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Astract. The global climate system shows signs of rapid changes called a Climatic Transition in
specialized literature. The article has studied climate trends in territorial (global, macro-climatic, meso-
climatic, and micro-climatic) and time limits (historical overview; current state; long-term, medium-term,
and short-term prospects). The most probable medium-term forecasts until 2050 have been taken as a basis.
The climate data analysis for the previous 60 years has been carried out and continued by our research with
linear averaging of data for 2009-2020, the dynamics of main parameters changes on the territory of
Ukraine and for Lviv city have been determined. The main requirements for architectural solutions in
various climatic conditions have been formulated. Correlation analysis of energy efficiency improvements
in architecture and current external micro-climatic conditions has been performed. It has been proposed to
make appropriate changes to the regulatory documents.

Key words: architectural climatology, climatic transition, construction climatology, energy efficiency
improvement of architectural solutions, Lviv Polytechnic, the architecture of public buildings.

Problem stating

It is important to apply powerful modern knowledge and methods of architectural climatology to
improve public buildings and their complex energy efficiency, This science being part of architectural
physics is designed to reveal the connections between climatic conditions and the architecture of buildings
and urban planning formations. The main directions of architectural climatology are outlined by Vytruvyy
in the first of ten books (chapters I, II, IV, VI) (Vytruvyy, 1936). In the books, he named the main climatic
factors that influence the formation of building architecture and the choice of urban planning solutions.
The books have had wide influence starting from operational characteristics of buildings and ending with
the creation of comfortable conditions for people. And well-thought-out architectural solutions can level
out adverse external climatic influences and enhance positive ones. The priority of climate influence on
architecture was also emphasized by Ukrainian authors. For example, V. Shcherbakivskyi stated:
“Architecture, like other types of human creativity, has been influenced by various factors and in the first
place by the climate and nature” (Shcherbakivskyi, 1910, chapter 5). The traditional architecture heritage
demonstrates the result of climate and architecture interconnection. (Dyda, 2009). Architectural
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climatology as an applied science has developed rapidly (Gusev, 1983, p. 440), (Ed. Obolensky, 2005,
p. 448) for the past decades in the form of numerous thorough studies (Myagkov and Alekseeva, 2016,
p. 356), (Apatenko, 2011, p. 98) in connection with the actualization of energy saving in architecture. The
application of basic information about factors in architecture should be considered in the following main
aspects: urban planning; formative, architectural planning, compositional, and design aspects. Architectural
climatology also studies the influence of architectural and urban planning solutions on the formation of the
individual territory's micro-climate. Today it relies on architectural typology, general climatology, ecology,
hygiene, economics, and aesthetics. Architect’s proficiency in this field determines the quality of modern
architecture in functional, aesthetic, and economic aspects (Shuldan, 2006). At one time, N. Foster noted:
“Adaptability is one of the most important tools in sustainable architecture” (Foster, 2005). And
climatological adaptability can become the main sign of design decisions sustainability. But architectural
climatology itself as well as its teaching in architectural schools has several unresolved issues.

The objective of the article

The analysis of climate information sets the main search vectors for architectural solutions of public
buildings with improved energy efficiency, allows them to be divided by the degree of impact and evaluate
the results obtained, serves as an undeniably important background for designing the micro-climate of
public complexes. Climatological indicators are considered separately and collectively in such a way that
they can be used at all stages of architectural and construction design. Most scientific works devoted to
energy saving in architecture are based on statement, interpretation, and use of the climatic variables
officially specified in the State Standard (Minrehionbud Ukrainy, 2011). The author’s participation in the
State Standard development prompted further work on collecting and analyzing available data from various
sources and studying scientific and reference literature on this topic. It also has encouraged an attempt to
define prospects, identify dominant trends in climate change, and outline them in an abstract way below.
The parameters variability and the main climate trends are analyzed in territorial (global, macro-climatic,
meso-climatic, and micro-climatic) and time limits (historical overview, present, long-term, medium-term,
and short-term perspective). The study will allow us to perform a correlation analysis of the initial
conditions of architectural design with actual external micro-climatic conditions

