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Abstract. The ongoing climate change affects all aspects of people's lives.
At the same time, agro-industrial organizations, due to the specifics of their
activities, are the most exposed to climate risks and must have an effective
system for recording and disclosing information, as well as take care of
environmental protection. The absence of an effective system for collecting
information, assessing, analyzing and adapting to climate risks at the
corporate level can significantly worsen the financial position of the
organization and its efficiency.

1 Introduction

Today, the world is experiencing unprecedented climate change that affects all aspects of
human life, including agriculture. Agricultural enterprises that actively rely on natural
resources and biological assets for production are particularly susceptible to climate risks that
can seriously worsen their financial position and operating results.

According to the Food and Agriculture Organization of the United Nations (FAO) [1,2,3],
climate change can reduce agricultural productivity, which poses a threat to the food security
of the population. Therefore, agricultural organizations need to develop strategies for active
monitoring, assessment, analysis and adaptation to climate risks in order to maximize the
opportunities provided by climate change and reduce its negative impact [4]. This emphasizes
the relevance of this problem.

The purpose of scientific research: to justify the demand for climate risk assessment and
analysis for agricultural organizations.

Objectives:

» classification of the main climate risks affecting the activities of agricultural

organizations;

» identification of constraints for assessing and analyzing the impact of climate risks

on the financial performance and sustainability of agricultural organizations;

» substantiation of the need to improve the system of accounting for climate risks in

agricultural organizations.

Research object: the system of accounting and management of climate risks in
agricultural organizations.

Empirical base: regulatory framework and socio-economic indicators of agricultural
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organizations.
Information base: scientific publications, reports of international organizations,
regulatory legal acts on issues of adaptation to climate risks.

2 Materials and Methods

Practices in the field of adaptation to climate change are expanding at the level of socio-
economic development of the constituent entities of the Russian Federation. They improve
the approaches already formed by the Ministry of Economic Development of Russia aimed
at standardizing the work on identifying and responding to climate risks at the industry [5,
6], regional and corporate levels, and also take into account international recommendations
for managing and accounting for climate risks [7, 8, 9].

Climate risks are understood as the likelihood of losses associated with the impact of
climate change, as well as measures aimed at preventing the negative impact of humans on
the climate, adaptation to climate change, including those taken by governments and
regulatory institutions [10].

Accounting for Adaptation to climate

damage from Analysis and T
climate risks assessment of . _
(direct and climate risks (directions, activities,

indirect) mechanisms of state support)

Fig. 1. Requirements for taking into account climate risks at the level of Russian legislation.
Source: compiled by the authors based on a review of regulatory legal acts [5, 6, 10]

For the agricultural sector (crop and livestock farming), dangerous climate risks include: heat,

drought, heavy precipitation, floods, hurricanes, tornadoes, strong winds, dry winds, sheet

and gully erosion, return of cold weather during the growing season (frost), hail. Negative

consequences include, among other things:

» increase in the frequency, intensity and duration of droughts in some regions, extreme
precipitation, floods and over-watering of soils dangerous for agriculture in others;

> increase in fire hazard in forest areas;

» change in grazing areas of farm animals;

» unpredictable outbreaks of diseases in farm animals caused by climate change;

» disruption of the ecological balance, including the displacement of some biological
species by others. The emergence of new species of agricultural pests [11].
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Fig. 2. Climate risk factors specific to agro-industrial complex organizations.
Source: compiled by the authors

When building a system for accounting and managing climate risks, it is necessary to take
into account their specificity, which affects the choice of methods for their assessment and
minimization.

Unpredictability of weather conditions is one of the main problems for sustainable
agriculture, and in conditions of uncertainty it is difficult to adapt to climate change and
ensure economic security [12].

Climate risks are local in nature and have territorial limitations of natural disasters, which
emphasizes the importance of diversification of production.

Heterogeneity of climate risks is determined by geographical location, markets,
technological features and availability of innovations, as well as the political situation in the
regions.

