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ANALYSIS OF "HEAT ISLANDS” MONITORING PRINCIPLES

(PexomeHdoeaHo YrieHOM pedakuiliHol Kosezii 0-pom 2eos. Hayk, npod. O.M. leaHik)

The phenomenon of urban heat island and methods of its examination are studied in this work. The urban heat island (CHI) is
determined by positive temperature anomaly located between build-up area and its surrounding. For detailed analysis of heat island of
specific territory different methods can be used. Today there are 3 research methods that are often used: transformational, with help of
observation network and remote sensing materials. The most promising is a method of analysis and de-coding of satellite data. The target
of the work is analysis of temperature anomalies within the borders of Kyiv city with the help of remote sensing data (satellite data of
Landsat missions). In this research initial materials were space images of satellites Landsat 7, Landsat 8. The build-up part of Kyiv territory
is characterized by essential thermal anomalies. The last ones might be subject to long heating period during which certain thermo-
dynamic regime was established: heat that comes through underground pipelines is dispersed by buildings and this is reflected on the
temperatures map. With almost identical meteo-conditions of remote sensing data acquisition (but during different seasons and with
different duration of heating season) it becomes possible to do quantitative evaluation of thermal anomaly that appears over the city.
Introduction of additional data (such as information about weather-conditions, land use / land cover classification, results of radio-location
studies, investigations of atmospheric phenomena and processes) will allow to develop unified and special methodologies designed both
for thermal pollution control and for increase of energy efficiency of thermal networks and infrastructure of inhabited areas. Existing
system of heat island monitoring does not provide conduction of systematic inspections of the territories in order to find temperature

anomalies that may negatively impact ecology of urban environment and population health.
Keywords: urban heat island, microclimate, temperature anomalies, thermal field, urban/housing density.

Introduction. Today the Earth population is around 7,5
billion people. Herewith according to UNO more than a half of
population is located in cities and according to forecast it's
quantity will increase up to 66 % till 2050 [16]. The processes
of growing urbanization are happening in Ukraine as well
despite of decline in total population quantity (170K for 2016).
According to State Statistics Committee the city population
part accounts for 29 min 584 thousand people (69,19 %) as
of 1st of January 2016 and it continues to increase.

The growing urbanization and intensive expansion of cities
infrastructure causes disruption of ecological balance, which
threatens comfortable population habitation, causes powerful
anthropogenic impact on all ecosystems components, leads to
appearance of heat pollution — "heat island" (Eng. Urban Heat
Island — UHI) [9, 12, 15] which are the results of accumulation
of microclimate changes connected with anthropogenic
transformation of urban territories.

Heat pollution is a serious problem, directly influencing
ecological, geological environment and indirectly is
impacting the relief. The powerful abnormal temperature
fields appear around the construction which generate
thermal processes. First of all, it relates to different thermal
batteries, chimney pipes, heat networks and other
constructions of TPP (thermal power plant) and enterprises
technological cycles of which may cause surface
overheating up to 50 °C and sometimes up to 80—-100 °C.
According to scientists' estimations the temperature of the
solid and subsoil waters might exceed by 10-15 °C within
the limits of certain areas.

Maximum temperatures are observed on the areas of
metropolitan constrictions, in the zones where cooling
systems with water-exchange are functioning, on the
territories of laying out the heat pipelines and gas pipelines.
There are quite intensive soils warming up, especially their
lower horizons that are observed over heat- and gas
pipelines. At a depth of 0,5 meters during summer time the
soils temperature may go up to 40 °C and higher.

Long lasting action of heat sources breaks down the
temperature regime of lithospheric space at the depth of 30—
40 meters (sometimes more) increasing (or decreasing
during artificial freezing of soils) temperature of rock

formations and subsoil waters, which in its turn changes
physicomechanical, physicochemical characteristics of the
soils. First of all, the soils drying-out, breakage of structural
links in them and weakening of power takes place. Such
ecological changes lead to faster damage of machines and
buildings designed for work in the conditions of normal
temperature of geological environment, to issues from
drainage structures (water pipelines, heating plants,
canalizations) and often even to fall and subsidence of
surface over these constructions, which at the end may
create ecological problems in the city.