Results and discussions

Climate change scenarios and the future of energy efficiency in architecture. The global
climate change prospect is one of the most pressing challenges humanity is facing. During the
development of global warming or Little Ice Age scenarios currently discussed, the main function of
architecture remains to create the maximum possible protection and comfort for humans. Due to the
development of energy efficiency, it is possible to achieve this in conditions of rising prices and
depletion of traditional energy resources. According to the Intergovernmental Panel on Climate
Change (IPCC), construction, renovation, and modernization of buildings are responsible for 19 % of
global greenhouse gas emissions (Larrochelle, 2015).

And yet, warming or cooling? In favor of each of the versions, many arguments and
counterarguments have been given, specific reasons and hypothetical assumptions have been provided.
Skeptics reject both (Stronskyi, 2006). At the end of the 20th century, it became apparent to
professionals working in the meteorological industry that the global climate system was showing signs
of rapid change. Many scientists believe that first, anthropogenic influence leads to a global increase
in temperature on the Earth's surface (Weart, 2003), (Boichenko, 2007, p. 105-111), (ed. Burroughs,
2003). Temperature deviations from certain standards cause several consequences: changes in
humidity and wind conditions of large regions, the amount and frequency of precipitation, etc. Other
scientists cite data that indicate global warming and its consequences are rather the results of natural
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changes in climatic conditions (Akimenko et al., 2006). There are still others who claim that the
climate has always been changeable. After all, over the past two thousand years, there have been three
periods of global warming and three periods of cooling. The last of them ended in the first half of the
XIX century (Krenke, et al., 1995). Climatic processes of cyclic repetition are directly related to the
long period of M. Milankovich cycles. They explain the cooling of the Gulf Stream and the slowdown
in its flow since 2011 which is a sure sign of the seriousness of the future problems. According to
them, we are now experiencing warming, which in the long term will end in cooling. (Kim & An,
2013, p. 9-19). Climate scientists in the United States and Great Britain confirm that the current stage
of stable warming began at the turn of the XIX—XX centuries and is now gaining alarming rates
(National Research Council of the National Academies, 2010, p. 204-216), (NRC, 2008, p. 2),
(ed. Burroughs, 2003, p. 240).

According to the results of a set of experiments on climate modeling, by the end of the 21st century,
American scientists predicted an increase in average temperatures by 1.1 °C — 6.4 °C, compared to the
average values of 1980—1999 (National Research Council of the National Academies, 2010, p. 223). These
data are permanently updated, checked and, in this regard, forecasts of changes are adjusted
(Alloisioa, Farniaa & Khoroshiltsevaan, 2013), (McGann & James, 2019). Secretary-General of the
World Meteorological Organization Petteri Taalas has officially confirmed that global average
temperatures have already increased by about 1.1 °C since the pre-industrial era and that oceans
temperature is at an all-time high level (United Nations, 2020). However, the “global warming” term is not
used in the European regulatory and program field, but mainly the concept of climate change is used
(European Commission, 2009), (European Commission, 2019).

It can be said for sure that global climate scenarios do not have sustainable certainty. Forecasts and
causes of climate change, that are made public from high stands, often become a bargaining chip in major
political games and depend on the goal of the main beneficiaries. An example of this is the absence of
ozone holes topic in the current discussion. Therefore, it is impossible to consider the changes prospects
for a period comparable to the estimated life span of 100 years buildings, until the end of the century.
Further research has taken into account the most reasonable warming trends for the future until 2050.

