BIO Web of Conferences 145, 06004 (2024) https://doi.org/10.1051/bioconf/202414506004
Forestry Forum 2024

Methodology for assessing NBCs to achieve
carbon neutrality

Yuliya Stepanova'”, Anton Shashkin?, and Stanislav Vishlov!

! Voronezh State University of Forestry and Technologies named after G F Morozov, 394087
Voronezh, Russia

Abstract. In a modern economy focused on low-carbon trends, it is
possible to achieve sustainable development through an effective assessment
of the main object, namely natural capital, which makes it possible to form
natural solutions aimed at reducing climate risks and threats as a result of
the anthropogenic impact of economic processes on the environment. The
concept of natural solutions has spread amid increasing attention to the
problem of climate change, primarily in the context of recognizing the role
of ecosystems in storing and absorbing CO2 in order to mitigate climate
change, that is, the role of mitigation. An important advantage of natural and
climatic solutions is the economic advantage expressed in their lower cost
compared to technological solutions for carbon sequestration. The purpose
of this study was to analyze methodological approaches to the economic
assessment of natural and climatic solutions, which are complex practices
with consumer (market) and non-consumer (non-market) values aimed at
protecting, restoring and sustainable use of natural ecosystems. The article
presents an algorithm, the advantages and disadvantages of the main
methodological approaches to the economic assessment of natural and
climatic solutions are formed. The main problems of their application and
the factors influencing this process are outlined.

1 Introduction

The concept of nature-based solutions has gained popularity in the context of growing
attention to the problem of climate change, primarily in the context of recognizing the role
of ecosystems in storing and absorbing CO2 in order to mitigate climate change, i.e. the role
of mitigation.

Since ecosystems act both as sinks and sources of greenhouse gases, the destruction of
ecosystems and climate change are closely interrelated. On the one hand, it is the stability of
natural ecosystems that is the factor that reduces the amplitude of temperature fluctuations
and regulates the state of the planet. Nature's ability to absorb and store CO2 on land and in
the ocean helps prevent climate change: terrestrial ecosystems absorb 29% of annual
anthropogenic CO2 emissions, and the oceans - 25%.

On the other hand, the destruction of ecosystems leads to the release of CO2 into the
atmosphere and climate change. Natural ecosystems (especially intact forests, swamps,
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mangroves, peatlands and permafrost in the tundra) contain about 150 Gt of CO2, which, if
released, will be impossible to absorb by 2050. The only way to preserve existing carbon
stocks and maintain the CO2 sequestration function of terrestrial and ocean ecosystems is to
maintain the functioning of these ecosystems.

Research has shown that natural climate solutions can provide more than 30% of the cost-
effective mitigation measures needed by 2030 to stabilize global warming below 2C°.

The term "nature-based solutions" (NBS) was formed within the framework of the
ecosystem approach (EbAp) of the concept of nature-based solutions, which was first
announced in 2000 at the 5th Conference of the Parties to the UN Convention on Biological
Diversity.

In 2009, nature-based solutions were proposed by the International Union for
Conservation of Nature within the framework of the UN Framework Convention on Climate
Change as a way of mitigation and adaptation. Since 2012, nature-based solutions have
become the basis of the program to reduce emissions from deforestation and forest
degradation (REDD+) and ecosystem-based adaptation solutions (EbA).

Since 2015, the European Union has included natural climate solutions in the Horizon
2020 research and innovation program, aimed at implementing solutions for sustainable
ecosystem management until 2030. In 2020, the International Union for Conservation of
Nature developed the gold standard of natural climate solutions, “The Climate Adaptation
Gap”.

The dependence of economic sectors on nature, directly or indirectly, through supply
chains, is confirmed by the results of the analysis in the World Economic Fund’s Global
Risks Report for the period 2015-2021, namely, in 163 economic sectors, more than half of
the world’s GDP, i.e. $44 trillion of economic value, depend on nature and its ecosystem
services [1].

For the first time, the definition of natural climate solutions was formed by the United
Nations Environment Assembly in 2022. Natural climate solutions are positioned as
measures to protect, preserve, restore, sustainably use, and manage natural and anthropogenic
changes in terrestrial, freshwater, coastal, and marine ecosystems, aimed at solving social,
economic, and environmental challenges, ensuring human well-being and sustainability to
biodiversity [2]. In its 2022 report, the IPCC identified natural climate solutions as the key
to reducing emissions and curbing climate change.

