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USAGE OF THE EARTH REMOTE SENSING DATA FOR THE ASSESSMENT
OF SURFACE WATER AREA DYNAMICS ON THE BASIS OF IZIASLAV DISTRICT
OF KHMELNYTSKY REGION, UKRAINE

It’s been established that the problem of disappearing of open water body and the use of Earth remote sensing
data for their monitoring is relevant and poorly covered in current Ukrainian and foreign scientific studies. The
necessity of complex solution method has been also determined. The purpose of this paper is to study the dynamics of
surface water area over a 45-year period (over a long period of time) across the Iziaslav district of Khmelnytsky on
the basis of programming analysis of satellite imagery and the results from field surveys at key research sites. In
this study, the freely available QGIS software was used to process satellite imagery. Field surveys (implied on the
ground) took place at water bodies which disappeared in 1975, 1989, 2001, 2018. Multispectral LANDSAT imagery
of remote sensing from 1975, 1984, 1989, 2001, 2018 were acquired and analyzed across the study region. High-
quality images with cloud coverage of <3% have been selected to support this research, as well as the quantity of all
available images. Spectral analysis of the district territory has been performed with the help of special indicators of
field surveys and QGIS software. The mapping of available water surface areas has been performed on the basis of
the calculations of the spectral indices of NDWI and NDTI. Threshold values of the spectral indices for the
classification of raster image components of the studied area are determined. Total changes in open water surface area
between 1975 and 2018 have been quantified. It has been noted that total surface water area has decreased from 2933
hectares to 1499 hectares, a decrease of 48%. The impact of warmer air temperatures on disappearing water bodies
has been specified. The research has been conducted on the basis of long-term data with the help of modern methods
of satellite imagery processing. The results of the given research can be used for further territory monitoring and
further researches within other administrative-territorial units, in particular for making decisions on land use,
developing strategic directions of overcoming environmental problems of land use, setting threshold indicators of
land use in climate changing conditions, coastal and water bodies buffer zones monitoring.
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Introduction

The problem of disappearing of small water
bodies is quite serious in Ukraine. In 2014, there
are 91 ponds with an area of 302 hectares within
Iziaslav district [Khilchevskyi & Hrebin, 2014].
According to the Department of Ecology of the
Regional State Administration, there are 3733
rivers with a total length of 12880 km in 2017.
There are few lakes within the region, the largest
lakes in the Khmelnytsky region, are the Sviate and
Terebizh lake, with an area of 4.2 and 2.6 ha
respectively. Artificial water bodies in total 2791
with 52 reservoirs [Kagalo, et al., 2016; Khmelnytsky
Regional State Administration Department of
Ecology and Natural Resources, 2017]. The number
and area of water bodies are calculated according
to cadastral data and do not take into account
their availability and size in the area. It is known

that the area of water bodies is constantly decreasing.
According to the scientists, the main reasons for
this are the following: climate change, pollution,
siltation, irrational use of coastal areas. These
factors also adversely affect the biodiversity of
aquatic coenoses and coastal grasslands, which
disrupt the agro-ecosystem sustainability. In
addition, Ukraine’s water resources are in a poor
state because of pollution and do not meet quality
standards for their consumption. Climate change
problems and possible scenarios of adaptation to
the changes in land structure draw an increasing
attention. Ukraine’s approval of the concept of
implementing state policy in the field of climate
change for the period up to 2030 calls for effective
and inexpensive mechanisms for its implementation
[Decree of the Cabinet of Ministers of Ukraine,
2017]. In this case, the use of remote sensing data
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of surface water area and its processing is critical.
The most researched problem in the scientific
literature related to the processing of space images
in land use is the cartographic visualization of
declining crop yields. The problem of water bodies
under new climatic conditions has not been
extensively researched yet in the works of modern
scientists. However, there are some works on
updating the geographical characteristics of rivers,
erosion, deformations of river beds, siltation
processes, water resources of individual objects
monitoring [Cole et al., 2015; Drebot, et al., 2018;
El-Asmar, et al., 2013; Mustafa, et al., 2012]. Thus,
the main attention is paid to the ways of visualization
of objects on cartographic images. They include the
following methods: principal component method,
tasseled cap (TC) transformation, spectral indices
application method [Acharya et al., 2019; Crist, &
Cicone, 1984; Xu, 2006; Lacaux, et al., 2007],
analysis of digital terrain models [Ali, & Sridhar,
2019; Singh, et al., 2015; Burshtynska, et al., 2010;
Shevchuk, et al., 2014]. Modern scientific literature
does not contain the results of research on a complex
solution of the problem of monitoring disappearing
water surfaces. Water bodies require monitoring
to assess potential changes in surface water areca and
their impacts on the environment and human health.