In Eurasia, medium-term forecasts for this period indicate a warming trend (Peeters & Deketelaere,
2006). Changes in the warming trajectory in the macro-climatic field are usually determined by the average
values of climatic variables based on 30-year observations (ed. Burroughs, 2003). Individual years or even
decades may deviate from the long-term trend. It is impractical to consider short periods, for example,
changes over the past 3-5 or 10 years. Therefore, an averaging period that minimizes the impact of
temporary natural variability on ultra-short time scales and facilitates the analysis of medium-term trends
has been chosen. Architects in all latitudes adapt their projects to the environment, offering sustainable
solutions. This article has suggested and developed recommendations for the formation of initial design
conditions for the territory of Ukraine.

Ukraine climatic conditions analysis as a basis for determining ways of energy saving in
architecture. In the previous period, several typological requirements that had to be met and taken into
account in the design process, fixed in building codes and regulations, were determined by climatological
typology. The climate typology is based on architectural and construction climate zoning made based on
the results of long-term measurements of meteorological elements of the climate by a network of
Hydrometeorological Service Stations. By the climatic zoning, various house operation modes (geometric,
closed, and open) are unified, each of which has appropriate spatial planning solutions, the presence of
open and semi-open rooms, loggias, balconies, sun protection, and other elements. Currently, the principle
of territory zoning has also been adopted, according to which the territory of Ukraine is divided into 2
temperature zones depending on the number of heating period degree-days (Minrehionbud Ukrainy,
2017.). Zoning involves only changing the design requirements for external enclosing structures of the
building, regulating the minimum value of the total heat transfer resistance of structures during new
construction, reconstruction, and major repairs. Such values are minimal, transitional to new and more
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stringent requirements for thermal insulation of enclosing structures, which should be introduced into the
regulatory framework.

Ukraine's climate has proved extremely sensitive to global changes. This conclusion was made
possible by the analysis of the following: maps of the average monthly air temperature and precipitation in
Ukraine (Tsentralna heofizychna observatoriia imeni Borysa Sreznevskoho, 2020.), current DSTU-N B
V.1.1-27:2010 Construction climatology (Minrehionbud Ukrainy, 2011), other regulatory and reference
literature (Ukrainskyi hidrometeorolohichnyi instytut, 2013) and own research in the form of climate
analysis of most cities of the country.

Natural and climatic factors that affect the energy balance of the building and the surrounding area
include solar radiation, temperature regime, wind, the latitude of the area, landscape, and so on. These
factors do not depend on humans and are closely related to the natural environment. The increase in air
temperature on our territory has been observed since 1989. Since then, it has increased by more than 1.5 °C
in January and February. There has appeared a temperature increasing tendency in July and August, which
leads to abnormal overheating of buildings, and creates a need for air conditioning of premises in summer.
Winters are getting less snowy. The duration of snow cover retention has relatively decreased by almost a
month. Precipitation distribution change is becoming more important than the total amount of precipitation.
Uneven precipitation becomes normal with an increase in the number of sparse rains and, conversely,
heavy downpours. In general, there is a reduction in the zones of moisture and moisture saturation of the
soil. At the same time, the frequency of house flooding is growing.

The concept of the state policy in the field of climate change in Ukraine names the causes of climate
change and the main tasks for their elimination. “Anthropogenic impact on the climate system is the
dominant cause of warming, ... to avoid the catastrophic consequences of climate change, it is necessary to
achieve a reduction in greenhouse gas emissions of such a scale as to keep global warming within 2 °C.”
(Ministerstvo ekolohii ta pryrodnykh resursiv Ukrainy 2017, p. 1). For the architectural industry, among
the indicated direction of problem-solving we have highlighted the most important ones: reducing
anthropogenic emissions, increasing greenhouse gas absorption; transition to low-carbon development;
climate change adaptation.

Meso-scale climatic regimes research (as illustrated by Lviv). Against the background of global and
regional changes, it is important to track local climatic information, including observations, assessment,
and modeling of climatic variables that can predict annual, ten-year, and multi-decade climatological
changes. Meteorological observations at Lviv Polytechnic have been carried out since its foundation. In
1877, the metrological station together with the observatory was established in the newly built main
building of the Tsisar-Royal Real School in Lviv, as it was called back then. The values of climatic
variables have been observed and recorded here for almost 100 years. For a reason, Lviv appears, like no
other city, in the norms of the Soviet period, namely in the SNiP (construction rules and regulations) and in
two guises dated 1973: “Lviv” and “Lviv Polytechnic”.

