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The article states that the functioning of business in a changing environment associated
with the aggravation of the climate crisis requires increased attention to uncertainty,
identification and neutralization of possible climate risks that may adversely affect its
functioning and further development, as well as the implementation of measures to
adapt to climate change. It is emphasized that adaptation to climate change is a process
of business adaptation in response to actual or expected destructive climate impacts,
which allows to reduce their negative effects and take advantage of favorable opportunities.
It is emphasized that climate risks are difficult to predict due to their radical uncertainty
and unique properties, including unpredictability, difficulty of forecasting, complex
dynamics and chain reaction effects. In addition, climate risks are irreversible and non-
linear, so even minor climate change can lead to significant and even catastrophic
consequences for businesses. Therefore, managing business climate risks is crucial, as
the impact of secondary effects can affect the company’s operations, leading to financial
losses due to fluctuations in asset values. It is substantiated that forecasting of climate
risks to business should be based on the results of studying the background of natural
disasters that have affected the viability of business in previous years and the results of
assessing its vulnerability to climate change. The methods for assessing climate risks to
business, adapted for use in Ukrainian practice, are considered. A search for ways to
manage business climate risks on the basis of the precautionary principle is carried out.
It is proved that the proposed additions to the Methodological Recommendations for
Assessing Risks and Vulnerability to Climate Change in Socio-Economic Sectors and
Natural Components will allow clearly observing the trends in the priority of climate
risks and promptly making decisions on their neutralization or minimization of their
impact on economic activity. At the same time, they will simplify modelling of the
impact of climate change on business in the short and long term, which will facilitate
early adaptation measures and the creation of reserves to cover losses resulting from the
occurrence of difficult to manage and/or unmanageable climate risks.
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Introduction and problem statement

Anthropogenic climate change is increasingly
accompanied by challenges and risks that affect almost
all aspects of life on Earth. Droughts, heavy rains and
floods, heat waves, extreme fires and coastal flooding
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are steadily increasing in frequency and intensity with
each tenth of a percent of global warming. Therefore,
the scale of their consequences is constantly growing.
According to the S&P Global Sustainable Physical
Risk Exposure Scores, by the 2050s, business losses
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due to climate threats and risks are expected to average
between 3.3% and up to 28% per year of the value of
real assets, depending on the territorial location of
companies [1]. Therefore, with the deepening of the
climate crisis, each business will “survive” in its own
way. However, at the moment, it is not about
“survival”, but about caution, since business in Ukraine
has so far been reluctant to respond to climate change,
forgetting, however, that storms, floods, forest fires or
other serious dangers can lead to an instant loss of
assets, and therefore, and to the instant loss of its
vitality. Avoiding such a sad situation is possible only
with full readiness for climate change, a clearly formed
adaptation policy and an effective climate risk
management system.

Analysis of recent research and publications

The exceptional importance and relevance of
the problems related to climate change has led to the
extraordinary activity of the world and Ukrainian
scientific community in finding ways to adapt to the
challenges and threats of the climate crisis. In
particular, Linnerooth-Bayer J. and Hochrainer-
Stigler S. [2] call for a new balance between reducing
the risks associated with extreme climate change and
transferring them as means to effectively prepare for
and manage the consequences of disasters in a changing
climate. The authors address this balance in detail
with an overview of disaster risk financing mechanisms
and how they contribute to disaster risk reduction
and climate change adaptation in developing countries.
Reviewing traditional financial mechanisms, scientists
justify how risk financing can complement and
stimulate the adoption of climate change adaptation
measures [2]. The choice of climate change adaptation
measures should be based on an assessment of climate
risks and business sustainability, as suggested by
Hallegatte S. and Engle N. [3] their proprietary
method for measuring resilience benefits for climate
risk management involves a single metric or indicator/
index that allows comparison and aggregation of
outcomes related to climate crisis challenges. Of
particular concern is the fact that any imperfect
indicator — with its inability to measure exactly what
we want it to — can easily create perverse incentives
for practitioners and contribute to outcomes that are
very different from those intended. It is therefore
important to consider the potential pitfalls of over-
relying on imperfect quantitative indicators to measure
progress and prioritize future investments to develop
resilience [3].

