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The aim of this research is to enhance approaches existing for the assessment of cities thermal conditions under climate change
impact by using multispectral satellite data for Kyiv city area.

This paper describes the method and results of the Earth’s surface temperature (LST) and thermal emissivity calculation.
Particularly, the thermal distribution was estimated based on spectral densities according to Planck’s law for “grey bodies” by
using the Landsat-8 TIRS and Sentinel-2 MSI satellite imagery. Furthermore, the result was calibrated by ground data collected
during the ground-truth measurements of the typical city surfaces temperature and thermal emissivity.

The spatial resolution of the LST images obtained was enhanced by using the approach of subpixel processing, that is the pairs
of invariant images shifted with subpixel accuracy. As a result, such an approach allowed to enhance the spatial resolution of
the image up 46%, which is much higher than the potential performance of the thermal imaging sensors existing.

The interrelation between the Earth’s surface type and the temperature was revealed by the results of the Sentinel-2A MSI
image of 21 August 2017 supervised classification. Thus, the image was divided into the six major classes of the urban
environment: building’s rooftops, roads surface, bare soil, grass, wood, and water. As a result, surfaces with vegetation much
more cool next to artificial ones.

The time-series analysis of 18 thermal images (Landsat TM and Landsat-8 TIRS) of Kyiv for the period from 6 Jun 1985 till
1 June 2018 was done for spatiotemporal changes investigation. Therefore, the sites of the LST thermal anomalies caused by
landscape changes were developed. Among them are the sites of increased LST where thw “Olimpiyskiy” national sport center
and adjacent parking was built and the site of decreased LST where the tram depot was liquidated and the territory was flooded.
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Introduction

With the advent of residential landscapes began an
active process of the anthropogenic landscapes formation.
In such a peculiar environment, people and technology
are the main sources for the further formation of the
environment state [3]. In particular, anthropogenic
activities cause the temperature contrasts between the
urban environment and the surrounding territories.
Among the factors that form the city thermal field are:

» artificial covers that are characterized by high heat
capacity [8, 11], and over the total area they consi-
derably exceed the area of green plantings [1];

* high concentrations of harmful emissions that change
the radiation properties of the atmosphere, forming
an environment in which the thermal field dissipates
much slower;

» dense building, which leads to blocking of wind flows,
and therefore prevents convective cooling [7].
Mapping the land surface temperature distribution

according to earth remote sensing allows delineate area,

which characterized by abnormally high
temperatures — the so-called “heat island”, and also
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identify the influence efficiency landscaping to reduce
thermal pollution [6, 11, 14].

Objective

The primary basis of this study is the determination
of long-term changes in the surface temperatures
distribution within the urbanized environment on the
example Kyiv city. Previous studies of this problem were
carried out jointly with the St. Petersburg Research
Center for Environmental Safety of the RAS [4, 5]. In the
framework of these works, long-term data series of the
longwave infrared remote sensing data received by the
Landsat and EOS satellites have been processed. As a
result, a trend to increase both surface and atmospheric
temperature within the urban environment has been
revealed and the negative consequences for the city
microclimate and public health have been studied.
These works have encouraged the implementation of
the following studies on the impact of urbanization on
the temperature regime of the urban environment.

This study is aimed at solving the problem of
providing a quantitative assessment of the current state
of the thermal regime of Kyiv by mapping the surface
temperature distribution based on the processing of
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Earth remote sensing data. In addition, an attempt was
made to assess the influence of environmental factors
and types of landscapes on the city thermal regime.
Particular attention is paid to the influence of green
areas on the microclimate and the dynamics of their
density within Kyiv.

The purpose of this work is to improve the asses-
sment of the thermal regime of the city in the context
of climate change using infrared satellite imagery.

Input data
Satellite imagery

In this study, long-wave infrared images of Landsat
series satellite systems (5, 7, 8) were used (https://
earthexplorer.usgs.gov/). The imagery of the long-wave
infrared radiation from the Thematic Mapper (TM) and
Enhanced Thematic Mapper Plus (ETM +) sensors of the
Landsat-5 and Landsat-7 satellites have a spatial
resolution of 120 and 60 m, respectively, and the dual-
band images of the TIRS satellite of the Landsat-8 satellite

Table 1.
List of processed images

have a spatial distribution of 100 m. The imagery of
visible, near-infrared (VNIR) and short-wave (SWIR)
bands with a spatial distribution of 30 m were obtained
from the results of imaging by the above-mentioned TM,
ETM+ sensors, as well as the Operational Land Imager
(OLI) sensor installed on Landsat-8 satellite.