As researches prove [11] in the metropolises e.g. in New
York the temperature on the surface of city environment is
+17 °C more than temperature in the suburbs which negatively
impacts the health of population. Especially threatening are
zones of temperature anomalies during summer period when
temperature can additionally grow. On the other hand, the
increase of temperature in metropolises causes additional
energy expenditures for climate-control systems, speeds up
insects reproduction, metals corrosion, stimulates release of
eco-toxicants in the results of chemical reactions.

The above stated proves that researches addressed to
evaluate temperature rises, parrying risk of overheating of
city surface territories, growth of energy expenditures,
monitoring of atmosphere air are very essential.

For monitoring of "heat islands" the following methods of
investigations are used: infra-red cameras, with the help of
observations network and space images in infra-red band [3,
5-7, 8,10, 13].

Object of investigation — the surface of Kyiv city
environment where there are heat contrast objects.

The target of the work — analysis of temperature
anomalies in the boarders of Kyiv city according to data of
infra-red measuring and with the help of remote sensing
data (satellite data of Landsat missions) with further
determination of ecologic-problem districts and areas of Kyiv
city environment with the help of geo-information
technologies.

Tasks of investigation — analysis of the reasons of
temperature anomalies and development of
recommendations to decrease these anomalies, setting the

© Zatserkovnyi V., Tishaiev I., 2017



~T2 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

maps of temperature anomalies of surface according to
satellite data of thermal field.

Analysis of latest researches. The following authors
dedicated their surveys to investigation of city heat islands
with the help of thermal-vision systems — by V. Bozhenko,
V. Shklyarskyi, F. Sizov, V. Zabudskyi, O. Holenkov,
S. Kravchenko, B. Kornienko, the others with have done it
with the help of materials of thermal space shooting —
V. Hornyi, A. Tronin, B. Shylin, Y. Baldin, M. Hryshchenko,

°F

|. Labutina, V. Lyalka, S. Stankevich, V. Filipovych,
A. Krylova, B. Busyhina, |. Harkusha. In the works of these
authors there were the topics of thermal GPS survey
application examined during investigation of energy efficiency
of city infrastructure and ecological condition of big cities.

The summary of the main part. Modern cities create
"heat islands" — territories inside cities which are remarkable
by increased temperatures of air, soils, water in comparison
to city suburbs (Fig. 1).
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Fig. 1. Creation of "heat islands™ and temperature distribution after noon

Appearance of "heat island" is caused by several factors.

1. Factor1 — Intensive city area construction and
"sealing" of the surface of ground coating with tight moisture-
permeable road coatings (asphalt, cement slabs, gravel,
etc.), the reduction of areas with open soil and greenery.
Tight materials used in construction activities accumulate
thermal energy and create moisture non-penetrating
underlying surface, while configuration of construction
provides higher absorption of solar radiation. As a results
roofs and walls of buildings, paving and asphalt coating,
other elements of city buildings absorbing solar radiation
during the day become hotter unlike soil and greenery and
give away warmth to air mainly in the evening. As a result,
the air temperature in cities is by 70-80 % higher than the
temperature in the countryside. And this difference
increases with growth of metropolises construction.

Precipitations that fall on roofs, sidewalks, roads often
go to the artificial drainage systems. It also causes distortion
of the natural processes because of a small evaporation and
low humidity and increases upward flow of actual heat in the
structure of the radiation balance surface under
anthropogenic infrastructure. If rural solar energy is spent on
evaporation dew, transpiration, etc. in the morning, in the
city and especially large one it is directly absorbed by
buildings. Besides due to city territory that is heated more
than the surrounding area and is characterized by a greater
roughness, convection over the city increases and creates
more clouds, which in turn causes a reduction in the number
of hours of sunshine and the number of clear days. There is
also an increase in rainfall over the city.