Today, natural climate solutions are practices based on the protection, restoration and
sustainable use of natural ecosystems. These are actions aimed at solving important
environmental, social and economic problems that benefit both nature and humans.
According to calculations by experts from the UN Environment Programme, the potential of
natural climate solutions projects by 2030 is declared to be from 5 to 11.7 Gt CO,-eq. per
year, and by 2050 this figure could increase to 18 Gt CO,-eq. per year. For comparison, the
total emissions of the European Union in 2022 amounted to about 2.7 Gt CO,-eq. Obviously,
with the help of natural climate solutions, it is possible to combat global warming and adapt
to the effects of climate change.

An important advantage of natural and climate solutions is their economic feasibility,
expressed in lower cost compared to technological solutions for carbon sequestration, which
is proven by research by the Independent Analytical Center for the Formation of International
Policy on Sustainable Development Management of the International Institute for
Sustainable Development. The implementation of natural and climate solutions allows saving
up to $ 248 billion per year, due to the half-cost of technological solutions for the same
purposes. Recognition of the role of natural solutions in the fight against climate change has
led to their active use in the formation of national climate policies. By 2021, the nationally
determined contributions (NDCs) of countries such as China, Canada, Japan, Singapore,
France, India, Indonesia, Brazil, South Korea, and the United Kingdom contained
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commitments in terms of natural solutions [4]. Half of the 64 adaptation targets included in
the 30 NDCs are related to forest conservation and/or restoration, with afforestation
accounting for 22% of the nature-sustainable targets.

Due to the high priority of natural and climate solutions, there is a need for a full economic
assessment of their contribution to national climate policy, taking into account the impact of
the social utility of natural resources on the level of satisfaction of human needs. Thus, the
issues of economic assessment of the effectiveness of the implementation of natural and
climate solutions are beyond doubt.

2 Materials and methods

In economic practice, there is no universal method for assessing natural and climate solutions.
All existing assessment methods are based on market mechanisms (trading in emission quotas
with the establishment of their maximum level, subsidies, fines). The choice of the economic
assessment method depends on the correct definition of the participants in the process of
implementing natural and climate solutions, i.e. producers (donors) and recipients
(recipients) of benefits.

2.1 Methods of direct assessment of market value

Methods of direct assessment of market value include methods based on rent assessment and
market prices (cost methods) [3]. Cost-based assessment methods essentially represent an
assessment of costs that may be incurred in the event of replacement of the benefits provided
by the ecosystem with benefits obtained artificially. They include the method of non-incurred
costs (i.e. costs that would be incurred in the absence of the ecosystem service); the method
of replacement costs (costs of replacing the ecosystem service with artificial technologies);
the method of mitigation costs or restoration work (costs of mitigating the consequences of
the loss of ecosystem services).

2.2 Revealed preference methods

Revealed preference methods are based on the fact that an economic agent has certain stable
preferences, according to which it makes a choice related to a natural and climatic solution,
which is the subject of cost assessment. These include the following two methods: the method
of modeling consumer behavior under conditions of certainty and the hedonic price (HP)
method. The peculiarity of revealed preference methods is the collection of reliable
information in order to avoid distortion of the assessment of the monetary value of natural
projects. Therefore, revealed preference assessment methods are, as a rule, expensive and
time-consuming.

2.3 Stated preference valuation methods

Stated preference valuation methods, also called simulation valuation methods, allow one to
model the market and demand for ecosystem services based on survey results on hypothetical
changes in the mechanism for providing ecosystem services. There are three main methods.
The survey valuation method (questionnaire method), which involves asking people how
much they are willing to pay for the provision of an ecosystem service or, conversely, what
compensation they are willing to receive for its loss or degradation. The method allows one
to form a pseudo-market value for non-commodity resources. The next method in the group
is the decision modeling method, according to which one can model the decision-making
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process based on various alternatives, while ranking the preferences of respondents and
choosing one of the two alternatives using a pairwise comparison. The third valuation method
based on group preferences is used to assess non-consumer values . Valuation methods are
usually tied to a specific location. It is important to carefully analyse their costs and benefits
and take into account the fact that the cost of many values is indicative, since the cost
assessment is based on prices for similar ecosystem services or a hypothetical situation.