To increase the spatial resolution of the thermal field
images, satellite multispectral optical imagery from
Sentinel-2 Multispectral Instrument (MS) were down-
loaded. An optical sensor is installed on this satellite, which
conducts imaging in thirteen spectral bands from VNIR
to SWIR (https://scihub.copernicus.cu/dhus/#/home).

During the May-August 2018 period, 6 Landsat-8
thermal images were processed, from which the
temperature distribution image was obtained. The
results of processing two Sentinel-2 images (for May 28
and August 11) were used as the thermal radiation
emissivity distribution sources . Post processed images
codenames are listed in Table 1 (land surface emissivity
date) and Table 2 (lIand surface temperature data).

In order to analyse the time series, retrospective
satellite images of the Kyiv city territory from 1985 to

Image Name Space survey date
Landsat-8
LCO8_LI1TP_181025_20180601 20180614 01 _T1 1June2018
LCO8_LI1TP_182025_20180608 20180615 01 _T1 8June2018
LCO8_LITP_ 182025 20180710 20180717 01 TI 10 July 2018,

LCO8 LITP 181025 20180804 20180814 01 TI
LCOS_LITP 182025 20180811 20180815 01 TI

4 August 2018
11 August 2018

LCO8 LITP 181025 20180820 20180829 01 TI 20 August 2018
Sentinel-2
S2A_MSII2A 20180528T085641_N0208_R007_T35UQS_20180528T112050 28 August 2018

S2B_MSIL2A 2018081 1T085549 N0208 R007 T35UQS 20180811T134626

11 August 2018

Table 2.
List of Landsat images used to analyse time series

Image archive identifier

Space survey date

LT05_LITP_181025_19850606_20170219_01_T1
LT05_LITP_181025_19880630_20180210_01_T1
LT04_LITP_181025_19890711_20170202_01_T1
LT05_LITP_181025_19900807 20170129 _01_T1
LT05 LITP_ 181025 19920828 20180218 01 T1
LT05_L1TP_181025_19930815_20170117_01_T1
LT05_L1TP_181025_19950602_20170107_01_T1
LT05_L1TP_181025_19960706_20180219_01_T1
LT05_L1TP_181025_19970810_20180218_01_T1
LTO5 LITP 181025 20020621 20161208 01 T1
LT05_LITP_181025_20050731_20161124_01_T1
LTO0S_L1TP_181025_ 20070822 20161111 _01_T1
LT05_LITP_181025_20080808_20161030_01_T1
LCO8_L1TP_181025_ 20140606 20170422 01 T1
LCO8_L1TP_181025_20150828 20170405 01 _T1
LCO8_LITP_181025_20160713_20170323_01_T1
LCO8_LITP_181025_20170817_20170826_01_T1
LCO8_L1TP_181025_ 20180601 20180614 01 _T1

6June1985
30June 1998
11]July 1989

7 August 1990
28August 1992
15August 1993

2 June 1995

6 July 1996
10August 1997
21June 2002
31July 2005
22August 2007

8 August 2008

6 June 2014
28August 2015
13]July 2016
26August 2017

1June 2018
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2018 were downloaded, according to the results of the
Landsat survey.

Mainly, satellite images were selected after an
assessment of cloudiness: no more than 10% cloudiness
during the survey.

Field measurements data

During the June-August 2017 and 2018 period,
ground-based measurements work was carried out to
create a database of temperature indicators and the
thermal radiation emissivity of typical artificial and
natural city covers.

Mainly, ground data was collected in relatively homo-
geneous areas, which allowed to recognize the signal of
the selected cover in a 2 x 2 pixel window of the resulting
Sentinel-2 image (Fig 1). Remote sensing and measuring
the temperature of the land surface were carried out
remotely — using a Fluke Til10 thermal imager and a
Trotec TP10 pyrometer, aswell as contact measurements
mode using a Benetech GM1312 thermometer equipped
with two thermocouple elements. This approach allows
determining both the brightness temperature remotely
using the built-in microbolometer sensor of infrared
radiation, and directly contact thermodynamic tempe-
rature using a thermometric instrument. Ground
measurements data are in Table 3.