Employees of the Architectural Construction Department, which is now the Architectural Design
and Engineering Department are working on the architectural climatology problems, as one of the main
scientific fields. Professors Kinash R. I., Shvets Ya. V., assistant professor Kazakov H. V, assistant
professor Shuldan L. O., Yatsiv M. B. (Shuldan, 2002), (Kinash&Burnaiev, 2001), (Shuldan&Yatsiv, 1998,
72-76 p.) have devoted their scientific and methodological works to certain problems of architectural
climatology at different times . The staff of the department still owes the formation of the architectural
physics laboratory with its unique equipment and installations to Bedyl O. T., Zapolskyi V. H., and
Stasevych 1. V. The architectural climatology section in the architectural physics course is one of the most
important in the professional training of students of Architectural Specialties of Institute of Architecture
and Design Lviv Polytechnic.

To identify climate changes on a meso-climatic scale, the author has conducted her research,
analyzing the values of several local climatic variables for Lviv (Table 1). Since temporary deviations of
parameter values from the climate norm cannot be considered as climate change, data from the following
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sources have been used for analysis: 1963 (State Committee of Council of Ministers of the Soviet Union of
Construction [GKSM SSSR PDS], 1963), 1973 (GKSM SSSR PDS, 1973), 1982 (GKSM of the USSR
PDS, 1983), 2000 (Gosstroy of Russia, 2000), (Minbud Ukrainy, 2006), and 2010 (Minrehionbud Ukrainy,
2011) with an averaging period of observation data from 1950 to 2008. The data processing of a later
period has been based on averaging the values of the main climatic variables from 2009 to 2012 and from
2012 to 2020. Indicators are determined by data linear averaging and are not subjected to homogenization,
as required by the method of creating homogeneous meteorological series (Skrynyk& Skrynyk, 2011,
p. 46-53). The basis for research practice, as in the formation of regulatory documents, was the reports of
the Lviv Aeronautical Meteorological Station (TOV “Rozklad Pohody”, 2020).

Table 1

Examples of research of some external climatic variables (Lviv) during the heating period
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The main temperature indicators used in energy calculations and thanks to which typological
solutions and operating modes of buildings are chosen, summarized in Table 2. A data comparison from
mentioned sources and conducted researches provides a picture of changes over more than 60 years. The
values of yearly average temperatures obtained in this way can be used for trends determination. It is
revealed that the difference in values according to their average readings between the first two is 1 °C
towards cooling (Table 2, No. 1, and No. 2). The next 20 years, from the 60s to the early 80s, were
distinguished by stable temperature indicators (Table 2, No. 2, and No. 3). Then, there is a consistent
trend in warming, which is recorded by the Standards of 1983, 2000, and 2011. The difference in yearly
average temperatures between them in the first case (Table 2, No. 3, No. 4) is 0.5 °C. Even after the cold
peaks of 2008-2009, the yearly average temperature increased, which is shown by a difference of 0.2 °C
(Table 2, No. 4, No. 5) for the next decade. Averaging of temperature values for 2012 show an increase
in temperature by 0.4 °C (Table 2, No. 5, No. 6), and in 2019 the temperature was already 0.5 °C (Table 2,
No. 6, No. 7). As a result of the analysis, it has been concluded that the yearly average temperature
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values in Lviv have increased by 1.6 °C over the past 40 years (Table 2, No. 3, No. 7). Thus, we have
made sure the warming at the meso-climatic level is real and determined its intensity which is — 0.9 °C
(concerning the current regulatory values). To justify architectural solutions, the correlation analysis of
initial temperature conditions must be performed exactly on such a gradient in energy calculations. The
author has also conducted a study on wind and humidity conditions and revealed the dynamics of their
changes during the earlier period.

