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Abstract

This paper aims to provide a comprehensive framework for structuring blended fi-
nance funds, which are becoming increasingly important mechanisms for channeling
private capital toward impactful projects in developing countries. The paper explores
several key dimensions. First, we clarify the definition of blended finance, emphasiz-
ing the strategic use of concessional capital alongside private investment to promote
sustainable development goals. We also examine the motivations, roles, and utility
functions of various stakeholders, including public investors, asset managers, and pri-
vate investors. Second, the paper analyzes the common use of two-tranche structures,
in which senior tranches are allocated to private investors and junior tranches are held
by sponsoring entities. Specifically, we demonstrate the economic rationale behind this
tiered structure and its relevance in blended finance contexts. Third, the paper presents
an analytical framework for calibrating two- and three-tier fund structures, offering de-
tailed insights into credit risk modeling, cash flow generation, and the concessionality
premium.

Through the use of theoretical modeling, illustrative examples, and Monte Carlo
simulations, this paper contributes to a more comprehensive understanding of how
structured blended finance funds can effectively balance public interests with private
return expectations. We particularly focus on the critical structuring process that
creates differentiated investment profiles aligned with the diverse objectives of stake-
holders. The importance of a well-calibrated asset-liability structure is emphasized,
taking into account factors such as asset characteristics, fund maturity, and levels of
concessionality. Finally, we introduce key metrics for evaluating tranche-level risk-
return profiles and underscore the value of benchmarking in assessing the performance
of structured blended finance funds.

Keywords: Blended finance, sustainable development goals, impact investing, develop-
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1 Introduction

Blended finance is an investment approach in which the public sector leverages private sector
capital for projects that have a strong social or environmental impact but may not initially
attract private investors due to perceived risks. Capital mobilization is typically achieved
through the use of concessional funding. By “public sector”, we refer to development finance
institutions (DFIs) and multilateral development banks (MDBs), which are primarily owned
by governments and have a mandate to serve public interests, such as reducing poverty,
promoting sustainable development, and addressing climate change!. The current growing
interest in blended finance is driven by the recent development of ESG and climate investing.
While blended finance was niche twenty years ago, it has become more widespread, and
its mechanisms are now well-known among institutional investors. Furthermore, blended
finance benefits from the growing interest in impact investing and investors’ focus on SDGs,
climate, and biodiversity risks.

Among the various forms of blended finance products, two-tranche structures have be-
come very popular in recent years. In this case, concessional capital is used to create senior
tranches that are safer for private investors, while junior tranches (with higher risks) are
allocated to public sector investors. The design of these structured funds is complex be-
cause the pay-through structure creates asymmetries in the risk/return profiles of different
investors. In particular, many parameters come into play, such as the nature of the assets,
the management of the underlying portfolio, the utility functions of public and private in-
vestors, the maturity of the fund, and so on. This explains why the market for structured
blended finance is concentrated among a few public investors, asset managers, and private
investors.

The junior-senior structure may evoke comparisons to collateralized debt/loan obliga-
tions (CDOs/CLOs) in the banking sector?. While the credit risk modeling involved is
similar, there are several key reasons why the similarities end there. CDOs are typically
sponsored by commercial banks that want to repackage and transfer existing credit risk. In
contrast, structured blended finance (SBF) funds are initiated by development finance insti-
tutions to invest in new assets. Banks offload existing loans to a special purpose vehicle in
CDOs, whereas SBF portfolio managers actively acquire assets for the fund. CDO sponsors
generally prefer to invest in senior tranches, whereas SBF sponsors take the equity tranche
to improve the risk-return profile for senior tranche investors. Finally, CDOs are often driven
by regulatory capital arbitrage. SBF funds, on the other hand, are explicitly designed to
achieve development impact and support the SDGs. These differences between CDOs and
SBF's become even more pronounced when comparing the utility functions of their respective
sponsors. Typically, the primary objective of a CDO sponsor is to transfer credit risk to
the market. In contrast, the sponsor of an SBF fund has a dual objective. First, they aim
to finance sustainable projects by offering a concessionality premium. Second, they seek to
mobilize private capital to amplify the impact of these projects. As a result, concepts such as
the concessionality rate and leverage ratio are central to blended finance instruments. This
dual mandate makes the utility function of an SBF sponsor relatively complex, extending
beyond a traditional risk-return optimization framework.

1Blended finance is sometimes equated with public-private partnerships (PPPs). However, they are two
different concepts. A public-private partnership typically involves collaboration between public and private
entities, often for the purpose of building infrastructure, where the expertise and technical skills are primarily
provided by the private sector, without necessarily involving concessional funding. In contrast, in blended
finance, the expertise and skills are provided primarily by public investors.

2In general, CDOs are structured with a junior-mezzanine-senior tranche hierarchy, which results in a
more complex design. For now, however, we will set this issue aside because including a mezzanine tranche
in a structured blended finance fund is a significant consideration.
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Traditional structuring approaches must therefore be adapted to reflect the sponsor’s
utility function. In contrast, the utility function of investors in the senior tranche usually
aligns with that of investment-grade institutional investors — more specifically, those tar-
geting AAA or AA-rated bond characteristics®. Maximizing the impact of catalytic capital
is equivalent to maximizing the leverage ratio. However, the risk borne by the senior tranche
increases with higher leverage. While the sponsor and the senior investor may share the same
impact-oriented (extra-financial) objective, their financial objectives diverge. For this rea-
son, the objective function must incorporate a constraint reflecting the maximum acceptable
risk for senior investors. Furthermore, the structuring must account for the concessionality
dimension, which affects the asset side of the investment. Thus, the optimal structuring
challenge is not merely a liability-side problem, but rather, a broader asset-liability struc-
turing problem. As we will demonstrate in this article, this has significant implications for
both the junior-senior capital structure and the composition of the asset portfolio.

The concept of structured blended finance raises several important considerations. One
key issue is determining when a pay-through structure is preferable to a pass-through struc-
ture. Although a pay-through structure is generally considered superior to a pass-through
structure for mobilizing catalytic capital and attracting private investment, it is unclear
whether it results in a more favorable concessionality premium. Another area of analysis
concerns the impact of the asset portfolio on the properties of the junior-senior structure.
Factors such as maturity (long vs. short), portfolio diversification (across countries and in-
dustries), asset concentration (few vs. more assets), and the nature of the underlying credit
risk (crossover vs. high-yield assets) can all influence the effectiveness and resilience of the
structured finance vehicle. Cash flow design is also a central aspect. Modifying the modeling
of cash flows may improve the structure’s performance and alignment with investor expec-
tations. This consideration naturally leads to the question of whether a mezzanine tranche
should be included. Beyond the technical design, this raises deeper questions about the
purpose of the mezzanine layer and the utility function of mezzanine investors. Ultimately,
these questions highlight a key insight: the optimal structuring of the liability side cannot be
decoupled from the composition of the asset side. The two are inherently interdependent, so
thoughtful design must consider this dynamic to maximize the efficiency and impact of the
blended finance structure. Although these technical questions are important, they should
not distract from the primary goal of blended finance, which is to support the achieve-
ment of the sustainable development goals and financing impact-oriented investments. This
includes addressing biodiversity loss and promoting new financial instruments, such as out-
come bonds. However, the long-term development of blended finance depends on its ability
to deliver value through effective structuring. Therefore, all stakeholders — sponsors, asset
managers, and investors — must understand how pay-through structures function within
blended finance vehicles to align financial and impact objectives.

This paper is organized as follows. In Section Two, we define structured blended finance
funds, presenting their various structures, providing an overview of the blended finance
market, and explaining the associated portfolio management approaches. Section Three
introduces the mathematical tools used to design the asset-liability structure of a blended
finance fund, with a focus on credit risk modeling and cash flow modeling. The sensitivity of
the asset-liability structure to various factors is assessed through Monte Carlo simulations,
which help in the assessment and calibration of key parameters. Section Four explores the
relationship between investor preferences and optimal structuring. It examines the connec-
tions between risk aversion and risk premium, as well as between risk-neutral and historical

3 Although many senior investors are responsible investors and view their participation in blended finance
deals as part of their ESG stewardship strategy, they generally expect returns comparable to those of
traditional investments. For this reason, a standard utility function can be assumed for senior investors.
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probability measures. Within this context, we analyze junior-senior structures, the introduc-
tion of mezzanine tranches, various senior protection mechanisms, and the concessionality
premium. Finally, Section Five offers concluding remarks.

2 What is a structured blended finance fund?

To define a structured blended finance (SBF) fund, we must first understand what blended
finance is and what it is not. In particular, it is important to understand the motivations
and roles of the different parties (public investors, portfolio managers, structurers, private
investors). We then identify the assets that fits the public sector’s utility function and
explore the different ways to manage the underlying portfolio. Finally, we focus on the
structuring process and explain the mechanisms created by the capital structure.

2.1 Definition of blended finance

Blended finance lacks a generally accepted definition at the official level. For example,
OECD (2018, page 22) defines blended finance as “the strategic use of development finance
for the mobilisation of additional finance towards sustainable development in developing
countries.” This definition highlights three key dimensions:

1. Strategic use: Blended finance is integrated into public policies, with an emphasis on
intentionality and planning.

2. Mobilization of additional finance: It aims to attract new sources of funding rather
than substitute traditional investments, acting as a complementary mechanism.

3. Focus on sustainable development in developing countries: The ultimate goal is to
support sustainable development initiatives in these regions.

However, this definition is too broad to accurately capture the concept of blended finance.
In particular, it overlooks a critical fourth dimension:

4. The role of concessional finance: Concessional finance involves funding provided on
terms that are more favorable than market conditions, such as below-market interest
rates or extended repayment periods.

To address this gap, DFI Working Group (2017, page 3) offers a more nuanced definition,
describing blended finance as “combining concessional finance from donors or third parties
alongside DFIs’ normal own account finance and /or commercial finance from other investors,
to develop private sector markets, address the Sustainable Development Goals (SDGs),
and mobilise private resources.” This definition explicitly incorporates concessional finance,
which is central to understanding the mechanisms and objectives of blended finance.

