Proceedings of the 8th International Conference on Economic Management and Green Development
DOI: 10.54254/2754-1169/131/2024.18429

Research on the Design and Application of Climate
Adaptation Bond Options (CABO): A New Type of Financial
Derivative

Xinyu Zhang'*"
ISchool of Economics and Management, Hebei University of Technology, Tianjin, 300131, China
a. 1632778740@qq.com

*corresponding author

Abstract: In the face of unprecedented global climate challenges , including the increasing
frequency of extreme weather events and the intensification of long-term climate patterns,
the need to explore innovative financial mechanisms for promoting climate adaptation and
mitigating the impacts of climate change has become particularly urgent. This study
investigates Climate Adaptation Bond Options (CABO), a novel financial instrument, and
aims to develop a comprehensive theoretical framework to assess its potential and value in
the field of climate finance. CABO represents an innovative blend of traditional bond
investments with the characteristics of financial derivatives, using option contracts to enable
investors to flexibly hedge or speculate on the cash flows of climate adaptation bonds under
specific future conditions. This mechanism not only provides investors with more
sophisticated risk management tools but also enhances market interest and confidence in
climate adaptation projects, leading to more efficient capital allocation. The research also
explores the market acceptance of CABO, assessing awareness, interests, and potential
concerns among investors, issuers, regulators, and the public. The findings suggest that while
current market awareness of novel financial products like CABO remains at its early stages,
the increasing severity of climate issues and growing risk awareness among investors indicate
that CABO has the potential to emerge as a significant force driving the development of the
climate finance market.

Keywords: Climate Adaptation Bond Options (CABO), Climate Finance, Financial
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1. Introduction

This paper focuses on research into CABO, aiming to conduct an in-depth analysis of its market
potential and challenges. Specifically, this paper will explore how CABO can effectively encourage
capital flows towards climate adaptation projects and ways to overcome existing obstacles by
optimizing product design and enhancing market awareness. By integrating empirical analysis and
theoretical discussion, we hope to provide valuable insights for the future development of CABO. To
achieve these research objectives, we will employ various research methods such as literature review,
case analysis, and questionnaire surveys.

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

127



Proceedings of the 8th International Conference on Economic Management and Green Development
DOI: 10.54254/2754-1169/131/2024.18429

By collecting relevant domestic and foreign literature, we will sort out the development history
and current status of CABO; select and analyze typical market cases to summarize their successful
experiences and shortcomings; and simultaneously conduct surveys from potential investors and
issuers to collect first-hand data to substantiate our research conclusions. The significance of this
study lies in addressing the research gap in CABO studies, providing a comprehensive and in-depth
understanding for policymakers, market participants, and academics. Additionally, we will propose
targeted suggestions and solutions to the problems and challenges discovered during the research
process, with the aim of contributing to the future development of CABO.

2. CABO Theoretical Basis and Framework Construction
2.1. Overview of Climate Adaptation Bond Options (CABO)

CABO are bonds specifically issued to support climate adaptation projects aimed at mitigating the
negative impacts of climate change, such as flood control facilities, drought-resistant agricultural
technologies, and urban greening initiatives. An emerging financing solution for climate-resilient and
low-carbon projects is to use “climate-aligned bonds”—a twist on the traditional bond, which is a
debt instrument wherein an investor loans money to a corporation or government for a predefined
period of time at a fixed or variable interest rate [1].By offering investors opportunities directly linked
to climate adaptation activities, CABO encourage capital flows towards these critical areas. They
align with Green, Social, and Sustainability (GSS) bond principles while emphasizing the urgency
and importance of addressing climate change. CABO pricing typically builds on traditional bond
models, incorporating the influence of green, social, and sustainability factors on investor
expectations.

Option contracts are financial derivatives granting the buyer the right, but not the obligation, to
buy or sell an asset at an agreed-upon price on or before a specified future date. Key elements include
the underlying asset, strike price, expiration date, and option premium. The buyer acquires the right
by paying the premium, while the seller assumes the obligation to fulfill the contract if the buyer
exercises the right. Option pricing is influenced by factors like the underlying asset's price, strike
price, time to expiration, risk-free interest rate, and volatility.

2.2. CABO Design Elements and Operational Mechanism

CABO design encompasses contract specifications, pricing mechanisms, trading margins, and
settlement methods. Contract specifications define basic trading parameters like trading codes,
selected cities, contract multipliers, minimum price movements, and contract months. Pricing
mechanisms are set based on CABO characteristics, market conditions, and investor expectations.
Trading margins are the initial funds required for investors to participate in CABO trading, ensuring
smooth transactions. Settlement methods are determined by investor choice and independent
evaluation, either in cash or physical delivery.

