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RESILIENCE STRENGTHENING OF CULTURAL HERITAGE OBJECTS
TO CLIMATE CHANGES IN MODERN CITY CENTERS BY MEANS OF
LANDSCAPE ARCHITECTURE

The article is focused on the issue of climate change mitigation and strin
Englishthening the sustainability of cultural heritage objects, taking into account the
specifics of the landscape organization of buffer zones, which perform not only
the function of their protection in the middle of modern cities, but also function as
public spaces. The purpose of the article is to identify threats to climate change for
cultural heritage objects and to justify the effectiveness of methods of landscape
organization of their buffer zones in order to strin Englishthen the stability of
these objects. The article wuses a systematic approach, methods of
generalization and analogies, empirical and comparative analysis. The
research revealed the specifics of the functioning of the "active surface" of the
city and its non-urban territories, which is caused by the "two-phase mechanism"
of the formation of "urban heat islands" (the direction of heat flows depends on the
location of underlying surfaces in space with the contrast of temperatures and time
of day - morning/afternoon or evening/night). The results of research on remote
sensing of the Earth's surface and satellite monitoring of the thermal
environment of cities have been systematized and summarized; factors and
conditions for the emergence of "urban heat islands" over cities in temperate
zones (Birmingham, Brno, Budapest, Bucharest, Warsaw, Kyiv, Prague) and
"urban cool islands" over cities in zones with hot and arid climates (Abu Dhabi,
Acre, El Kuwait, Cairo, Casablanca, Singapore, Shanghai). The results of studies
of the "thermal behavior" of urban surfaces indicate that the formation of "cool
oases" in the summer is caused by the prolonged shading of "urban canyons" in the
desert and the cooling effect of the urban (due to shading, landscaping and
watering of the territory) and natural breeze in the coastal zone. By analogy with the
formation of oases of coolness in the desert, landscape means of strin Englishthening
the climate change resistance of cultural heritage sites (as well as public
spaces) during the summer overheating of modern cities, there may be additional
"mobile" and '"stationary" landscaping and watering of urban surfaces, such as
"Flower
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carpets of Brussels," sometimes even with fountains; "blue-green" roofs of
Amsterdam, "The Vertical Garden" of Paris and Madrid, "green facades" of Kyiv.
The practical value of the study is the ability to take into account its results when
developing scientifically sound adaptive-regulatory programs to mitigate the effects
of climate change and enhance the sustainability of cultural heritage sites.

Keywords: global warming; objects of cultural heritage; urban heat islands,
public spaces; gardening; watering, landscape architecture; sustainable
development.

Problem statement. Climate Action is one of the greatest threats to humanity
for the next century. All cities suffer tremendously because of the increase in the
surface temperature of the Planet. Extreme global warming events, in particular, heat
waves with an increase in the number of hot days and nights during the summer
overheating of cities, will increase heat stress [1, 2].

This stress has been caused by the peculiarities of interaction of urbanized
areas with the Earth's climate system. All this is detected by the observed tendency to
increase the temperature of the urban surface, which forms the so-called "urban heat
islands" in the city areas, as well as an increase in the average and extreme rainfall
over the city, especially in the afternoon and early evening [1].

Climate change negatively affects the physical and mental health of people,
most of whom today live in cities [3, 4, 5]. In particular, this was discussed at the
World Climate Summit 2023, the Declaration of which focuses on the relationship
between climate change, health and human well-being; on the need to prioritize
sustainability, mitigation and adaptation of humanity to climate change; on the
maintenance of mental health and psychosocial well-being of a person, which is
associated with the traditional and cultural environment of his being [6].

Global warming is one of the greatest threats both to the world heritage [7] and
to the extraction of armed conflicts and wars [8]. Understanding the consequences of
climate change and the associated risks of loss of authenticity and integrity of world
heritage sites (cultural and natural), which are part of the social and environmental
processes of development of communities and territories, actualizes the need to
protect the universal values of mankind with the support of society [7].

