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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
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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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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
of the 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 of foreign experience of a 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) of the European Commission, created
by using the Landsat 5STM, 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 (WO1S) 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 5STM, 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
of global studies of the 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).

— 80 ——
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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).

Process A
Preparation of the input data set 1

y ; Project Raster
Python script to download reprocessing
~dow!

nloa the data set water raster dataset

&
\WaterD?/ l
Clip the Raster

Definition of the Extract based on

input dataset type the size of the template

!

Build Pyramids
creates raster pyramids
for raster dataset

Uploaded
raster data

Preparation
data set

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

0 =no data, 1 = not water, 2 = secasonal water, 3 = permanent wate
water throughout the year ’ wate, wate, p water

Yearly 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 of water 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%.

1-74 2

rA ———— : Prosess A

+ remapTable Reclassifies

E - ® R;“':'::::y /Rgcurrenca\ - (or changes)

| values y Remap Raster| | the values of the input
AT 1 ool \ (Value) / ! raster cells using the
—— 1| € 4 reclassification table

i 75-100 3

Prosess B
Replaces cells of
a raster corresponding
' to the area limited
-------------------------------------------- by the mask

| NoDat MoDut |

'
'
'
i
'
'
'
I
'
R .
1
'
1
'
i
i
'
'

Input and ;

- output data Condition | / Yearly History\ :
I:l Spatial Analyst Con dat aets :
tools ; \ (1984-2015) y !

== __J \ g :

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],

4.175,100,31)

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",

— g2 ——
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3. inRaster3 = "Yearly_recurrence"
4. outCon = "C: / ArcGIS / output / outcon"

5. # Process: Con

6. arcpy.gp.Con_save (inRaster1, inRaster2, outCon, inRaster3, "Value = 0")

Calculation of surface 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»

Z2 = objectArea (Z1)

that includes this cell

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

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

1 d 0 0 10 11 1 0
1 2 2 13 13 1 12
0 0 2 10 10 12
0 1 1 13 12 il 10
[] value=NoData
Zonal raster Class raster
Tabarea1 .dbf
VALUE VALUE 10 | VALUE 11  VALUE_12 | VALUE_13

0 3 1 1 0

1 2 2 0 1

B 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 water reservoir, km?)
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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 of the 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 of the vastness of the 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.
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LANDSAT APXUBTIK FAPBIIITBIK TYCIPUIIMAEPIHIH HET'I3IHIE
CY BETIHIH O3I'EPICIH BATAJIAY (EPTIC ©3EHI HET'I3IH/IE)

AnHotanusi. XKep Oeri cynapblH cakTay »OHE ONapAbl THIMAI HMalAanaHy JyHHe Ky3i OOWBIHILIA €H ©3€KTi
Mocenenepain Oipi OONBII OTBHIP. OPTYPIl eNAepAiH FalbIMAAphl YCBIHFAH, >KalbUIMAaHBI 3€PTTEYAIH KOITeTreH
onmicremenepi Oap. FamamaplK Cy TanmmibuibIFbIHA OalJIaHBICTHI, Kep OeTi CyBIHBIH ©3repyiH Oakpuiay »KoHe
KaMbUIMAJIBIK ayMaKThl CyJIbIH OacyblH Oarajiay MaKCaThIHIa FApBIIITHIK TYCIPUTIMACPAl MaigaHana OTHIPHII, XKep
0eTi cyJapbIHBIH KapTachl JKacalblll, FalaMAbIK 0a3a KypbUIbll Keneai. KallbIKThIKTaH 30HATaYAbIH MOHUTOPHUHITIK
JIEpeKTepiH OHJCYAIH HEri3iHJe KYpbUIFaH FajaMIbIK JEPEKTEp >KbIUBIHTBIFBI Cy PECypCTapbIHBIH JKbULAApP MEH
MayCBhIM apachbHIIaFbl ©3repy AMHAMUKACHIH TYCIHyre MYMKIHAIK Oepe/i.