Research methods
Land surface temperature calculations

Determination of the objects temperature and the
earth’s surface covers by processing the data of infrared
removal is achieved by using the inverse Planck law for
the “gray body” to express the temperature through the
spectral density of the radiation flux provided by the
satellite system [12—15]:

_ &)

A 1r1[‘9(}b)cI + 1]
XL,

5

where Ls is the spectral radiance of the land surface, €
(A) is the thermal radiation emissivity,

hc
¢, =2bc*=1.191-107* W-m? and ¢*=—"= 1.439-10"*

m-K — are the first and second radiation constants, h =
6.626+10-347]+s — is the Planck’s constant, ¢ = 2.998 -
108 m /s — is the light speed of light in vacuum, A — is
wavelength of electromagnetic radiation.

Usually, equation (1) is customized using the K and
K, hardware constants, specified for a current sensor,
as established during laboratory calibration [2]. In this
study, in order to improve the detail of the Earth’s
surface, the Sentinel-2 MSI were used in the thermal
distribution calculation model.

Online ISSN 2313-2132

To determine the distribution of the thermal radiation
emissivity by remote sensing data were selected cloudless
Sentinel-2 MSI image were selected. Thus, from the
obtained two images of the distribution of the coefficient
of thermal radiation emissivity, the first (up to May 28,
2018) was used to calculate temperature images based
on Landsat-8 data for the first half of summer (before
July 10), and the second (until August 11, 2018) — for
the other three (4—20 August 2018) (Fig. 2).

Such an approach is appropriate since the coefficient
of thermal radiation emissivity is considered to be a
rather inert value, for a long time (within 1-2 months)
remains unchanged for surfaces covered with vegetation,
and absolutely static for artificial surfaces provided it
remains unchanged (due to building or other drivers).
With more cloudless images should use all possible to
reduce the influence of unrecorded surface
modifications that are possible at the research period.

Spatial resolution enbancement

To improve the detail of thermal field images, the
method of sub-pixel processing was applied. In this
case, sub-pixel offset invariant image pairs were used
(multi-temporal distributions of thermal radiation
emissivity and temperature [4] as a high resolution and
low resolution component of the image respectively).
This superresolution approach makes it possible the
spatial resolution enhancement by 45-50% of the
original images [9, 10].

To improve the detail of the image of the Kiev’s
thermal field, the Sentinel-2 MSIimages with10 m spatial
resolution were used to calculate the thermal radiation
emissivities (for comparison, the Landsat-8 OLI VNIR
images have a spatial resolution of 30 m) (Fig. 3).

Time series analysis of Earth remote sensing data

Advantage of the time series analysis implementation
the possibility of trend detection by remote data. Thus,
four main time series parameters of the of remote data
have to be calculated: the average value of the studied
indicator for all time period, the average increment of
the studied indicator at a certain time interval, the
contribution of fluctuations of a certain period in the
total periodic component of the time series and the
significant period [16]. Time series analysis is performed
for each element of the land surface separately, as a
result of which four spatial distributions of each of the
time series parameters are obtained in the same
geometry as input time series images.

Results

As part of the study, a time series analysis was carried
out from 18 thermal images (Landsat-5 TM and
Landsat-8 OLI) of the Kyiv city for the period from
June 6,1985 toJune 1,2018. The image of the dynamics
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Fig. 1. Experimental sites within Kyiv:

a — central part: 1 — Kyiv cycle track (cobblestones), 2 — Landscape alley (lawn), 3 — Museum of Ukrainian History (cobblestones), 4 — Sofia
square (cobblestones), 5 — Independence Square (pavers), 6 — Alley of Heavenly Hundreds (asphalt), 7 — Maydan Nezalezhnosti (pavers), 8 —

Shevchenko Park (pavers);

b — within the Obolon micro district: 1 — Obolon Bay (water), 2 — coastline (pavers), 3 — Prospect Heroes of Stalingrad avenue (asphalt), 4 —

Bay Dog mouth (sand), 5 — Canal Bay (sand with sparse vegetation), 6 — bus depot (asphalt)

Table 3.

Results of measurements of temperatures and thermal radiation coefficients from remote sensing data and ground-based measurements

&' Trad*® Td® Td ' Td,, Td ,,—Td .