This actualizes the urgent need to integrate interdisciplinary approaches that
take into account the direct, indirect and cumulative impacts of climate change on the
lives of human communities and world heritage in order to develop scientifically
sound adaptive-regulatory programs for the sustainable development of mankind and
the preservation of the cultural heritage of civilization [9].
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State of the art and conceptual framework. The achievement of conditions
for sustainable development has acquired signs of the main reference point of the
humanitarian activity of the international community after the UN "Stockholm
Conference" (1972) [10, 11]. Sustainable development is today the organizational
principle that guides the discourse on the achievement of Global Goals, including
policy on "Strin Englishthen resilience and adaptive capacity to climate-related
hazards and natural disasters in all countries" (Goal 13.1); "... awareness-raising and
human and institutional capacity on climate change mitigation, adaptation, impact
reduction and early warning" (Goal 13.3) [9, 12].

As for World Heritage sites, the legal aspects of its protection are registered in
the international "Convention Concerning the Protection of the World Cultural and
Natural Heritage," which was adopted in 1972, in the year which became
fundamental for sustainable development of mankind [13]. In modern international
law, the legal protection of World Heritage sites in city area should provide: "a buffer
zone is an area surrounding the nominated property which has complementary legal
and/or custom restrictions placed on its use and development to give an added layer
of protection to the property" [14].

But legal laws are powerless before the action of the fundamental laws of the
development of nature. As far as we know, there are no exceptions to these laws and
any natural or artificial system that does not obey these laws is doomed [15, 16]. That
is why the 2021 United Nations Climate Conference produced the Intergovernmental
Panel on Climate Change Report: "Climate Change 2021: The Physical Science
Basis" [17]. This report deals with the latest physical understanding of the climate
system and the mechanisms of climate change, by combining the latest advances in
climate science, abundant evidence of paleoclimate, modern observations and
modeling of global climate. The report, as of 2021, assesses climate change and risks
to humanity for the coming century. Particular attention was paid to cities, which are
called "hot spots of global warming" [18].

All facts mentioned above encouraged scientists to conduct large-scale studies
of this phenomenon all over the world [19 — 28]. Officially, these "hot spots," or the
temperature effect of the city, have been investigated since the beginning of the 19th
century: «The climate of London: Deduced from meteorological observations, made
at different places in the neighborhood of the metropolis» (1818) [29, 30]. Today, the
Urban Heat Island (UHI) is one of the most documented phenomena in urban
climatology [22]. This effect refers to the modified thermal climate in urbanized
areas, compared to nearby rural ones. He is an example of micro- and mesoscale
anthropogenic climate change, which is usually caused by differences in the heat
capacity of urban and non-urban surfaces [23].
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As usual two types of "heat islands" are distinguished. The first one is the
atmospheric type of urban heat island (UHI), which is investigated and evaluated
using ground-based observations and meteorological network data (air temperature,
humidity, wind speed and direction) [22, 23, 31]. The second type is the Surface
Urban Heat Island (SUHI), which has been studied and evaluated since the
emergence of remote sensing technology of Land Surface Temperature (LST) from
space and air platforms [23, 24, 25, 27].

The Climate Change 2021 Report predicted an acceleration in the rate of
warming. This will lead over the coming decades to the lin Englishthening of warm
seasons and the intensification of heat waves, in which extreme indicators will often
reach critical tolerance thresholds for human health, and in different regions of the
world there will be changes in humidity and dry air; increased winds, hurricanes and
rainfall, as well as associated drought and flooding [1, 17, 18].

The forecast for 2021 has already been confirmed by the Report of the World
Meteorological Organization to the UNO Climate Conference in 2023, according to
which on all continents "2023 shatters climate records, with major impacts". This is
about unprecedented tropical cyclones, floods, heat and drought, as well as forest
fires. For example, the summer heat of 2023 in Italy reached 48.2 ° C; and the
Canadian wildfire season exceeded any of the previously recorded: the area of
burned hectares of forest of 18.5 million hectares was six times higher than the
corresponding average for the previous 10 years (2013-2022) [32].