Bizniy enimizze e arbIHABIFA MOHUTOPHHT Xacay MEH XalbllIMa ayMaKTapbIHJaFbl Cybl 0acy — eTe MaHbI3/IbI
cypakrapapiH Oipi. Bynr makamama skepli KaIIBIKTBIKTaH 30HATayga cy OeTiH 3epTTey VIIiH OONBIN JKaTKaH
e3repicTeplii KeleMi MEH yaKBITTHIK OenrigepiMeH OeiHeNIelTiH, Oaranaymbl JKaHa JeHTeH/Ie KYpri3yre MyMKiHAIK
OepeTiH OHIEY oicTeMeci KapacThIPBLIAIBL.

byn maxananeiy maxcamor — YKep OetTi cynapbl ayqaHBIHBIH JUHAMHKAChIHA MOHUTOPHHI jKacay MaKcaThIHIa
Landsat apxuBTiK FapbIIITHIK TYCIpUTIMIEPIH NaliajgaHa OThIPHII, AEPEKTep ajy.

XKep Oeri cynapblH 3epTTEY/iH 9ICTEMECIH aHbBIKTAy YIIiH, apXMBTIK FapbIIITHIK TYyCipitiMaepal naiaaiany
Ke3iH/eri MaJiMeTTep/i Herisre aja OTBIPbIN, TaOWFU Cy HbICAHAApbIHA MOHUTOPUHI >KacayJblH Kazipri 3aMaHfbl
omictepi OOBIHINA KapUsUIAHFAaH MOJIIMETTEpPre Taijgay >Kacaljbl, OJapibl *aWbUiMa ayMaKTapJarbl CYyAbl Oacy
JMHAMHKACBIH 3€pPTTEY YIIiH KOJIJaHy MYMKIHAIKTEPI KapacThIPbULAbIL.

Tannay sHotmwkecinge Eyponanblk KOMHCCCHSIHBIH 3€pTTE€y OPTANBIFBIHBIH JKep O€Ti cynapblH FalaMIbIK
3eprrey (Global Sutface Water Explorer) nepekrepin naipanaHyra HerisgenreH amicreme anbIKTanisl. JKep Oeri
CyJIapbIH FaJaMIBIK 3ePTTEYIIH AePEeKTepi KaJIIbl KOKETIM/II.

Famamneix 3eprreymep ymin Landsat 5TM, Landsat 7ETM+, Landsat 8OL sxep cepiriHeH ajbIHFaH
1984 xpunaery 16 HaypeibHaH — 2015 xeuraeiH 10 Ka3aHbIHA HeHiHTI 32 KBUIOBIK Ke3€HII KAMTUTBIH FapBIIITHIK
TYCIpUTIMIEepAiH apxuBi HaiganaHsulabl. byn Tycipimaepain keHictik gamairi — 30 merp, 1984 xbuiablH HaypbI3
aiieiHad — 2015 >XpUIABIH Ka3aH aifpiHa JAediHTi skep OeTi CyJapsl >Kailiel aKmaparTapiaH TYpansl, ICpeKTep
KHUHarbpiHA § aif Kipeni (HaypbI3aH Ka3aH aiibiHa JAEHIHT1 Kap KOK YaKbITTap).

EpTic e3eHi kailbUIMachIHBIH Cy O€TiHe MOHMTOPHHI jKacay YLIIH jkep OeTi CyJapbIHBIH FaJaMIBIK 3€pTTey
JIEpeKTepi MEH JKabUIMaHBIH KYPhUIFAH KaOBIThIHA aJIJIBIH ajla OHJCY KaCAJIIbL.

— 84 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2020

AJBIHFAaH HOTIDKeNepai Tamgay, Epric e3eHi >KaHbIIMACHIHBIH Cy OCTiHIH ayJaHbIHA MOHHTOPHHI >Kacay
dmicTeMeciHIe oNapAbl MaipaisaHyna mpoOreManap TYBIHAaWTHIHBIH KOPCETTi, OJap pacTpAa KEKellereH >KbUIaap
MeH JKekenereH aimapnmarbl NoData (mepekTep KOK) MoHI Oap YSIIBIKTap CAHBIHBIH KONTIriMEH OaillaHBICTHI.
Pactpnapna NoData (nepekrep »0K) MOHI 0ap YSIIBIKTap CAHBIHBIH KOI OOJYbI, JKep/ii KAUIBIKTBIKTaH 30HATAYIaFbl
apxuBTiK Tycipimimaepae 1984 xpuiman 1990 sxpuinap apachiHAarbl KedeHzae KaszakcTaH ayMarbIHIa JKOFaphbl
OyNTTBUIBIKIIEH cumaTTanaThiH Landsat 5 »kekenereH TycipuriMaepiHiH OoimaybIMeH OaiiaHbICThI, Cy OeTiHe
Oakpliay kacar, Oarajayra MyMKIHZIIK OepMeii.