The trend towards increased climate change means that the likelihood and scale of
damage from climate risks will only increase.

Physical risks are difficult to measure, they require absolute indicators and have not yet
been sufficiently studied, which indicates the need for accounting and analytical support for
sustainability.

[Unpredictability of weather conditions

« adaptation to climate change is becoming more difficult

Local nature of changes

« the importance of diversification is increasing

Heterogeneity of climate risks

» multidimensionality of strategic scenarios
[The Rising Vector of Climate Change

* increasing the scale of analysis and adaptation

Physical risks are difficult to measure

-) E=y &J 9w J =

»demand for accounting and analytical support for sustainability

Fig. 3. Features of the manifestation of climate risks from the standpoint of choosing the method and
methods of managing them
Source: compiled by the authors



BIO Web of Conferences 139, 14014 (2024) https://doi.org/10.1051/bioconf/202413914014
AgriScience2024

We proceed from the position that all risks related to the environment in the organization
should be divided into two types due to the multidirectional vector influence on climatic and
ecological risks for the purposes of their management [13,14,15]. If the organization can
control and manage ecological risks, then in the situation of climatic risks it can only adapt
to abrupt changes in the environment.

Risks of
environmental

AGRO-INDUSTRIAL

ORGANIZATION .
pollution

Fig. 4. An approach to risk differentiation for risk management purposes.

Source: compiled by the authors
Climate
risks

Risks of
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Fig. 5. Typology of climate risks.
Source: compiled by the authors based on [16]

The following methods of climate risk assessment are distinguished:
Modeling
Risk assessment
Scenario analysis
Stress testing
Sensitivity analysis
Natural capital analysis
At the same time, researchers face certain problems in risk analysis and assessment,
including:
»  Uncertainty of future climate scenarios;
»  Lack of technical knowledge and resources for risk assessment;
»  Need for new types of data for risk assessment and poorly developed accounting
and analytical support;
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» Insufficient differentiation of climate risks and allocation of channels for their
transmission [17].

Scenario analysis of climate risks is recommended to be conducted annually. This process
includes identifying and defining scenarios that take into account climate risks in both the
short-term and long-term; analyzing the relevance and feasibility of business strategies and
business models under various climate scenarios; taking into account traditional risk
categories through which the impact of climate risks is realized; using information obtained
as a result of scenario analysis to adjust business strategies.

When selecting input data for climate risk scenario analysis, financial institutions are
encouraged to consider:

»  the time horizon of the datasets used, as well as their frequency (e.g. some
physical risks may require seasonal and daily data, while other risks may require
annual or decadal data);

»  geographic specificity, which provides insight into the local distribution of
natural hazards to which the institution, its assets, portfolio, customers and
counterparties may be exposed,;

»  the range of global emissions dynamics included in the dataset, given that
testing scenarios at the extremes of the range is more likely to reveal risks [10].

3 Results

FAO analysts claim that natural disasters cause 18% of total agricultural commodity losses
and at least $19 billion in damages annually. Droughts account for more than 34% of
agricultural losses and cost the industry $37 billion. If this trend continues, global agricultural
production could decline by almost 7% by 2050 compared to levels under a stable climate,
seriously threatening food security [1, 2, 3, 18]. To address this problem, it is necessary to
increase production of various types of food products by at least 70%, which is especially
important for countries that depend on agricultural imports.
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Fig. 6. Number of dangerous hydrometeorological events that have caused damage to the economy
and population of Russia.

Source: Report on the climate features in the territory of the Russian Federation
http://downloads.igce.ru/publications/OD_3 2022/v2022/pdf/od3.pdf According: to Roshydromet data
[19]
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In the period from 2010 to 2021, the total damage from the loss of agricultural crops and
agricultural facilities due to natural disasters and abnormal weather conditions in Russia
amounted to 115 billion rubles, which is comparable to the average annual GDP of the
country. The average level of soil degradation in Russia is 12.3%, which creates a threat of
desertification, especially in the southern regions (Southern Federal District), where this
figure is estimated at 63-67%. Every year, farmers lose 20 to 40% of their crops due to pests,
which leads to a decrease in total food production by 9% over the past decade. Floods cause
crop losses in flooded areas in the amount of 19%, which indicates the need to take into
account climate risks in the economic security system [16,18].