Regarding the issue of heritage protection, “The Policy Document on Climate
Action for World Heritage” (2023) [7]. stated that it requires the development of a
wide range of mitigation and adaptation options for climate change, as well as a
significant increase in investment. The guidelines of this "Strategic Document"
indicate that risks depend on the magnitude and speed of warming, the location of the
heritage site in space, the level of adaptive capabilities, as well as on "uncertainty
(lack of full scientific certainty)," which "should not be used as a reason for delaying
action to solve problems and minimize risks..." [7, p.21].

A significant number of objects of Cultural Heritage is located in cities, that is,
in the zones of influence of "thermal islands." Therefore, the results of studies that
focus on the factors and conditions of the emergence of the "urban heat island";
means for determining its location in space and the dynamics of change; the potential
hazards of having and being associated with land use features in a city are crucially
important for solving the problems of "uncertainty" and "risk minimization."

The purpose of the study. The purpose of this study is to identify the threats
of climate change to cultural heritage sites in the center of modern cities and justify
the effectiveness of methods of landscape organization of their buffer zones in order
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to strin Englishthen the stability of these objects, as well as adaptation to climate
change and mitigate the effects of the "urban heat island" on public spaces.

Summary of the main material. So far, there are no studies that are devoted
to landscape methods of mitigation and strin Englishthening the stability of cultural
heritage objects, taking into account the specifics of the organization of their buffer
zones in the face of climate change. And this is despite the fact that buffer zones in
the center of modern cities perform not only the function of protecting World
Cultural Heritage sites, but also function as public spaces.

The article is based on a study by I. Ustinova & A. Matsokha (2024), which
was held for the UNESCO cultural heritage site under No. 527 "Kyiv: Saint-Sophia
Cathedral and Related Monastic Buildings, Kyiv-Pechersk Lavra" (was constructed
in the 11th century, year listed in the 1990) (was constructed in the 11th century, year
listed in the 1990) [33]. To understand the peculiarities and "isolate the mechanism"
of interaction of urbanized areas with the Earth's climate system, the given research
relied on a wide range of in English-language scientific literature [19 — 28]. The
authors systematized and summarized the results of world scientific research to
determine the factors and conditions for the formation of "urban heat islands" in
temperate zones in the cities of Birmingham [22]; Brno and Prague [26]; Budapest,
Bucharest and Warsaw [27]; as well as "urban cool islands" which are formed in
areas with a hot and arid climate, according to the results of research for cities of Abu
Dhabi [21]; Acre [20]; Kuwait and Cairo [25]; Casablanca [24]; Singapore [19] and
Shanghai [28].

The means of "early warning of consequences" and visualization of climate
change threats for our research were the results of satellite monitoring of urban heat
islands of Kyiv, which was conducted by the "Scientific Center for Aerospace
Research of the Earth of the Institute of Geological Sciences of the National
Academy of Sciences of Ukraine" in the period from 1985 to 2016 [34, 35]. Initial
data for observations for the “The scientific center” " have been the materials of
space surveys in the thermal channel, which were obtained from satellites of the
Landsat series during the period of maximum annual temperatures: late July — early
August (Fig. 1), weather information for survey periods (Table 1).

The methodology for studying the surface temperature of the urban
environment, the "Scientific Center for Aerospace Research" of the National
Academy of Sciences of Ukraine, was based on their own technology for calculating
the temperature of the underlying surface according to the thermal range (10.40-12.5
microns) of the Landsat TM, ETM, TIRS satellites with the assessment of the
coefficient of thermal radiation according to the normalized vegetation index (NDVR
I) and methods for analyzing multi-hour series of space data. Space images were
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obtained from

the open archive

(www.earthexplorer.usgs.gov) [34, 35].

Temperature Anomaly w.r.t. 1980-2015 (°C)

of the

US  Geological Survey

GISTEMP Seasonal Cycle since 188!

Figure 1. Seasonal cycles of change in average annual temperatures between 1880 and 2023
(data show how much warmer each month of GISTEMP data is for the annual global

Table 1. Land surface temperatures (LST) and air temperature (AirT) during the period of

maximum annual temperatures from 1985 to 2016 [35].