XKorapeina aiiTeuiran Mocenenepre kapamacrad, 013 «Yearly Water Classification» nepexTep >KHHarblH
naiinananein, Epric e3eHi xalblIMachIHBIH XKekeereH yuyactkenepi OovbiHima 2000-2015 xpuinap apainbiFbIHIAFbI
TYpakThl (min=permanent water) >koHe MayChIMIBIK (max =seasonal water) skep OeTi CyJapbIHBIH ayAaHIapblH
OepeTiH cy OCTiHIH ayIaHbIH aJJIbIK.

XKetkimikTi neHreine kociOn Typle 3eprrece, KalbliMa ydacTKeNnepiHaeri ¢y OeTiHiH aylaHbl XKaWlibl HaKThI,
TYCiHIKTi OelfHeHi airyra Oonamel. ATBIHFaH HOTIDKeNnep KasakcTaHHBIH Cy HBICAHIAPBIHBIH ©3Tepyi MEH TapalyblHa
Tanmay ’acayra, acipece, aca 3epTTeIMETeH Cy HBICAHAaphl JKalIbl 1a JepeKTep axyFa akChl MYMKIHIIK Oepeni.
Y CBIHBUIBIN OTBIPFaH HATHXKEHI xep OeTl CyJapblHbIH AMHAMHUKACHI JKalJIbl aKlapaTTaplibl KaKeT eTeTiH KoNTereH
XKepiepre KoigaHyra Oonajsl.

CHyTHHKTIK KaIIBIKTHIKTaH 30HATAY — YJIKEH ayMaKKa MYHIail akmapaTTapibl alya KOJIaHbBUIATHIH OipIeH-
0ip TexHOOTHs. ©3€H KaMbLIMACBIHBIH KEHJIITT MEH OHJa OOJIAThIH Cy 0acy MpolecTepiHiH KbUIIAM/IBIFBIH eCKepe
OTBIPBII, TYBIHIAUTBIH MpobIeMalap/p! Lienry e skepai Kasikran 3ouaTay (JKK3) nepexrepin naiinanany Kepek.

Tyiiin ce3nep: ramaMabIK AepeKTep, KalllbIKTaH 30HaTay, Landsat, sxep 6eti cymnapsl, cy Oacy.

A. K. Tonen6aesa'”’, A. A. Tan6aesa", P. K. Kaparynosa'?,
.M. I/channena"“, A. A. )Kalcynonaz, .M. Ypa36aeBa', SIn Jlenuke®

'Mucruryt Feorpadun, Anmarsr, Kazaxcras;
KasaxcKuil HALMOHAIbHBIIT yHHBepcHUTET uM. anb-Papadu, Anmarel, Kazaxcran;
3 Satbayev University, Ammatel, Kazaxcras;
*Kasaxckuii HAIMOHANBHBII arpapHbIil yHHBepcuTeT, AnMaThl, Kasaxcran;
T'ymGonbckuit yaupepcurer, bepmun, Tepmanus

OIIEHKA USMEHEHUS IIJIOIAIA BOJHOM NOBEPXHOCTH
HA OCHOBE UCITIOJIB30BAHUSA APXNBOB KOCMHUYECKNX CHUMKOB
CIIYTHHUKOB LANDSAT (HA IPUMEPE P. EPTUC)