2.1.1 What makes it a blended finance deal?

While the definition of blended finance varies from organization to organization, the primary
objective — mobilizing additional private investment to achieve sustainable development —
is widely accepted. As a result, blended finance is typically analyzed along two key aspects:
the level of concessionality and the mix of actors involved. According to European Bank
for Reconstruction and Development (2013, page 3), concessional finance refers to “financial
products, including loans, guarantees, and equity investments, provided on terms that are
clearly more favourable than those explicitly available from the market.” These concessional
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terms often include lower interest rates compared to commercial loans, extended repayment
periods, or grace periods during which principal or interest payments are deferred. Such
terms are tailored to the specific financial circumstances of the borrower, making debt ser-
vice more manageable. In addition, concessional (or first-loss) capital plays a critical role
in de-risking development projects by absorbing part of the financial risk. This risk-sharing
mechanism is essential to incentivize private sector investment in sectors or projects that
might otherwise be considered too risky. The second key aspect of blended finance is the
pool of investors and stakeholders involved in the project. Typically, a blended finance ini-
tiative is led by a development finance institution (DFI) or group of DFIs. DFIs bring the
necessary knowledge, expertise and technical skills to design, implement and manage the
project effectively. Private investors are then brought in to provide additional financing,
although they may not have the same level of technical expertise as the DFIs. A critical
component of blended finance is then leverage. This refers to the ability of DFIs to leverage
private sector funding relative to public sector contributions. The ratio of private to public
sector funding is the key measure of the DFI’s success in mobilizing resources. Because
DFIs operate with limited annual budgets, achieving high leverage allows them to support
a greater number of projects than they could otherwise fund on their own. In particular,
the roles of the public and private sectors in blended finance differ from those in traditional
public-private partnerships (PPPs). In PPPs, the private sector typically plays a lead role,
often bringing specialized expertise and taking primary responsibility for project delivery. In
blended finance, however, the public sector — represented by DFIs — plays a more central
role in steering the project and mitigating risk to attract private investment. However, this
perspective overlooks the potential role of another private sector participant. Public institu-
tions must bear a significant portion of the risk to incentivize private capital participation.
This differentiated approach to risk sharing is often achieved through structured financial
products, which play a central role in blended finance mechanisms. To facilitate this struc-
turing, DFIs may engage a structurer and/or an asset manager to design and manage the
investment product, particularly in the context of structured blended finance funds. The
critical importance of structuring is highlighted in the definition of blended finance provided
by Convergence, the global network for blended finance:

“Blended finance is a structuring approach that allows organizations with dif-
ferent objectives to invest alongside each other while achieving their own objec-
tives (whether financial return, social impact, or a blend of both). The main
investment barriers for private investors addressed by blended finance are (i)
high perceived and real risk and (ii) poor returns for the risk relative to com-
parable investments. Blended finance creates investable opportunities in devel-
oping countries which leads to more development impact. Blended finance is
not an investment approach, instrument, or end solution. It is also different
from impact investing. Impact investing is an investment approach, and impact
investors often participate in blended finance structures.” (Convergence, 2024,
https://www.convergence.finance/blended-finance).

For Convergence, blended finance is fundamentally a structuring approach because it brings
together investors with different utility functions. In this case, structuring is central to
creating asymmetric and differentiated investment profiles that meet the different needs
and objectives of public and private investors. This highlights one of the key challenges
of blended finance: reconciling the different objectives and levels of expertise of public
and private investors, while ensuring that they can effectively collaborate within a single
investment framework.

Remark 1. Blended finance differs from impact investing for two main reasons. First,
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impact investing is a broader concept that encompasses a wider range of investment strategies
and cannot be reduced to blended finance alone. Second, private investors do not always
fit the criteria for impact investing, as they may not be willing to take the same level of
risk or prioritize impact as public investors. However, it’s important to note that many
blended finance deals do indeed qualify as impact investments because of their explicit focus on
achieving positive social or environmental outcomes. Therefore, when assessing the nature
of a blended finance transaction, it’s important to distinguish between the specific deal or
project and the motivations of the individual investors involved (Roncalli, 2025a, page 355).

Figure 1: Common blended finance structures

Structure 1 1 ( Structure 2
Senior debt/equity Debt
Guarantee/
Insurance
[ Concessional capital ] Equity
Structure 3 ) ( Structure 4
TAF Grant
Equity Equity

Source: www.convergence.finance/blended-finance.

2.1.2 Blended finance structures

As noted above, concessionality is at the heart of the blended finance concept. Blended
finance therefore falls under the category of structured finance to achieve this concessionality.
According to Convergence (2024), there are four widely accepted blended finance structures:

1. Concessional capital

Public and philanthropic institutions often offer funding at terms that are more favor-
able than market conditions, such as lower interest rates or longer repayment periods.
This funding, known as concessional capital, is strategically positioned within the fi-
nancial structure, typically as subordinated debt or equity. By reducing the overall
cost of financing, concessional capital enables projects with social, environmental or
development objectives to become financially viable. It also provides a risk buffer for
private investors, encouraging their participation by limiting their exposure to poten-
tial losses.

2. Credit enhancement
Public and philanthropic organizations provide credit enhancement tools, such as guar-
antees or risk insurance, on favorable terms. A guarantee is a commitment to cover
losses or repay investments under certain circumstances, such as when a borrower de-
faults. This reduces the perceived risk to private investors, making investments more
attractive and lowering the overall cost of financing. Similarly, risk insurance protects
against certain uncertainties, such as political instability, expropriation, or breach of
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contract, that might deter private sector participation. Together, these mechanisms
create a more secure investment environment.

3. Technical assistance facility (TAF)

A TAF is a grant-based mechanism that provides targeted assistance to improve the
design and implementation of development projects. It provides specialized expertise
in areas such as project design, institutional strengthening, capacity building, and pol-
icy development. By addressing key challenges, building necessary skills, and creating
supportive infrastructure, TAF helps ensure that projects are both effective and sus-
tainable. This form of assistance is particularly valuable in complex or underdeveloped
regions where additional support is critical to success.

4. Design funding
This type of funding is provided in the early stages of a project to support activi-
ties such as feasibility studies, strategy development, and detailed project design. By
ensuring that projects are thoroughly planned and aligned with their intended goals,
design funding helps mitigate risks and lays a strong foundation for implementation.
Identifying and addressing potential challenges early increases the likelihood of suc-
cessful outcomes and long-term impact.

These four structures are illustrated in Figure 1. By definition, concessionality is directly
evident in the first and second structures, while it takes other forms in the third and fourth
structures. In the latter case, it is more appropriate to refer to development assistance
as a means of creating favorable conditions for private investment. In Table 1, we report
the proportion of blended finance deals corresponding to these structures. The market is
dominated by the first structure. It is also important to note that these structures are
not mutually exclusive. For example, a blended finance deal may involve both concessional
capital and technical assistance funds.

Table 1: Proportion of blended finance deals by structure (2021-2023)

Structure 1 2 3 4

Agriculture 2% 11% 19% 4%
Energy 3% 2% 26% 11%
Financial services 56% 44% 21% 2%
Health & education 90% 14% ™% 10%

Infrastructure (non-energy) 74% 23% 14% 2%

Source: Convergence (2024).

Compared to traditional finance, blended finance is distinguished by two key features:
the concessionality rate and the private sector leverage ratio. Broadly speaking, we define the
concessionality rate CR as the difference between the market reference price (i.e., the cost
of financing on fully commercial terms and all the favorable conditions) and the concessional
price (i.e., the actual cost of the project under the blended financing arrangement), expressed
as a percentage of the total project cost?:

Market Price — Concessional Price

CR =
Total Project Cost

4There are various definitions and measures of concessionality (Buiter and Schankerman, 2002). Another
widely used approach is the grant equivalent (or grant element) method. This method quantifies the financial
value of concessional terms as an absolute monetary amount, calculated as the project amount extended
minus the total discounted repayments (Scott, 2017).
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Table 2 shows the concessionality rate CR for IFC blended finance projects. While one
might assume that publishing concessionality rates is a common practice, this is not the
case. Such statistics are rarely disclosed, which makes the IFC’s approach highly original
and noteworthy. The leverage ratio is the second key metric used to assess the blended
characteristics of a blended finance deal. According to Convergence (2024), the leverage
ratio is defined as the proportion of concessional capital (provided below market terms) to all
commercially priced capital (market-rate capital) within a financial transaction. Commercial
capital includes contributions from private, public, and philanthropic sources. Convergence
(2024, page 39) reports that, on average, every dollar of concessional capital mobilizes $4.1 in
commercially priced capital. In addition, transactions over $1 billion achieve a leverage ratio
of 7.6, while transactions categorized under Structure 1 (concessional debt and equity) have
the highest average leverage ratio of 4.3, outperforming other structures, such as guarantees
and grants.

Table 2: IFC’s average concessionality rate (2010-2023)

By product Level By facility theme — 3.7%
Senior debt 3.3% Agriculture 3.1%
Subordinated debt 3.7% Climate 2.9%
Guarantee 5.7% SME finance 0.8%
Equity 2.4% Health 5.2%
Performance incentive ~ 1.7%  Fragile economies/ 6.9%
Local currency 11.7%  Vulnerable states e

Source: www.ifc.org/en/what-we-do/sector-expertise/blended-finance/how-blended-finance-works.

2.2 The market of blended finance

2.2.1 Global overview

Convergence (2024) reports that blended finance has mobilized $230 billion for sustainable
development in developing countries by June 2024 (Figure 2). This figure represents 1200
transactions with a median deal size of $64 million. While most transactions (70%) are
concessional loans, enhancing credit and technical assistance account for 25% each. Geo-
graphically, sub-Saharan Africa dominates the market with 50% of transactions, followed
by Asia (27%) and Latin America (17%). However, the market is skewed towards smaller
deals, with 35% of transactions under $25 million and only 15% exceeding $250 million. In
terms of sectors, energy, financial services, and agriculture each account for more than 20%
of blended finance transactions. In terms of investors, Convergence (2024) notes that 65%
of blended finance investors are from the private sector, but the majority have only partic-
ipated in one blended finance transaction. The public and philanthropic sectors represent
19% and 16% of investors, respectively. The most active public investors are the Interna-
tional Finance Corporation (IFC), the Netherlands Development Finance Company (FMO),
the US International Development Finance Corporation (DFC), the US Agency for Inter-
national Development (USAID), and the European Investment Bank (EIB), while the top
philanthropic investors include the Shell Foundation, the Bill & Melinda Gates Foundation,
the Omidyar Network, Oikocredit, and the Rockefeller Foundation.