Temperature (T°C)

Date Land Surface Temperatures Air
(LST) Temperature

min. max. (AIrT)
25.08.1985 28,4 41,6 29,2
06.07.1990 26,4 42,5 29,9
17.07.1994 28,9 50,1 30,8
31.07.2005 29,6 46,6 30,7
06.08.2013 25,2 47,6 25,7
29.07.2016 30,5 50,5 31,2

The research is also based on full-scale and cameral investigations of the
authors, the main methods of whom were field surveys and photographing. The
research also took into account the generalization and systematization made by
another scientists. As auxiliary materials, the authors used information from official
Internet resources, in particular, sites: UN; UNESCO, RESILIO, Flowercarpet and
others. The preliminary results of the study were tested by two at international
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conferences [36, 37]. Analysis of heat maps of the city center of Kyiv for more than
30 years records a steady increase in the temperature of the underlying surface of the
city in the areas of buffer zones and the location of cultural heritage objects: Saint-
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Sophia Cathedral (1037), Kyiv Pechersk Lavra (1051) and the Church of the Savior
on Berestov, next to the Lavra (1113) (Fig. 2) [35].

Figure 2. Dynamics of changes in the surface area of maximum heating in the buffer zones of the
UNESCO cultural heritage object under No. 527 from 1985 to 2016: 1) Kyiv: Saint-Sophia
Cathedral and Related Monastic Buildings; 2) Kyiv-Pechersk Lavra [35].

Statistical data on the dynamics of changes in the area of maximum heating in
the buffer zones of Saint-Sophia Cathedral and Kyiv Pechersk Lavra from 1987 to
2014 (Table 2) [34] highlight the interaction between temperature and the earth's
cover, as well as the inversion of the phenomenon of urban thermal islands, which is
characteristic of cities in desert regions of the world [21, 24, 25].

Table 2.
Dynamics of changes in the surface area of maximum heating in the buffer
zones of objects of cultural heritage of Kyiv in the period from 1987 to 2014 [34].

Area of maximum heating (Km?)
Sofia of Kyiv | Kyiv Pechersk Lavra

Dates
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1987 0,100 0,078
1992 0,125 0,057
2014 1,270 0,075

Table 2 data show that the area of maximum surface heating within the buffer
zone of Sofia Kyivska has increased more than 10 times, and within the buffer zone
of "Kyiv-Pechersk Lavra," on the contrary, has slightly decreased. The increase in the
surface of maximum heating within the buffer zone " Sofia Kyivska" is due to the
increase over the years in the number of multi-storey new buildings and the
corresponding decrease in green areas, including the replacement of green lawns on
Sofia and Mikhailovsky squares with artificial paving (clinker brick) (Fig. 3).

Figure 3. Surfaces of maximum heating within the buffer zone " Sofia Kyivska": solid paving of
Sofia Sauare (A): Mikhailivska Sauare (B) (vhotos taken bv A. Matsokha (2024))

Reducing the surface area of maximum heating in the buffer zone of the Kyiv
Pechersk Lavra (see Table 2), under conditions of general temperature increase (see
Fig. 1, Table 1), can be explained by the relatively small number of new buildings
and proximity to the river. Dnipro (the longest river in Ukraine and the fourth longest
in Europe) with a large park area along it (see Fig. 2). Results of thermal field
assessment "Kyiv: Saint-Sophia Cathedral and Related Monastic Buildings, Kyiv-
Pechersk Lavra" and the dynamics of its changes over the period from 1985 to 2016,
allow us to conclude that the presence and preservation of significant areas of flooded
and green areas, the protection and increase of vegetation, including by means of
"green roof' and "green wall," becomes not only an urgent task of forming a
comfortable environment of public spaces of the modern city, but also a means of
preserving cultural heritage [36, 37].
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It should be noted that in our case, the means of preserving a significant area of
green areas was the unification in 2020 of two territorially separated buffer zones into
a single cultural heritage object with an increase in their joint buffer zone by more
than 100 hectares for the sake of species disclosure of the object from the most
significant points of visual perception of the panorama of Kyiv from the right bank of
the Dnipro (Fig.4).