Supporting foreign colleagues, Shevchenko O.,
Vlasyuk O., Stavchuk 1., Vakolyuk M., Ilyash O.,
Rozhkova A. [4], Tkachenko A., Levchenko N. [5],
Dvigun A., Datsii O., Levchenko N., Shyshkanova G.

and Dmytrenko R. [6] and others. a number of
methodological approaches to the management of
climate risks, their assessment and minimization are
proposed. Each of them is certainly useful, because it
provides not only an understanding of risk, but also
the power of its influence on the life of companies.
However, the various proposed approaches differ
significantly in their complexity, level of analysis,
lists of indicators, algorithms used to obtain quantitative
estimates, and set tasks. It is necessary to determine
the most effective approach that can truly form the
basis for identifying potential measures for adapting
to climate change. This process is quite complex and
requires further research.

The purpose of the article

The purpose of the article is to find ways to
manage business climate risks based on the
precautionary principle, the application of which in
practice will make it possible to clearly observe climate
change trends, threats and risks to the viability of
companies, and therefore quickly make decisions about
their neutralization or minimization of the impact on
the business entity.

Presentation of the main material of the study
with a full justification of the obtained scientific results

Climate change has long been a visible and
obvious fact. The only question is how much it will
affect the business and how destructive its consequences
will be. Even according to very conservative estimates,
in Ukraine by 2030, an increase in the average annual
temperature within the range of 0.8-1.1°C and an
increase in the redistribution of precipitation during
the year within the range of £ 20% with their increase
is expected. Therefore, under the influence of climate
change, the hydrological cycle will continue to change,
thus increasing the intensity of natural disasters, which
is convincingly evidenced by the steady growth of
natural disasters in Ukraine over the last decade. If in
2011 natural disasters accounted for about 35% of all
recorded emergencies in the country, in 2020 this
figure will rise to over 55%, resulting in losses almost
six times higher, mainly due to drought in the Odesa
and Vinnytsia regions and catastrophic flooding in
the western regions of Ukraine, etc. Therefore, it
becomes clear that in combating climate change, an
important direction of business actions is not only
mitigating the consequences of climate change by
limiting greenhouse gas emissions, but also taking
measures to adapt to the consequences of the deepening
climate crisis [7, p. 3].

Adaptation to climate change is the process of
adapting business in response to actual or expected
destructive climate impacts, which will reduce their
negative consequences and take advantage of favorable
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opportunities. A critical step for effective adaptation is
a clear understanding of the expected impacts,
vulnerabilities and risks associated with climate change
in the short, medium and long term [8]. However,
forecasting climate risks is quite difficult due to their
radical uncertainty and special properties inherent only
to them, in particular: unpredictability, difficulty in
forecasting and radical uncertainty, complex dynamics
and causing chain reactions, irreversibility and non-
linearity (when small climate changes can lead to
much larger changes, and even cataclysms, in any
spheres of activity). Nevertheless, this is absolutely
necessary, since climate risks through the effects of
secondary consequences affect the activities of
companies, causing financial losses from changes in
the value of assets [9].

According to the specifics of the impact, the
Task Force on Climate-related Financial Disclosures
of the Financial Stability Board tentatively identified
the following main categories of climate risks:

Credit risk I

— physical risks directly related to the physical
impacts of climate change on companies, namely
physical asset risks and business disruption risks. For
example, damage to assets, disruption of logistics chains,
lack of access to resources, floods and changes in
water levels caused by natural disasters and climate
change;

— liability risks are risks that reflect how the
company is perceived and evaluated by consumers,
investors, communities and other stakeholders in
relation to climate events, strategies and pace of
transition to a low-carbon economy. These are the
risks that investors consider when forecasting the
company’s medium- and long-term performance [10];

— transitional risks associated with the transition
to a low-carbon economy. For example, increasing
prices for greenhouse gas emissions, capital
expenditures for the introduction of “green”
technologies, etc. Transitional risks have a medium-
term and strategic nature (Fig. 1).

