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CLIMATE-NEUTRAL URBOGEOSYSTEMS: THEORETICAL BASES OF RESEARCH

Background. Eurointegration processes require Ukraine to join the EU initiatives, one of which is the European Green
Deal, which aims to achieve climate neutrality by 2050. Climate neutrality and related concepts are currently being actively
discussed in the global scientific community. Ukrainian academic literature also contains studies on this topic, but there is a
noticeable lack of comprehensive works. The article explores the theoretical bases for studying climate neutrality in general and
in relation to urbogeosystems in particular.

Methods. The main method used is bibliometric analysis of publications retrieved from Web of Science Core Collection
database. The bibliometric data were processed using the network analysis method with the help of VOSviewer software, on the
basis of which the main research areas were determined.

Results. It was revealed that more publications are devoted to carbon neutrality than to climate neutrality, while net-zero
carbon emissions are not studied as often as net-zero greenhouse gas emissions. In contrast, Ukrainian scientists more commonly
use the concept of climate neutrality. The calculations made showed that climate neutrality seems to be more relevant for
regional-scaled and national-scaled assessments, while the concept of carbon neutrality can be used for studying systems in
which the energy sector is the main source of greenhouse gases emissions.

Conclusions.In this article, the main concepts are defined and their usage in the scientific literature is analysed. The
countries where such research is most actively conducted are identified, and the achievements of Ukrainian scientists are ana-
lysed. The difference between climate neutrality, net zero emissions, carbon neutrality and net zero carbon emissions is described.
Based on the analysis of the component composition of emissions, the expediency of using these concepts depending on the
specifics of the study is substantiated. The main problems that arise when choosing the object and subject of research are outlined,
and ways to solve them are presented. The main approaches to determining the coverage of sources of greenhouse gas emissions
and sequestration in the study of urbogeosystems are analyzed. The application of these approaches in the recommendations for
greenhouse gas inventories is investigated. The article substantiates the prospects of studying climate neutrality for both large

industrial centers and small urbanized systems, which are easier to achieve climate neutrality.

Keywords: climate neutrality, urbogeosystem, net-zero emissions, greenhouse gases, bibliometric analysis.

Background

On 11 December 2019, the European Green Deal (EGD)
was presented, which is a roadmap of policies and
measures that aim to transform Europe into the first climate-
neutral continent by 2050 (The European Green Deal,
2019). As part of the European integration movement,
Ukraine must join all EU legislative initiatives, including the
EGD. Currently, our country is initiating a dialogue on
cooperation within the framework of the EGD, which makes
Ukrainian research in the field of climate neutrality a high
priority, especially within Earth sciences. The most
substantial studies seem to be on those systems, that are
most harmful to the climate. In terms of economic sectors,
such systems belong to the energy sector, while in terms of
geosystems, they include urban geosystems (urbogeosystems)
as places with the highest concentration of greenhouse gases
emissions and the lowest level of sequestration.

The aim of the study is to analyse the basis for climate
neutrality research of urbogeosystems. To achieve this goal,
the following tasks should be addressed: (1) to define the
categorical and conceptual framework, (2) to analyse the
use of concepts related to climate neutrality in scientific
literature, (3) to review Ukrainian scientific literature devoted
to the selected topic, (4) to determine the spatial coverage
for the urbogeosystems' climate neutrality studies, (5) to
outline the main approaches to determining the greenhouse
gas sources and removals in urbogeosystems.
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Literature review. The fundamental concepts of climate
and carbon neutrality are highly debated issues in foreign
scientific literature. Under these conditions, a number of
generalised works on this topic exist. One of the first
literature reviews is an article (Huovila et al., 2022), in which
the concepts of a carbon-neutral city are analysed, including
the definition, assessment approaches, as well as the
challenges and driving forces of the transition to carbon
neutrality. In (Seto et al., 2021) a detailed analysis of four
approaches to determining the urban carbon footprint is
provided and three strategies and seven ways to achieve
deep decarbonisation of cities are described, including the
practical examples of their implementation. There are also
numerous works of the Ukrainian authors devoted to the
prospects of achieving climate neutrality in various sectors
of the economy (Borodina, 2024; Grod, & Reznikova, 2023;
Maksimova, & Nastase, 2024, etc.), regional features of the
"green transition" (Nazaruk, Polyanskyi, & Ostroushko,
2022; Shevchenko, 2023; etc.). A more detailed analysis of
Ukrainian research on this topic is provided in the Results
section. However, there is a noticeable lack of
comprehensive works in the field of climate neutrality and
net-zero emissions in Ukrainian language.