You can ask if the landscape organization of buffer zones an effective means of
protecting cultural heritage in the face of climate change. In our case, the means of
solving this "uncertainty" to minimize the risks of "action deposition" in the context
of global climate change became the author's generalizations of the results of studies
conducted using remote sensing methods of the Earth's surface in different countries
of the world.

| CXEMA CROPOROE Bt Yowt 060X
W COBOP CRRAK OO
MORALT AR KYEIIS, KO P

A B

Figure 4. The boundaries of the buffer zone of the UNESCO cultural heritage object under No.
527: spatially separated (A) (processed by A. Matsokha for according to Management plan (2014);
united in 2020 (B) [38];

Regarding factors whose synergy causes the emergence of an urban heat island.
It can be noted that they are: human life (working household and industrial
ventilation and air conditioning systems; vehicles; industry) [22, 26]; densification of
buildings (proximity and height of buildings and structures), which leads to a
decrease in the airing of urban space, as well as high heat-absorbing properties of
building materials and underlying surfaces with low albedo (dark stone, brick or
concrete buildings and structures; asphalt roads, squares, sidewalks; metal and
bitumen roofs) [19, 28, 31]; features of land use, lack of vegetation and water bodies
[24, 25, 27]. The joint action of these factors is also illustrated by the results of
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studies of the surface of maximum heating in the center of Kyiv (see Fig. 2; Table 1,
2) [34, 35].

Regarding the "mechanism" of the formation of the thermal island. It can be
noted that this effect is due to the "two-phase" functioning of the "active surface" of
the city, which absorbs a large amount of short-wave solar radiation in the
morning/afternoon, and slowly gives it to the urban space in the form of long-wave
thermal radiation in the evening/night [25, 27, 28]. All mentioned above causes a
slower decrease in night temperatures in modern cities than in non-urban territories,
which leads to an almost round-the-clock heat load during the summer overheating of
modern cities. Studies of the thermal field of Kyiv show that this happens against a
background of more than 1.5 times higher maximum temperatures of daytime heating
of the underlying surface than heating of air in cities (see Table 1) [35].

Thermal anisotropy (temperature contrast) in heterogeneous landscapes (see
Fig. 2) also illustrate the results of studies of the effect of urban thermal islands of
Budapest, Bucharest and Warsaw. So, on the graphs (Fig. 5) the "thermal radiation"
of urban and arable surfaces differ markedly, while thermal measurements of water
bodies are almost twice lower than them [27].
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Figure 5. Average monthly radiation the Middle Infrared (MIR) of urban, arable and water
surfaces in cities of Budapest, Warsaw [27].

All mentioned above is confirmed by satellite data on the "local climatic
zones" of Brno and Prague. According to which, in almost 90% of the tests, the
warmest were industrial zones and dense buildings, and the coldest were ponds and
arcas with densely planted trees [26]. The fact of the contrast of surface temperatures
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with the formation of "cool islands" around woodlands and reservoirs has been found
for Singapore [19] and Shanghai [28].

The cooling effect of vegetation and water surfaces on urban heat was found in
almost all studies. But there is a specificity of the thermal behavior of urban surfaces
in different climatic zones of the Earth. For example, in cities located in temperate
climatic zones, the surface urban heat island (SUHI) is warmer during the day than
outside the country (Birmingham [22], Brno, Prague [26], Budapest, Bucharest and
Warsaw [27], Kyiv [34, 35]; and in cities located in areas with hot and arid climates,
by contrast, SUHI is colder during the day than the non-urban territories (Abu Dhabi
[21], Acre [20], Kuwait and Cairo [25], Casablanca [24], Singapore [19], Shanghai
[28].

This specificity is due to the already mentioned mechanism for the formation
of an urban heat island, according to which the direction of heat flows in space
depends on the time of day: morning/afternoon or evening/night; and from the
location of surfaces with the contrast of temperatures in space (thermal anisotropy).
The space-temporal variations of SUHI, with the advent of the "urban cool island" in
cities with hot and arid climates during the day, are due to the prolonged shading of
the "urban canyons," landscaping, watering, and cooling effect of the sea breeze as
established for Abu Dhabi [21]; Kuwait and Cairo 25; Casablanca [24]; Singapore
[19].