Surface type €O R®) €0 (C) (C)
Lawn 0946 28.73 0943 2944 328 3.360
Asphalt 0926 41.7 0985 3786 428 494
Pavingstones 0956 35.52 0969 3886 378 1.06
Pavingstones 0931 42.55 1.042 3899 395 051
Asphalt 0956 41.5 0981 3815 429 475
Pavingstones 0935 39.5 0968 3499 419 691
Pavingstones 0927 38.6 0984 355 398 43
Water 0977 225 0992 2306 230 -0.06
Asphalt 0928 41.64 0973 40.1 437 3.6
Pavingstones 0932 41.8 0987 3721 428 5.59
Lawn 0961 28.2 0959 2893 311 2.17
Pavingstones 0955 38.75 0980 3922 402 0.98
Asphalt 0936 41.38 0985 3767 425 4.83
Sand ¥ 0935 375 0973 384 395 11
sparse vegetation ) ’ . ’ ’ )
Asphalt 0936 47.5 1.041 425 444 1.9
Sand 093 44.02 0988 410 449 3.9
Sand +

. 0935 41.4 0975 413 433 2.0
sparse vegetation
Asphalt 0936 42.7 0979 4204 443 2.26
Sand 093 43 0979 4511 446 -0.51
Water 0987 28.03 0986 2858 29 042
Lawn 0949 29.42 0970 3056 315 094
Asphalt 0926 41.45 0985 3741 426 519
Pavingstones 0931 34.6 0970 3556 368 124
Pavingstones 0956 34.61 1017 3638 334 -2.98
Pavingstones 0931 37.13 0960 3838 401 1.72
Asphalt 0926 41.33 0974 3838 433 4.92
Pavingstones 0935 35.3 0967 3642 377 1.28
Pavingstones 0927 30.1 0981 3617 405 4.33
Average
measurement 0035 2.769

error

! The estimated value of the coefficient of thermal radiation emissivity (€) by remote sensing data

2 Radiation temperature as results of field measurements
3 Calculated thermodynamic temperature

4 Thermodynamic temperature by remote sensing data processing
> Thermodynamic temperature by ground-truth measurements
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Fig.3. The images detail comparison obtained using Landsat-8 data (central part of the city. Kiev, August 4, 2018): a — input data of the 10th
band; b — distribution of the temperature field obtained using Sentinel-2 data (August 11, 2018) for calculating the distribution of thermal

radiation emissivity

of the surface temperatures within the Kyiv city during
the research period is shown in Fig. 4.

Lowering Kharkov region reservoir cascade
temperature (lakes Tyagle, Nebrej, Martishiv) due to
their appearing in the 1990s because of sand for the
construction development. This causes a significant
increase in temperature (up to 14°C) of a significant
part north of the cascade. Such processes are also
characteristic of the northern part of the Kyiv Left
Bank, in the Troyeschina micro-district: the
construction development causes of construction
caused an increase in surface temperatures as well as a
local decline in the Diamond Lake area due to its
formation through the sand fence. It should also be
noted about the presence of significant areas of forests
around Kyiv, for which significant temperature
increases have been found, which indicates an array
of deforestation. Also within Kyiv there are a large
number of small areas with significant temperature
increases (up to 20°C) due to the development of

Online ISSN 2313-2132

infrastructure: the construction of a shopping centre,
the International Exhibition Centre, etc. The
background increase in surface temperatures found in
built-up areas did not change during the study period
at approximately 3°C.

The relationship between the type and temperature
of the terrestrial surface was confirmed by analysing the
results of the Sentinel-2A MSI supervised classification
on August 21, 2017.

The roads and roofs of buildings — artificial surfaces
are the most heated; the surface with dense woody
vegetation is much cooler; accordingly, the open water
is a cool type of terrestrial surface.

As a result, thermal anomalies were detected, the
localization of which is consistent with changes in the
type of land cover (Fig. 5).

The analysis of the minimum, maximum and average
temperatures for each class and for the whole territory
was performed (Table 4). Since the temperature of green
areas is less than the temperature of artificial coatings,
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Fig. 4. Increments in surface temperatures based on the processing of long-term Landsat-8 data series for the Kyiv city for the period 1985—

2018

Temperature increment,’C

Fig. 5. Increments in surface temperatures based on the processing of a time series of Landsat-8 data for the 1985-2018 period . The
neighbourhood of “Olympic” national sport center (Kyiv) example: a — lowering the temperature due to the elimination of the tram depot
them. T. G. Shevchenko on the Antonovich Street and flooding the territory; b — lowering the temperature due to the reconstruction of the
Republican stadium; ¢ — temperature increase due to the construction of a large packaging site

Table 4.
Temperature analysis of the test area

Ne  Class % T,(0 T,(C T,(C) NDVI,

1 Roofs 335 298 449 369 012
Roads 389 29.7 449 374 012

3 Vegetation 249 27.8 435 339 072
Overall territory 1000  27.8 449 36.3 028

the obtained indicators confirm the positive effect of
an increase in the areas covered with vegetation on the
average temperature of the studied area.