-

related to climate change, which mav cause direct or indirect impacts by impairing
the ability of borrowers to repay their debts, leading to an increase in the probability
of default (PD) and loss given default (LGD)

Market risk I

a financial crisis

loss of market value can potentially lead to "hot" sales of assets, potentially triggering

Technological risk |

| new technologies related to adaptation to climate change

are displacing old systems and thus disrupting some parts of the existing economuc
system, following a process of "creative destruction”

Litigation risk |
- - | the risk ansine from the mability of companies to mitigate
the impact of climate change, the inability to adapt to climate change, the increase in
the cost of losses

Political risk |
— It_he risk associated with policy change, introduction of
carbon pricing mechanisms, energy efficient decision-making, promotion of

Transitional elimatie risks

sustainable land use practices
Reputational risk I
\ the risk arising from changes i consumer or commumty

perceptions of the company's contribution to business decarbonization and the
transition to low-carbon production

Fig. 1. A set of the transitional climate risks [8]
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Based on the totality of the listed categories, the
precautionary management of business climate risks is
obvious, since effective management is able not only
to minimize losses, but also to increase the value of
the business and increase its ESG rating, signaling to
stakeholders that the business effectively manages its
risks and quickly adapts to climate change [11].

The first steps to effectively prepare for the future
risks associated with climate change should be an
understanding of the consequences of climate change,
which is possible if an assessment of risks and
vulnerabilities to climate change (ARVCC) is carried out.

One of the most structured and objective
approaches to carrying out an ARVCC is proposed by
GIZ in the Guidelines for Business Vulnerability
Assessment (Vulnerability Sourcebook) [13], which
summarize the concept of vulnerability presented in
AR4 and AR5 [13] (Fig. 2a and 2b).

According to the AR4 [13] concept (see Fig.
2.1a), the impact of climatic factors (Exposure), the
business sensitivity (Sensitivity) and its Adaptive
Capacity are recognized as key components of the
Vulnerability. At the same time, the Exposure is
considered as a variable that shows the nature,
magnitude and level of changes or variations in climatic
indicators — temperature, precipitation, water balance,
as well as dangerous natural phenomena (heavy rains,
droughts, floods, etc.). The Sensitivity is considered
as a degree of negative or favorable impact, which the
business experiences from climate change. Moreover,
the Adaptive Capacity, as the ability to adapt to
potential damage, use opportunities or respond to the
consequences of climate change.

According to AR5 [13], the concept of
vulnerability underwent a certain transformation and
evolved towards the definition of risk as an integral

Exposure
Current and Future _
Fluctuations and Natural
Climate Change Environment
I Socio-
Social Climate Economic
£ Environment Processes
h 4 Vulnerabulity Socio-
Being under the Sensitivity Natural Economic
Exposure Variability Risk Ways
| T | /
Hazard Being Adaptation and|
. ) Anthropogenic under the Mitigation
Possible Adaptive Climate v Exposure Measures
Influence Capacity Change
[ [ Management
Vulnerability
Emissions and
Changes in Land
Use
a b

Fig. 2. Vulnerability Assessment Guidelines (Vulnerability Sourcebook) AR4 (a) and ARS (b) [13]

indicator consisting of indicators of climatic threats
(Hazard), presence of valuable objects under the
influence of climatic threats (Exposure) and
Vulnerability of valuable objects (fig. 2b) [12].
ARS5’s [13] focus is on the system in action
rather than the business impacts of threats, and this
is seen as an advantage over the AR4 [13] concept.
The concept of vulnerability in AR5 [13] is action

and threat independent. The AR5 [13] framework
helps identify adaptation measures based on existing
system vulnerabilities and shows climate-resilient
pathways that can reduce the impacts of climate
change, both current and future. A complementary
analysis of the concepts of risk and vulnerability to
climate change according to AR4 and ARS [13] is
presented in Fig. 3.
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Fig. 3. Complementary analysis of the concepts of risk and vulnerability to climate change according to AR4 and AR5 [13]

Based on the above-mentioned concepts, the
international European standard ISO 14091:2021
Adaptation to climate change — Guidelines on
vulnerability, impacts and risk assessment was released
in 2021 [14]. This document gives guidelines for assessing
the risks related to the potential impacts of climate
change. It describes how to understand vulnerability
and how to develop and implement a sound risk
assessment in the context of climate change. Risk
assessment according to this document provides a basis
for climate change adaptation planning, implementation,
and monitoring and evaluation for any organization,
regardless of size, type and nature [14].

ISO 14091:2021 standard assesses adaptability
in slightly different dimensions: organizational
capabilities; technical potential; financial potential,
ecosystem potential [14].