The purpose of the research is to study the
dynamics of surface water area on the example of
Iziaslav district of Khmelnytsky region with the
use of different time Earth remote sensing data.
Changes in surface water area are documented with
Landsat satellite imagery obtained over a 45-year
period.

Methodology

Earth remote sensing data such as Landsat 1
(images of 1975), Landsat 4—7 (images of 1989,
2001), and Landsat 8 (images of 2018) obtained
from the US Geological Survey’s electronic
archive', have been used to monitor changes in
water areas. The images have been processed in
open source geoinformation system (QGIS). The
procedure for determining spectral indices for
surface water monitoring included the following

' US Geological Survey online-portal, www.
Earthexplorer.usgs.gov

steps: feasibility study for using Landsat images of
different periods to observe the long-term dynamics
of surface waters in water bodies; calculation of
spectral indices of NDWI and NDTI according to
the methodology [El-Asmar, et al., 2013; Lacaux,
et al.,, 2007; McFeeters, 1996]; specifying pixel
thresholds [Anand, et al., 2020; Kozlova, et al.,
2018]. The spectral brightness of the green and
neighboring infrared channels (1) have been used
to calculate NDWI index. When map chart was
drawn in 1975, the Normalized Difference Turbidity
Index (2) of p red and green ranges was used
because satellite systems at that time lacked sensors of
necessary range.

NDWI — PGreen—PNIR (1)
PGreentPNIR
NDTI = PRed—PGreen (2)
PRedtPGreen

Where Pcreen — is an average water reflection
property of 0.5625 nm, Pnir —0.865 nm, Pred —
0.655 nm.

Multispectral images have been used for the
same time period with radiometric and geometric
correction, which made the calculations possible.
When selecting images we were guided by the
absence of atmospheric phenomena. All the images
used for the given research were received in July.
In order to conduct a reliable spectral analysis of
images and highlight the spectral characteristics of
water surfaces, field studies were conducted. For
this purpose, we used the data of our own field
surveys form 12 small landlocked water bodies
located in the east of Iziaslav district, and Netishyn
reservoir. Subsequently, pixel classification of the
raster image has been performed to specify
threshold values of NDWI indices. The areas of the
reservoirs were defined as total areas of the raster
objects of the image, which correspond to the color
range of the pixels. To determine the threshold
values of NDWI and NDTI indices of different
years, the optical properties of water bodies in the
district under study were taken into account.
Because the reflection of water in the formation of
the image is determined not only by the water
surface, but also by a number of other components,
such as phytoplankton, suspended solids, yellow
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matter, oil emulsions, water pollution and others.
The sites for field studies have been selected by the
size of the surface of landlocked water bodies, as
their visualization is provided by the resolution of
the used images, which is 30 m.

The results of the research

The territory of Iziaslav district is situated in
the north of Khmelnytsky region and covers the
parts of the forest-steppe zone and Male Polissia
region. Geomorphological conditions of the district
territory are identical to the natural-agricultural
zoning and differ within the limits of Shepetivske
Polissia and Horyn-Slutsk highland. The flat territories,
with some slight height differences are the
characteristic features of the natural conditions of
Polissia area. The forest-steppe territory is more
complicated in orographic terms: it is rugged by
girders and river valleys. The beds of girdres and
flood basins of river valleys are swampy. The
steepness of slopes ranges from 3° to 12—15°.

Long-term field surveys to monitor changes in
the area of landlocked water bodies have been
carried out within Ripky village council, where the
experimental sites are located (Fig. 1).

This territory is situated within Polissia area of
the district.