CABO's operational mechanism spans issuance, trading, and settlement. Issuers launch CABO
based on climate adaptation project funding needs, while investors decide whether to participate
based on market conditions and their own requirements. Trading involves buyers and sellers offering
and accepting prices through trading platforms, with exchanges or clearinghouses handling the
settlement. Upon contract expiration, investors' gains or losses are determined according to the
settlement method, and final delivery is completed.
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3.  Market Analysis and Pricing Model for Climate Adaptation Bonds (CABO)
3.1. Current Status of Climate Adaptation Project Financing and Market Demand

In the face of the intensifying global climate change, the financing needs for climate adaptation
projects have dramatically surged. Traditional financing channels, such as government grants and
bank loans, have struggled to meet this escalating demand, while capital markets are increasingly
embracing green, social, and sustainability (GSS) investments. In this context, Climate Adaptation
Bonds (CABO) emerge as an innovative financing instrument, offering novel funding sources for
climate adaptation projects. However, the CABO market is still in its early stages, characterized by a
relatively small market size and limited investor awareness. Despite these challenges, heightened
global concern over climate change augurs well for the sustained growth of CABO and the market
demand for CABO and its derivatives.

3.2. Forecasting CABO Market Demand and Analyzing Investor Behavior

Drawing on current climate adaptation project financing and market trends, we can project the
demand for CABO. As investor awareness of climate change deepens and the GSS investment
philosophy gains traction, CABO, as a financial product that supports environmental causes while
offering investment returns, will attract broader investor interest. Investor behavior analysis reveals
variations in CABO preferences and needs across different investor segments. Institutional investors,
for instance, may prioritize CABO's risk management capabilities and long-term yield stability, while
individual investors may favor CABO for their low investment thresholds and liquidity. Consequently,
tailored marketing strategies targeting distinct investor groups are essential for CABO market
promotion. Anticipated CABO users encompass institutional investors like pension funds, insurance
companies, and sovereign wealth funds, endowed with substantial capital and a long-term investment
horizon, suitable for diversifying risks and capturing potential returns tied to climate adaptation
projects. Additionally, hedge funds and asset management firms, adept at leveraging derivatives for
risk management and arbitrage, view CABO as a novel investment opportunity and a risk mitigation
tool. Lastly, enterprises and governments, as initiators or participants in climate adaptation projects,
can issue CABO to raise funds and draw investor attention to the climate adaptation sector.

3.3. Construction and Validation of the CABO Pricing Model

To ascertain reasonable pricing for CABOs, a scientific pricing model must be devised. This model
encompasses fundamental characteristics of climate adaptation bonds, market conditions, investor
expectations, and the pricing principles of option contracts. Specifically, an option pricing model
grounded in parameters such as the risk-free rate, volatility, and maturity (e.g., the Black-Scholes
model) can serve as the foundational framework, which is then adjusted and optimized according to
the unique attributes of CABOs. Upon completion, validation and calibration of the pricing model
through historical data back-testing and simulated trading are essential to ensure its accuracy and
reliability.

3.4. Sensitivity Analysis of Pricing Model and Risk Management Strategies

Sensitivity analysis of the pricing model is a crucial step in assessing the extent to which changes in
model parameters impact CABO prices. Through this analysis, key parameters that significantly
influence CABO prices (e.g., volatility, risk-free rate) can be identified, and corresponding risk
management strategies formulated. For instance, in cases where volatility significantly affects CABO
prices, risk reduction measures might include dynamically adjusting investment portfolios or
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employing hedging instruments. Additionally, attention must be paid to other potential risk factors,
such as market risk and credit risk, with corresponding risk management strategies and contingency
plans in place. Emphasis should be placed on establishing and refining early warning and monitoring
mechanisms in risk to ensure the stable operation and sustainable development of the CABO market.

4.  Case Studies and Empirical Analysis of CABOs
4.1. Collection and Compilation of CABO Cases from Domestic and International Contexts

In today's globalized world, climate change has emerged as a pressing global issue that poses
significant challenges to the sustainable development of economies and societies. To effectively
address the risks associated with climate change and promote green and low-carbon transitions,
Climate Adaptation Bond Options (CABOs) have emerged as innovative financial instruments.
CABOs aim to provide flexible and efficient financing solutions for climate adaptation projects
through the form of option contracts, thereby facilitating the necessary investments and adaptations
required to mitigate the impacts of climate change. Achieving a balance of priorities is crucial for
government risk management and strategic planning. A comprehensive assessment of the economic
value proposition of climate change adaptation projects, considering the direct benefits of flood risk
reduction, drought resilience, and the additional benefits of enhanced ecosystem services, can guide
planning that accounts for the diverse interests of society [2].

