxmse /3 oTAenbHbIX CHUMKOB Landsat 5 Ha
Tepputopumn KasaxctaHa 3a nepuog ¢ 1984 no 1990 rr. KocmocHumku (¢ 1984 no 1999 rr.), KoTopble
XapaKTepr30Ba/IMCb BbICOKOI 061a4HOCTbIO, HE MO3BOMAOT UX MUCMOMb30BaHMe A4/1 OLEHKN U MOHUTOPUHIa BOAHOW
MOBEPXHOCTW.

HecmoTps Ha BbILEN3NOXEHHbIE MPO6/eMbl, MO Habopy AaHHbIX «Yearly Water Classification» ¢ 2000 no
2015 rr. Mbl NoAyuYuAuM MAOWaab BOAHOM MOBEPXHOCTM MO y4yacTKaMm Molvimbl p. EpTuc, KoTopas COCTOWUT W3
nnowaam NocTosHHOM (min=permanent water) 1 Ce30HHOI BOAHOI MOBEPXHOCTM (max =seasonal water) nolimbl p.
EpTnc no yyacTkam.

Mpu JOCTaTOYHO NPOGECCMOHANBHOM M3YYeHUW MIOLAAM BOAHOW MOBEPXHOCTW YYACTKOB MOAMbI MOXHO
NOAYYUTb BNOSHE OOBACHUMYIO, ACHYIO KapTuHY. MonyyeHHble pe3y/bTaTbl NO3BONAIT aHaM3MpoBaTb pacnpese-
NeHVie U N3MeHeHMe BOAHbIX 06bEKTOB KasaxcTaHa, B TOM UWC/IE WM HeU3y4eHHbIX BOAHbIX 06bekToB. MpeacTas-
NeHHble pesynbTaTbl 4EMOHCTPUPYIOT BbICOKMIA NOTEHLMAN AN Pa3INYHBIX MPUMEHEHWI, TpebyoLwmx nHhopMaLlmmn
0 AMHaMUKe NOBEPXHOCTHbIX BOA.

[na nonyyeHns Takoil MHGopMaumm Ha 6oMbLUve TepPUTOPUN CYTHUKOBOE AMCTaHLMOHHOE 30HAMPOBaHME
ABMAETCA €AMHCTBEHHO BO3MOXHOW TEXHOMOrMeN. YuuTbiBad OBLUMPHOCTbL PeYHbIX NOWM W BbICTPOTY NpOTeKa-
IOLLIMX Ha HWMX MPOLLECCOB 3aTOM/EHMs, A5 peLueHns Npo6/ieMbl MOXHO MCMO/b30BaTh AaHHble AMCTAHLMOHHOIO
30HAMpOBaHWSA 3emnn (O43).

KntoueBble cnoBa: rnobanbHble AaHHble, AWCTaHLMOHHOE 30HAMPOBaHMe, Landsat MOBEpXHOCTHble BOAbl,
3aToMnneHme.
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