The heterogeneity of the urban environment, the
differences in planning due to historical development,
create different temperature regimes in each region and
even in a micro-district of a large metropolis. For the
temperatures analysis and the impact of the green
spaces number and other land covers types, three test
plots within the Kyiv city were selected: Troeschina,
Otradny Avenue, and Osokorki.

A detailed classification of the main land cover
types was carried out and the main classes for
analysis were selected: artificial surfaces, vegetation,

and water surface. The comparison results are
presented in Table 5.

In general, the highest temperatures are
characteristic of industrial areas (Obolon, Minsk Massif,
Darnitsa industrial areas, the vicinity of railway lines, the
International Exhibition Center). Due to the high
concentration of metal and bitumen roofs, asphalt
roads and the virtual absence of vegetation, the surface
temperature on a sunny day reaches 46°C. Such areas
are the largest accumulators of thermal energy and,
accordingly, have the greatest impact on the
microclimate of the city at night, giving off heat to
atmospheric air after sunset.

It should also be noted a significant difference in
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Table 5.
Comparative analysis of test sites temperature

Class Area % T(O T (O T..(C)
Troyeshchyna
Roads 297 30.3 465 39.1
Roofs 220 284 473 38.5
Woody vegetation 26.1 25.5 43.8 329
Grass vegetation 15.1 27.7 45.1 373
Watersuifaces 48 26.4 416 325
Otradny Avenue
Roads 26.1 30.9 46.3 383
Roofs 436 30.9 46.3 383
Woody vegetation 264 28.8 451 346
Grass vegetation 2.7 29.2 418 342
Osokorki
Roads 370 26.4 46.1 37.1
Roofs 317 26.5 46.1 36.6
Woody vegetation 140 25.6 42.1 334
Grass vegetation 6.3 20.1 445 366
Water suifaces 7.6 24.7 38.7 284

surface temperatures between micro-districts with
moderately dense woody vegetation and with areas
where it is practically absent. Thus in areas with a low
density of woody vegetation (Troyeshchina, Kharkov
array) surface temperature distribution according to
the RS is in the range 36—39°C, while areas with thick
woody vegetation (Lisoviy, Darnitsya) the
temperature ranges from 34-36°C. The presence of
forest parks also has a positive effect on the
temperature regime of the area. So, for example, in
areas surrounded by park zones (Solomianka and
Batiyeva Gora micro-districts) temperatures range
from 33 to 35°C. The temperature of tree crowns
within forests and parks is within 26 to 28°C. Forest
cuttings expose soil and surface vegetation covers
and, accordingly, increase the surface temperature by
6-8°C. In addition, high temperatures were found in
areas with malls, large parking areas (40—43°C).In the
central part of planting through courtyards, surface
temperature is in the range 34—37°C.

This example confirms both the negative impact of
unorganized urbanization on the environment and its
impact on the urban microclimate, as well as the
positive effect of greening the city, both within the
districts and due to separate areas for forest-park zones.

Conclusions and recommendations

The use of thermal radiation emissivity distribution
obtained using data of the visible and near infrared
bands can significantly improve the information
content of the resulting temperature distribution
images. Subpixel processing of the pairs of low-
resolution thermal emissivity distribution achieves the
resolution enhancement by 46%. Taken together, this
two-step approach allows obtaining the distribution of
the thermal field of a significantly higher spatial
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resolution as compared with the technical performance
of the currently existing sensors of long-wave infrared
radiation. This approach will allow conducting detailed
studies of heterogeneous areas, for example, urbanized
environment, to more accurately track hot heat sources
and the dynamics of the thermal field caused by
deforestation, buildings development, sand recla-
mation and any other natural or anthropogenic drivers.

As a result, this approach provides the possibility for

development the more accurate and in-depth forecasts

microclimate changes, which is especially important in
today’s rapid development of urban and industrial
landscapes.