2.2.2 The case of equity/debt SBF funds

A deeper analysis of the market, the deals and the investors reveals that the large blended
finance deals form a hyper-specialized market. Less than forty deals are larger than $1
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Number of deals

Figure 2: Growth of blended finance activities

1250 230

210

1000

[Ey
[(e}
o

[y
~
o

750
150

Total capital raised (in $ bn)

130
500

110

250 90
DO A DDA A D A
NS NN VLTV
O D7D DD D

Year

Source: Convergence (2024) & Authors’ calculations.

Figure 3: An example of an equity/debt SBF fund
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billion, and they were done by a small group of investors. This article focuses on these large
deals for two key reasons. First, their substantial size makes them the most effective type
of blended finance product for mobilizing significant amounts of private capital. Second,
the majority of these deals share a similar capital structure, aligning with Structure 1 or
Structure 2 in the classification proposed by Convergence (2024). More specifically, this
research examines equity/debt structured funds, an example of which is shown in Figure 3.
A typical blended finance vehicle is a junior-mezzanine-senior pay-through structure. In this
approach, the fund invests in debt instruments typically rated BBB, BB, B or CCC, with
cash flows varying from tranche to tranche. The junior or equity tranche is most exposed
to default risk, while the senior tranche is relatively protected and can achieve investment
grade ratings, allowing institutional investors restricted by investment grade mandates to
invest in the senior notes.

In Table 3, we have listed some blended finance funds and the corresponding tranche
width. We can see that the tranches vary significantly from fund to fund. First, some
funds use a junior-mezzanine-senior structure, while others use a junior-senior structure.
Second, the range for the senior tranche varies from 50% to 92%. How do we explain
these large differences? One reason could be that the portfolio assets do not have the same
risk profile. In fact, we cannot use the same structure whether the average rating of the
portfolio assets is BBB or B. A second reason could be that investors’ preferences are not
the same. It is obvious that the preferences of the senior holder are different from the
preferences of the junior holder, but it can also be assumed that senior investors investing
in two blended finance funds do not have the same preferences. Another important element
is the preferences and the motivation of the sponsor of the blended finance fund. There is
a trade-off between the rating of the senior tranche and the size of the junior tranche. A
large junior tranche is one way to obtain a better rating for the senior tranche and to attract
Tier 1 investors with capital requirements to invest in the senior tranche. In this case, the
leverage ratio can be lower than for a product with a small junior tranche, which implies a
lower rating for the senior tranche.

2.3 Blended finance assets

According to Convergence (2024), climate blended finance transactions in 2023 are catego-
rized into five primary financial vehicle types: bonds/notes (14%), direct private equity and
debt financing to companies (21%), facilities® (3%), limited partnership private equity and
debt funds (27%), and greenfield and brownfield infrastructure projects (36%). Depending
on the strategy, a structured blended finance fund typically utilizes a combination of these
financial instruments to achieve its financial return and risk mitigation objectives. Through
public or private equity investments, a fund takes a stake in a company or project. With
private equity, the ownership stake can be substantial, allowing investors to take an active
role in the management of the business. Similarly, various debt instruments can be em-
ployed. These may be publicly traded (e.g., corporate bonds) or privately issued (e.g., loans
or private placements). Table 4 presents the main types of bonds.

2.4 Portfolio management

A blended finance fund typically goes through two main stages in its life cycle: the investment
(or ramp-up) period and the run-off (or liquidation) period. In some cases, a third phase,
known as the reinvestment period, occurs between these two phases (Figure 4). During the
investment period, also known as the fundraising or ramp-up period, the fund gradually

5A facility is an earmarked allocation of public development resources combined with private capital at
the vehicle level for deployment to a specific recipient or intervention.

10
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Table 4: List of bonds used in structured blended finance funds

Bond Type Purpose
Development impact bonds (DIBs)  Finance development projects with outcomes-
based repayment linked to social or environmen-

tal impact

Social impact bonds (SIBs) Finance social programs with repayment based on
achieving predefined social outcomes

Green bonds Finance projects with environmental benefits,
such as renewable energy or pollution control

Sustainability bonds Finance projects addressing both environmental
and social challenges

Climate bonds Raise funds for projects that mitigate or adapt to
climate change

Senior/mezzanine debt bonds Provide capital for blended finance projects with

varying risk/return profiles between senior and
mezzanine debt

Project/infrastructure bonds Finance specific infrastructure or development
projects with a social or environmental focus

Impact-linked finance bonds Link bond repayment or return to achieving spe-
cific impact targets

Concessional bonds Provide affordable financing for development
projects with a social impact, often at favorable
terms

deploys capital into investments. The fund manager selects investments based on two key
objectives: achieving the targeted risk-return profile and meeting social and environmental
impact objectives. If suitable investment opportunities are not immediately available, the
fund may temporarily allocate capital to highly liquid, low-risk assets such as government
bonds. These assets can be easily sold when more permanent investments are identified.
Some funds have a reinvestment period after the initial investment period. During this
time, the fund may reinvest income from its initial investments — such as maturing bonds,
dividends, or capital gains — in new opportunities or existing projects. Fund managers
may also rebalance the portfolio to maintain alignment with the fund’s objectives, risk
parameters, and diversification requirements, with a particular focus on investments that
generate greater social or environmental impact. The run-off period marks the final stage
of the fund as it exits investments and winds down operations. The focus shifts from
deploying capital to liquidating investments and collecting returns. The fund stops making
new investments and distributes all realized net income and divestment proceeds, including
capital gains and redemptions, to investors. This phase continues until all investments have
been liquidated and the fund’s obligations have been met, culminating in the closure of the
fund.

Figure 4: Life cycle of a structured blended finance fund

Investment Reinvestment | Run-off
period period period

Maturity of the fund
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The fact that the fund needs a ramp-up period to find assets and may invest in non-
market securities explains why many SBF funds are closed-end funds. This is typically the
case when the maturity of the fund is long, for example 30 years, or when the asset portfolio
consists of infrastructure projects. In fact, there are few open-end funds, generally invested
in private loans or microcredit. In such cases, the fund can always find new projects to
finance. The Emerging Africa Infrastructure Fund (EAIF) is the only open-end fund listed
in Table 3. Established over two decades ago, EAIF is a private debt fund that provides
long-term commercial debt across nine key infrastructure sectors in Africa.

The fund term, or the maturity of the fund, corresponds to the investment period plus
the run-off period. Table 3 shows that most fund terms exceed 10 years. In fact, both
the investment and run-off periods have a minimum duration of five years. Regarding the
investment process, we distinguish between two approaches. The first approach is to call
funds on the basis of the projects undertaken. The second approach is to replace an existing
portfolio with assets that are closely aligned with the target assets. An example of this is
the AP EGO fund:

“Overall, the AP EGO fund has projected that the origination of green bonds
and the replacement rate of other assets by green bonds will take place at an
annual rate of 15%, with the investment period spread out over seven years (see
Figure 5). In the first few years of the fund, the bulk of the assets are expected to
be plain bonds issued by emerging market banks, together with a small fraction
of sovereign bonds. By year seven of the fund, the asset pool is expected to be
100% green bonds, which will be amortized over the remaining five year period
of the fund.” (Bolton et al., 2020, page 33).

This approach has the advantage that full capital is available from year zero and sends a
strong signal to the target market for issuance programs.

Figure 5: Life cycle of a blended finance fund with a ramp-up period
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Source: Bolton et al. (2020, Figure 2, page 34).
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3 Designing and structuring a blended finance fund

To understand the operational mechanics of a SBF fund, this section outlines its underlying
engineering. We consider a diversified portfolio of sustainable bonds (such as green, blue,
and forest bonds), sustainable projects (such as green infrastructure initiatives), and private
assets (including loans and private debt). Each asset is assumed to generate a predictable
income stream, such as coupon payments for bonds. While other risks such as currency and
interest rate fluctuations are recognized, our primary focus is on credit risk modeling. We
first present the methodology for assessing credit risk and then the framework for modeling
cash flows within the fund. Finally, we provide simulations to illustrate the fund’s pay-
through mechanisms.

3.1 Credit risk modeling
3.1.1 Default time

According to Roncalli (2020, Chapter 2), there are three main approaches to modeling
default times: intensity-based survival function, transition probability matrix, and structural
credit risk models. This last category is not considered here because it is not appropriate
for the assets of a blended finance fund.

Survival function Let 7 be the default time of an issuer. The survival function is defined
as follows:
St)=Pr{r>t}=1-F ()

where F is the cumulative distribution function of 7. We deduce that the probability density
function is f (t) = —9; S (t). The hazard function (or the default intensity) A (t) represents
the instantaneous default rate, given that the default has not occurred before time ¢. It is

_f(@)  0:S(t) 9 InS(t)
defined as A (t) = S0 — S0 -,

S (t) = exp (— /Ot A (u) du) (1)

From Equation (1), we can derive the probability of default.

, which implies:

Table 5: Cumulative probability of default (in %)

t 1 2 3 4 5 6 7 8 9 10

AAA 000 0.01 001 003 0.05 008 010 0.12 012 0.13
AA 0.02 0.06 012 020 030 040 050 055 0.60 0.70
A 0.06 015 030 050 070 095 120 145 1.70 190
BBB 015 040 075 110 145 1.80 220 260 3.00 3.40
BB 0.90 250 440 630 815 9.80 11.35 12.80 14.25 15.70
B 3.20  7.70 1235 16.65 20.55 24.06 27.15 29.95 3245 34.70
CCC 9.10 16.20 2235 27.70 3240 36.40 39.80 4290 45.80 48.25

Rating agencies provide the average cumulative defaults per rating on an annual basis.
Table 5 gives an example of the cumulative probability of default for global corporate bonds
over a 40-year history. For example, the average cumulative default over 5 years for a BB-
rated company is 8.15%. Assuming a constant intensity A (t) = A, we get S (¢) = exp (—At)
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and deduce the implied constant default intensity® for each maturity ¢. Results are given
in Table 6. It is clear that the default intensity is not constant over time. In fact, it is
an increasing function for high credit ratings (above BB) and a decreasing function for low
credit ratings (below BB).