4.1.1.Overview of CABO Cases in China

As recognition of the importance of climate adaptation grows in China, a series of CABO practice
cases have emerged. These cases are widely distributed across various sectors, including water
conservancy, agriculture, urban infrastructure, among others, showcasing the breadth of CABO in
fostering climate resilience. In May 2014, China General Nuclear Power Group issued the first
"Carbon Bond" in China, with a total issuance amount of RMB 1 billion and a maturity of five years.
All proceeds from the bond were used to replace the issuer's loans. The financing costs for the issuer
and investment returns for investors during that period are illustrated in the following figure 1 [3].

Fixed rate +
floating rate

5.70%
5.65%

500,000 2,000,000 Carbon income
(yuan)

Figure 1: The relationship between the interest rate of each issue of CGN wind power additional
carbon income medium-term note and the carbon income of each issue

Additionally, coastal cities have leveraged CABO issuance to fund seawall reinforcement projects,
effectively mitigating flood risks stemming from sea-level rise. Large agricultural provinces have
utilized CABO to support the modernization of agricultural irrigation systems, enhancing drought
resistance capabilities in agricultural production. The successful implementation of these cases has
not only provided robust financial support for advancing local climate adaptation projects but also
served as valuable experiences for CABO applications in other regions within China. However, in
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China's current business environment, some low-carbon technologies, such as residential and
industrial energy-saving technologies and certain hydropower projects, can achieve commercial
investment without policy support. While all low-carbon projects can potentially reach commercial
returns under certain policy scenarios, most adaptation projects often solely demonstrate social
benefits without well-established business models, thus relying heavily on policy-driven investments

[4].
4.1.2.Selected International CABO Cases

On the international stage, CABO, as an emerging financial instrument to tackle climate change, has
likewise garnered substantial attention and practical application. From developed to developing
countries, the application scenarios of CABO continue to expand, with increasingly diverse
cooperation models. As of the end of 2020, the European Investment Bank (EIB) had cumulatively
issued climate awareness bonds exceeding EUR 33.7 billion, spanning 17 currencies including the
euro, US dollar, pound sterling, Swedish krona, Canadian dollar, and Australian dollar. In 2020, the
EIB allocated approximately EUR 8.5 billion raised from climate awareness bonds to 121 climate
projects across 30 countries, with nearly 40% allocated to transport and storage projects, 38% to
electricity, gas, steam, and air conditioning supply projects, and the remaining 12% to other projects
such as housing construction [3]. The Ontario Green Bond Program stands as a pioneer in the green
bond market in Canada. Its inaugural bond issuance, valued at CAD $500 million, was designated to
finance the Eglington Crosstown Light Rail Transit (LRT) project. This project is multifaceted,
aiming to generate public benefits and mitigate climate change impacts from various perspectives [5].

In early 2017, the Asian Development Bank (ADB) provided backing for a climate bond issued to
AP Renewables, Inc., a company based in the Philippines. This local currency bond, with a value
equivalent to USD $225 million, represents a significant milestone as it is the inaugural bond to be
certified by the Climate Bonds Initiative for any country in the Asia and Pacific region. Furthermore,
it marks the first instance of a single-project Climate Bond being issued within an emerging market[6].

These international cases not only demonstrate the vast potential for the widespread application of
CABO globally, but also reveal innovative ideas and collaboration models for climate adaptation
financing across diverse countries and regions.

4.1.3. Case Analysis

Through the intensive collection and organization of domestic and international CABO cases, several
commonalities and characteristics emerge:

Diverse Project Types: CABO supports a myriad of climate adaptation projects, encompassing but
not limited to flood control engineering, agricultural irrigation systems, urban greening, and clean
energy facilities, showcasing its flexibility in addressing varied impacts of climate change.

Flexible Financing Mechanisms: Through option contracts, CABO offers investors a versatile
avenue to participate in climate adaptation projects. Investors can opt to exercise the options based
on their risk appetite and market conditions, thereby mitigating investment risks and enhancing
capital utilization efficiency.