2. Factor 2 — Atmospheric pollution from industrial facilities
sphere, transport and other sources. Any city is a concentration
of industrial, energy, transport, polluting the air with various
impurities, particles, smoke, gases and aerosols. A lot of
different pollen and gaseous contaminants go to the
atmosphere. The high concentration of pollutants in the city
atmosphere especially on large the roads, streets with heavy
traffic and industrial facilities leads to degradation of ecological
conditions and comfortable living of urban population.

With a stable stratification of the atmosphere especially
at temperature inversion, the smoke will be accumulated in

atmospheric boundary layer in such quantities that will
cause negative physiological effect and sometimes mass
poisoning. There are examples of the harmful impact of
smoky air in the metropolises with the assistance of territory
relief to it, such as when industrial waste — poisonous fumes
and gases sometimes accumulate in the lower atmosphere.

City streets systems and squares lead to the changes of
air directions in the cities. Air is mainly directed along the
streets. Generally, the air speed is decreased while on
narrow streets and crosses it increases causing dust
whirlwinds and storms.

Air pollution influences radiation relocation and
increases generation of condensation nuclei which causes
creation of cloud droplets. Simultaneously diffuse sky
radiation growth is happening which together with
anthropogenic heat emission leads to appearance of local
"greenhouse effect".

3. Factor 3 — Energy dissipation which is worked out
and goes for heat input needs, transport service and
technological processes in environment and soils that cause
its heating. Among biggest anthropogenic sources of heat
pollution of surrounding areas there following objects should
be pointed out — heat power engineering and heat input
facilities, steel industry, transport, enterprises where heated
water or heated air, steaming or cooling towers are used as
well. Such emissions from steel industry enterprises are have
a temperature of 30—400 °C, and sometimes about 800 °C. In
some industrial areas the concentration of thermal energy
due to industry has increased significantly; over the
industrial centers where thermal anomalies are a few
degrees higher than norm hot halos appear and they are
well determined on satellite images of the earth's surface.

4. Factor 4 — Formation of dead air zones that appear on
the constructed areas and which prevent turbulent mixing of the
atmospheric layer and the removal of excessive heat in the
atmosphere layers lying above, unlike undeveloped areas;

5. Factor 5 — Specifics of relief. In conditions of complex
relief various local air circulations impact the development of
"heat island".

6. Factor 6 — Changes of natural hydrological cycles of
rivers and reservoirs which flow though cities or near cities,
draining of wetlands within city boundaries as well.
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A large contribution to the appearance of "heat islands"
does heat power engineering. The heat emissions are one of
the major factor in the interaction of heat and power facilities
with the environment, including the interaction with atmosphere
and hydrosphere. Heat emission occurs at all stages of
chemical energy conversion of organic substance or nuclear
fuel for further generation of thermal energy. Big part of the heat
received by cooled water in the condensers of steam turbines
is transmitted to the cooling buildings, ponds, drains and from
there into the atmosphere. The temperature in place of heated
water discharge rises which leads to increase of average
surface of water bodies, and therefore the atmosphere air
temperature over the heat power plant increases due to energy
emitted by this plant into the atmosphere.

Electric power plants can raise the water temperature
compared to the surrounding area by 5-15 °C. If the
temperature in the water basin is 16 °C the temperature of
wastewater on station will be from 22 to 28 °C. In summer
period it may even reach 30-36 °C.

Increase of water temperature is able to break the
structure of water basic flora. Peculiar to cold water flora are
changed for heat-loving plants and with a time because of
high temperatures are pushed out at all.