Table 6: Implied constant default intensity (in %)

t 1 2 3 4 5 6 7 8 9 10
AAA 000 0.01 0.00 0.01 0.01 0.01 0.01 0.02 0.01 0.01
AA 0.02 0.03 0.04 0.05 0.06 0.07 0.07 0.07 0.07 0.07
A 0.06 0.08 0.10 0.13 0.14 0.16 0.17 0.18 0.19 0.19
BBB 0.15 0.20 0.25 0.28 029 030 032 033 034 0.35
BB 090 1.2v 150 163 170 1.72 172 171 171 1.71
B 3.25 4.01 439 455 4.60 458 4.53 445 436 4.26
CCC 954 884 843 811 783 7.54 725 7.00 6.81 6.59

Another approach is to assume that the default intensity is piecewise linear, which is a
common practice in the market (Roncalli, 2020, page 202). In this case, we assume that
Au) =N for ¢t € [t — 1,t). We have:

S(0) — ex (_ /Otl/\(u) du — /til,\tdu> =S(t—1)e

It follows that an estimate of \; is given by:

. S(t-1)
)\tflnw

Applying this approach to Table 5, we obtain the results shown in Table 7.

Table 7: Piecewise linear default intensity (in %)

t 1 2 3 4 5 6 7 8 9 10
AAA 0.00 0.01 0.00 0.02 0.02 0.03 0.02 002 0.00 0.01
AA 0.02 0.04 0.06 0.08 0.10 0.10 0.10 0.05 0.05 0.10
A 0.06 0.10 0.15 020 0.20 025 0.25 0.25 0.25 0.20
BBB 0.15 025 035 035 035 036 041 041 041 041
BB 0.90 163 197 201 199 181 1.73 1.65 1.68 1.71
B 3.25 476 5.17 5.03 479 451 417 392 3.63 3.39
CCC 954 813 762 7.14 6.72 6.10 549 529 521 4.63

Transition probability matrix When dealing with risk classes and modeling credit
rating migration, it is useful to model a transition probability matrix. We consider a
time-homogeneous Markov chain R, with a transition matrix P = (pm-). We define
S = {1,2,...,K} as the state space of the ratings and p;; as the probability that the
issuer migrates from rating ¢ to rating j. We generally assume that K is the absorbing state
(or the default state), meaning that any issuer reaching this state remains in this state. Let

6We have A = —1In (1 = F (t)) /t where F (t) is the cumulative probability of default.
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R (t) denote the state at time ¢t. We define p(s,i;t,j) as the probability that the issuer
reaches the state j at time ¢, given that it was in the state 7 at time s. We have:
L . . t—s
p(s,ist, j) = Pr{R(t) = j | R(s) = i} = p{";*

Because of the Markov property, this probability only depends on the duration between s
and t . It is given by the Chapman-Kolmogorov forward equation P("t™) = p(m) p(m) with
the convention P(©) = Jx. We deduce that:

p(tist+n,j) =p") = el Ple;
The survival function S; (¢) of an issuer whose initial rating is state 7 is given by:
Sit)=1-Pr{R(t)=K|R(0)=i} =1—e/ Pleg

In the piecewise exponential model, the survival function has the following expression S (¢) =
S (t — 1) e~*¢, which implies that:

R 1— Tptfl
Ay =1n (eeK> (2)

1-— e;'—PteK

The previous analysis can be extended to continuous time ¢ € Ry. In this case, the
transition probability matrix satisfies the following relationship:

P (t) = exp (tA) (3)

where A is the Markov generator matrix, and exp (A4) is the matrix exponential of A. It
follows that:
S, (t) =1—e exp(tA) e (4)
and”:
e/ Aexp (tA) ex
X (t) = ol
—e; exp(tA) ek

(5)

In practice, computing S; (¢) requires estimating A. The natural estimator is A=In (P (1))

where P (1) is the one-year transition probability matrix calibrated by rating agencies®.

Table 8: One-year credit migration matrix P (1) (in %)

AAA AA A BBB BB B CCC D
AAA 9117 825 045 007 0.03 0.01 0.01 0.01
AA 0.73 89.79 891 044 0.06 0.03 0.02 0.02
A 0.04 250 9150 531 045 0.11  0.05 0.04
BBB 0.02 0.12 3.8 91.53 348 0.67 0.17 0.15
BB 0.01 002 041 6.51 8347 7.73  0.95 0.90

B 0.01 002 013 045 533 8256 8.13 3.37
ccc 001 002 003 007 029 645 83.31 9.82
D 0.00 0.00 000 000 0.00 0.00 0.00 100.00

"We use the notation \; (t) instead of \; ; because \; (¢) is now a function rather than a scalar parameter.
8We also consider the estimators defined by Israel et al. (2001), which are more robust and ensure that
A is a valid Markov generator.
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Table 9: Markov generator A (in %)

AAA AA A BBB BB B CCC D
AAA  —-9.281 9.122 0.046 0.057 0.030 0.008 0.010  0.009
AA 0.806 —10.943 9.837 0.198 0.041 0.026 0.019  0.017

A 0.032 2.758 —9.141 5.793 0.395 0.086 0.046  0.032
BBB 0.021 0.073 4213 -9.117 3.960 0.582 0.147  0.121
BB 0.010 0.013 0.304 7.436 —18.520 9.289 0.681  0.786
B 0.011 0.019 0.129 0.276 6.428 —19.849 9.811  3.176
CcCC 0.011 0.021 0.026 0.059 0.098 7.796 —18.642 10.630
D 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000

Consider the one-year credit migration matrix P (t) given in Table 8. We estimate the
Markov generator A (t) and obtain the results shown in Table 9. Finally, we compute the
default intensity function A; (t) for the different ratings using Equation (5). In Figure 6,
we observe that the default intensity increases over time ¢ for high ratings (AAA, AA, A
and BBB). For medium ratings (BB and B), the default intensity first increases and then
decreases, while for the lowest rating it decreases (CCC). This behavior is expected, as
conditional credit risk tends to increase for good ratings and decrease for poor ratings. In
fact, credit risk increases over time for AA A-rated issuers, while it decreases for CCC-rated
issuers because they either default quickly or survive long enough to improve their credit
situation. This implies that the long-term default intensity \; (co) does not depend on the
initial rating 7 and is equal to the one-year default frequency. In this example, we obtain
Ai (00) = 1.09%.

Figure 6: Default intensity function \; (¢)
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3.1.2 Default correlations

The joint distribution of default times has a significant impact on the risk profile of different
tranches within a SBF fund. In particular, this impact varies between junior and senior
tranches. As a result, accurate modeling of the dependence of default times is critical
when designing a blended finance product. As Roncalli (2020, page 227) points out, the
concept of default correlations is not straightforward, as it can refer to multiple definitions
that capture different aspects of dependence. For example, Roncalli (2020) distinguishes
between canonical correlations, default time correlations, discrete default correlations, asset
correlations, and equity correlations. Another key challenge is to estimate the dependence
between defaults. These issues are discussed in detail in the following sections.

Discrete default correlations Let D; be the random variable representing the default
event of issuer i. Since we have D; = 1 {7 < t} where ¢ is the time horizon, it follows that
D; is a Bernoulli random variable with parameter p;. This implies that the default indicator
function D; is related to the survival function S; (t) as follows:

pi=Pr{D; =1} =Pr{l{r <t}} =E[1{r <t}] =1-S;(?)
The discrete default correlation between two issuers ¢ and j is defined as:
cov (Di, Dj) Dij — DiDj (©)
o(D;)o (Dj) \/Pz — ) p; 1 _ pj)

where p; ; is the joint default probability. From Equation (6), we deduce that:

Pij =

Dij = PiDj + Pi,j \/pi (1—pi)p; (1—pj)

Note that the joint default probability is a linear function of p; ;. Therefore, it reaches its
maximum when p; ; is equal to 100%. More surprisingly, the joint default probability is not
a monotonic function of the individual probabilities, as shown in Figure 7. p; ; reaches its
maximum when p; < 1, except in the independent case (p; ; = 0).

Copula models A convenient way to capture the dependence between defaults and to
model the joint default probability is through copula models. Specifically, we can show that
the multivariate survival function has a canonical representation:

S(t1,...,tn) =C(S1(t1),...,Sn (tn)) (7)

where S; (¢;) = Pr {]1 {m: < ti}} is the marginal survival function of issuer 4, and C (uq, . . ., up)
is the survival copula function. In practice, professionals commonly use two copula fami-
lies to model joint defaults: the Gaussian copula and the Student ¢ copula. Both copula
functions require the specification of a parameter matrix corresponding to the correlation
matrix C of standardized Gaussian random variables — in the bivariate case, we denote the
copula correlation parameter by pc. However, this copula correlation is not the same as the
discrete default correlation. They are related by the following formula”:

pii = C(1—pi,1 —pjipc) +pi+p; — (1+pip))
i, =
\/pl — pi) pj 1_pj)

9We have Pi,; = PI‘{Di:l,DjZI} = PI‘{DJZI} —PI‘{DZZO,DJZI} = PI‘{DJZI} +
PI‘{D,L'ZI}—I—FPI“{DZ':O,Dj:0}:pi-‘rpj-‘rc(l—pi,l—pj;pc)—14
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Figure 7: Joint default probability for different values of p; ; (p; = 10%)
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Figure 8 illustrates the relationship'® between the copula parameter pc and the joint
default probability p; ;. In particular, the copula correlation has a significant impact on
tranche pricing. Holders of the senior tranche prefer a low joint default probability p; ;, as
this reduces the likelihood that they will have to cover losses through the protection leg.
The underlying mechanism is as follows. When the copula correlation is high, defaults tend
to occur in clusters rather than being spread out over time. As a result, if a few assets in
the portfolio default, many others are likely to default as well. This significantly increases
the risk that losses will be severe enough to to breach the protection provided by the junior
and mezzanine tranches, ultimately affecting the senior tranche. Therefore, the choice of the
copula correlation matrix pc is a critical decision when structuring a blended finance fund,
as it directly influences the risk profile of the fund and the stability of the senior tranche.