The risk assessment approaches standardized in
it make it possible to obtain a meaningful justification
for determining adaptation measures according to a
three-level approach:

— the first level of risk assessment is a relatively
quick process that can be carried out in the form of a
qualitative assessment without the involvement of
detailed local data to form a preliminary strategic
understanding of the risks related to climate change
faced by the business;

— the second level is a process of qualitative and
quantitative assessment of risks and vulnerability, which
is carried out in order to identify and assess business
risks, establish the vulnerability of its main components
and determine the consequences of climate change;

— the third level — the process of detailed analysis
of priority and specific risks and vulnerabilities identified
at the stage of the second level assessment [12, p. 15].

At the same time, the implementation of the
ARVCC and adaptation planning can be carried out

either from a “top-down approach” or from a
“bottom-up approach”. Top-down assessment involves
downscaling climate projections from global circulation
models under different scenarios of greenhouse gas
emissions (RCP 4.5, RCP 8.5, etc.) to the scale of
the business being assessed. A bottom-up assessment
is more focused on examining how changes in business
sensitivity can help increase resilience to climate
change. Such assessments can focus on both current
and future vulnerabilities [12, p. 25].

These two types of assessment can be used both
separately from each other and, as far as possible, in
a complementary combination. When used together,
top-down and bottom-up approaches inform each other
conceptually and practically, generating hybrid
methods and information that are likely to be more
useful in the short and long term. According to the
conceptual framework, the top-down approach
corresponds to the first level of assessment in the
three-level approach to the ARVCC, while the bottom-
up approach, according to the purpose and the
available/involved information support, can be applied
at the second and third levels. At the same time, both
approaches can be rationally applied to all components
of the three-level assessment (as a single system of
ARVCC) to provide information support for decision-
making [12, p. 25].

To assess climate risks and business vulnerability
to climate change, the Ministry of Environmental
Protection and Natural Resources of Ukraine has
developed Methodological Recommendations for
Assessing Risks and Vulnerability of Economic Sectors
and Natural Resources to Climate Change [12]. They
contain recommendations and practical advice on
assessing the risks and vulnerability of economic
sectors and natural resources to climate change at the
national, regional and local levels. For each sector
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and natural component, these guidelines describe the
context and objectives of climate change risk and
vulnerability assessment, the main impacts and chains
of climate change, and recommended examples of
risk and vulnerability indicators, including climate
hazard indicators, indicators of the impact of climate
factors on the sector or component, indicators of
climate sensitivity, and indicators of the adaptive
capacity of the sector or component to climate change.
These lists of indicators for each sector or component
are not exhaustive and can be supplemented in the
process of risk and vulnerability assessment, and the
indicators themselves can be adjusted depending on
the current conditions in the assessed area and the
availability of baseline data [12].

Because climate change risks are inherently more
complex and long-term than most conventional
business risks, scenario analysis is absolutely necessary
to understand the physical, economic and regulatory
impacts of future climate conditions on operations
and supply chains [15]. It should be a source of
information for risk assessment, strategy development
and investment decision-making, as well as be taken
into account when determining the amount of
compensation and incentives for employees. In
addition, all financial information related to climate
change should be included in the main reporting
financial documents, and data on climate risks should
be taken into account in estimates and assumptions
used in financial statements, including in asset
impairment and amortization models [1].

Thus, it is concluded that the prevailing notion
of a sufficient response to natural disasters as being
timely and effective needs revision in light of the
recognition that measures to adapt to climate change
are equally urgent. Ensuring adaptation to climate
change, increasing resilience, and reducing risks related
to climate change are essential components of
Ukraine’s obligations derived from the ratified UN
Framework Convention on Climate Change and the
Association Agreement between Ukraine and the
European Union. The implementation of this task
requires the consideration of adapting to climate change
and enhancing resilience to climate-related dangers
and natural calamities in state and national strategies,
plans, and development programs for the economy
and related industries. Hence, it is vital for businesses
to adopt these measures [8].