Methods

Considering the purpose of the study, the main method
used is bibliometric analysis. Publications were retrieved
from the Web of Science Core Collection (Web of
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Science™) scientometric database. The bibliometric data
was processed using network analysis with the VOSviewer
software (Van Eck, & Waltman, 2014). This application
creates maps based on network data, in this case based on
bibliometric data. The results of the keyword search in the
Web of Science Core Collection database were exported to
text files with a separator (.csv). Since there is a limit on the
number of exported records (no more than 1,000), while the
number of search results in most cases exceeded this
limitation, the results were downloaded as separate files with
further aggregation using Excel.

Results

Regulatory acts, in particular EU legislation, do not
contain a clear definition of the concept of climate neutrality,
despite its widespread usage. According to (The European
Green Deal, 2019), achieving climate neutrality is described
as achieving net-zero greenhouse gas emissions for the EU
as a whole. Despite the intuitive clarity of this definition, the
need to specify it further remains.

Four interrelated terms are widely used in scientific
literature and legislative acts: "climate neutrality", "carbon
neutrality”, "net-zero emissions" and "net-zero carbon
emissions". These concepts can be divided into two groups:
firstly, "neutrality" vs "net-zero emissions"; secondly,
"carbon" vs "climate".

The difference between "neutrality" and "net-zero
emissions" is the following. According to literary sources
(Huovila et al., 2022; Seto et al., 2021), net zero emissions
are defined as a state of a particular system (territory,
industrial facility) in which greenhouse gas emissions are
minimised. The latter implies that emissions are reduced by
60-100 % compared to the base year, and the amount
emitted into the atmosphere, i.e. 40-0 % respectively, is
removed from the atmosphere through compensatory
measures within a given system. Neutrality is defined as a
state of the system in which the same conditions for
reducing greenhouse gas emissions are met as in the
previous definition. However, the volume emitted into the
atmosphere can be offset by measures both within a given
system and by purchasing the necessary removal volumes
from other systems (Huovila et al., 2022). Therefore,
achieving net-zero emissions is a more ambitious goal.

The difference between "carbon" and "climate" concepts
lies in the list of gases that are taken into account. In the
case of carbon neutrality and net zero carbon emissions, the
balance of nitrogen dioxide is calculated only, while the
concepts of climate neutrality and net zero emissions take
into account the balance of all greenhouse gases. According
to (Kyoto Protocol..., 1977), these include carbon dioxide,
methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons
and sulphur hexafluoride. Each approach has its
advantages and disadvantages.

The study of carbon balance is methodologically simpler.
Carbon dioxide is the main product of fossil fuel combustion
and the main gas absorbed and deposited by plants. For
example, we can use the calculation of pollutant emissions
into the atmosphere, carried out on the basis of the
methodology approved by the Ministry of Environmental
Protection and Natural Resources of Ukraine (Collection of
emission indicators..., 2004), for a 1 MW solid fuel boiler
operating during the heating season and using 400 tonnes
of wood per year as fuel. Under these conditions, the
emission volumes in tonnes per year are the following:
suspended solid particles of undifferentiated composition —
1.400; carbon monoxide — 0.940; nitrogen oxides
(nitrogen oxide and nitrogen dioxide) in reference to
nitrogen dioxide — 0.984; methane — 0.025; non-methane
volatile organic compounds — 0.221; nitrogen (1) oxide —
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0.020; carbon dioxide — 503.357. Thus, the emissions of
carbon dioxide in the example above exceed the total
emissions of all other substances by 140 times.
Therefore, for an urbogeosystem where the energy sector
is the main source of emissions, the "carbon" approach
would be appropriate to apply.