Factor models Another approach to modeling default correlations is through factor mod-
els. Consider the one-factor model of Merton (1974) and Vasicek (1991). Let Z; denote the
normalized asset value of entity ¢. In the Merton model, default occurs when Z; falls below
a given barrier B;:

D=1 7; < B;

Assuming that Z; is Gaussian, we deduce that:
pi=Pr{D; =1} =Pr{Z; < Bi} = ®(B))

The value of the barrier B; is then equal to ®~! (p;). We assume that the asset value Z;
depends on a common risk factor X and an idiosyncratic risk factor ¢;, such that:

Zi = /pX + /1 — pe;

where X and ¢; are two independent standard normal random variables. This implies that
the correlation between asset values is given by p (Zi7 Zj) = p, meaning that p represents
the constant asset correlation. It follows that the joint default probability is:

pro=Pr{D; =1,Dy =1} =Pr{Z; < By,Z2 < By} = ®3 (B, Bs; p)

because Z = (Zy,...,2Zn) ~ N (0,,C,, (p)). Given that B; = @~ (p;), we deduce that the
copula associated with the default indicator functions is a Gaussian copula, whose parame-
ters are the constant correlation matrix C,, (p):

pr2=9 (<I>‘1 (1), 2" (p2) ;p> = C (p1,p2i p)
Let us now consider the dependence between survival times:
S (tl,tg) = Pr {T1 >t1,To > t2}
= PT{Z1 >® ! (p1), Zy > 0! (P2)}

= C(1—pi,1—p2p)
= C(S1(h),S2(t2);p)

Thus, the dependence between the default times is again governed by the Gaussian copula
with the parameter matrix C,, (p).

10We observe that the relationship varies depending on the copula family. In general, the joint default
probability obtained with a Student ¢ copula is higher than that obtained with a Gaussian copula because
the Student ¢ copula captures stronger dependence, especially in the tails.
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The extension to the multi-factor model is straightforward. The default of issuer 7 occurs
when Z; falls below the threshold B;: D; = 1 & Z; < B; = ®~1 (p;). The asset value Z;
depends on a set of m common risk factors X; and an idiosyncratic risk factor &;:

m

2 e

1- E A; e
Jj=1

Demey et al. (2004) consider a restricted version of this model, assuming that the default
of an issuer is impacted by a common economic risk factor X ~ A (0, 1) and a class-specific
risk factor X; ~ N (0,1). If issuer i belongs to the j' class (i € C;), the asset value follows:

Zi =\pX +\/pj — pXj + /1= pjei

where p is the inter-class correlation, and p; is the intra-class correlation for class C;. If
issuers are ranked by class, we can show that the copula between default times is Gaussian
with the following parameter matrix:

Zi = ZAi’ij +

=1

Cn, (Pl) Pluyms -0 Plagng,
C = P1n2,n1 an (pZ) :
Pln,, n, T Cn.. (Pm)

where n; is the number of issuers in class C;. Demey et al. (2004) apply this model by
assuming that the risk classes are sectors. In the case of blended finance, another approach
is to assume that the risk classes are countries or regions.

Estimation While the estimation of default probabilities is relatively straightforward, the
estimation of default correlations is a challenging task due to the limited availability of data
and the large number of parameters that need be calibrated. To address this issue, we
follow Demey et al. (2004) and use the Merton-Vasicek multi-factor model, where issuers
are classified into homogeneous risk classes:

Zy = \/pX + pX;+ /1 —pje;

Demey et al. (2004) show that the asymptotic likelihood for observation ¢ is given by:

ST
/da:qufg 55 o (5 1) (8)

where: ) )
Bj— /1= p;®7" (p50) — Vo2~ (2)
Pj =P

and g, is the observed default rate in class C; at year ¢. In Equation (8), the default barriers
can either be assumed to be known — B; = 1 (pj) where p; ¢ is the default probability
of class C; — or they must be estimated. In the first case, the parameter vector to be
estimated is 0 = (p, p1, ..., pm), which contains the m + 1 inter- and intra-class correlations.
In the second case, 8 = (p, p1,. .., pm, B1,- .., Bn) additionally includes the default barriers.
Finally, 6 is estimated by maximizing the log-likelihood function:

6 = arg max Z InL; (0)
t

fi(x) =
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Several rating agencies, including Moody’s, publish annual default data with regional
breakdowns. While Moody’s discloses the total number of issuers, it doesn’t provide regional
distributions. To calculate region-specific issuer counts and default rates, we assumed that
the issuer distribution mirrors that of the Bloomberg Global Aggregate and Global High
Yield Bond indices. As shown in Table 10, the intra-region correlation estimates across the
five regions range from 8.12% to 16.10%, while the inter-region correlation is 4.24%.

Table 10: Default correlation estimate (1986 — 2023)

Region Weight (in %) Correlation (in %)
Africa and Middle East 3.34 8.12
Asia Pacific 13.94 13.27
Europe 31.17 16.10
Latin America 3.73 11.95
North America 47.83 9.49
Inter-region 4.24

Impact of the default correlation on the portfolio default rate As previously ex-
plained, investors are very sensitive to assumptions about default correlations. To illustrate
this, consider a homogeneous portfolio of n issuers, each with the same probability of default
p. The default rate of the portfolio is defined as:

1
tin (i pD) = HZDi

i=1
where p, (p; pp) is the mean of correlated Bernoulli random variables. It follows that:
E [pn (p;pp)] =p

and its variance is given by!'!:

var (py, (p; pp)) =p (1 —p) (; + (”n_l)pD)

where pp is the correlation between D; and D;. While the expected default rate of the
portfolio remains independent of the default correlation, the variance is significantly affected
by it. In particular, higher default correlation leads to higher variance, which increases the

[eso)]

= % (iE [(Di —p)z] +> E [(Di —p) (D, _p)])

i

11'We have:

S

var (pin (p; p))

- L (np (1 —=p) +n(n—1)ppp(1—p))

n2
= @ + %ppp(l -p)
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risk of the senior tranche. However, these results can be misleading because the volatility
of the portfolio default rate depends on the square root function of the default correlation
(Figure 9).

Figure 9: Mean and standard deviation of the portfolio default rate (in %) — n = 1000 &
p = 20%
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This suggests a monotonous convex relationship between default correlation and the
credit risk of the senior tranche!?. In reality, this is not the case. The nature of the credit
risk in the senior tranche is fundamentally different and does not vary continuously with the
default correlation. In fact, when the default correlation is equal to 0%, u, (p,0) follows a
scaled binomial distribution B (n,p) that converges to the Gaussian distribution as n — oo:

lim 4, (p,0) ~ N (p7p(1np)>

n—oo

Conversely, when the default correlation is 100%, uy, (p,1) follows a Bernoulli distribution
B (p):
Tim g (p, 1) ~ B(p)

This shows that the distribution of u, (p;pp) changes significantly with the default corre-
lation, highlighting its crucial role in structuring a blended finance fund. Figure 10 shows
the evolution of the probability distribution of the default rate as the default correlation
changes. When defaults are independent (pp = 0), the portfolio default rate follows a
bell-shaped distribution similar to a Gaussian curve. As default correlation increases, the
distribution of p, (p; pp) becomes skewed to the right and takes on a log-normal shape. At
a correlation level of 50%, the distribution has high kurtosis, giving it a hyperbolic shape.
As we approach the limit case pp = 1, the distribution converges to the Bernoulli shape,
reflecting an all-or-nothing outcome — either no defaults or a complete default of the entire
portfolio.

12That is, the risk of capital loss associated with the senior tranche.
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Figure 10: Probability distribution of the portfolio default rate (in %) — n = 1000 &
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Remark 2. The non-monotonicity property of the credit risk of the senior tranche is illus-
trated in Figure 11, where we calculate the threshold probability Pr {un (p,pc) > 7r}. De-
pending on the value of 7, the probability can either increase and then decrease or remain
mereasing.

3.1.3 Recovery rate

When an issuer defaults, creditors typically do not lose their entire investment, but may
recover a portion of the principal and/or accrued interest. Recovery can take various forms,
including cash, new financial instruments (such as debt or equity), assets, proceeds from the
sale of assets, or a combination of these.

The recovery rate represents the percentage of principal that investors can expect to
recover in the event of default. It varies significantly depending on factors such as the
seniority of the debt, the existence of collateral and the financial condition of the issuer
at the time of default. In general, secured or senior bonds have higher recovery rates
than subordinated or unsecured bonds. For example, senior bondholders receive priority in
bankruptcy proceedings, while subordinated bondholders or equity holders may receive little
or nothing. If a bond is secured by assets (such as real estate or machinery), the recovery
rate tends to be higher because creditors can seize the collateral. In addition, companies
with more assets relative to liabilities tend to have higher recovery rates.

Table 11: Recovery rate in % by instrument type in the US bond market (1987-2023)

Bonds Mean Median Std-dev. m
mean
Senior secured 58.1 58.7 33.2 57.2
Senior unsecured 44.8 41.9 32.8 73.2
Senior subordinated  29.9 18.1 32.1 107.5
Other subordinated  22.8 9.2 29.6 129.9
“All bonds 404 318 341 846

Source: S&P Global (2023, Table 2).

Rating agencies regularly publish reports on recovery rates as part of default studies.
Based on S&P’s 2023 U.S. recovery study (Table 11), several general trends can be observed
in the U.S. market:

e The long-term average recovery rate is approximately 40%.
e Recovery rates increase with the seniority of the debt.

e Lower seniority instruments tend to have a wider range of recoveries than higher
seniority instruments.

e The standard deviation scaled by the mean increases for instruments lower in the
capital structure.