AHHOTaHI/lﬂ. CoxpaHeHMe MOBEPXHOCTHBIX BOJ M UX PAUHUOHAJIBHOEC HCIIOJB30BAHHC SABJIACTCA OJHHUM U3
aKTyaJbHBIX NpoOsieM BO BceM Mupe. CyIiecTByeT MHOXECTBO METOAMK HCCIEIOBAHUS IOMMBI, MpeagaraeMble
YYEHBIMHU Pa3HBIX CTpPaH. YUUTHIBas TI00ANBHBIN He(QUIIUT BOIBI TSI MOHUTOPUHTA H3MEHEHUS IIOBEPXHOCTHBIX BOJT
U OICHKH 3aTOIUICHHUS MOWMEHHBIX TEPPUTOPHIA, UCIIOIB3YIOTCS KOCMIUYECKUE CHUMKH, KAPTHPYIOTCS M CO3JAIOTCS
robanbpHbIe 0a3bl HaHHBIX. HaGopbl r100anbHBIX NAHHBIX, CO3JAHHBIX HA OCHOBE OOPAaOOTKH MOHUTOPHHTOBBIX
JAHHBIX TUCTAHIIMOHHOTO 30HAWMPOBAHHS, ITO3BOJISIOT TOHATH OCOOEHHOCTH MEXTOJOBOW W BHYTPHCE30HHOH
TUHAMUAKH BOIHBIX PECYPCOB.

B Hameil crpaHe MOHUTOPUHT PEryJIMpOBaHUS CTOKA U 3aTOIJIEHUM NMOMMEHHBIX TEPPUTOPUI TAKKE SIBISETCS
aKTyaJIbHBIM BOIIPOCOM. B naHHO# cTaThe paccMaTpuBaeTcsi METOIMKa 00paObOTKK TUCTAHIIMOHHOTO 30HIMPOBAHMUS
JUIS UCCIIEIOBAaHMUSA BOJHOW NMOBEPXHOCTH, OTPAKAIOIIMX MPOU3OIIEAIINE W3MEHEHHS B BEIIMYMHE M BO BPEMEHH,
KOTOpasi I03BOJISIET IPOU3BECTH OLICHKY Ha HOBOM ypPOBHE.

Llenv smoti cmambvu — NOJTlyYeHUE TAHHBIX BOJHOM IMOBEPXHOCTH IyTEM HCIIOJIb30BaHUSI apXUBOB KOCMUUECKHX
CHMMKOB ciiyTHUKOB Landsat ¢ 11e7160 MOHUTOPHHIa IMHAMUKH TUIOLIAJICH.

Jis  ompeneneHUsT METOAMKH W3YYCHHUS WCCICIOBAHUN IOBEPXHOCTHBIX BOJ OBUT TPOBEICH aHAJH3
OIyOJMKOBAHHBIX MATEPHAJIOB IO COBPEMEHHBIM METOJIaM MOHHUTOPHHTA MPUPOIHBIX BOJHBIX 00BEKTOB HA OCHOBE
JTAHHBIX MCIOJB30BAHUS aPXUBOB KOCMUYECKHX CHHUMKOB, H3yYEHBI BO3MOKHOCTH MX HCIIOJIB30BAHUS IS HCCIIEI0-
BaHUS TUHAMHKH 3aTOIUICHHUS TTOHMEIL.

B pesynerare aHanmmsa Oblna OIpenelieHa METONWKa, OCHOBAaHHAS Ha WCIIOJNB30BAaHUH JTAHHBIX TIIOOATBHBIX
uccnenpoBanmii moBepxHocTHBIX Box (Global Sutface Water Explorer) nccnenoBatensckoro nentpa EBpomneiickoit
Komuccuu. JlaHHbIe TTI00aTbHBIX HCCIIEAOBAHIA TOBEPXHOCTHBIX BOJ SBJISIFOTCA OOIIEIOCTYTHBIMHU.

Jis rno6GanpHBIX HCCIIEHOBAHWNA OBIIM HCIIONB30BAaHBI apXUBBI KOCMHYECKHMX CHHUMKOB CITyTHHKOB Landsat
3a 32-netHui#t nepuon STM, Landsat 7TETM+, Landsat 8§ OLI, monmyuennsie B naTepBase oT 16 mapra 1984 roga no
10 okTs10pst 2015 roga. DT U300paKeHUsT COEPKAT HHPOPMALIUIO O BOJHOM MOBEPXHOCTH 3a repuoa mapT 1984 -
okTs10ps 2015 roma, Habopsl maHHBIX 3a 8 MecsleB (OSCCHEKHBIA MEpPHOA C Mapra MO OKTIOph) ¢ MpPOCTpaH-
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CTBEHHBIM paspemeHreM 30 M. Vcnonb3oBamy MeToabl 00pabOTKH M JemHn(pUPOBaHNS MHOTO30HAIBHBIX KOCMH-
YECKNX CHUMKOB.