The research of "heat islands™ with the help of
thermos-vision cameras. Among modern instruments of
investigation of city infrastructure objects conditions the
major role play techniques of thermal monitoring which
provide visualization of thermal condition of the object
thanks to transformation of infrared rays into electric signal
which is further used for analysis of condition of subject
under research which gives a possibility to solve the tasks
of remote and non-contact control in non-reachable infrared
(IR) range of radiation spectrum for human vision.

Thermovisor or infra-red camera — is a device for image
acquisition in infra-red range of wave-length. Exactly in this

range there is a maximum emissivity capacity of bodies which
have regular for us temperatures (-20 ... +40 °C). With the help
of thermovisor it's possible to immediately measure heat flow
from tens of thousands of object points or in other words to
receive it's temperature field (thermograph).

Thermographs are the basic for analysis of received
information about object's thermal state.

Thermovisors are used for military targets, energy audit,
evaluation of building structures quality, detection hidden
defects of construction, disorder of heat insulation of shielding
constructions, because of mistakes of engineering and
construction, violation of manufacturing technologies of
construction materials, mistakes and violations of technologies
during building constructing, while seeking for heat leakage of
heat pipelines and for diagnostics of electric equipment.

Any objects emit heat and during thermos-vision
inspection with the help of thermos-vision camera the
operator gets so called thermal images of objects (Fig. 2)
which reflect the distribution of temperatures and the heating
of their surfaces. The thermos-vision camera shooting is
usually performed in case of inside and outside temperature
difference not less than 10-15 °C. The most exact data is
received in process of procedure execution during cold
months of autumn, spring and winter.

Analysis of received thermographs allows to determine
various defects that happened during construction. As an
example in the Fig.3 there some common defects of
buildings and structures that are found with the help of
thermal control method.

Shooting with the help of thermovisor indicates the
"painful" points of the building. On thermograph they are
shown with bright yellow shine. The higher shine the more
heat is emitted by the building.

Fig. 3. Common defects of buildings and structures that are found with the help of thermal control method [5]
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Investigation of "heat island"” with the help of Earth
Remote Sensing (ERS). Materials of ERS in infra-red range
opened wide opportunities to solve many tasks of the
industry, namely in military reconnaissance, meteorology,
tectonics, oceanology, to look for minerals, monitor
environment, for energy-economy, cartography of Earth
thermal fields, determination of sea surface temperature,
monitoring of natural disasters (seismic activities, volcano
eruptions, monitoring of forest fires as well), to observe in
time and space their development, to see specifics of space
distribution of "heat islands", to evaluate heating effect of
various city objects one on the other.

In modern thermal infra-red images one can find
reflections of Earth surface objects hidden on these images
in other ranges of spectrum and invisible for human vision.
Thermal images deliver as well other important information
which is displayed in relative contrasts of brightness of the
sounding objects with different temperature.

Modern satellite sensors (of civil use) allow to receive
special resolution on the level of tens hundreds meters on 1

pixel: 90 m (Aster), 60 m (Landsat 7), 100 m (Landsat 8). Such
images contain quality-new information about landscapes of
underlying surface and its geographical characteristics.

In this research initial materials were space images of
satellites Landsat7, Landsat8. Images from Landsat
satellites are one of the most common materials of Earth
remote sounding in researches on regional level. This also
concerns images in thermal infra-red range. Such images
allow to see inner space structure of city heat islands, trace
development in time and space of local thermal anomalies,
evaluate thermal impact of various city objects one on the
other. In researches of city heat islands images from Landsat
satellites are used both as main and additional material.

As an example on the Fig. 4 there is an intensity of
thermal emission presented (on wave-length
11,45 micrometers) within Kyiv city territory and adjacent
agglomeration. Image was received with the help of
spectroradiometer ETM+ (satellite Landsat 7) 28/03/2003.