The study of all the greenhouse gases balance of is more
challenging. First, more sources and sinks must be taken
into account. Second, the cumulative effect of these gases
must be calculated. To accomplish the second task, the
carbon dioxide equivalent (CDE) parameter is used. CDE is
calculated by multiplying the volume of emissions of a
particular greenhouse gas by the global warming potential
of that gas — a coefficient that reflects the degree of influence
of that gas on the greenhouse effect (GWP). GWP values
are given in Annex lll to the Report of the 19th Conference
of the Parties to the United Nations Framework Convention
on Climate Change (Report of the Conference..., 2014).
Carbon dioxide is taken as the reference (GWP=1), and the
coefficients of other greenhouse gases are greater than one.
For example, for methane GWP=25, for nitrogen (1) oxide
GWP=298, for sulphur hexafluoride GWP=22800 (Report of
the Conference..., 2014). For Ukraine, official data on the
overall greenhouse gas balance are presented in the Draft
National Inventory of Anthropogenic Emissions from
Sources and Absorption by Sinks of Greenhouse Gases in
Ukraine for 1990-2021 (Draft National Inventory..., 2023).
According to this document, emissions in 2021 in million
tonnes of CO2 equivalent amounted to: carbon dioxide —
227.3; methane — 71.6, nitrogen (1) oxide — 43.8;
hydrofluorocarbons — 1895.2; sulphur hexafluoride — 48.9.
According to these data, hydrofluorocarbon emissions have
the greatest impact on the climate system in Ukraine, rather
than carbon dioxide. Therefore, when studying carbon
neutrality or net-zero emissions on national scale, the use of
the "carbon" approach will not be representative.

Neutrality implies a zero greenhouse gas balance. If
emissions exceed sequestration, the system is referred to
as climate-negative or carbon-positive, if sequestration
exceeds emissions, it is referred to as climate-positive or
carbon-negative.

As the mentioned concepts have their own specificity,
the question as to which of them are more frequently used
by scientists and in what context arises. To address this
issue, a search in the Web of Science Core Collection
scientometric database was conducted. The search was
performed on 29 May 2025 using the "Topic" search
parameter. The selected words were connected using "+"
aggregator in order to be perceived as a single term. The
exception was the "Net+Zero Carbon" keyword, since the
search results for this query should cover both "net zero
emissions of carbon" and "net zero carbon emissions". The
keywords "Net+Zero" and "Net+Zero+emissions" were
supplemented with the conjunction "NOT" to exclude results
that refer exclusively to net-zero carbon emissions. As can
be seen in Table 1, carbon neutrality is more widely used
concept than climate neutrality. Regarding net-zero
emissions, the opposite is observed: there are fewer works
devoted to net-zero carbon emissions. In the block of
"climate" concepts, the term net-zero emissions is used
more often, while in the block of "carbon" concepts, the term
neutrality is used more frequently. These trends are fully
reflected in the distribution of works devoted to urban
research. In the block of "positivity" and "negativity"
concepts, "carbon" terms prevail. The following trend can
also be observed: works are devoted more frequently to the
negative balance of greenhouse gases (when sequestration
prevails) than to the positive one.



~ 78 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleBueHka

The use of terms related to climate neutrality in scientific literature, based
on Web of Science Core Collection scientometric database (Web of Science™, https://www.webofscience.com/)

(author search parameters)

Table 1

Kevword Number of Keyword Number of
yw publications yw publications
Climate+neutral 1,070 Carbon+neutral 7,405
Climate+neutrality 1,234 Carbon+neutrality 13,396
Net+Zero NOT Net+Zero+Carbon 10,386 Net+Zero Carbon 5,500
Net+Zero+emissions NOT Net+Zero+Carbon+emissions
NOT Net+Zero+emissions+Of+Carbon 2,764 Net+Zero+Carbon 1,391
Climate+positive 100 Carbon+negative 1,191
Climate+negative 28 Carbon+positive 156
Climate+neutral city OR Climate+neutral urban 182 Carbon+neutral city OR 602
Carbon+neutral urban
Net+Zero city OR Net+Zero urban NOT Net+Zero+Carbon 914 Net+Zero+Carbon city OR 131
Net+Zero+Carbon urban

The issues of climate neutrality and net-zero emissions
of cities are most actively investigated in the People
Republic of China, the United States, European countries
(the United Kingdom, lItaly, Germany, Spain), Australia,
Canada, India, and Japan (Fig. 1, A). Co-authorship of
publications mainly reflects the geographical principle: co-
authors represent countries within the same region in most
cases (e.g., Southeast Asia, Latin America, Europe).