All mentioned above due to oase effect (from French oasis "fertile spot in a
desert, where there is a spring or well and more or less vegetation", but originally
from Coptic oasis is properly "dwelling place"... [40]. So, by analogy with the
emergence of an "oasis of coolness" among the desert, the experience of "mobile"
and "stationary" gardening, watering and shading of urban surfaces can become a
means of strin Englishthening the climate change resistance of cultural heritage
objects.

Regarding the protection of "Kyiv: Saint-Sophia Cathedral and Related
Monastic Buildings," within the buffer zone of which the area of maximum surface
heating has significantly increased (see Fig. 2, Table 2), which can contribute to the
intensification of the processes of physical weathering, corrosion of metals and the
acceleration of the destruction of buildings and structures [35]. To cool the
underlying surface of Sophia Square, which directly approaches the walls of Saint -
Sophia Cathedral by continuous paving (Fig. 3. a), the experience of the "Flower
Carpets of Brussels" (Fig. 6).

These carpets, sometimes even with fountains (2010), appear every two years
on the central historical square of the capital of Belgium (UNESCO Cultural Heritage
Site No. 857 "La Grand-Place, Brussels") [41].
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Figure 6. Floral carpet of Brussels, "temporary landscaping of the cultural heritage site" La Grand-
Place, Brussels, "examples: 2008 (A); 2010 vyears (B) [41].

Effective means of landscape organization of multi-level urban space, in
conditions of lack of greening of the city center, can be innovative methods of "blue-
green" roofs of Amsterdam (Fig. 7) [42].

Figure 7. Smart Blue-Green Roofs (project RESILIO), Amsterdam, Netherlands [42].

The experience of "green" facades from the French botanist and designer
Patrick Blanc, who invented and patented a modern vertical hydroponic garden, can
also be useful. Examples of The Vertical Garden by Patrick Blanc are L'Oasis
d'Aboukir on the wall of a residential building in Paris and CaixaForum, which is part
of the UNESCO Cultural Heritage Site No. 1618bis "Paseo del Prado and Buen
Retiro, a landscape of Arts and Sciences" (Fig. 8) [43, 44].
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Figure 8. The Vertical Garden from Patrick Blanc: L'Oasis d'Aboukir in Paris (A); 2) CaixaForum
in Madrid (B) [42].

It should be noted that similar "green" facades exist today in Kyiv (Fig. 9).

Figure 9. “Green” facade of Vichy grapes on Andriyivsky Uzvizin the historical part of Kyiv:
autumn (A); spring (B) (photos taken by A. Matsokha (2023, 2024))

In summary, it 1s worth noting that in our time, world heritage sites suffer not
only from global climate change, but also from the fact that they become "the main
target in recent wars" [45]. Therefore, UNESCO, in cooperation with the
international organization "Blue Shield," contribute to the protection of cultural
property through the creation of the "World Heritage List under threat". In 2023, this
list also included World Heritage sites of Ukraine, such as: " Kyiv: Saint-Sophia
Cathedral and Related Monastic Buildings, Kyiv-Pechersk Lavra", " L'viv — the
Ensemble of the Historic Centre" and " The Historic Centre of Odesa" [44]. And
here, by analogy with the mission of the "Blue Shield," which was conceived as the
"cultural equivalent of the Red Cross," in order to protect against air attacks on World
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Heritage sites in the event of armed conflicts, methods of protecting cultural heritage
objects by means of landscape architecture (landscaping, watering and shading the
active surface of the city) in the face of global climate change, may be called the
"Green Shield" methods [36, 37].

Conclusions and Prospects for the Study. Global warming, with the
exception of armed conflicts and wars, is today and for the next century the greatest
threat to humanity and the preservation of cultural heritage sites. This fact actualizes
the need to integrate interdisciplinary approaches to the development of scientifically
sound adaptive-regulatory programs to mitigate the effects of climate change and
strin Englishthen the sustainability of cultural heritage sites. Of special attention here
are cities, which in the UN Report "Climate Change 2021" have been called "hot
spots of global warming" due to the fact that "urban heat islands" are formed above
them, since more than half of the world's population lives in them and cultural
heritage sites are located.