Fig. 4. Image of Kyiv city territory in thermal infra-red range

For investigation of special peculiarities of heat islands
one uses various types of classifications according to space
images in thermal IR range. As a rule, such methods are
used for examination of "lands use" and creation of "maps
of land covers" (land cover/ land use). Often images in
different spectrum ranges are used in land cover/ land use
researches, one of them is thermal range. During analysis
of links between types "land use" and thermal anomalies
land cover/ land use maps are developed. It is not one time
mentioned that there is an interconnection between heat
island structure and characteristics of lands surface (land
cover/land use), as well as the opportunity to use thermal
images as a trusted source of information for getting
information about lands use specifics.

Important part of scientific works with the topic of special
peculiarities of heat island examination are occupied by
various types of thermal characteristics surface modelling
and exclusion of thermal emission parameters. Most often
the task of getting thermal images of land surface
temperatures is investigated (LST). LST figure is possible to
get while using the equipment that executes shooting
immediately in several thermal channels (algorithm of "split
window method, SWM).

As well it is important to take into account space-time
dynamics of heat islands both seasonal and daily.
Examination of daily dynamics allows quite fully to evaluate
thermal characteristics of various city objects, change of its
temperature amplitude during a day, define objects which
formulate thermal anomalies in different time of a day, define
time of a day which best suits for thermal shooting with this
or that aim. Nevertheless, during use of thermal images from
Landsat satellite it is difficult to illustrate daily change of heat
island with the help of space images because of specifics of
satellites' orbit (orbit is solar-synchronous and thus satellite
goes over certain place at the same time of a day). Night
images from Landsat satellites are in archives but there are
not so many of them. The investigation of seasonal
dynamics allows to reveal heat island change of structure
during a year, local thermal anomalies specifics dynamics,
thermal characteristics of anthropogenic and natural objects
in the scale of the whole year.

Important role should be dedicated to comprehensive
researches in which it is necessary to combine LST images
creation, examination of seasonal and daily dynamics in
cities with different climate conditions, statistical analysis,
links between LST, NDVI images and land cover/ land use
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maps, investigation of thermal flows. Such types of
researches give multisided evaluation of heat islands and
are able to make essential contribution to city climate
urbanization impact study.

Summarizing short overview of approaches of urbanized
territories investigations on the basics of thermal images it
is important to mark that today the most common is an
approach first of all based on modelling and recovering
parameters of underlying surface, and less examination of
geographical specifics of the temperature field (and its
changes) of anthropogenic and natural objects.

&.
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Let's study as an illustration the territory of Kyiv city
(within boarders indicated on Fig. 4). Let's create RGB-
composite in natural colors (NCC - Natural Color
Composite) according to a set of multi-spectrum data
LE71810252003087ASNO00 received by spectroradiometer
ETM+ (Landsat 7 satellite) on 28/03/2003 (Fig. 5). On the
image it is clearly shown types of land covers as well as the
regimes of their use are identified.

On Fig. 6 it is presented brightness temperature of the
surface proportional to energy of thermal emission of land-
based objects.

Fig. 6. Brightness temperature of the surface valid as of 28" of March (end of heating season).
LE71810252003087ASN00

As clearly seen on Fig. 6 build-up part of Kyiv territory is
characterized by essential thermal anomalies. The last ones
might be subject to long heating period during which certain
thermo-dynamic regime was established: heat that comes
through underground pipelines is dispersed by buildings and
this is reflected on the temperatures map. Separately it's
worth mentioning such a detail of this image — along the whole
scene from northern east to southern west there is a line of

low temperatures. This is inversion trace from jet engine
airplane which is gradually dispersing in the atmosphere and
has no relation to land surface temperatures.

On Fig. 7 for comparison the situation at the beginning
of heating season is shown (the year is different, 2014, but
this is not crucial as the beginning and the end of heating
season each year is not changing).
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Fig. 7. Brightness temperature of the surface valid as of 28" of October (beginning of heating season).
LC81810252014301LGNO02.