Ukrainian works devoted to the problem of climate neutrality
also exist. A search in the electronic catalogue of the Vernadsky
National Library for these queries yielded a total of 6 results,
which mainly relate to the field of economics, while an additional
search for "net zero" yielded no results.

A search for national studies was also conducted using
the Google Scholar platform. The request "climate
neutrality" (in Ukrainian) yielded 209 publications, while the
request "carbon neutrality" resulted in 114 studies.
Consequently, in contrast to their foreign counterparts,
Ukrainian scientists more commonly espouse the concept of
climate neutrality. However, a more detailed analysis of the
publications revealed that in some studies, these terms are
considered synonymous (Kurepin, 2024).

In terms of subject area, most national studies can be
classified into one or more of the following categories: (1)
climate neutrality of specific economic sectors, (2) legal
aspects of climate neutrality, (3) climate neutrality and
digitalisation, (4) climate neutrality of particular
cities/regions, (5) the impact of war on climate neutrality.
The first block is dominated by studies on the climate
neutrality of the energy sector (Borodina, 2024; Nechaeva,
& Babak, 2025; Orekhova, & Fedorchuk, 2024) and the
development of climate-neutral business (Grod, &
Reznikova, 2023; Maksimova, & Nastase, 2024). The
second block is devoted to studies of both Ukrainian
(lvanyuta, & Yakushenko, 2022; Krasovsky, 2024;
Vaolevska, & Myshchak, 2025) and foreign legislation
(Ivaschenko, Turchyn, & Tsebenko, 2024; Kovbas,
Strutynska-Struk, & Zetko, 2025). The third block presents
research that emphasises the close interaction between
digitalisation and the "green transition" (Maksimova, &
Nastase, 2024; Orekhova, & Fedorchuk, 2024). The fourth
block contains a number of studies for particular cities and
regions. For example, the prospects for the spatial
development of Lviv's urban system with the aim of
increasing climate neutrality have been analysed (Nazaruk,
Polyanskyi, & Ostroushko, 2022). Another study (Koinova,
& Pitsyshyn, 2025) analyses the greenhouse gas balance
for Lviv, with a focus on the volumes of emissions. An

ISSN 1728-3817

assessment of the community's vulnerability to climate
change has been developed for Vinnytsia (Shevchenko,
2023). The war on the territory of Ukraine resulted into the
development of the fifth direction. The focus area includes
the impact of ongoing military actions on the components of
climate neutrality and on international climate policy (Pavko,
2023), as well as the prospects for implementing the idea of
climate neutrality during the post-war reconstruction of
Ukraine (Borodina, 2024).

In order to identify the subjects of foreign publications,
an analysis was conducted using VOSviewer software. In
light of the limitation imposed by Web of Science on the
number of records that can be downloaded, keywords with
fewer results were selected, namely: "Climate+neutral”,
"Net+Zero+emissions NOT Net+Zero+Carbon+emissions
NOT Net+Zero+emissions+Of+Carbon" (a single query
comprising three keywords connected by the NOT
operator), "Carbon+neutral" and "Net+Zero+Carbon". The
frequency of the author's keywords in each search result
was analysed, and the five most frequently mentioned
keywords were selected, excluding those that completely or
almost completely repeat the keyword searched for. The
analysis revealed that the keywords "climate change",
"renewable energy" and "sustainability" were the most
frequently mentioned in all search results. In the search
results for the keyword "Climate+neutral", the European
Green Deal (EGD) was among the top five results, indicating
its significant role in promoting climate neutrality. The most
frequently used keyword in the search for "Carbon+neutral”
is "biomass", as carbon sequestration in biomass and
biomass combustion are important components of the
carbon balance.