Asaresult of a comparative analysis of the distribution
of surface temperature and land cover classes of the city,
the positive impact of greening the city was confirmed.
In addition, according to the classification results, the
following thermal anomalies were established:

* the highest temperatures are typical for residential
and industrial areas (Obolon, Minskiy, industrial zone
Darnytsa district, railway junction, the International
Exhibition Center);

* there is a significant difference in surface tempe-

ratures between built-up housing estates and

planted woody vegetation. So in areas with low
density of woody vegetation (Troyeshchyna, Khar-
kiv massif), the distribution of surface temperatures
according to remote sensing data is within 36—39°C,
while in areas with dense woody vegetation (Forest,

Darnitsa) the temperature varies within 34-36°C;

high temperatures were found in areas with shopping

and entertainment centres, large packing sites (40—43°C);

* in the central part of the city, thanks to the land-
scaping of courtyards, the surface temperature is
between 34-37°C.

In order to reduce thermal pollution in the city it is
recommended:
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* use dyes of light colors for roofs, whose albedo is much
higher with similar insulating properties, with respect
to dark colors;

implement the technology of “green roofs”, whose
functions are to absorb heat, filter air, and also retain
infiltrated water;

for pavement, use a mixture of cement with light
substances;

increase the area of green plantings, the efficiency of
which is confirmed in this studyj;

construct pedestrian roads using materials charac-
terized by a high degree of moisture permeability;
create a small “green” zone, exempt from vehicles.
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TEIIJIOBE MIKPOKAPTYBAHHS MICbKUX TEPUTOPIW 3 BUKOPUCTAHHAM KOCMIYHUX 3HIMKIB TA
IMOJBbOBUX 3ABIPKOBUX BUMIPIOBAHD HA ITPMKJIAZII MICTA KMIEBA

I. O. ITecrosa, M. C. JIy6cbkuit, M. O. CBifieHIOK, C. L. [ony60B, O. A. JIanteB

Jlane ToCniKeHHA CIPAMOBAHE HA BJJOCKOHAJIEHHA MiAXOAY O OLiHKU TEIIOBOI'O PEKUMY MiCT4 B YMOBAX KJIIIMATUYHHUX 3MiH
32 JIONTOMOT'OI0 6AraTOCIEKTPATbHUX CYITYTHUKOBUX JIAHUX HA TPUKIAZL MicTa Kuis.

V po60Ti ONNCAHO METO]L TA PE3YABTAaTH OOUMCICHHS TEMIIEPATYPH Ta KOE(PIliEHTIB TEMIOBOIO BUIIPOMIHIOBAHHS 3€MHOL
MOBEPXHi. 30KpEMa, Bi/IMOBI/IHO /10 3aKOHY [11aHKa /i “ciporo Tina”, 3a cynyTHUKOBUMH AaHuMU Landsat-8 TIRS Ta Sentinel-2
MSI 6ys10 O6GYHUCIIEHO PO3HO/LT TEMIIEPATYP YEPE3 CIIEKTPAIbHY I'YCTHHY IIOTOKY BUIIPOMiHIOBAaHHs. KpiM TOTO, pe3ynsratu
06uncnIeHHs 6y/10 KUTIOPOBAHO 32 JAHUMU HA3€EMHUX MiJICYITyTHUKOBUX BUMiPIOBAHBb TEMIIEPATYPHU Ta KOE(PIlliEHTA TETUIOBOI'O
BUIIPOMiHIOBAHHSA TUIIOBUX ITOKPUBiB MiCTa.

I1IpOCTOPOBY PO3Pi3HEHHICTh OTPUMAHMX PO3IO/IiIiB TEMIIEPATYPH 36 MHOI IOBEPXHI OYJIO Mi/IBUIIIEHO 32 METOJIOM CYOITIKCETBHOT
06pOOKY, YIsT YOrO OYJI0 BUKOPHUCTAHO MAPU CYONIKCENBbHO 3MIIIEHUX iHBAPIaHTHUX 300paK€Hb. B pe3ynsraTi, JaHUN Miaxis
JIO3BOJINB MiABUIHUTH [IPOCTOPOBY PO3PIZHEHHICTh 306paKCHHS HA 46%, MO 3HAYHO BHUINA Y MOPIBHIHHI 3 TEXHIYHUIMN
MOSKIMBOCTSIMH HHHI iCHYIOUHX CEHCOPIB JJOBI'OXBWJIBOBOT'O iH(PAYEPBOHOT'O BUITPOMiHIOBAHHSL.