As seen on Fig. 7 actually within the same temperature
range the special distribution of temperatures filed is
absolutely different. Background thermal indicators of Kyiv
city are almost the same as general background indicators
(if we are speaking about open areas; the areas with
relatively low temperatures marked with blue tones
correspond to forests — see Fig. 5). It's obvious that absence
of contrast "thermal spot" within city boarders is caused
firstly by the fact that heating season has just begun and

residential fund objects and infrastructure were not fully
heated and secondly by the fact that natural objects (e.g.
water in Dnipro river) have not got cold.

The comparison of thermal picture valid as of 28" of
October (beginning of the heating season) and 28" of March
(end of heating season) are reasonable and correct,
especially from the view of identity of meteorological
conditions exactly for these dates [4] (Table 1).

Table 1. Meteo-conditions of ERS data acquisition

Date and Time of T, °C Td, °C Te, °C
ERS data meteo-characteristics | Air temperature at height Dew-point temperature at Effective
determination of 2 m above the surface | height of 2 m above surface | temperature
LC81810252014301LGNO2 28/10/2014 8,7 74 +10
LE71810252003087ASN0O0 28 103 /gg 03 +8 -3 +7

With almost identical meteo-conditions of ERS data

acquisition (but during different seasons and with different

duration of heating season) it becomes possible to do

quantitative evaluation of thermal anomaly that appears
over the city. For this we find the difference between
temperature surfaces of indicated dates (Fig. 8).

Fig. 8. Characteristics of thermal regime change in Kyiv city during heating season (vs surrounding areas)
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Given example confirms earlier stated thesis regarding
considerable potential of satellite thermal shooting and circle
of tasks which are solved with the help of its results.
Introduction of additional data (such as information about
weather-conditions, land use/land cover classification,
results of radio-location studies, investigations of
atmospheric phenomena and processes) will allow to
develop unified and special methodologies designed both
for thermal pollution control and for increase of energy
efficiency of thermal networks and infrastructure of inhabited
areas [12, 14, 17].

Conclusions. Conducted analysis of condition of
ecological and anthropogenic safety of engineering cities
and villages infrastructure generally confirms absence of
comprehensive approach for defining considerable quantity
of natural and anthropogenic threats to safety of life activity
in big cities of Ukraine.

Existing system of heat island monitoring does not
provide conduction of systematic inspections of the
territories in order to find temperature anomalies that may
negatively impact ecology of urban environment and
population health.
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AHANI3 nigxoais Woa0 MOHITOPUHIY "OCTPOBIB TEMJA"

Po3sansinymo ¢heHomeH MicbKux "ocmpoeie menna"”, npu4uHU ixHbOI Nosieu i Memodu docnidxeHHs. Micbki "ocmpoeu menna"” eusHa4aromscsi
no3umueHoOr memrepamypHOK aHOMaJlicto, sika JIoKaizyembcsl 8 Mexax 3abydoeaHoi mepumopii ma if okonuysb. [na demanbHo20 aHanizy "ocm-
poea menna" KOHKpemHoi mepumopii MoXXyms eukopucmoeyeamuchk pi3Hi Memodu. Cbo200Hi Haliyacmiwe suKopucmoeyoms mpu OCHO8HIi Me-
modu docnidxeHHs1: mpaHcropmHul, 3a A0MOMO2010 Mepexi criocmepexeHb i 3a Mamepianamu ducmaHyiliHo2o 30HOyeaHHs1. Halibinbw nepcnek-
mueHUM € MemoO aHanisy i dewugpyeaHHsi cynymHukoeux OaHux. 3a Mmemy daHoi po6omu noknadeHo aHasi3 memmnepamypHux aHomanil (wo
ymeoprorombCsi MPOMmMsi20M onasnreasnbHo20 rnepiody) y mexax Micbkoi aznomepauii M. Kuesa Ha ocHogi daHUX ducmaHyiliHux 30HOyeaHb (0aHuXx,
ompumaHux 3a dornomMozoro cynymHukie micii Landsat). 3a6ydoeaHa YacmuHa Micma xapakmepu3yembscsi CymmesuMu mernsioeumu aHoMasisimu.