A separate analysis was conducted on publications
dedicated to the concepts of climate neutrality and net-zero
emissions within the context of urbogeosystems. Keywords
that appeared more than 20 times were selected for further
analysis, while the keywords "city", "neutrality" and "net-
zero" were excluded from the analysis because they were
included in the query. Consequently, the following keywords
were identified as the most frequently occurring and having
the strongest connections with others (Fig. 1, B):
performance, energy, CO2 emissions, impact, renewable
energy, sustainability, emissions. It can thus be concluded
that energy is the most frequently studied sector of the
economy, and that emissions receive greater attention than
sequestration under emission/sequestration processes. The
following keywords also indicate the direction of research:
housing (69 mentions), transport (27 mentions), health
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(20 mentions), land use (25 mentions), water (29 mentions).
A considerable number of works are dedicated to legislation
and urban planning. A study of the author keywords
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Fig. 1. The analysis of publications on greenhouse gases balance in urbogeosystems (cities) using VOSviewer software:
distribution of publications by countries and co-authorship links (A), keyword recurrence (B)

When conducting research on the climate neutrality of
urbogeosystems, it is crucial to define the scope of the
study, encompassing geographical boundaries, the
temporal framework, the gases to be analysed, and the
emission sources (Global Protocol for Community-Scale...,
2021). The geographical boundaries of the study refer to the
territory for which the calculations will be made. Depending
on the tasks set, it can be a separate city within its
administrative boundaries, a community, or a region. The
duration of the programme is typically one year. The gases
analysed encompass the seven gases listed in the Kyoto
Protocol in the context of assessing climate neutrality or net-
zero emissions. Alternatively, if the focus is on achieving
carbon neutrality or net-zero carbon emissions, analysis
may be limited to carbon dioxide. The most challenging
aspect concerns the identification of the sources of
emissions and sinks.

Urbogeosystems are characterised by interconnectedness,
with numerous export-import links that facilitate the
exchange of resources and energy with external systems. In
particular, the supply of electricity and heat, water, food and
building materials contains "hidden imports" of greenhouse
gases: their production may cause greenhouse gas
emissions outside the urbogeosystem, but the final
consumption of gases may take place within it. Furthermore,
the products and services of the urbogeosystem have the
potential to result in greenhouse gas emissions in other
systems. The accounting for these flows forms the basis for
distinguishing four approaches to defining a net-zero
emissions city (Seto et al, 2021):

1. Spatial approach (territorial source-based
accounting). This approach exclusively considers
greenhouse gas emissions and their removal from the
atmosphere within the geographical boundaries of the
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urbogeosystem. Given that statistical data is usually
aggregated for a settlement, this approach is very
convenient. Therefore, it seems to be incomplete, as it
does not reflect hidden greenhouse gas imports. The
spatial approach is utilised, in particular, to evaluate the
climate neutrality of urbogeosystems based on land use
data. (Page et al, 2021).

2. Infrastructure approach (community-wide infrastructure
supply chain greenhouse gases footprinting). This approach
takes into account both greenhouse gas emissions and
sequestration processes within the urbogeosystem, as well
as greenhouse gas emissions generated outside its
boundaries in the supply chains of key infrastructure and
food flows. The relevance of this approach is evidenced by
the fact that, according to (Ramaswami et al, 2016), energy,
water supply, transport, housing and construction, waste
management, food and urban green spaces account for
90% of greenhouse gas emissions in cities. These sectors
usually contain significant amounts of hidden greenhouse
gas imports. The infrastructure approach is used in the PAS
2070:2013+A1:2014 standard under the name "direct plus
supply chain (DPSC) methodology" (Specification for the
assessment..., 2014).

3. Consumer approach (consumption-based accounting).
The key point of this approach is to take into account
greenhouse gas emissions in all goods and services
consumed within the urbogeosystem. The consumer
approach is similar to the infrastructure one, yet it
encompasses a broader spectrum of imports. Greenhouse
gas flows associated with exports of goods and services
outside the urbogeosystem are not taken into account. This
approach is used in the PAS 2070:2013+A1:2014 standard
under the name "consumption-based (CB) methodology"”
(Specification for the assessment..., 2014).
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4. Total approach (total community-wide greenhouse
gases footprinting). This approach is the most comprehensive
and complicated to implement. It considers greenhouse gas
flows in all goods and services imported into urbogeosystem
and consumed whithin its boundries (consumer approach)
and greenhouse gas flows contained in goods and services
exported by the city.

The selection of the approach depends on the available
data and the purpose of the study. In (Global Protocol for
Community-Scale..., 2021) using the first three approaches
is suggested, with separate reporting at each level.