Market practice is to assume constant recovery rates'®. This assumption is particularly valid
when the portfolio is infinitely fine-grained — that is, when credit risk is well diversified
and there is no concentration in any single issuer. Otherwise, the recovery rate must be

13The recovery rate of 40% is commonly used for CDS, bonds, and CDOs, provided the assets are not in
a special situation.
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considered stochastic. In such cases, it is generally assumed to follow a beta distribution:
R ~ B(a, ). Its density function is given by:

zo—1 (1-— x)ﬁ—l

T ="5wn
where B (a, 5) = fol to=t (1 - zf)ﬁf1 dt = 1;((625_(5)) is the beta function. The mean and
the variance are: o
E[R] = a+ B
and:
var (R) = op

(@+B)°(a+B+1)
When « and § are greater than 1, the distribution has a mode at Zyode = (@ — 1) / (o + 5 — 2).

Figure 12: Probability density function of the beta distribution B (a, )
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This probability distribution is very flexible and allows to obtain different shapes, which are
shown in Figure 12:

e if a =1 and § = 1, we get the uniform distribution. If @« — oo and f — oo, we get
the Dirac distribution at the point = 0.5. If one parameter goes to zero, we get a
Bernoulli distribution.

e if = (3, the distribution is symmetric around = 0.5. We have a bell curve when
the two parameters « and (§ are greater than 1, and a U-shape curve when the two
parameters « and 3 are less than 1.

e if a > [, the skewness is negative and the distribution is left-skewed. If @ < 3, the
skewness is positive and the distribution is right-skewed.
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Remark 3. Incorporating a stochastic recovery rate is challenging in terms of both imple-
mentation and calibration. Therefore, it should only be used in specific situations, such as
when a portfolio is not well-diversified.

3.2 Cash flow modeling

We now turn to the issue of cash flow modeling, which is an essential component of a
structured blended finance fund. Several cash flow streams need to be distinguished:

e Investment phase
During this phase, fund managers purchase assets (e.g., green bonds) to deploy the
capital raised during the fundraising process. The pace of capital deployment depends
on the asset issuance pipeline.

e Uninvested capital
The fund manager must define an investment strategy for uninvested proceeds.

e Income generation
Throughout the life of the fund, investments generate income in the form of coupons,
dividends or revenues (e.g., annual or quarterly coupons from green bonds).

e Asset maturity and reinvestment
As assets mature (e.g., green bonds), they generate principal repayments that must
be reinvested in new assets to maintain the fund’s portfolio.

e Fees
The fee policy must be defined. It concerns administrative and management fees that
apply during the life of the portfolio'*. For example, management fees may be applied
to the beginning balance or to the invested nominal amounts at each period.

e Run-off period
A redemption policy must be established for maturing assets. For example, principal
repayments can be prorated according to the beginning balance. Alternatively, a
waterfall structure can be implemented where the senior tranche is repaid first, followed
by the junior tranche. In the waterfall scenario, the senior tranche may be repaid before
the fund reaches maturity, particularly if the junior tranche is large.

The above cash flows form the basis of a structured blended finance fund.

Remark 4. In practice, the cash flow modeling may be more complex and take into account
several other mechanisms. For example, fees may be charged for a technical assistance facility
(TAF) during the ramp-up period. A loss carryforward mechanism may also be included to
provide additional protection to the senior tranche. In this case, there is no payment to the
junior tranche until credit losses have been absorbed. The fund may also have a mezzanine
tranche that receives a higher coupon than the senior tranche.

3.2.1 Internal rate of return and credit loss calculation

The internal rate of return (IRR) of tranche & is defined as the interest rate at which the
discounted value of net cash flows equals zero:

T
—_— =
P (1 + IRRk)
14Carried interest — performance-based compensation typically earned by private equity managers —

introduces complexity, as it depends on performance and may reference certain KPIs that can create circular
dependencies.
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where the net cash flows for tranche & consist of dividends paid to investors plus principal
repayments, minus the initial investments:

CF}, (t) = Divy, (t) + RePayy, (t) — Invy (t)
From Equation (9), we deduce that:

T

ET: Divy, (t) + RePayk oy ) Invy (t
(1+IRRy) 1+ IRRk

t=0 t:O

To simulate the cash flow streams, we also need to calculate the credit loss of the portfolio:
n
Loss (t) = Z(l—Ri)-Ni-]l{Ti <t}
i=1
where n is the number of assets, V; and R; are the notional and recovery rate associated
with asset ¢, and 7; is the default time of issuer i. The credit loss of tranche k is then equal
to:

Lossy (t) = (Loss(t) — Ay) - 1{Ap < Loss (t) < Dy} + (D, — Ay) - 1 {Loss (t) > Dy}
= min (Dk — Ay, max (Loss (t) — Ay, 0))

where Ay and Dy, are the attachment and detachment points of tranche k, respectively. We
deduce that the principal repayment of tranche k at the maturity 7" is the difference between
the initial investments and the credit loss:

RePay,, (T Z Invy (t) — Lossy (T)
There are, of course, many variations on the above cash flow streams.

3.2.2 Examples of asset and liability cash flows

Let’s look at some examples to better understand the cash flow streams of assets and liabil-
ities in a blended finance fund. We assume a maturity of 8 years and an initial investment
of 1000, which is fully allocated at time ¢ = 0 into bonds paying a coupon of 8%. The
detachment point of the junior tranche is set at 10%, which means that the junior tranche
has a size of 100, while the senior tranche has a size of 900. The coupon promised to the
senior tranche is 5%.

In the case of no default, we obtain the results in Table 12. The portfolio generates an
attributable net income of 1000 x 8% = 80. Since the coupon of the senior tranche is 5%,
the holders of this tranche receive an annual dividend of 900 x 5% = 45, while the holders of
the junior tranche receive an annual dividend of 80 — 45 = 35. We deduce that the IRR of
the senior tranche is 5% and the IRR of the junior tranche is 35% due to the leverage effect.

We now consider a variation of the previous example, where 100% of the capital cannot
be deployed at the inception date ¢ = 0, and two defaults occur at ¢t = 2 and t = 6. 70%
of the capital is deployed at date t = 0 and 30% at date t = 1. Assuming the interest rate
on the cash is 3%, the net income attributable to the first year is equal to 65 (700 x 8%
plus 300 x 3%). Since there is a credit loss of 100 at date ¢ = 2, the beginning balance is
900 at date t = 3. This explains the net income of 72 for this period. Using the cash flow
stream given in Table 13, we calculate that the internal rate of return is 3.65% for the senior
tranche and 20.60% for the junior tranche. Since the credit loss is equal to 200, the capital
repayment for the senior and junior tranches is 800 and 0, respectively.

28



A Framework for Structuring a Blended Finance Fund

Table 12: Asset and liability cash flows (Example #1(a), no default)

YO0 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

Beginning balance 0 1000 1000 1000 1000 1000 1000 1000 1000
Investment 1000
Credit loss
Capital repayments —1000
Ending balance 1000 1000 1000 1000 1000 1000 1000 1000 0
Portfolio net yield 8% 8% 8% 8% 8% 8% &% 8%
Net Income 80 80 80 80 80 80 80 80
Dividend credited to investors
Senior tranche 45 45 45 45 45 45 45 45
Junior tranche 35 35 35 35 35 35 35 35

- Capital repayment to investors
Senior tranche 900
Junior tranche 100

“Investments
Senior tranche —900
Junior tranche —100

Total cash flows
Senior tranche —900 45 45 45 45 45 45 45 945
Junior tranche —100 35 35 35 35 35 35 35 135
Portfolio —1000 80 80 80 80 80 80 80 1080

Table 13: Asset and liability cash flows (Example #1(b), two defaults)

YO0 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

Beginning balance 0 1000 1000 900 900 900 900 800 800
Investment 700 300
Cash 300
Credit loss 100 100
Capital repayments —800
Ending balance 1000 1000 900 900 900 900 800 800 0
Portfolio net yield 8% 8% 8% 8% 8% 8% 8% 8%
Net Income 65 80 72 T2 T2 72 64 64
Dividend credited to investors
Senior tranche 45 45 45 45 45 45 40 40
Junior tranche 20 3 27 27T 27 27 24 24

* Capital repayment to investors
Senior tranche 800
Junior tranche 0

Investments
Senior tranche —900
Junior tranche —100

“Total cash flows
Senior tranche —900 45 45 45 45 45 45 40 840
Junior tranche —100 20 35 27T 27T 27T 27 24 24
Portfolio —1000 65 80 72 T2 T2 72 64 864
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The previous example highlights an important feature of a blended finance fund compared
to a traditional collateralized debt obligation. In a CDO with junior and senior tranches,
investors in the junior tranche stop receiving the premium leg when the senior tranche is
impacted. However, this is not necessarily the case in a SBF fund. In the previous example,
the second default causes the principal of the senior tranche to decrease from 900 to 800 at
time t > 6. Since a 5% coupon has been promised, investors in the senior tranche receive
800 x 5% = 40 in years t = 7 and ¢t = 8. However, the entire portfolio has now an investment
of 800, which earns a return of 8%, generating an annual income of 64. As a result, investors
in the junior tranche continue to receive an annual coupon of 64 — 40 = 24. This is because
the portfolio is assumed to have the capacity to generate an annual return in excess of the
coupon promised to the senior tranche. However, if this is not the case, and if permitted
by the fund prospectus, the junior tranche can support the senior tranche by selling a
portion of the portfolio to cover the promised coupon, provided it is not fully depleted.
Of course, alternative cash flow structures can be implemented, including scenarios where
junior tranche investors receive no payments if their tranche is fully exhausted.

3.3 Monte Carlo simulation

The previous example shows that the return of the investors in the senior and junior tranches
is highly dependent on the credit risk scenario. Since we don’t know which credit risk
scenario will occur, it follows that the cash flow stream, credit loss and internal rate of
return of each tranche can be considered stochastic. Therefore, it is important to estimate
the probability distribution of these statistics. To do this, we use the classical Monte Carlo
method described in Algorithm 1. For each scenario s, we can compute the cash flow stream
CFy s (t), the credit loss Lossy s (t), and the internal rate of return IRRy, 5. The probability
density function of each statistic is then estimated using the empirical distribution estimator.