3 Equations and mathematics

In international practice, the economic assessment of the implementation of natural and
climate solutions is based on the concept of determining the "true" cost of natural and climate
solutions or the total economic value (Total Economic Value), which consists of the
consumer value of use and the non-consumer value of non-use [4-5]. This concept is the most
promising in terms of the complexity of the approach to assessing the natural and climate
solutions and taking into account not only their direct resource functions, but also
assimilation functions and ecosystem services. The concept is based on a holistic approach,
which allows taking into account the market and non-market values of nature in the economic
assessment of natural and climate solutions. The value of the total economic assessment of
the natural and climate solutions is formed as the sum of two aggregated indicators by types
of economic value, including: an assessment of the cost of direct use and an assessment of
the cost of non-use (Table 2):

OESpkr = OTspi + OTsni 1)
The direct use value (OTspi) estimate is the sum of four components:
OTspi = STpi + STki + Stoa + STko o))

where STpi — cost of direct use;

STki — cost of indirect use;

Stoa — cost of deferred alternative;

STko — cost of quasi-deferred alternative.

The assessment of the non-use value is formed as the sum of the existence value and the
inheritance value. The calculation of the value of the deferred alternative (quasi-deferred
alternative) is the most complex, since it is associated with the conservation of a natural
resource for possible use in the future, that is, we are talking about the potential use of the
resource of the natural resource. In this case, the estimated value of the deferred alternative
is often the adjusted sum of the estimated direct and indirect cost in use [6].

Table 1. Characteristics of indicators of general economic assessment of natural and climatic

solutions
Economic evaluation Characteristics of Assessment practice
indicators economic evaluation
Direct Use Cost Assessment (DUCA) of Natural and Climate Solutions
Direct Use Cost The assessment is The assessment includes the cost of
formed in accordance food, timber, building materials,
with market indicators medicinal plants (consumption
that evaluate the direct value)
use of the eco-service
by society
Indirect use cost The assessment is The assessment includes the ability
based on the indirect of trees to store carbon dioxide,
benefits derived from which helps reduce the greenhouse
eco-services effect
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Cost of deferred alternative

The assessment is
based on a decision
deferred to a later date,
i.e. the deferred
alternative or the value
of the will

The assessment includes future
values derived from forests in terms
of climate regulation

Quasi-deferred alternative cost

The assessment is
based on aesthetic
indicators received by
society from the
awareness of the
existence of forests.
Simplified economic
approaches and survey
methods are used in
assessing the cost

The assessment includes the
aesthetic value of nature for society

Assessment of the non-use value (NVU) of natural and climate solutions

Cost of existence

The assessment is
based on
ethical indicators

The assessment includes the duty of
society to preserve nature for future
generations, the value of

Inheritance Values

The assessment is
based on the social
aspects of the
importance of nature
for society

inheritance, etc.

When assessing the cost of non-use, simplified economic approaches are used, primarily
related to the theory of "willingness to pay", attempts are made to build "surrogate" markets.
Questionnaire and survey methods are widely used.

4 Discussion

The main methodological approaches to the economic assessment of natural and climatic
solutions are reflected in Table 2. The methodological approaches presented above overlap
in many ways. In essence, all the presented methods form general environmental costs in
order to form an adequate cost for the implementation of natural and climatic solutions.

Table 2. Main methodological approaches to economic assessment of natural and climate solutions
(NCS)

Name

| Evaluation algorithm |

Advantages | Flaws

Direct assessment methods

Cost method

Element-by-element
calculation of costs for
preparation and
implementation of the
(NCS)

Underestimation of
the value of the
NCS, which is

explained by the
inability of
traditional economic
analysis to take into
account the
complexity of
nature, its functions,
interrelations and
systematicity

Availability of source
data on cost items for
evaluation
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Rental valuation

Calculation of the

Resource conservation,

Reduction of the

method economic effect of restoration and role of the market,
natural solutions, in the reproduction of forests decrease in
form of capitalization entrepreneurial
of income from activity
reproductive and
ecological rent
Revealed preference methods
Method of Selection of NCS as a Avoiding distortion of An expensive
modeling subject of cost monetary value method in terms of
consumer assessment in assessment of natural costs and time
behavior under accordance with projects
conditions of preferences
certainty
Hedonic pricing Valuation of Allows you to determine There may be an
method environmental goods how much the value of information error in

whose existence
directly affects market
prices

the assessed object
depends on various
environmental services

the analysis; the
expert may not be
observing
equilibrium prices

Stated Preference Valuation Methods

Survey method

Direct survey of
respondents about their
willingness to pay for a

Used in the absence of
potential markets for the
environmental services

The results obtained
depend on the level
of awareness of the

certain eco-service being assessed respondents
surveyed
Decision Using the results of the Does not require large Not all results
Making assessment of the NCS expenses and time obtained in one set
Modeling obtained in one setting expenditures of conditions can be
Method to analyze other applied in other
settings conditions