Multi-stakeholder Win-Win Collaboration: Successful CABO implementations often rely on the
concerted efforts of governments, enterprises, and financial institutions. Governments provide policy
support and project guidance, enterprises undertake project execution and operational management,
while financial institutions furnish financing. This collaborative model fosters a virtuous cycle for
climate adaptation project financing.

Challenges and Solutions: Despite CABO's immense potential in facilitating climate adaptation
project financing, it confronts challenges such as inadequate market demand, limited investor
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awareness, and underdeveloped regulatory policies. Addressing these issues necessitates intensified
market cultivation, enhanced investor education, and refined regulatory frameworks to propel the
healthy development of the CABO market.

In conclusion, the compilation and analysis of domestic and international CABO cases offers a
comprehensive understanding of CABO's current application status and successful experiences in
climate adaptation project financing. Furthermore, they provide valuable insights and references for
future CABO practices.

4.2. Case Study Analysis: Project Selection, Contract Design, and Implementation Effects

Several representative CABO cases were selected for in-depth analysis, focusing on project selection
criteria, innovative points in contract design, and actual implementation effects. These cases
demonstrate how CABO customizes designs for specific climate adaptation needs, balances the
interests of investors and project parties through reasonable contract terms, and ensures the smooth
implementation of projects through effective risk management measures. For instance, a coastline
protection project supported by an international financial institution successfully attracted investors
from multiple countries by designing a CABO contract with climate-adaptive clauses, providing
stable funding sources and effectively mitigating risks posed by climate change.

4.3. Empirical Analysis: The Impact of CABO on Climate Adaptation Project Financing
4.3.1.Research Design

The research aims to evaluate the impact of climate policy changes on option prices of climate
adaptation bonds (CABOs) and explore their application in risk management. A combination of event
study methodology and time-series analysis is employed. The event study method analyzes the short-
term impact of specific climate policy events (e.g., international climate agreement signing, national
emission reduction target announcements) on CABO option prices, while time-series analysis
investigates the long-term influence of climate policy uncertainty on option prices.

4.3.2.Data Sample

Data Sources: Market price data for CABO options and relevant climate policy data were obtained
from internationally renowned financial data providers (e.g., Bloomberg, Reuters).

Sample Selection Criteria:

Time Range: Data spanning the past five years were selected to ensure inclusion of multiple
climate policy events and sufficient market reaction time.

Sample Frequency: Daily or weekly option price data were collected, along with corresponding
climate policy announcement dates.

Control Variables: Market index performance, macroeconomic factors (GDP growth rate, inflation
rate), and price movements of other financial derivatives were included to control for non-climate
policy factors that might interfere with option prices.

4.3.3. Analysis Methods

Event Study:

Event Window Definition: A symmetric window centered on the climate policy announcement
date (e.g., £5 days).

Abnormal Return Calculation: Compare actual returns with expected returns under no-event
conditions during the event window.
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Statistical Testing: Utilize t-tests to validate the significance of abnormal returns, indicating the
impact of climate policy events on option prices.

Time Series Analysis:

Model Construction: Employ time series methods like ARCH or GARCH, incorporating climate
policy uncertainty as an exogenous variable.

Parameter Estimation: Use historical data to estimate model parameters, capturing the impact of
climate policy uncertainty on climate-adapted bond option price volatility.

Forecasting & Validation: Predict future option prices using the estimated model and validate its
accuracy and effectiveness through comparison with actual data.

4.3.4.Specific Results

Event Study Findings:

Significant positive or negative abnormal returns observed near multiple climate policy
announcement dates, indicating substantial influence on option prices.

The direction and magnitude of this impact vary with policy nature and content; for instance,
stricter emission reduction targets often elevate option prices, reflecting heightened market
expectations of future climate risks.

Time Series Analysis Outcomes:

Climate policy uncertainty emerges as a critical factor influencing climate-adapted bond option
price volatility.

Model estimates confirm that heightened climate policy uncertainty significantly enhances option
price volatility, attesting to the pricing efficiency of climate risks in financial markets.

4.3.5.Event Study Simulated Data

Event Title: International Climate Agreement Signing
Event Window: £5 trading days from the event date.

Table 1: Analysis of Market Performance and Influencing Factors of Climate Adaptation Bond
Options Before and After an Event

Price of Climate Market Index Macroeconomic Abnormal
Date Adaptation Bond Performance Factors (GDP Return Rate
Options (in yuan) (%) Growth Rate, %) (%)
Five Days Prior
to the Event 100.50 0.20 2.50 -
Date
Four Days
Prior to the 100.75 0.15 2.51 -
Event Date
Three Days
Prior to the 100.90 0.18 2.52 -
Event Date
Two Days Prior
to the Event 101.05 0.22 2.53 -
Date
One Days Prior
to the Event 101.20 0.25 2.54 -

Date

133



Proceedings of the 8th International Conference on Economic Management and Green Development
DOI: 10.54254/2754-1169/131/2024.18429

Table 1: (continued).