Let us look at the previous example (Example #1). We recall that the maturity is 8
years, the capital is 1000, the equity tranche is 100, and the portfolio yield is 8% per year.
At time t = 0, we invest in 10 bonds, each with a nominal of 100. We assume that for each
issuer, the default time follows an exponential distribution (7; ~ £ (\;)), and the recovery
rate is constant at 30%. The joint distribution of defaults is modeled using a Gaussian
copula with a parameter matrix Cio (25%). We consider several values of \;, simulate
the cash flow streams, and compute the internal rate of return for the portfolio and the two
tranches (equity and senior). Figures 13 and 14 show the empirical probability distribution'®
of IRRy, based on one million Monte Carlo simulations'® when the default intensity \; is
equal to 100 and 500 basis points, respectively. We note that the shape of the distribution
differs significantly between these scenarios, implying that the risk exposure for junior and
senior investors varies substantially. In particular, a higher default intensity increases the
likelihood of extreme losses for equity tranche holders while shifting the risk-return profile
for senior investors. This illustrates how changes in default intensity impact overall portfolio
dynamics and investor risk profiles. Table 14 shows the summary statistics of the internal
rate of return with respect to the default intensity. The first two statistics are the mean:

1 &
e = E[IRRi] = — > IRRg ..
ik [TRRx] ns; k,

15For each bin, we compute the probability Pr {z— <IRRy < x4}, where x_ and z1 are the left and
right edges of the bin, respectively. The first bin of the histogram plot also collects all values below the left
edge, so it corresponds to the probability Pr{—oco <IRRj < z4}.

16The detailed algorithm is described in Algorithm 2 on page 32.
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Algorithm 1 Monte Carlo simulation of a generic blended finance fund

1: Compute the simulated cash flow stream CFy, s (t), credit loss Lossy s (t), and internal
rate of return IRRy, 5

2: Initialize the number of simulations to ng

3: for s=1:n, do

4:  Simulate the correlated default times (71,...,7y,s) of the n issuers
5. Simulate the recovery rates (R, ..., Rn,s)
6: fort=1:T do
7 Simulate the cumulated loss of the portfolio:

n

Losss (t Z -N; -1 {‘rz s < t}

i=1

8: Deduce the cumulated loss of tranche k:

Lossy, s (t) = min (Dk — Ag, max (Losss (t) — Ag, 0))

9: Simulate the cash flow stream of tranche k:
CFy s (t) = Divg s () + RePay;, (t) — Invy, (¢)

10:  end for
11:  Compute the internal rate of return for the s** simulation:

T

=1 +IRRk5)

12: end for
13: return the values of CFy s (t), Lossy s (t) and IRR s

and the standard deviation:

1 &

& (IRRy) := EV/2 [(IRRk “E [IRRk])Q} =\ 3" (IRRy,s —f1 (IRRy))

s=1

We also report the downside (or zero-below) probability value, which is the probability that
the internal rate of return is negative:

ns
0= Pr{IRR; < 0} — é S 1 {IRRy, < 0}
s=1

As expected, the average IRR decreases with default intensity, while the standard deviation
and the zero-below probability increase. However, we note that the downside probability of
the senior tranche is higher than that of the junior tranche, which is equal to zero (Figure 15).
This clearly indicates that the structuring of this blended finance portfolio is not optimal.
We have deliberately chosen this example to illustrate that the design of a blended finance
structure — including the capital stack, the waterfall mechanism and the revenue sharing
model — is not straightforward and is more complex than commonly assumed. A poorly
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Algorithm 2 Monte Carlo simulation (Example #1)

1: Compute the internal rate of return IRRy, s
2: Initialize the number of simulations to ng
3: for s=1:n, do

4 Simulate X < N (0,1), ¢ = (e1,...,e,) where g; <~ N (0,1), Z < /pX + /T — pe,
and u < @ (Z)
5. Simulate 7; < —In (1 —u;) /A
6 C-Fsenior (0) — Dsenior - Aseniora ijunior (O) — Djunior - Ajunior and C]:portfolio (0) =
C-’F'senior (0) + Cj:junior (0)
7. Compute the ending balances EBportfolic = Dseniors EBsenior = Dsenior — Asenior and
EBjunior — Djunior - Ajunior
8 fort=1:T do
9: Update the beginning balances: BBportfolio <= EBportfolio, BBsenior <= EBsenior and
BBjunior — EBjunior
10: Simulate the credit loss of the portfolio:
n
EOSSPOI‘thhO Z “N; -1 {Tz < t}
i=1
11: Compute Divportfolio = ¥ - BBportfolio > y is the portfolio net yield
12: Divgenior ¢ min (cscnior BBseniors Divportfoho) D> Csenior 18 the senior coupon
13: DiVjunior <~ Dinortfolio - DiVsenior
14: Deduce the credit loss for each tranche:
ﬁossjunior (t) = min (BBjuniora ['OSSportfolio (t))
ﬁosssenior (t) = Eossportfolio (t) - KOSSjunior (t)
15: EBsenior — EBsenior _Eosssenior (t) and EBjunior — EBjunior _Eossjunior (t)
16: if t =T then
17: RePayportfoho < BBportfolio —L£08Sportfolio (t)
18: RePay  pior ¢ min (RePayportfoho, BBgenior
19: 1%ePa‘Yjunior — RePa’YpOrthliO - RePaYSenior
20: else
21: RePay ,orifo1i0 < 0, RePaygepioy <= 0 and RePayj o, < 0
22: end if
23: Update the ending balances: EBgenior ¢ EBgenior — RePay cniory EBjunior
EBjunior - 1{ePayjunior and EBportfolio < EBsenior + EB_]'unior
24: Calculate the cash flow streams:
CFj s (t) = Divy + RePay,,
where k = portfolio, senior and junior
25:  end for
26:  Compute the internal rate of return for the s simulation:
XT: CF s
— 1+ IRRk S)
where k = portfolio, senior and junior
27: end for

28: return the values of IRRy ¢
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Figure 13: Distribution of the internal rate of return — Example #1, A; = 100 bps
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Figure 14: Distribution of the internal rate of return — Example #1, A; = 500 bps
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Table 14: Mean, standard deviation and zero-probability of the internal rate of return (in
%) — Example #1

i Portfolio

(%) | i on B
0.00 | 8.00 0.00 0.00
0.10 | 7.93 0.30 0.00
0.25 | 7.82 0.51 0.00
0.50 | 7.64 0.77 0.03
0.75 | 7.45 0.99 0.08 | 32.86 3.37 0.00 4.84 0.59 0.24
1.00 | 7.27 1.18 0.17 1+ 32.28 3.74 0.00 4.75 0.76 0.48

| | Senior
| |
| |
| |
| |
| |
| |
| |
| |
| |
2.00 | 6.55 1.78  0.97 : 30.31 4.58 0.00: 4.31 1.36 244
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

fig O, Ji

5.00 0.00 0.00
4.99 0.09 0.00
497 0.21 0.02
4.91 040 0.09

35.00 0.00 0.00
34.67 135 0.00
34.20 2.10 0.00
33.50 2.86 0.00

3.00 | 5.85 224 2651 2875 4.98 0.00 3.79 186 591
4.00 | 5.17 260 522 2744 5.20 0.00 3.23 227 10.59
5.00 | 451 289 8592632 5.36 0.00 2.67 2.60 16.11
6.00 | 3.88 3.13 1259 ' 25.33 5.49 0.00 2.10 287 2219
7.00 | 3.27 3.32 17.06 , 2444 5.59 0.00 1.54 3.09 28.55
8.00 | 2.69 3.47 2192 ' 23.63 5.69 0.00 0.99 3.26 34.93
9.00 | 2.13 3.59 26.97 , 2287 5.79 0.00 0.47 3.40 41.19
10.00 | 1.60 3.68 32.11 ' 22.16 5.87 0.00 ' —0.04 3.50 47.15

structured portfolio can result in unintended risk allocations, potentially exposing senior
investors to greater downside risk than junior investors, which is contrary to the intended
purpose of risk tranching. This highlights the importance of carefully calibrating financial
structures to ensure a fair and efficient allocation of risk and return.

Figure 15: Downside probability of the junior and senior tranches — Example #1
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The previous example is not entirely realistic because the senior tranche is not adequately
protected by the junior tranche. For example, despite a high number of defaults when
the default intensity is set to 10%, the senior tranche has a higher probability of a zero-
below return and a lower average IRR. This result is primarily due to the structure of the
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blended finance fund, in particular the thickness of the junior tranche, but other factors
also play a role. For a more realistic illustration, we consider a second portfolio with similar
characteristics. The maturity T' of the blended fund is 8 years and the capital is 1000. At
time ¢ = 0, we invest in 10 bonds, each with a nominal of 100. We assume that 7; ~ & (\;),
the recovery rate is constant at 30%, and the default copula is Gaussian with a uniform
parameter p. The promised coupon csepnior for the senior tranche is set to 5%. We assume
an extra risk premium 7 of 1% at the portfolio level. The net yield of the portfolio is then
the sum of the senior coupon, the extra risk premium and the average credit spread of the
portfolio:
Y = Csenior +mT+s

where:

1 n
Z?:l N ;

The net yield is not constant and increases with the credit risk of the portfolio. Similarly, it
is important to relate the thickness of the junior tranche to the exposure to credit risk. Using
a Gaussian approximation, we compute the credit value-at-risk at the confidence interval «
as follows:

VaR, (Loss (t)) ~ E [Loss (t)] + @' (o) y/var (Loss (t))

where: .
E [ﬁoss (t)] = ZNi (1-7Ry) (1 _ B*Ait)
i=1
and:
var (Loss (t)) = ZNf (1-R;)? (1 . e—Ait) e Nt 4
i=1

Z N;N; (1-R:) (1-R;) -
i#£]

(C (1 —e Nt 1 — e N, p) — (1 — e_>"‘t) (1 — e_Ajt))

where C (u1,usg; p) is the bivariate Gaussian copula. The detachment point of the junior
tranche is set to an initial buffer and the credit value-at-risk at maturity:

Djunior = 100 4+ VaR, (Eoss (T))

We also have Ajunior = 0, Asenior = Djunior, and Dgenior = Y1, N;. Table 15 presents the
results for p = 25%. We observe that the senior tranche is well protected by the junior
tranche, and the downside probability is lower for the senior tranche. Figure 16 shows the
size of the junior and senior tranches with respect to the default intensity. As expected, the
size of the junior tranche increases with default intensity, while the size of the senior tranche
decreases. Additionally, we notice that the detachment point Djynior depends on the default
correlation (Figure 17). When the correlation is high, a thicker junior tranche is required to
provide adequate protection to the senior tranche.