Climate risks cause property and economic losses for enterprises in the agro-industrial
complex. Property losses are associated with the loss of biological assets and property of
organizations. Economic losses are caused by changes in market conditions, the competitive
environment and resource availability. The shortage of natural resources leads to higher
prices, which increases production and financial risks [17,20,21]. Competition for climate
change resistance, changes in demand structure and consumer preferences can lead to
changes in supply chains, reduced revenues and financial risks for organizations.

Table 1. Property losses of agricultural organizations associated with the impact of climate risks

Climate Property losses in crop production Property losses in livestock
risks farming
Drought Loss of moisture in the soil, deterioration of | Death of animals, reduction in milk
the soil condition, which causes crop loss, a | yield, egg production, deterioration
decrease in the quality of products and in the quality of meat, wool, eggs
entails a decrease in the volume of crop and other livestock products.
production.
Floods Flooding of fields and destruction of Destruction and damage of
infrastructure, resulting in crop losses, buildings and structures,
damage to buildings and equipment. destruction of feed, death of
animals, spoilage of products.
Storms and Destruction and damage of buildings and Destruction and damage of
hurricanes | structures, equipment, destruction of crops, buildings and structures,
which leads to significant financial losses destruction of feed, death of
due to downtime and restoration of animals, disruption of electricity
production. and water supplies.
Fires Destruction of crops, damage to Destruction of buildings and
infrastructure, the need for costly measures structures, death of animals,
to extinguish fires and restore damaged disruption of electricity and water
areas. supplies.
Change in Slowing down the rate of plant growth and Reduction of the food supply,
temperature | development, which will lead to a decrease deterioration of animal welfare
and in yield and deterioration in product quality. | conditions, spread of diseases, and
humidity reduction in productivity.

Source: compiled by the authors

In the Russian Federation, agricultural organizations disclose information on climate risks
in different ways. There are no uniform standards for disclosing information.

Thus, PJSC Magnit notes in its 2021 sustainability report that physical climate risks can
lead to a decrease in crop yields, and "mitigation measures include the use of more sustainable
agricultural methods and technologies."

The annual report of Rusagro Group for 2022 indicates the risk of a decrease in crop
yields due to climate change and weather anomalies, which has the highest significance
rating, along with the market risk of a decrease in product prices and the political risk of
changes in government policy in the field of price control, export-import and tax policy.

The INARKTIKA Group of Companies is the only one to distinguish between climate

https://doi.org/10.1051/bioconf/202413914014
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risks of the environmental impact on the organization and environmental risks associated
with the organization's impact on the environment. At the same time, the probability of risk

occurrence for these risks is assessed as average.

Table 2. Reflection of information on climate risks by agricultural organizations and its quality

Organization Reflecting climate risks

Reflection of environmental risks

2020 agricultural crops

compound feed.

Cherkizovo Influence vector: Climate change may
Final report | lead to the fact that the cultivation of

predictable and will negatively affect the
cost of production and purchase of

Measures: "Petelinka poultry farm: a
temperature  monitoring
introduced to collect
climatic conditions in poultry houses,
timely monitoring will increase the safety
of poultry and reduce utility costs.