Understanding the "fluctuation physics" of the Earth's climate system, as well
as the conditions, factors and mechanisms for the formation of urban heat islands,
became possible due to the combination of achievements in the field of climate
science, remote sensing technologies of the Earth's surface and satellite monitoring of
urban heat islands. This i1s a means of early warning of the consequences and
visualization of the threats of climate change to UNESCO cultural heritage sites, in
our case, according to No. 527, "Kyiv: Saint-Sophia Cathedral and Related Monastic
Buildings, Kyiv-Pechersk Lavra." In particular, the analysis of maps of satellite
monitoring of urban heat islands in the middle of Kyiv for more than 30 years
revealed a steady increase in the temperature of the underlying surface in the buffer
zones of this cultural heritage object.

The author's generalization of the results of remote sensing of the Earth's
surface identifies a characteristic inversion of the thermal behavior of urban surfaces
in different climatic zones of the Earth. In particular, in temperate climatic zones over
cities during the day, urban "heat islands" arise, since non-urban territories are
usually greener (shaded) and watered. Conversely, in areas with hot and arid
climates, urban "cool islands" appear over cities during the day, since non-urban
territories are usually deserts, and shaded, green and watered (pools and fountains)
are "oases of urban canyons."

Proving the fact of the cooling effect on the urban climate of green and water
surfaces, even with the appearance of coolness in cities with a hot and arid climate of
urban islands during the day, allows us to assert that the landscape organization of
buffer zones of cultural heritage objects (as well as public spaces of cities) can be an
effective means of protecting, strin Englishthening stability and mitigating the effects



[Ipocmoposuii pozsumok 131

of high temperatures in the conditions of summer overheating of modern cities. By
analogy with the emergence of an oasis of coolness among the desert, a means of
strin Englishthening the climate change resistance of cultural heritage objects can be
the use of world experience in landscaping, watering and shading urban surfaces. The
methods of protecting cultural heritage objects by means of landscape architecture in
conditions of global climate change, by analogy with the mission of the "Blue
Shield," should be called the "Green Shield" methods.

Jl.apx., mpodecop YcrinoBa Ipuna IropiBua,
Manboxa Asina CepriiBHa,
KuiBchkuil HalllOHATBLHUN YHIBEPCUTET OYIIBHUIITBA 1 apXITEKTYpHU

MNOCHUJIEHHS CTIHKOCTI JIO 3MIH KJIIMATY OB’€EKTIB
KYJAbTYPHOI CIIAJJIIIUHU B CEPEJMICTI CYYACHUX MICT
3ACOBAMMU JAHJIIIA®THOI APXITEKTYPU