Event Date 102.50 0.30 2.55 +1.28
One Day After
the Event Date 102.75 0.28 2.56 +0.24
Two Day After
the Event Date 102.50 0.27 2.57 +0.14
Three Day
After the Event 103.05 0.26 2.58 +0.15
Date
Four Day After
the Event Date 103.20 0.24 2.59 +0.13
Five Day After 103.35 0.23 5 60 01

the Event Date

The expected return under the assumption of no event impact is derived from the option price
movements observed during a period preceding the event date as shown in table 1. The difference
between the actual and expected returns constitutes the abnormal return.

4.3.6. Time Series Analysis Simulation Data

Data Scope: Past five years

Key Variables:

Daily or weekly data on climate adaptation bond option prices

Climate policy uncertainty index (assuming a comprehensive index exists)

Model Estimation Results:

The climate policy uncertainty index significantly impacts climate adaptation bond option price
volatility, with a positive coefficient indicating that increased uncertainty leads to heightened price
fluctuations. Specific coefficients may vary based on model specifications and data selection but are
typically statistically significant.

Notes:

In practical analyses, authentic market data and authoritative climate policy uncertainty indices
must be employed. The data analysis should adhere to rigorous statistical and econometric principles
to ensure reliability and validity.

4.3.7.Conclusion

Empirical analysis reveals that climate policy changes significantly influence climate adaptation bond
option prices, with policy uncertainty being a crucial driver of price volatility. This finding aids
investors and policymakers in comprehending climate risk transmission in financial markets,
providing theoretical and practical guidance for the development of the climate adaptation bond
option market. It underscores the importance of risk management for financial institutions and
enterprises facing climate change challenges. CABOs, as innovative financing instruments, broaden
funding channels, reduce costs, enhance transparency, and facilitate GSS investment.

4.4. Discussion of Empirical Results and Policy Recommendations

We delved into the empirical findings and proposed policy recommendations. Governments should
play a pivotal role in fostering CABO markets by offering tax incentives and establishing green credit
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systems. Improving market infrastructure, fostering collaboration among financial institutions, and
emphasizing international cooperation are also crucial.

5. Challenges and Future Prospects of CABOs
5.1. Legal and Regulatory Challenges

CABO:s face legal and regulatory hurdles due to their novelty. Lack of global standards complicates
issuance, trading, and regulation, increasing compliance costs and uncertainty. Ensuring contract
legality, effectiveness, and balancing investor protection with innovation are pressing legal issues.

5.2. Market Acceptance and Investor Education

Limited market acceptance stems from investors' unfamiliarity with CABOs. Enhancing investor
education and promoting CABO products are vital to fostering market growth. Financial institutions
should actively engage in investor outreach to boost confidence and interest.

6. Conclusion

Looking ahead, the innovation and development of CABO is expected to follow these trends: First,
there will be greater diversification in product designs. As the market matures and investor demands
become more varied, CABO products will increasingly emphasize personalized designs tailored to
different risk preferences and investment needs. Second, market infrastructure will see improvements.
As regulatory frameworks are gradually established and market mechanisms are refined, the CABO
market’s transparency and efficiency will be further enhanced. Third, international cooperation will
grow stronger. Since climate change is a global challenge that requires collective action, enhancing
international cooperation and promoting the interconnection and standardized development of CABO
markets worldwide will help to create a more unified and efficient financing market for climate
adaptation projects.

In summary, CABO, as an innovative financing tool, plays a significant role in facilitating the
financing of climate adaptation projects. However, its development still faces numerous challenges
that demand joint efforts from governments, financial institutions, intermediaries, investors, and other
stakeholders. By refining legal and regulatory frameworks, enhancing investor education, driving
product innovation, and strengthening international cooperation, we can further accelerate the growth
and expansion of the CABO market, ensuring more stable and sustainable financial support for
climate adaptation projects. Moreover, the development of CABO provides valuable insights for
climate governance, demonstrating the importance of innovative financial mechanisms and expanded
financing channels in addressing climate chage challenges. In the future, we should continue
exploring new financial products and service models that align with market demands, contributing
our knowledge and efforts to climate governance.
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