Jis MOHUTOpWHTAa BOJHOW IMOBEpXHOCTH TOMBI p. EpTHc ObUta mpoBeneHa mIpeaBapUTENbHAs 00paboTKa
pacTpoBbIX HAOOPOB JAHHBIX TII00ANBHBIX UCCIIEA0BAHUI TOBEPXHOCTHBIX BOJ U CO3aHHOTO CJIOS IIOMMBI.

AHanu3 NOJTy4eHHBIX Pe3yJIbTATOB MOKa3all HAINYUE MPOOIEMBbI Ul UX UCIOIb30BAaHHUSA B METOIUKE MOHHUTO-
pHHTa IUIOIIAAN BOJHON MOBEPXHOCTH MOMMEI p. EpTuc, cBA3aHHbIE ¢ OONBIIMM KOIMYECTBOM SIYEEK PAacCTPOB CO
3HayeHreM NoData (HeT JaHHBIX) 32 OT/IENIbHbIE MECSILIbI OTAEIBHBIX TOA0B. bosbilas yacTh HAIMYKUS TYEEK PACTPOB
co 3HaueHueM NoData cBsi3aHa ¢ OTCYTCTBHEM B HCIOJIb30BaHHOM apxuBe [1JI3 ornensHbix cHUMKOB Landsat 5 Ha
tepputopun Kaszaxcrana 3a mepuox c¢ 1984 mo 1990 rr. KocmocHumxu (¢ 1984 mo 1999 rr.), xoropsie
XapaKTEepPHU30BAIHMCh BBICOKOW 00JIaYHOCTHIO, HE MO3BOJIAIOT MX MCIOJIb30BaHUE /I OLIEHKH ¥ MOHUTOPUHIA BOJHON
MOBEPXHOCTH.

Hecmotpst Ha BhIIIEen3iokeHHbIE NpoOieMbl, o Habopy maHHbIX «Yearly Water Classification» ¢ 2000 mo
2015 Tr. MBI TIOMYYWJIM IUTONIAJb BOJHOW TOBEPXHOCTH IO y9YacTKaM NOHMBI p. EpTHC, KOTOpas cocTouT u3
TUTOIIA MOCTOSHHOW (min=permanent water) 1 Ce30HHON BOJHOHM IMOBEPXHOCTH (max =seasonal water) mOHMBI p.
Eprtuc no yuactkam.

ITpu mocrarouHo NpodecCHOHAIBPHOM HM3YYEHHMHU IUIOUIA[W BOJHON IOBEPXHOCTH YYacTKOB IOWMBI MOXHO
MOJTy4UTh BIOJIHE OOBSICHUMYIO, SICHYIO KapTUHY. [lomyueHHBIE pe3ynbTaThl MO3BOIAIOT aHATU3UPOBATh paclpese-
JICHUE ¥ M3MEHEHHE BOJHBIX 00BbekTOB KazaxcTaHa, B TOM 4YMCIIE M HEM3YyUEHHBIX BOJHBIX 00BekToB. IIpencras-
JICHHBIE Pe3YJIbTaThl JEMOHCTPUPYIOT BHICOKUI MOTEHIIMAN JUIS PA3JIMYHBIX TIPUMEHEHUH, TpeOyOUMX HHPOPMAIUN
0 TUHAMUKE MMOBCPXHOCTHBIX BO.

Jns nomyuennst Takod MH(GOpManuy Ha OONBIINE TEPPUTOPUH CITyTHHUKOBOE IAMCTAHIIMOHHOE 30HIMPOBAHHE
SIBJISIETCSI €JMHCTBEHHO BO3MOJKHOM TEXHOJOTHEH. YUHThIBash OOIIMPHOCTH PEYHBIX MOWM M OBICTPOTY HpOTEKa-
IOIIMX Ha HUX IPOLIECCOB 3aTOIUICHMS, JUISl PELICHHs IPOOJIeMbl MOXKHO HCIIOJIB30BATh JAaHHBIE JUCTAHIIMOHHOTO
3ouaupoBanus 3emin (1/13).

KiroueBble cioBa: riobainbHBIE JaHHBIE, IUCTAHIMOHHOE 30HAMpOBaHME, Landsat TOBEpXHOCTHBIE BOIBI,
3aTOIUICHHE.
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