~78 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LlleBueHka ISSN 1728-3817

OcmaHHi o6ymoesnieHi mpueanum nepioGomM Hazpiey, IPOMSI20M IKO20 8CMaHOBJIFOEMbLCS Ne8HUli mepModuUHaMiYHUl peXXumM: merio, sike Hadxo-
Aumes eid nidzemHux mpy6onpoeodie, po3citoembcsi 6ydiensimu, wjo eidobpaxyemscsi Ha kKapmi memnepamyp. 3Ha4yHa YacmuHa mensna noajauHa-
€embcsi | 32000M po3citoembcsi rpyHmosum cepedosuujeM. 3a Malixe iOeHMUYHUX MEmMeopoIIo2iYHUX yMoe 36upaHHS daHuUX OUCmMaHyitiHUX 30HOy-
8aHb (ane e pi3Hi ce30HU i 3a pi3HOi mpueanocmi onanreanbHo20 nepiody) cmae MOXJ/IUBOIO KiflbKicHa oyiHka mepmiyHOi aHoManil, o ymeopro-
embcsi Ha0 micmom. 3any4eHHs1 dodamkosux OaHUX (Makux sik iHghopmayisi IPo No200Hi ymosu, pe3ysibmamu Knacudikayii 3a munom 3emneKopu-
cmyeaHHs i munom ei06ueHuUX M08ePXOHb, pe3ysbmamie padionokayiliHux docnidxeHb, docnidxeHb ammocghepHuUX sieuwy, i npoyecie) do3zsonums
po3pobumu eduHi U cneyianbHi Memodosoeaii, Npu3HayeHi sik 05151 KOHMPOJI0 MernI08020 3abpyOHeHHs, mak i Onsi nidsuweHHs1 eHepaoegheKkmus-
Hocmi mensosux Mepex ma iHgppacmpykmypu HacesieHux nyHkmie. IcHyro4a cucmema MoHimopuHay "mennoeux ocmpoeie” He 3abe3neyye MOX-
nueocmi npoeedeHHs1 cucmemamu4yHuUX rnepeeipok mepumopili 3 Memoto eidwyKaHHs1 menaosux aHoMarlil, siki MOXXymb He2amueHo 8M/IUHYmMuU Ha
eKosozito Micbko2o cepedosuuja ma 300p08 s HaCesIeHHsI.
Knro4oei cnoea: micbkuli ocmpie menna, Mmikpoknimam, memnepamypHi aHomanii, mennoeul diana3oH, winbHicms 3abydoeu.

B. 3auepKoBHbIN, A-p TEXH. HayK, AOL., 3aB. Kad). reoMHOpPMaTUKK

E-mail: vitalii.zatserkovnyi@gmail.com,

W. Tuwaes, kaHAa. cums.-mat. Hayk, Aou,.

E-mail: ivantishaev@gmail.com

KueBckuin HaunoHanbHbI yHMBepcuteT umeHun Tapaca LLleByeHko

YHWU "UHcTutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa

AHANMN3 NoaxoaoB K MOHUTOPUHIY "OCTPOBOB TEMJA"