Risks: Emphasis - on financial risks,
"biotransformation disorders and epizootic
risk (the emergence and spread of
infectious animal diseases)".

system  was
information on

Expenses: “In 2020, the Group
invested more than RUB 532,939
thousand in environmental
protection facilities and activities.
Intentions: “The expenses were
spent on protecting the atmosphere
and preventing climate change,
collecting and treating wastewater,
waste management, preserving
biodiversity and protecting natural
areas.”

business areas.

prices; political

RUS AGRO | Risk factors: Weather

PLC drought, frost, waterlogging, strong winds,
Final report | hail, damping off - lead to a decrease in
2022 crop yields, which affects the revenue of

agricultural, meat, sugar and oil and fat

Risks: operational risk - a decrease in
revenue as a result of a decrease in crop
yields due to climate change and weather
anomalies. Significance level - 5 (along
with market risks - a decrease in product

government policy in the field of price
control, export-import and tax regulation).

Risk management: An integrated
approach to forecasting weather
conditions based on weather station
data. Regular crop monitoring.
Digitalization of strategic planning
and operational processes in the
agricultural business area.
Automation of the formation of an
optimal schedule for digging, piling
and removal of sugar beets, as well
as a schedule for harvesting and
removal of leguminous crops.
Automation of quality control of
technical operations. Development
of irrigation systems. Selection of
hybrid and varietal seeds depending
on climatic zones.

Sustainability | unsustainable use.
Report 2022

Inarktika Impact vector:
Group of | resources are under threat from climate
Companies change, pollution, biodiversity loss and

Impact risks: Food production has
a significant impact on climate and
soils, but the carbon footprint of
Inarktika Group as a fish producer is
low compared to other producers of
animal-based food products.
Intentions: We recognize our
responsibility to preserve the
climate and strive to reduce
greenhouse gas (GHG) emissions
generated by our activities.

Source: compiled by the authors using data from the National Register of Corporate Non-Financial
Reports of the Russian Union of Industrialists and Entrepreneurs [22].

Sberbank has become one of the leaders in taking climate risks into account among
financial institutions. In 2022, it developed industry guidelines for assessing ESG risks to
identify specific industry risks and formulate specific ways to address them.
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With the development of the climate risk management system, methods for their
minimization are also being improved.

[Agrotechnical measures ‘

+use of drought-resistant varieties, optimization of sowing dates, introduction of drip irrigation
systems, application of biological fertilizers

‘ Compensatory measures ‘

* crop, property and income insurance against climate risks, hedging of weather derivatives, green
bonds

Diversification
S

« expansion of the range of agricultural products, optimization of areas for various crops,
interaction with other sectors of the agro-industrial complex

Innovative technologies

« the use of precision farming technologies, including satellite monitoring systems, robotic
systems, sensors, water management systems

Social adaptation

* retraining of personnel, development of infrastructure, support for small and medium-sized
agricultural enterprises

Fig. 7. Methods for minimizing climate risks in the agro-industrial complex
Source: compiled by the authors

4 Conclusion and Discussion

Climate risks pose a significant threat to the economic stability of enterprises in the agro-
industrial complex. The development of an effective system for monitoring, analyzing,
planning and controlling these risks is of great importance for maintaining sustainable growth
in the agro-industrial complex. The use of innovative methods, active adaptation to climate
change and close cooperation with government agencies will enable agro-industrial complex
enterprises to reduce risks and ensure economic and food security of the country [23, 24]. At
the same time, based on the conducted study, it should be noted that in the Russian Federation
the climate risk management system is still developing and requires significant changes.

First of all, the lack of a unified accounting and analytical support and standards for
disclosing information on the level of climate risks at the corporate level slows down
development in this area. All disclosed information in non-financial reporting by large
corporations in the agro-industrial complex focuses on environmental risks, while the climate
risk segment remains underestimated.

Meanwhile, it is the agro-industrial complex that is exposed to physical climate risks.
Information on climate risks in Russia is disclosed at the macro and meso levels, at the micro
level there are problems with taking climate risks into account, there is a partial non-
standardized presentation of data on the assessment results, which leads to limitations in the
application of climate risk management methods and difficulties in forecasting them and
assessing possible damage at the level of individual companies, while for the agro-industrial
sector, climate risks will always have a high level of risk.
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