B3aeMO3B’I30K MK THIIOM T4 TEMIIEPATYPOIO 3EMHOT'O OKPHUBY 6Y/I0 BCTAHOBJICHO 34 PE3YABIATAMH KEPOBAHOI KIacH@ikallii
6araToCreKTpaabHOro 3HiMKa Sentinel-2A 3a 21 cepraa 2017 poky. TAKUM YMHOM, BUAIUIEHO MIICTh OCHOBHUX 3€MHHX ITOKPHBIiB
MiCBKOT'O CEPEJIOBUINA: IAXH OY/1iBEIIb, JOPOXKHI HOKPUTTS, BIIKPUTHH I'DYHT, TPAB’IHA POCJIMHHICTb, IEPEBHA POCJIMHHICTb Ta BO/IA.
B pesynsrari, reMneparypa noBepXoHb INIOKPUTUX POCTUHHICTIO BUABWIACH 3HAYHO HIDKYOIO 32 TEMIIEPATYPY IITYYHUX ITOKPUTTIB.
1 fOCTIKEHHA ITIPOCTOPOBO-9ACOBUX 3MiH ITOBEPXHEBOI TEMIIEPATYPH MiCBKOI'O CEPEAOBUINA, 3/iMICHEHO aHAJIi3 YaCOBOL
cepii 3 18 TemnoBux 306paxens (Landsat-5 TM ta Landsat-8 TIRS) micra Kuesa 3a nepiof 3 6 yepBHst 1985 poky o 1 uepBHst
2018 poky. TakuM YMHOM, BUSIBJICHO TEMIIEPATYPHi aHOMAJii, BAHUKHEHHIO SIKUX CIIPUsIA 3MiHa JagamadTy, 30Kpema:
cnopympxkeHHs1 Hooro HCK “OniMnificbKuit” Ta MPHUIETIIOro NAPKyBAIbHOI'O MaH/JaHYHKY ITPU3BEJIO JIO ITiIBUIIEHHS TETUIOBOI'O
oJIs; 3 iHIIOTO OOKY, JiKBifallis TpamparHoro jeno iM. T. I llleByeHka Ta mOJasbllIe NiITOIVIEHHS JUIIHKU NIPU3BETIO /10
MiJTOIJIEHHA JUIAHKH, CHPUYHUHHAIIO IIOHIDKEHHSA TEMIIEPATYPH.

KiIr04oBi c10Ba: TEIUIOBUM PEXUM MiCT4, TEMIIEPATYPA 3EMHOI NOBEPXHi, KOEMIIiEHT TENIOBOTO BUIPOMIHIOBAHHS,
TUMYACOBi PAIA

TEIIJIOBOE MUKPOKAPTUPOBAHUE TOPOJCKUX TEPPUTOPUN C UCITOJB3OBAHUEM KOCMUYECKUX
CHUMKOB U TTOJIEBBIX UBMEPEHUI HA TTPUMEPE TOPOJIA KUEBA

. A. Tlectosa, H. C. Jly6ckuii, M. O. CBujicHIOK, C. . Tony60B, A. A. JlaniTes

JlaHHOE HCCIIEJOBAHNE HANIPABJIEHO H4d YCOBEPIIEHCTBOBAHUE MOAXOAA K OLIEHKE TEIUIOBOI'O PEKUMA T'OPOJA B YCIIOBHAX
KIUMATUYECKUX U3MEHEHUH NTPU IOMOIIY MHOT'OCIIEKTPAJIBHBIX CITYTHUKOBBIX JJAHHBIX Ha IpuMepe I. Kues.

B pabote onncan METO U PE3YIBTAThl PACYETA TEMIIEPATYPBI U KOA(P(PUIIMEHTOB TEIUIOBOI'O U3JIy4EHMS 3¢ MHOU IOBEPXHOCTHU.
B gacTHOCTH, B COOTBETCTBUH C 3aKOHOM ITmaHKa /s “ceporo Tena”, 1o CIyTHUKOBBIM aHHbIM Landsat-8 TIRS u Sentinel-2
MSI 6bI0 PACCUUTAHO PACHPEEACHUE TEMIIEPATYP YE€PE3 CHEKTPAIbHYIO INIOTHOCTD IOTOKA U3lydeHusd. KpoMe Toro,
PE3YNABTATH pacuyé€Ta ObUIM KAJUOPOBAHBI 11O JJAHHBIM HA3EMHBIX “NOJCITYTHUKOBBIX” U3MEPEHUIN TEMIIEPATYPHI U
KO3 PULIMEHTA TENJIOBOT'O U3TYYEHUSA TUIIMYHBIX TOPOJCKHUX MOKPBITUH.