The comparative analysis of the available
Landsat space images used in the calculations over
different years indicates that there are enough high-
quality images used in monitoring (Table 1). The
image of 1975 was used with a resolution of 60 m,
while the images of 1989, 2001, 2010 and 2018 had
a resolution of 30 m respectively. The coordinate
system used in the given research is WGS-84.
The images are radiometrically and geometrically
corrected.

Table 1
Images charachteristics
Number of Number 9f
Number of . high-quality
. images .
Years available images, cloud
images under coverage
research (<3 %)
1975 1 1 1
1989 4 2 2
2001 5 2 2
2010 5 2 1
2018 20 4 1

Fig. 1. Pond in Ripky village,
spring 1975, 2014, 2018

As a result of superimposing field survey data
on space images of those years, the threshold
values of the respective indices have been esta-
blished.

The map charts of spectral NDWI and NDTI
indices show the areas of water surfaces as a set of
pixels of one of the classes of threshold values
within the raster. The presence of a water reservoir
corresponds to the value of the indices: > 0.356
(1975); 0.401 (1989); 0.494 (2001); 0.005 (2018).
From the map given above, it can be observed that
the area of water bodies has significantly decreased
throughout the entire area (Fig. 2-5).
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Fig. 2. Map chart of NDWI spectral index in 1989
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Fig. 3. Map chart of NDWI spectral index in 2001
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Fig. 4. Map chart of NDWI spectral index in 2018
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Fig. 5. Map chart of NDTI spectral index in 1975
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These results are emphasized by the dynamics
of change of water body areas, calculated via
indices analyzed in the pictures (Table 2). For the
period of 1975-2018, the total area of water bodies
decreased by 1433 ha, which is 48 % of the area of
surface water in 1975 within the area under study.
The calculations of the area changes are not very
indicative due to artificial pond made in 1984 with
a total area of 1078 ha: the area decreased by 355 ha
or by 12 %. In any case, the situation when water
body areas decrease or even completely disappear
within Iziaslav district of Khmelnytsky region is
critical.

Table 2
Dynamics of changes of the areas covered by
surface waters in the context of Iziaslav district

S (Area) of water Only S (Area)
Year body surface, ha of small water
’ ’ bodies, ha

2018 2578% 55
2010 2582* =3
2001 2585+ o3
1989 3252° 575
1975%* 7933 5933

* The area includes a cooling pond of Khmelnytsky
NPP made after 1984;
** Index NDTTI is used for calculations.

If we visualize the data of the area changes, we
will receive a diagram (Fig. 6). When predicting
existing water bodies on the basis of calculated
function, we have a considerable decrease in their
area. If this trend of the curve is maintained, the
area of closed water bodies will approach zero in
2063. The area will be reduced on average by 33 ha
per year throughout the district.

The trend of meteorological data during the
period of study indicates an increase of temperature
(Fig. 7). As it can be seen from the diagram, the
curve determination coefficient indicates adequate
performance of temperature rise model within the
time frames under study.

General relation between the temperature
regime change and water body area decrease is
observed, see Fig. 8 [Bulygina, et al, 2020]. The
coefficient of determination and multiple correlation

is 0.53 and 0.73, respectively, which emphasizes
the effect of air temperature on changes of water
body areas. Thus, with the increase of the average
temperature by 4° in July for the period of 43 years
the water body areas decreased by 1499 ha within the
territory under research.
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Fig. 6. Diagram of water area decrease
for the period of 1975 — 2018
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Fig. 7. Diagram of the average temperature increase in
the region during the period under study
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Scientific novelty and practical significance

The given research represent the results of
water area monitoring in the administrative district
and are based on modern methods of the Earth
remote sensing and programming analysis of space
images (satellite imagery). Long-lasting field surveys
of key research sites have been used to achieve the
investigation results. The detailed description of
space images regarding the possibility of their use
is made. The results obtained give the prospects for
further research, which can be divided into several
areas. The development of methodological approaches
to the analysis of cartographic raster materials of
remote monitoring products and improvement of
existing methods are particularly interesting. These
results are also important to determine the strategy
for developing a land use system under the conditions
of climate change.