Depending on the principle used to aggregate emissions
data, two approaches can be distinguished: accounting can
be performed either by emission source category (sector-
based) or by end consumer (consumption-based). The
difference is that in the first approach, emissions are
associated with the primary producer of the product, while in
the second, they are associated with the end consumer
(Global Protocol for Community-Scale..., 2021; Specification
for the assessment..., 2014). For example, if a hypothetical
thermal power plant supplies electricity to a hypothetical
chemical plant, carbon dioxide emissions from electricity
generation will be attributed to the energy sector using the
first approach and to the chemical industry using the second
one. According to data (Global Protocol for Community-
Scale..., 2021), cities account for 75 % of greenhouse gas
emissions from energy production. Six main sectors of
greenhouse gas emissions in cities are identified in (Global
Protocol for Community-Scale..., 2021): (1) energy, (2)
transport, (3) waste management, (4) industrial production,
(5) agriculture, forestry, other land use, (6) other emissions
that occur outside the city due to processes within the city.

In terms of research focus, two approaches can be
distinguished: bottom-up and top-down. In the first approach,
calculations are made by estimating the total greenhouse
gas emissions from all sources and removing at sinks for the
system. The second approach uses greenhouse gas flow
data for a larger area (e.g., regional or national level), which
is scaled to the system of interest. Both approaches provide
insight into the overall greenhouse gas balance of an
urbogeosystem, but the bottom-up approach provides a
better understanding of the sources of emissions and
effective ways to reduce them (Global Protocol for
Community-Scale..., 2021).

Spatial assessment of greenhouse gas emission and
sinks by land use classes is common. This approach is used
both for regional-level research (Holmberg et al., 2021) and
for local research on urbogeosystems (Page et al., 2021).
This approach has a number of advantages. It allows to
assess the impact of land use changes on the greenhouse
gas balance and also takes into account natural and
anthropogenic objects that are an important component of
the balance, such as blue-green infrastructure (Page, 2021).

Discussion and conclusions

The paper summarises the theoretical foundations of
research on the climate neutrality of urbogeosystems. As a
candidate for membership of the EU, Ukraine needs to join
all EU initiatives, including the EGD, which makes research
on this topic particularly relevant. The scientific novelty of
the study is due to the fact that, despite active discussion of
the issue of climate neutrality in global science, there is a
noticeable lack of generalised studies in Ukrainian scientific
literature. Most Ukrainian researches focus on issues such
as climate neutrality in certain sectors of the economy, legal
aspects of climate neutrality, climate neutrality and
digitalisation, climate neutrality in particular cities/regions
and the impact of war on climate neutrality.
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In (Giacomelli et al., 2025), a thorough analysis of the
literature on climate neutrality and urban planning was
carried out using the Scopus database. Despite the
narrower focus of the study and the use of a different
scientometric database, some of the results obtained were
similar to ours. For example, there was a coincidence in the
leaders among countries in terms of the number of
publications (the People Republic of China ranked first, the
United States second). The further ranking is slightly
different: in (Giacomelli et al., 2025), the top five leaders
include Germany, the United Kingdom and lItaly, while
according to our results, they are the United Kingdom, Italy
and Australia, with Germany in sixth place. However, the
difference is insignificant and is related to the use of different
scientometric databases, as well as different research focus
and methodology.

Four related concepts are used to describe the
greenhouse gas balance in a given system: climate
neutrality, carbon neutrality, net-zero emissions and net-
zero carbon emissions. The difference between these
concepts relates to the list of greenhouse gases analysed
and the mechanisms for achieving balance, particularly with
regard to the possibility or impossibility of offsetting
emissions outside the system. An analysis of scientific
literature indexed by Web of Science showed that most
studies refer to carbon neutrality and net-zero emissions.
Considering the difference between climate and carbon
neutrality, researchers emphasise the greater
representativeness of the former concept. Thus, (Guntuka
et al., 2024) emphasise the inadequacy of achieving carbon
neutrality to effectively combat climate change, as it is
important to take other greenhouse gases into account as
well. In (Krammer, Dray, & Kdhler, 2013) it is reported that
the use of biofuels in aviation will reduce carbon emissions,
but overall greenhouse gas emissions, estimated using
GWP, will increase. We fully agree with the thesis that
carbon neutrality studies are limited in comparison with
climate neutrality, but we justify their acceptability for
studying systems in which the energy sector is the main
source of greenhouse gas emissions.