Conclusions

Thus, according to the results of the study, it is
stated that the functioning of business in a changing
environment associated with the aggravation of the
climate crisis requires increased attention to uncertainty,
identification and neutralization of possible climate

risks that may adversely affect its functioning and
further development, as well as taking measures to
adapt to climate change. It is emphasized that
adaptation to climate change is a process of business
adaptation in response to actual or expected destructive
climate impacts, which will reduce their negative effects
and take advantage of favorable opportunities. Climate
risks are difficult to predict due to their radical
uncertainty and unique properties, including
unpredictability, difficulty in forecasting, complex
dynamics and chain reaction effects. In addition,
climate risks are irreversible and non-linear, so even
minor climate change can lead to significant and
even catastrophic consequences for various industries.
Therefore, managing business climate risks is crucial,
since the impact of secondary effects can affect the
company’s activities, leading to financial losses due to
fluctuations in asset values or reputational damage. It
is substantiated that forecasting business climate risks
should be based on the results of studying the
background of natural disasters that have affected the
viability of business in previous years and the results
of assessing its vulnerability to climate change. The
methods for assessing climate risks to business, adapted
for use in Ukrainian practice, are considered. A search
for ways to manage business climate risks on the
basis of the precautionary principle is carried out. It
is proved that the proposed additions to the
Methodological Recommendations for Assessing Risks
and Vulnerability to Climate Change in Socio-
Economic Sectors and Natural Components will allow
clearly observing the trends in risk prioritization and
promptly making decisions on their neutralization or
minimizations of the impact on economic activity.
Climate risk management based on the precautionary
principle will simplify modelling the impact of changes
in the short and long term, which will facilitate early
adaptation measures and the creation of reserves to
cover losses due to the occurrence of difficult to manage
and/or unmanageable climate risks.
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YIIPABJIIHHA KIIMATUYHUMMUW PU3UKAMMU
BIBHECY 3A NPUHIUIIOM 3ACTEPEXEHHS

Ipuzop’eea O.B.

Koncmamoeano, wo @ynkyionysanns 6i3necy 6 MiHAUGO-
My cepedosuiyi, N8 I3aHOMY 3 3a20CMPEHHIM KAIMAMU4HOI Kpu-
3u, nompebye nidguujeroi yeazu 00 HesusHaueHOCMI, OeHmupi-
Kauyii ma neumpanizayii MoOJNCAUBUX KAIMAMUYHUX DUBUKIG, SKI
MOJCYMb HE2amueHo GHAUHYMU HA U020 (DYHKUIOHYBAHHA ma
nooanbuWULl po3gUMOK, a MAKONC HA 8XCUMMs 3axodie 3 adan-
mauii 0o 3min kaimamy. Iliokpecaero, w0 adanmayis 00 3miHU
Kaimamy € npoyecom NpUcmocyeanus OizHecy y 6i0nogiob Ha
hakmuuni abo o4iKysani 0ecmpyKmugHi KAIMaAmMu4Hi 6NAUSHU, KU
0036045€ 3HU3UMU X He2amueHi HACAIOKU mda CKOPpUCMAamucs
cnpuamaugumu modxcaueocmamu. Haeonroweno, wo xaimamuuri
DUBUKU 8AXNCKO nepedbayumu uepe3 ix paduKanbhy HegU3Ha4eHicmy
ma YHIKAAbHI 81acmMueocmi, 8KAYAO4U Henepeodauyeanicmo,
CKAGOHICMb NPOCHO3Y8AHHSA, CKAAOHY OUHAMIKY ma eghekmu NaH-
uroeoeoi peakuii. Jlo moeo e, KAIMAMu4Hi pusuKu O0emMoHCmpy-
10Mb HE360POMHICMb | HEeAIHITIHICMb, MOJC HAGIMb He3HAUHI 3MIHU
KAIMamy Moxcyms npuzeecmu 00 3HAYHUX [ HAGIMb Kamacmpo-
hiunux Hacaiokie oasn Oiznecy. Biomak, ynpaeninns kaimamuvHu-
MU pusukamu 6i3Hecy MA€ UpIiuIaNbHe 3HAYEHHS, OCKINbKU 8NAUE
BMOPUHHUX eqheKmié Modce GNAUHYMU HA OiSAbHICMb KOMNAHIIL,
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npu3e00suu 00 hiHaHcosux empam uepe3 KOAUBAHHA 6apMOCMI
akmugie. OOIpyHmMOBaHO, W0 NPOSHO3VYBAHHA KAIMAMUYHUX pPU-
3uUKi6 0Oi3Hecy mae 6a3yeamucs HA pe3yibmamax UGUEHHs nepe-
dicmopii HaodzeuuaiuHux cumyauyiii NpUpoOHO20 Xapakmepy, sKi
Manu 6nAU6 Ha Jcumme3oamuicme GizHecy y nonepedni poku ma
Pe3yAbmamax OUIHIBAHHs U020 8pazaueocmi 00 3MIHU KAIMamy.
Poszenssnymo memoou OUiHIOBAHHA KAIMAMUYHUX DU3UKIE Oi3He-
cy, adanmogani 00 3ACMOCYBAHHA 6 YKPAIHCObKIll NpaKmuyi.
30ilicHeHo0 NOWYK WASXI6 YNPAGAIHHA KAIMAMUYHUMU DPUBUKAMU
biznecy 3a npuHyunom sacmepedcents. Jlosedeno, w0 3anpono-
Hoeawni donognenHss 0o MemoouuHux pexomeHoauiil w00 ouyiH-
KU pusuKie i epazaueocmi 00 3miHu KAIMAmMy 6 COUiaNbHO-eKOHO-
MIMHUX CeKmopax i NpupoOHUX KOMNOHEHMAXx 00380AMb HimKo
cnocmepieamu meHOeHyii npiopumMemHoCmi KAIMaAMU4HUX pusuKie
i onepamusHo npuumamu piieHHs w000 ix Heumpaizauii abo
MIHIMI3ayii Ix énaugy Ha eKoHomiuHy OisabHicms. Bodnouac cnpo-
cmAmMb MOOeAI08AHHS 6NAUBY 3MIH KAiMamy Ha Oi3Hec y KOpom-
KOCMpOoKosill ma 00620cmMpoOK0Gill NepCneKmuei, wo chpusmume
3a64ACHOMY 8ICUMMI0 A0ANMAUILIHUX 3aX00i6 mMa CMEOPEeHHIO
pesepeie 04 NOKpUmMms empam GHACAIO0K GUHUKHEHHS! BANCKO
KepoeaHux ma/uu HeKepo8aHux KAIMAMUYHUX PU3UKIE.