ITpOCTPaHCTBEHHOE PA3PENICHUE ITOJYYEHHBIX PACIIPENEICHANI TEMIIEPATYPBI 3MHON NOBEPXHOCTU ObUIO IIOBBIIIEHO METOIOM
CyOITMKCEIBHOM O6PA0OTKH, IS UETO ObUTH UCIIO/Ib30BAHBI NTAPbI CYOIIMKCEIBHO CMEIEHHBIX NTHBAPHUAHTHBIX N300pKEHUN. B
PE3YBTaTe, JAHHBIIN [TOXOJ [IO3BOJIMII ITOBBICUTH TPOCTPAHCTBEHHOE PA3PEIICHNE N306PAKEHIS Ha 46%, ITO 3HAYUTEIHHO BBIIIIE
B CPABHEHMH C TEXHUYECKMMH BO3MOKHOCTSIMH CEI'OIHA CYLIECTBYIOIIMX CEHCOPOB JVIMHHOBOJIHOBOI'O MH(PPAKPACHOT'O U3/TyYEHH.
B3auMOCBA3D MEXAy THIIOM M TEMIIEPATYPOU 3EMHOI'O IOKPBLITUA ObLIA YCTAHOBJIEHA IO PE3YIBTATAM yIPABIAEMOU
KJIACCU(PUKALUY MHOTOCIIEKTPAIBHOTO U306pakenud Sentinel-2A 3a 21 aprycra 2017 roga. Takum 06pa3oM, 6b110 BbIIEIEHO
MIECTb OCHOBHBIX 3€MHBIX ITOKPBITUH TOPOJCKON CPEABL: KPBIIIN JJOMOB, JOPOKHBIE ITIOKPBITHUA, OTKPBITBIE [IOYBBI, TPABAHUCTAA
PaCTUTENBHOCTD, APEBECHAS PACTUTEIBHOCTD U BOJA. B pesynsrare, TeMnepaTypa IOBEPXHOCTEH, TOKPBITBIX PACTUTEIBHOCTDIO,
OKA3JI4Ch 3HAYUTEIBHO HIPKE TEMIIEPATYPBI IITYYHBIX ITOKPBITHIA

1151 CcciieOBaHUS IPOCTPAHCTBEHHO-BPEMEHHBIX U3MEHEHNH ITOBEPXHOCTHOM TEMIIEPATYPHI F'OPOJCKOI CPE/IBI, GBI
MIPOBEJIEH aHAJIM3 BpEMEHHOTO psa/ia 18 rennoseix ndoopaxenuit (Landsat-8 TIRS u Landsat-8 OLI) ropozga Kuesa 3a nepuoj ¢
6 mions 1985 rosa o 1 urons 2018 roa. TAKUM 06Pa30M, BBIBICHO TEMIIEPATYPHBIC aHOMAIMH, BOSHUKHOBEHHIO KOTOPBIX

Dx)

OCIIOCOOCTBOBAJIO U3BMEHEHUE JIAH/IA(TA, B YACTHOCTH: COOpykeHrne HCK “OnmMnnicKkuit” 1 puIeraionie NapKoOBOYHOU
IUIOIIA/IKU ITPHBEJIO K ITOBBIIIEHUIO TEMJIOBOTO ITOJIS; C IPYTOM CTOPOHBIL, TUKBUAALIMS TpaMBaitHoro Jeno uM. T. I [lleBueHKOo
U JaJIbHENIIEE NOATOIVIEHUE YIACTKA IIPUBEJIO K ITIOHMKEHUIO TEMIIEPATYPBIL.

KirroueBsie C10Ba: FOPOJICKON TEIVIOBOH PEXKUM, TEMIIEPATYPA 3€MHOH TOBEPXHOCTH, KOA(PMHUITHUEHT TEMJIOBOT'O U3TYICHHS,

BPEMEHHBIC PSIZIBI
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