Table 2
Temperature changes dynamics in Lviv
The vearly average Reference The highest
No. Reference source Year e S temperature | temperature of the
temperature value .
(cold pentad) warm period
1 2 3 4 6
1 Snip II-A. 6-62
1963 7.7 -16 36
(GKSM SSSR PDS, 1963)
2 SNiP II-A. 6-72
1 . -2
(GKSM SSSR PDS, 1973) 973 6.7 0 37
3 SNiP 2.01.01-82
1 . -2
(GKSM SSSR PDS, 1983) 983 6.7 0 37
4 SNiP 23-01-99
(Gosstroy Rossii, 2000) 2000 72 -20 i
5 DSTU-N B V.1.1-27:2010.
(Minrehionbud Ukrainy, 2011) 201 74 -20 27
6 © Larysa Shuldan, 2021 2009
By the Weather Archive of Lviv 201 2- 7.8 -17 28
(aeroport)(TOV “Rozklad Pohody”, 2020)
7 © Larysa Shuldan, 2021 2012
By the Weather Archive of Lviv 202 (; 8.3 -17 27
(aeroport)(TOV “Rozklad Pohody”, 2020)

In 2019, a group of Swiss researchers found out how much cities can be changed in response to
global climatic shifts. They found a general trend for cities in the northern hemisphere that move into
warmer conditions at an average speed of ~ 15-20 km per year (Bastin et al., 2019), (Beniston, 2014).
The cities' geographical shift demonstration (Fitzpatrick & Dunn, 2019) helps to understand and
anticipate the effects of changes in their architecture. In this paradigm, we can assume that the climate
of Lviv (49° 50' N) will be similar to the current climate of Bucharest, Bordeaux, or Bologna (~ 45 N) by
2050. And the changes outlined in such a way can provide a unique opportunity to develop strong
recommendations for responding and addressing their consequences. Additional risks continue to be
recognized as climate changes by the impact on human health. Also, they predict the application of
measures to create a comfortable environment (Haines &, Ebi, 2019).

Conclusions, proposals, and prospects for further research

Today, the global climate system shows signs of rapid changes which is called a Climatic
Transition in specialized literature. Climate change scenarios for a period comparable with the
estimated lifetime of 100 years buildings do not have strong certainty. The trend of warming for the
period up to 2050 has been confirmed.

The rate of warming and the geographical shift of cities causes the emergence of architectural
concepts that are not typical for some regions. The adaptability of architecture to climatic changes should
be developed in three main directions: 1 — the use and increase of climate properties benefits for humans;
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2 — neutralization or elimination of their adverse manifestations (protection against temperature rise,
flooding, wind perturbations, etc.); 3 — reduction of human-induced disturbance (greenhouse gas emissions
reduction, environmental friendliness, and energy saving). To do this, the list of architectural techniques
and tools should be expanded and supplemented based on fundamental researches.

The research on the dynamics of the main climatic variables change has been based on data from
standards, reference, and research literature with an averaging period of observation data from 1950 to
2008 and own surveys with linear averaging of parameters from 2009 to 2012 and from 2012 to 2020.
Over the past 40 years, the yearly average temperature in Ukraine has increased by 1.5 °C. The warming
intensity was calculated at the meso-climatic level (for Lviv) which is equal to 0.9 °C (in comparison with
the indicators of the current standard dated from 2000). To justify architectural solutions, the correlation of
initial temperature conditions must be performed exactly on such a gradient. It has been proposed to add
the appropriate data to the regulatory documents.