Paccmampueaemcsi peHomeH 20podckozo "ocmpoea menna” u memodoe e2o u3ly4yeHusi. Fopodckoli "ocmpoe menna” (FOT) onpedenssemcsi
nonoxumesnbHoU memnepamypHoU aHoManuel, Komopasi JIokasulyemcsi 8 npedesiax 3acmpoeHHOU meppumopuu u ee okpecmHocmed. [ns dema-
JIbHO20 aHanu3a ocmpoea mernsia KOHKpemHoUl meppumopuu Mo2ym 6bimb UCM0/b308aHbl Pa3/iudHbie Memoodbl. B Hacmosiwee epemsi npUMeHsilom
mpu ocHO8HbIX Memoda uccriedoeaHusi: mpaHCNopmMHbIl, cemu Hab1ro0eHuUl U Mo KOCMocHUMKam. Haubonee akmyanbHbIM si8Jisiemcsi Memod aHa-
nu3a u ewughpupoeaHusi KOCMOCHUMKOB8. Llenbto daHHOU pabombi siensiemcsi aHaau3 memrnepamypHbIX aHoManul, o6pa3yroujuxcsi Ha Npomsixe-
Huu omonumesibHo20 nepuoda e npedenax 2opodckoli aenomepayuu 2. Kueea no pesynsmamam aHHbIX QucmaHYUOHHbIX 30HOUPO8aHUli (OaHHbIX,
nosyyeHHbIX ¢ MOMOWbI0 cnymHukoe muccuu Landsat). 3acmpoeHHasi Yyacmb 20poda xapakmepu3yemcsi cyu,ecmeeHHbIMU mensi08bIMU aHoMaslu-
samu. lMocnedHue obycnoeneHbl dnumesnbHbLIM NepuodoM Hazpeea, 80 8peMsi KOmopo20 ycmaHaesiueaemcsi onpedesieHHbIU mepMoOUHaMu4ecKull
PeXum: mensio, Komopoe pacrpocmpaHsiemcsi om nod3eMHbix mpy6onpoeodos, pacceusaemcsi CMPOEHUsIMU, YMo U omobpaxaemcsi Ha kapme
memnepamyp. 3Ha4umenbHasi Yacmb mernsa rnoanaou, 5 U pacc 51 2pyHmoeoul cpedoli. [pu npakmu4ecku oOUHaKo8bIX Memeoposioau-
4eckux ycroeusix c6opa 0aHHbIX QUCMaHYUOHHbIX 30HOUPOBaHull (HO MOJTy4YeHHbIX 8 pa3Hble Ce30HbI U 8 yC108UsX pa3Holl OnumenbLHOCMuU omo-
numesnbHO20 nNepuoda) cmaHo8UMCs1 803MOXXHOU KoJluYyecmeeHHasl oyeHKka mepMuYyeckol aHomanuu, o6pa3syroujelicss Had 2copodom. lMpueneyeHue
dononHumeneHbIX OaHHbIX (MaKux KaK UH¢hopMayusi nnpo no2odHkIe ycrioeusi, pesyibmamsl Kiaccugukayuu rno murny 3eMs1enosib308aHusi U eudam
ompaxarouwux noeepxHocmeli, pesysbmamoe paduosioKayUuoHHbIX uccriedoeaHuli, uccredoeaHuli ammMocgepHbIX siesieHuUll U npoyeccos) nNo3eo-
nlum paspabomamb eQUHbIe U crieyuarnbHbie Memodosioauu, npedHa3HayeHHbIe Kak 0711 KOHMPOJIsi Men/108020 3a2PsA3HeHUs], maK u Osis1 noebiule-
Husi 3Hep203ghghekmMueHOCMU menyoebix cemel u UHpacmpyKkmypbl HacesleHHbIX MyHKkmos. Cyujecmeyrowass cucimeMa MOHUMOPUH2a menso-
8bix 0CcMpo8oe He obecrneyueaem 603MOXHOCMU NpoeedeHuUs1 cucmemMamu4yecKux nMposepoK meppumopull ¢ Uesibio oucka mensoebix aHomanud,
Komopble MO2ym He2amueHO 8/1usimb Ha 3K0J102uto 20p0dcKoli cpedbl U 300PO8be Hace/leHUsd.

Knroyeenie crnoea: 20podckoli ocmpoe mensia, MUKpoK/iumam, anobasnbHoe nomenseHue, NJ10MHOCMb 3acmpoliKu, ce/ibCKasi MeCIMHOCMb.