The keyword analysis revealed that research on neutrality
and net-zero emissions for urbogeosystems typically focuses
on energy, particularly renewable energy, sustainable
development, greenhouse gas emissions, including carbon
dioxide, as well as such areas as construction, transport,
health, land use, water use, and urban planning.

Research on the balance of greenhouse gases in the
urbogeosystem requires the definition of the object and
subject of the study, namely its geographical boundaries,
time frame, gases under study and emission sources. The
choice of the first three components seems to be typical,
while the problem of emission sources identification is
solved in numerous ways. Based on the consideration of
hidden greenhouse gas import and export flows, there are
four approaches to defining an urbogeosystem with net-zero
emissions: spatial, which is limited exclusively to sources of
greenhouse gas emissions and sequestration within the
geographical boundaries of the system; infrastructure, which
takes into account hidden imports of greenhouse gases in
the supply chains of key infrastructure and food systems;
consumer, which takes into account greenhouse gas
emissions in all goods and services consumed within the
urbogeosystem; and total, which adds hidden greenhouse
gas exports to the consumer approach. The choice of
approach depends on the purpose of the study and the
available data, with the infrastructure or consumer approach
usually recommended.
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Aggregating emissions data could be proceeded using
the sector-based or the consumption-based approach. The
first one means aggregation is performed by emission
source category, and the second implies the aggregation by
end user. Depending on the focus of the study, the following
approaches are distinguished: bottom-up, which uses
calculations of indicators based on data on
emission/sequestration sources in a given system, and top-
down, which involves the use of data for a larger region in
which the system is located. Another widespread method is
greenhouse gas balance investigation by land use classes.

Research into greenhouse gas balance in urbogeosystems
seems to be relevant. On one hand, there is definitely a need
to focus on big industrial centres as the most climate-negative
systems. On the other hand, it is also crucial to study small
urban systems, which can more easily achieve climate
neutrality. The lower cost of measures aimed at achieving
greenhouse gas balance for such systems increases the
probability of implementing these measures, and the possibility
of transforming them into climate-positive systems with
subsequent participation in the carbon quota market will create
additional motivation for the community to make a green
transition. In Ukraine, particular attention should be paid to
urbogeosystems that have been affected by the war, as the
principles of the green transition are easier to implement in the
process of rebuilding destroyed infrastructure than in the
restructuring of existing infrastructure.
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KNIMATUYHO HEUTPANBbHI YPEOMEOCUCTEMUWU: TEOPETUYHI 3ACAQU OOCHIMKEHHA

B cTyn. €spoiHmezpayiiiHi npoyecu eumazaroms 8id YkpaiHu dosnlydamucsk 00 iHiyiamue €C, oOHietro 3 sikux € €asponelicbkuli 3en1eHuli Kypc,
3a Memy siko2o npasume Aocsi2HeHHs1 KniMamuyYHoi HelimpanbHocmi do 2050 p. KnimamuyHa HelimpanbHicmbs ma domu4Hi 0 Hei MOHSIMMSs1 HUHi
akmueHo o62o0eoprorombcsl y ceimoeili Haykoegili cninsHomi, y eimy4u3HsiHIl Haykoeili nimepamypi makox HasieHi AocnidXeHHs i3 eka3zaHOi mema-
muku, npome gid4yyeaembcsi 6pak y3azanbHroganbHUX pobim. Y cmammi docnidxeHo meopemuyHe nidrpyHmsi eue4yeHHs1 Klnimamu4yHoi Helimpanb-
Hocmi sk 3a2anom, mak i ujodo yp6ozeocucmem 30kKpema.

M e ToAaun. OcHoeHuM Memodom € 6ibniomempuyHull aHani3 ny6nikayil, npoiHdekcoeaHux 6a3oto Web of Science Core Collection. Bi6niome-
mpuyHi daHi 6yn0 06pobsieHo MemoAoM Mepexeeo20 aHasi3y 3a O0MoOMO20t0 npo2pamHo2o0 3abesnedyeHHss VOSviewer. Ha ocHoei ompumaHux
pe3ynbmamie 6ys10 eu3Ha4eHO nepeeaxKHi HanpPsIMu O0CiOKeHb.