The improving correlation of the energy efficiency of the architectural concepts with current and
promising external microclimatic conditions determined the direction of further scientific and practical
comprehensive researches of architectural planning and spatial organization of public buildings, taking into
account trends and differences in climatic conditions in the regions of Ukraine.
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MOKPAIIEHHSA EHEPTETUYHOI EGEKTUBHOCTI
APXITEKTYPHHUX PIIIEHDb B KOHTEKCTI KIIMATUYHUX 3MIH

Anomauin. 36 s3xu Midc KIIMAmMUuYHUMU YMOSAMU Ma apXimekmypoio 0yoieenv i MicmoOyOieHUX YmMEopeHb PO3KPUSAOms
y uacmuni apximexmyproi ¢izuxu — apximexmypHiti kiimamonozii. Cb0200HI c8imMmo6a KNiMamuiHa cucmema 0eMOHCIMPYE 03HAKU
CMpIMKUX 3MiH, W0 Y cneyianvHill aimepamypi OCmMaHHIM Yacom 00epedcHO HAa38aHo ‘‘KiimamuyHum nepexoodom”. YV cmammi
KNIMamuyni meHOeHyii npoaHanizo8ano 6 pisHuX mepumopiaioHux (2100anbHUX, MAKPOKLIMAMUYHUX, ME3OKTIMAMUYHUX MA
MIKpOKNIMAMUYHUX) ma Yacosux mexcax (icmopuunuii 02110, Cy4acHull CmaH; 00820CmMpoOK08d, cepeOHbOCMPOKO8a ma Ko-
pomKocmpokoea nepcnekmugu). B pesynemami ix ompayroeanns, 0OIpyHmMOSaHux OAHUX HA NEPCHEKmMuUgy, Chi6GIOHOCHY 3
opienmosHum mepminom scumms Oyoieens (100 poxis), ne gusgnerno. Toouc, 3a 0CHO8Y 83AmMO HAUDINbU UMOBIPHI cepeOHbOCmPO-
k06i npoenosu 0o 2050 poky. Aemopcoka yuacmo y pospodyi Jlepoiccmandapmy “‘Byodieenvra xnimamonoeisa” 2011 p. cnonykana
00 NPOO0BICEHHS QOCTIONCEHb MA BUABNLEHHSA MEHOCHYIT KIIMAMUYHUX 3MIH Y Me30KIiMamuunomy macumabi. [Ipoeedeno ananiz
OaHux HopmamusHux Odxcepen 6i0 60-x pokie munynozo cmonimmsa (1963, 1973, 1983, 2000, 2011 3a oanumu cnocmepesicetv io
1950 no 2008 pp.) ma npooosacenni 0ocnioxncents 3 niniuHum ycepeonennsm 3 2009 oo 2019 p. Ilopisusnnsa ompumanux OaHux
Hao0ae KapmuHy OUHAMIKU 3MiH NOKA3HUKIE KIIMAMUYHUX DedrCumie (memnepamypHozo, 607102IiCHO20, Gimpo8ozo) 3a Mmatiidice
70 poxis. Oyinena minaugicmes 3Hauenb OCHOGHUX nNapamempie 6 yinomy na mepumopii Ykpainu. Ha niocmasi pempocnexmusHux
docnidocenb ma ananizi akmyanbHux OaHUX 8USHAYEHA OUHAMIKA 3MIH OCHOBHUX KIIMamuyHux napamempie oaa micma Jlveosa.
Cpopmynb08ano ocHOBHI 6UMOSU 00 apXimeKmypHux eupiuienv y pizHux Kiimamuunux ymosax Yipainu. Ilposedeno kopensyirno
NOKpaueHHs eHepaoe@deKmueHOCmi apXimeKmypHux piuleHb 3 aKmyaibHUMU 3068HIUHLO MIKPOKTIMAMUYHUMU YMO8aMU. 3anpo-
NOHOBAHO 8HeCmU 8i0NOBIOHI OaHi 00 HOPMAMUBHUX OOKYMEHMIE.

Knwuoei cnoea: apximexmypra kiimamonoeis, KiiMamuunull nepexio, 06yoigenvHa KiiMamonozis, NOKpaujeHHs: eHepeo-
egpexmuernocmi apximexkmypHux piuternv, JIb8i6cobka nONIMEXHIKA, apXimekmypa pomMaocykux 0yoigens.