Attempts to include compensation for ecosystem services based on the analyzed
methodological approaches in the mechanisms of economic assessment of natural and
climate solutions are being implemented in international carbon markets for greenhouse gas
emission quotas, the economic foundations of which are laid down by the Kyoto Protocol.

5 Conclusion

As studies show, the most complete assessment of natural and climate solutions can be
obtained using an integrated approach to determining their overall economic value, i.e. the
multi-criteria analysis method [7-8]. The multi-criteria analysis method is used in cases
where multiple values of the PCR are subject to measurement and comparison. The method
allows formally integrating multiple values after each of them has been assigned a relative
weight. The result is a ranking of preferences, which serves as a basis for making decisions
when choosing between different options. A clear example of the successful application of
MCA is the multi-purpose use of forests [9-10]. The practical application of the multi-criteria
analysis method was tested on forests in Mediterranean countries in 2004 [11]. Analyzing
the considered methodological approach, we can conclude that determining the cost of direct
use of an eco-service, which involves the use of cost indicators, is simpler than calculating
the value of non-use. This is due to the lack of markets that evaluate the moral and ethical
aspects of ecosystem services. The advantage of the multi-criteria analysis method is the
ability to track economic changes in natural and climatic decisions based on criteria. The
disadvantage of the method is a decrease in the accuracy of estimates due to the combined
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use of both analytical methods for calculating cost indicators and methods based on
sociological research. In the context of economic assessment, the most important
distinguishing feature of the multi-criteria analysis of natural and climatic decisions is their
investment attractiveness, which depends on the quantitative assessment of carbon reserves,
which requires documentary confirmation [12-14]. Currently, when assessing the
effectiveness of investing in the PCR, the theory of cash flows serves as the basic theory. The
main criteria for priority (net present value, profitability index, internal rate of return) of
investment projects for natural and climatic purposes are based on the comparison of the
useful result and costs reduced to a single point in time, that is, on the assessment of the
increase in benefits that will be received by future generations, which often leads to
underestimated or negative performance indicators.

References

1. The Nature Conservancy - Nature's Potential to Fight Climate Change WEF. The
global risks report 2019. (2020a).
. N. Environment Assembly (2022).
3. N. Seddon, E. Daniels, R. Davis, A. Chausson, R. Harris, X. Hou-Jones, S. Huq, V.
Kapos, G. Mace, S. Wicander, Global Sustainability 3, 1-11 (2021).
A.G. Tretyakov, Forest Bulletin 2, 153-160 (2015).

5. A.A. Tishkov, Economics of Biodiversity Conservation (Moscow, Institute of Nature
Management Economics, Standing Forestry Committee ad hoc Working Group on
Valuation and Compensation Methods for Non-wood goods and services, 2008).

6. S.N. Bobylev, Ecosystem services and economics, Institute of Sustainable
Development Center for Environmental Policy of Russia 72 (2009).

7. D.W. Pearce, World Without End: Economics, Environment, and Sustainable
Development (Oxford, Oxford University Press, 1993).

8. E.G. Busko, Methodological approaches to the economic assessment of ecosystem
services 4 (37) (2012).

9. TEEB Ecological and Economic Foundations, pp. 389-390.

10. G.A. Motkin, Economic assessment of environment-forming functions of ecosystems
1(46), 3-11 (2010).

11. S. Pagiola, How Much is an Ecosystem Worth? Assesing the Economic Value of
Conservation 58 (2004).

12. A.V. Ivanova, Economic assessment of project measures aimed at reducing greenhouse
gas emissions and increasing their absorption in Russian forests 10 4 (59), 108-125
(2023).

13. X. Tong, M. Brandt, Y. Yue, P. Ciais, Rudbeck Jepsen & etc., Forest management in
southern China generates short term extensive carbon sequestration 11(1), 1-10 (2020).

14. H. Zhou, X. Hao, H.-Wang, X. Wang, T. Liu, Y. Xie et al., ] Mater Sci; 53, 1899-1910
(2018).