In particular, the given data can also be used
for:

— making decisions on the use of land
resources,

— setting the boundaries of the territories
with the highest indicator of water bodies decrease
within the area under study;

— development of directions and methodology
of restoration of the territories undergoing landscape
changes;

— making offers on climate change and
irrational land use mitigation;

— setting extreme land-use indicators under
the conditions of climate change;

— setting the boundaries of coastal buffer and
protective zones around water bodies;

— monitoring changes in plant biodiversity
within the areas under protection.

Conclusions

The results of the conducted researches prove
that the water body area within Iziaslav district of
Khmelnytsky region has been reduced from
2933 ha to 1499 ha, or by 48 % without taking into
account the area of the artificially made pond of
Khmelnytsky NPP. This is evident from extensive
temporal analysis of seven space images (the
images show the changes in the water body area for
the period of 43 years) in QGIS software with a
resolution from 60 m to 30 m. These studies are
possible only by using field surveys of the territory

and specifying the key points in raster space
images which correspond to the location of the
investigated sites (in the field). The change of
water bodies monitoring, which is based on the
gradation of the threshold values of NDWI,
MNDWTI and NDTI indices and automatic calculation
of the area using software functions, proves that the
situation with the water body area decrease is serious
in the area under study. The increase in temperature,
which had been observed from 1975 to 2018,
coincided with the inverse dependency ratio of changes
in the water bodies area. This is confirmed by relation
between the air temperature change and water body
area decrease. The results of research prove that, while
maintaining the tendency of changing of water body
area, this indicator can reduce to zero level, which
may lead to complicated environmental consequences
in the region. This implies the need to develop
methodological and strategic approaches to solve this
problem. The research also requires a more detailed
study of the terrain conditions and the relationship
between geomorphological conditions, groundwater
and surface water. The research also proves the
possibility of using the Earth remote sensing
techniques and data interpolation within the region.
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BUKOPUCTAHHS JAHUX JJMCTAHLIIMHOI'O 30HIYBAHHS 3EMJII
JJIA OUIHKUY JUHAMIKU TUTIOI ITOBEPXHEBHUX BOJ] HA TTPUKJIAII
I3CJIABCHKOI'O PAMOHY XMEJIbHULIBKOI OBJIACTI