JlocnipkeHHsl akTyasi3ye MUTaHHS MOM SIKIIEHHSI HACIHIJIKIB 3MiH KJIIMAaTy Ta
MOCUJICHHS CTIAKOCTI O0’€KTIB KYJbTYPHOI CHAAIIMHU 3 ypaXyBaHHSM CHEUH(IKU
nanamadTHOI opraHizanii OydepHUX 30H, sIKI BUKOHYIOTh HE Jvile (PYHKIIIO iX
OXOPOHH B CEPEIMICTI CYYaCHUX MICT, a i (PYHKIIOHYIOTh SIK TPOMAJIChKI MPOCTOPH.
Metoro IOCHIKEHHS € BHUSBICHHS 3arpo3 3MiH KJIIMAaTy Jjisi 00 €KTIB KYyJbTYpPHOI
OydepHMX 30H 3apagud TMOCHJIEHHS CTIHKOCTI IMX OO0 €KTIB. Y JOCHIIKEHHI
BUKOPUCTAHO CHUCTEMHHUW MIJAXiJ, METOJM y3arajdbHEHHS Ta aHAJOTii, eMIIPUYHOTO
Ta TOPIBHSJIBHOIO aHamizy. B Xoal npociipkeHHs OyJio BUSIBICHO crnenudiky
(GYHKIIIOHYBaHHS «AISJIbHOI MOBEPXHI» MICTa Ta MOT0 MO3aMICBKUX TEPUTOPIH, SIKY
3YMOBIJIEHO «JIBO(pa3HMM MEXaHi3MOM» (POpMyBaHHSI «MICBKHX TEIUIOBUX OCTPOBIB»
(HampsiM TEMJIOBUX MOTOKIB 3aJIEXKUTh BIJl PO3TAllyBaHHS B MPOCTOPI MiACTUIAIOYUX
MOBEPXOHb 13 KOHTPACTOM TeMmIepaTyp Ta 4Yacy JA00M — BpaHUI/BIACHb YU
BBeuepi/BHOY1). CHCTEMAaTU30BaHO Ta Y3arajbHEHO pEe3yJbTaTH TOCHIIKEHb I0J0
JUCTAHIIITHOTO 30HJIyBaHHS MOBEpPXHI 3eMJi Ta CYNyTHUKOBOTO MOHITOPHUHTY
TEIJIOBOTO CEPEAOBHINA MICT; BHOKpPEMJICHO (DaKTOPH Ta YMOBH BUHHKHCHHS
«MICBKUX OCTPOBIB TEIUIa» HaJ MICTaMH B 30HaX 13 MoMipHUM KiiMaToM (bipmiHrem,
bpuo, bynanemr, byxapect, Bapmaa, KwuiB, IIpara) Ta «MICBKUX OCTpOBIB
MIPOXOJIOAM» HAJl MICTAaMU B 30HaX 13 )KapKUM Ta MOCYNIITUBUM KilimMaToMm (AOy-/1abi,
Axpa, Enp-Kygeiit, Kaip, Kacabnanka, Ciaramyp, [llanxait). PesynsraTtu qocnimkeHnb
«TETUTOBOT MOBEAIHKM» MICHKHUX MOBEPXOHb BKA3YIOTh Ha Te, MO0 (OPMYBaHHS «0a3
MPOXOJIOAM» BIITKY 3alOAiTHO TPUBAJIUM 3aTIHEHHSM «MIChKHX KaHBHOHIB» B
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IyCTEJl Ta OXOJOKYIOUUM €(EKTOM MICBKOTO (32 PaXyHOK 3aTIHEHHSI, 03€JICHEHHS
Ta OOBOJHEHHS TEPUTOpPIi) Ta MNPUPOAHBOTO Opu3y B NpuOEpexHil 30HI. 3a
aHaJori€r 13 popMyBaHHSAM 0a3 MPOXOJIOJM B MycCTeli, JaHAma@THUMU 3aco0aMu
MOCUJICHHS CTIMKOCTI J0 3MiH KJIIMary OO ’€KTIB KyJIbTypHOI CHAAIIMHU (K 1
IrPOMAJICBKUX MPOCTOPIB) B MEPIOJ JITHHOTO MEPErPiBYy CYUYACHUX MICT, MOXKE CTaTH
JOJAAaTKOBE «MOOUIbHE» Ta «CTalllOHapHE» O3€JICHEHHS Ta OOBOJHEHHS MICBKHX
MOBEPXOHb, Ha KmTanT, «KBITKOBHMX KunuMiB bproccens», 1HKOIM HaBITh 3
(dboHTaHaMu; «CUHBO-3elIeHNX» naxiB Amcrepaamy, «The Vertical Garden» Ilapuxy
i Manpuny, «3enenux ¢acaniBy Kuepa. IIpakTHUHOIO HIHHICTIO JOCIHIJKEHHS €
MOXJIMBICT  BpaxyBaHHsS WOro pe3yJbTaTiB MpPU  ONpAIfOBaHHI  HAYKOBO
OOTpYHTOBAHMX aJAlITUBHO-PETYJIOIOUUX MPOTpaM IIOAO0 IMOM SIKIIEHHSI HACHiAKIB
3MiH KJIIMaTy Ta MOCHUJICHHS CTIMKOCT1 00’ €KTIB KyJbTYPHOI CHAAIINHHU.

KitouoBi cnoBa: riio0anbHE MOTEIUTIHHS; MICBKI OCTPOBH Temia; 00’ €KTH
KyJbTypHOI crnaauuHu; OydepHi 30HHU; CEpeaMICTS; TPOMAJChKI MNPOCTOPH;
naHamadTHA apXITEKTypa; CTaINl pO3BUTOK.
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