KirouoBi cioBa: kiiMaThuuHa Kpu3a, KIiMaTUYHI PU3UKU,
MOJIiTUKA afanTalii 10 3MiH KJIiMarty, (hi3u4yHi pU3UKU, PUUKU
BiIMOBiNAaAbHOCTI, MepexiaHi (TpaH3UTHi) PU3UKM.
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The article states that the functioning of business in a changing
environment associated with the aggravation of the climate crisis
requires increased attention to uncertainty, identification and
neutralization of possible climate risks that may adversely affect its
Sfunctioning and further development, as well as the implementation
of measures to adapt to climate change. It is emphasized that
adaptation to climate change is a process of business adaptation in
response to actual or expected destructive climate impacts, which
allows to reduce their negative effects and take advantage of
favorable opportunities. It is emphasized that climate risks are
difficult to predict due to their radical uncertainty and unique
properties, including unpredictability, difficulty of forecasting,
complex dynamics and chain reaction effects. In addition, climate
risks are irreversible and non-linear, so even minor climate change
can lead to significant and even catastrophic consequences for
businesses. Therefore, managing business climate risks is crucial,
as the impact of secondary effects can affect the company’s
operations, leading to financial losses due to fluctuations in asset
values. It is substantiated that forecasting of climate risks to business
should be based on the results of studying the background of
natural disasters that have affected the viability of business in
previous years and the results of assessing its vulnerability to climate
change. The methods for assessing climate risks to business, adapted
for use in Ukrainian practice, are considered. A search for ways to
manage business climate risks on the basis of the precautionary
principle is carried out. It is proved that the proposed additions to
the Methodological Recommendations for Assessing Risks and
Vulnerability to Climate Change in Socio-Economic Sectors and
Natural Components will allow clearly observing the trends in the
priority of climate risks and promptly making decisions on their
neutralization or minimization of their impact on economic activity.

At the same time, they will simplify modelling of the impact of
climate change on business in the short and long term, which will
facilitate early adaptation measures and the creation of reserves to
cover losses resulting from the occurrence of difficult to manage
and/or unmanageable climate risks.

Keywords: climate crisis, climate risks, climate change ad-
aptation policy, physical risks, liability risks, transitional (transit)
risks.
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