Pe3ynbTarTtu. BynoeusieneHo, wo 8yaneyesili HelimpanbHOCMI NpUcesi4eHo binbwe npauyb, HiX KNiMamuy4Hil HelimpansHocmi, 8 mol Yyac
SIK Hemmo-HyJiboei eUKUAU 8y2J1eyto 8U8YarOMbCS He MakK 4acmo, Ik Hemmo-HyJ1b08i UKUOU NapHUKoeux 2a3ie. Ha eidmiHy eid 3akopdoHHUX Kone2,
YKpaiHCcbKi 00CniOHUKU Yacmiwe suKkopucmosyroms MOHIMMSI KiiMamu4Hoi HelimpanbHocmi. Po3paxyHkoeum memodom 6ys1o o6r'pyHmosaHo, w0
9Ons docnidxeHb Ha pe2ioHasIbHOMY ma HayioHasIbHOMY PieHSIX 6 UKOPUCMAaHHSI KOHUenuii knimamuy4Hol HelimpansHocmi € 6inbw iHghopMamueHum,
y moli yac sk KOHUenuyis eyaneyeeoi HelimpanbHocmi Moxe 6ymu ycrniwHo eukopucmana npu 0ocnidxeHHi mux cucmeM, OCHOBHUM OXepesioM
sukudie napHUKosuUX 2a3ie 8 sIKUX eucmynae eHep2emu4HuUli cexmop.

BucHoBku. HagedeHo susHa4eHHs1 OCHOBHUX MOHSIMb Ma npoaHasi3oeaHo ix yxueaHicmb y Haykoeili nimepamypi. BusHa4yeHo KpaiHu,
8 sIkux maki 0ocnioXeHHs1 NMpPoeodsambCcsi HalibinbWw aKMueHo, MPoaHasi308aHO HanpayroeaHHs1 yKpaiHCbKUX y4YeHuX. OnucaHo Pi3HUU MiX
KniMamu4Horo HelimpasibHicmio, Hemmo-Hy/1bo8UMU 8UKUOaMUu, gyarieye8oro HelimpasibHiCM0O ma Hemmo-HyfbosuMu eukudamu syaneyro. Ha
ocHogi aHaJlisy KOMMNOHeHMHo20 cknady eukudie o6rpyHmoeaHo OoyinbHicmb eUKOpPUCMaHHSA UUX MOHAMb 3aJieXXHo eid creyugbiku docri-
OxeHHs1. OKpecrieHO OCHOBHI npo6nemu, siki nocmaroms npu eubopi o6'ekma ma npedmema AocnidxeHHs1, HagedeHo WJAXU IXHbO20 Po38'sa-
3aHHs. lpoaHanizoeaHo ocHOBHI Nidxodu Ao eu3Ha4yeHHs1 OXOrNeHHs1 Oxepen eukudie ma cekeecmpayil napHukoeux 2asie nNpu AocniOXKeHHi
yp6ozeocucmem. [ocnidxeHo 3acmocyeaHHs1 makux nidxodie y pekomeHdayissx ujodo iHeeHmapu3ayii napHukoeux 2asie. O6rpyHmoeaHo
nepcrneKkmueHicmeb 8u84eHHS KlliMamuyHoi HelimpasbHOCMI sIK 8e/TUKUX MPOMUCIIO8UX UeHmpis, mak i Heeenukux ypb6aHioeaHux cucmem, sikum
neawe docsizamu KniMmamuy4Hoi HelimpanbHocmi.

Knio4yoBi cnoBa: kniMmamu4yHa HelimpanbHicmb, yp6o2eocucmema, Hemmo-Hynboei eukudu, napHuUKoei 2a3u, 6i6rriomempuy4Hull aHani3s.
ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Bpanu yyacTi B po3pobneHHi AocnimKeHHs; y 36opi, aHanisi un
iHTepnpeTaLii AaHWX; y HANUCaHHI pykonucy; B pilleHHi Npo ny6nikaLito pesynbTaTis.
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