BcranosieHo, 1o npoOiieMa 3HUKHEHHS BIZIKPUTUX BOIOWM Ta BUKOPUCTAHHS JAaHHUX JUCTaHILIHHOTO 30H/1yBaH-
HS 3eMJII JUIS 1X MOHITOPUHIY € aKTyaJbHOI Ta CJa0KO BUCBITIICHOIO Y CYyYacHii BITYM3HSHIN Ta 3apyOikHIH
HaAyKOBIH JiTepaTypi. TakoK, BU3HAYCHO HEOOXITHICTh KOMIUICKCHOT'O METOAMYHOIO MiaX0My 1i BUpIIeHHs. MeToro
JIOCNI/DKEHb € BHWBYEHHS JWHAMIKHM IUION[ IOBEPXHEBUX BOJ IPOTSITOM TPUBAJIOrO IEpiogy dYacy B Mexax
[3sicmaBcbkoro pafioHy XMeNbHHIBKOI 00J1acTi HA OCHOBI MPOrPaMHOro aHaJli3y KOCMIYHUX 3HIMKIB Ta pe3yJbTaTiB
HATYPHUX OOCTEXKEHb KIIIOYOBHUX JIOCITITHUX IUISTHOK. BUKOPHCTaHO METOMUKY 0OpOOKH pacTpOBHX KOCMIUHHX 3HIM-
KiB 3a Jomomororo mporpamuoro 3abesnedends QGIS. BukoHaHo reoMop(onoriuny XapakTepuCTHKY I3siciaBch-
KOro paiioHy. BCTaHOBIIEHO, IO TEPUTOPIA MOCTIIKEHHS AUTUTBCA Ha Bl YaCTUHM: DPIBHHHHY 3 HE3HAUYHUM
IepenagoM BUCOT Ta OUTBII CKIagHy B OporpadiuHOMY BiIHOMICHHI 31 CKJIAIHAM PENbe(dOM, BEITHKOI KiJIBKICTIO
spiB i Ganok, Kpyrumu cxuiamu 1o 15°. TIpoBeneHo 00CTeXeHHs B HATYPi (HA MICLEBOCTI) 3HUKJIUX BOJOMM CTAHOM
Ha 1975, 1989, 2001, 2018 poku. Bukonano 30ip Ta aHajIi3 0araToCIEKTPaIbHUX 3HIMKIB TUCTAHI[IHOTO 30HTyBaHHS
3emiti cymytHukoM Landsat cranom nHa 1975, 1984, 1989, 2001, 2018 poku B Mexax IOCIHiIKYBaHOI TEPUTOPIi.
BcTaHOBJICHO KIIBKICTh TOCTYITHHX 3HIMKIB, KUIBKICTh 3HIMKIB MPHIATHUX IO BUKOPUCTAHHS I JOCIHIHKCHHS, a
TaKOX, KIJBbKICTh SAKICHUX 3HIMKIB 3 XMapHicTIO <3 %. BHKOHaHO CHIEKTpaJbHHIA aHalli3 TepUTOpii pailoHy 3a
JIOTTOMOT'OF0 BCTAHOBJICHUX TOKAa3HHUKIB HATYPHUX 0OCTEKEHb Ta mporpamHoro 3abe3neucnns QGIS. Ha ocHoBi po3-
paxyHkiB crektpanbHux iHAekciB NDWI ta NDTI chopmoBano xaprocxemu, 3a SIKUMH OyjiIM OTpUMaHi HasiBHI
TUTOLII BOJIHHX ITOBEPXOHb. BCTaHOBJIEHO MOPOroBi 3HAYEHHSI CIIEKTPAIBLHHUX 1HIEKCIB Il Kiacudikamii CKIagoBHX
pactpoBoro 300pa)keHHs! JOCIiKyBaHOI TepuTOpii. BUBUEHO 3MiHY ILTONI MOBEPXHEBUX 3aMKHYTHUX BOJHHUX 00’ €KTIB
nporsirom 1975 - 2018 pokie. BusHaueHo, 1o 3aranbHa IUIONIA BOJHOTO IUIECa BOJHHUX OO’€KTIB 3MEHIIMIACH 3
2933,1123 ra nmo 1499,7349 ra, na 48 %. BcraHOBIEHO 3alIeXKHICTh BIUIMBY TEMIIEPATYpHOrO (haKkTopy Ha ILIOIILY
MOBEpXHEBUX BOJ. JlocimimkeHHst Oyllo BUKOHaHE HA OCHOBI 0araTopiuHHX JaHUX 3a JAOIMOMOI'OI0 CY4aCHHUX METOZIIB
00poOKHM KOCMiYHUX 3HIMKIB. [IpencraBieHi pe3yabTaTi JOCIIIKEHHS MOXKYTh OyTH BUKOPHCTaHI JJIsl MOAAJIBIIOT0
MOHITOPUHTY TEpUTOpii Ta PO3IIUPEHHS AOCTI/KEHh B MEXKaxX 1HIIMX aJMiHiCTPATHBHO-TEPUTOPIAbHUX OIWHHIIb,
30KpeMa st (JOpMYBaHHI pillleHb I0JI0 BUKOPUCTaHHS 3€MEIBHOI0 PECypCy, pO3pOOKH CTPATETIYHUX HAIPSIMKIB
TIOIOJIAHHS €KOJIOTIYHUX TPOOJIEM 3eMIIEKOPUCTYBaHHSI, BCTAHOBJICHHS KPUTUYHUX 1HIUKATOPIB 3€MJIEKOPUCTYBaHHS
B yMOBaX 3MiH KJIIMaTy, MOHITOPHUHTY CTaHY NPHOEPEIKHUX 3aXUCHUX CMYT Ta OXOPOHHUX 30H BOJHUX 00 €KTIB.

Knmiouosi crnosa: nuctaHiiiiHe 30HIyBaHHSA 3eMITi, CYITyTHUKOBHUI 3HIMOK, iHIEKC, KapTrocxeMa, Landsat, mroma
BOJIONM.
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