Remark 5. Protecting the senior tranche requires defining an optimal value for the detach-
ment point Diunior- Analyzing the average IRR [isenior, the standard deviation Gsenior and
the zero-below probability P2, .., is not enough. First, a solution to fully protect the semior
tranche is to use a very high value of Djunior — the extreme case is Djynior = 100%. However,
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Table 15: Mean, standard deviation and zero-probability of the internal rate of return (in
%) — Example #2, p = 25%, a = 95%

Ai Portfolio |
% | i o 3 |

0.00 | 6.00 0.00 0.00 |

0.10 | 6.00 0.30 0.00 ' 12.01 2.26  0.89 !
0.25 | 5.99 0.50 0.01:10.65 3.13 2.54:
0.50 | 599 0.77 0.08 ' 9.42 4.08 3.04
0.75 | 598 0.98 0.21 , 8.71 4.52 5.24:4.98 0.23 0.02
1.00 | 5.97 1.17 039 818 4.95 6.96 1 4.97 0.26 0.05
2.00 | 595 1.77 1.26 , 7.12 5.58 9.58:4.96 0.34 0.11
|
|
|
|
|
|
|
|
|
|
|

Senior
R )
5.00 0.00 0.00
5.00 0.06 0.00
4.99 0.11 0.00
4.99 0.18 0.02

Junior
0 O, JiA
15.00 0.00 0.00

|
|
t
|

3.00 | 595 223 2561 6.64 589 11.22 1496 0.35 0.08
4.00 | 597 2.61 3.59  6.42 599 11.89 496 0.31 0.06
5.00 | 6.01 292 448, 6.35 6.00 12.82,4.97 0.25 0.00
6.00 | 6.08 3.17 549 6.34 599 13.11 ' 498 0.18 0.00
7.00 | 6.17 3.39 6.09, 642 590 13.05,4.99 0.08 0.00
8.00 | 6.28 3.58 6.37 ' 6.54 5.80 13.04 ' 5.00 0.00 0.00
9.00 | 641 3.73 6.51 , 6.71 5.66 12.69 , 5.00 0.00 0.00
10.00 | 6.56 3.87 6.53 ' 6.90 5.57 1243 ' 5.00 0.00 0.00

Figure 16: Tranching of the blended finance fund — Example #2, a = 95%
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Figure 17: Detachment point of the junior tranche — Example #2, a = 95%
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this reduces the leverage and it is not the purpose of a structured blended finance fund to have
only one tranche. Second, the zero-below probability is not an exhaustive statistic for measur-
ing the risk of the senior tranche. The cumulative distribution function Pr {IRRsenior < 0}
for some thresholds is shown below when the intensity default is set to 1%:

Threshold 0 0.00% 1.00% 2.00% 3.00% 4.00% 4.50% 5.00%
Buffer & o = 95% 0.06% 0.09% 0.19% 0.55% 1.10% 1.44% 100.00%
No buffer & o =90% 0.20% 0.53% 1.05% 1.67% 3.53% 8.27% 100.00%

For instance, the zero-below probability is 0.05% for Example #2. However, we notice that
Pr {IRRSBmOr < 4%} = 1.10%. If we assume that Djunior = VaRggy, (Eoss (T)), this proba-
bility becomes 3.53%, which is relatively large, while the zero-below probability is only 0.20%.
We may wonder if this distribution probability of IRRgenior @ compatible with a senior AAA-
rated tranchel”.

3.4 Calibration of the asset-liability structure

The previous example illustrates the importance of a well-calibrated asset-liability structure
for a blended finance fund. We need to distinguish between the asset side and the liability
side of the SBF fund. Understanding the asset side means assessing the risk and return
of the asset portfolio, while understanding the liability side means analyzing the risk and
return of the different tranches. Typically, the asset portfolio is modeled first, and then the
liability structure is defined based on the asset characteristics. However, we could imagine
an alternative approach where the liability structure — in particular the leverage ratio — is
specified first and then the asset portfolio is constructed to match this liability structure. In
practice, the liability-to-asset calibration procedure is quite rare, while the asset-to-liability

17See Table 26 on page 80 for the results when there is no initial buffer and « is set to 90%.
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calibration procedure is common. Of course, this is a theoretical perspective, as we generally
observe adjustments to the asset portfolio after the liability structure is defined, aimed at
improving the asset-liability match.

3.4.1 What factors influence the asset-liability structure?

Below is a list of the various factors that affect the asset and liability side of an SBF fund:

e Duration of the assets e Maturity of the fund

e Return of the assets e Mezzanine or two-tranche

o Interest rate risk of the assets

Fixed or float coupon

e Credit risk of the assets e Fund size and the leverage ratio
e Currency risk of the assets e Concessionality
o Liquidity risk of the assets e Senior protection mechanisms

The duration, return, and risk characteristics of the assets — particularly interest rate risk,
credit risk, currency risk, and liquidity risk — are fundamental in shaping the overall risk-
return profile of the asset portfolio. This profile, in turn, plays a critical role in determining
the structure and feasibility of the fund’s liabilities. For example, if the asset portfolio has
an average credit rating of A or BBB+, the inclusion of a subordinated equity tranche would
not be justified because there is insufficient risk or excess return to compensate junior and
equity investors. In practice, however, the average credit rating of a blended finance portfo-
lio is typically in the BBB to BB range. This level of credit quality provides sufficient risk
and return dispersion to support a tiered capital structure, including mezzanine and equity
tranches, and to attract different types of investors with varying risk appetites. While the
risk-return profile of the asset portfolio is the primary driver of the thickness of the equity
tranche'®, the inclusion of a mezzanine tranche often depends on the specific investor base
and their appetite for intermediary risk-return positions. Some investors actively seek mez-
zanine exposure as a way to enhance returns without fully absorbing equity risk. Another
important consideration is the relationship between the average duration of the asset port-
folio and the overall maturity of the fund. This duration mismatch influences whether the
coupon promised to senior investors can be fixed or must remain variable, possibly linked to
the net asset value of the senior tranche. If the average duration of the assets closely matches
the maturity of the fund, there is little uncertainty about future cash flows, particularly with
respect to interest rate risk. Conversely, if the duration of the assets is significantly shorter
than the maturity of the fund, reinvestment will be required and the liability structure may
be exposed to increased interest rate risk. This reinvestment risk can affect the predictabil-
ity of returns for senior investors and complicate the design of the senior tranche. In the
asset-to-liability approach, the leverage ratio is a consequence of the risk-return profile of
the asset portfolio. However, this leverage ratio can be influenced by the presence or ab-
sence of a mezzanine tranche, the degree of concessionality, and the introduction of specific
senior projection mechanisms. Finally, it is essential that concessionality is clearly defined
and accurately measured. This includes quantifying the economic value of the concessional
features and ensuring alignment with the strategic objectives of the blended finance vehicle.

18This discussion does not consider guarantees associated with specific assets — such as those provided
by export credit agencies — which can significantly influence the asset-liability structure.
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3.4.2 Which metrics to monitor and how to benchmark them?

To calibrate the asset-liability structure, it is important to define the metrics that are es-
sential for assessing the risk-return profile of each tranche and to compare the statistical
measures with some benchmarks. In fact, the following three metrics can be used for each
tranche and the portfolio:

e Internal rate of return
e Credit loss
e Coupon

For each metric, we can calculate the traditional statistics (mean, median, standard devi-
ation, 95% and 99% value-at-risk), and some statistics such as the number of coupons not
paid, etc.

Table 16: Average yield spread of US corporate bonds over treasuries (in bps)

Period AAA AA A BBB BB B CcCC
1997-1999 52 66 84 123 229 416 895
2000-2009 102 117 152 225 425 638 1324
2010-2019 66 88 117 184 343 519 988

1997 36 49 61 82 165 321 684

S 2008 219 282 335 394 691 1019 1635
2020 75 87 114 196 393 589 1257
2021 47 55 69 113 248 394 672
2022 64 82 113 175 314 494 1003
2023 52 70 112 163 292 460 1006
2024 37 51 79 117 213 331 879

1997-2024 76 93 122 187 351 539 1093
Source: ICE BofA US Corporate Indices & Authors’ calculations.

The choice of the benchmarks is also critical because investors have certain expectations
depending on the risk they are taking. Typically, a senior tranche corresponds to a rating
of AAA (or AA+), a mezzanine tranche aligns with a BBB or BB rating, and an equity
tranche is associated with a B or CCC rating. Table 16 shows the average yield spreads of
US corporate bonds over treasuries for the different credit ratings. Between 1997 and 2024,
the excess yields averaged 76, 187 and 1093 bps for AAA, BBB and CCC rated bonds,
respectively. However, these spreads have fluctuated over time, reaching a low in 1997 and
a high in 2008. For instance, the difference in yield spreads between 2008 and 1997 was 183
bps for AAA corporate bonds, 312 bps for BBB corporate bonds, and nearly 1000 bps for
CCC corporate bonds. These fluctuations underscore the influence of economic conditions
on credit spreads, but also the risk aversion of investors.

In structured finance, an accurate assessment of the credit risk of each tranche is para-
mount for investors. Therefore, another important benchmark is the expected loss of each
tranche, as it determines the rating assigned to the senior, mezzanine and senior tranches. In
Table 17, we report the expected loss'® by credit rating for different maturities (1, 3, 5, 7 and

19The expected loss for credit rating i is calculated as follows:
EL; (t) = (1 - Ri)- (1 —S:i (1))

where R,; is set to 40%, S; (t) = 1 — e exp (tA)ex and A is the estimated Markov generator of the credit
migration matrix.
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10 years). We use data from two credit rating agencies: Moody’s and S&P Global Ratings.
By construction, expected loss increases with both lower credit ratings and longer maturities.
For instance, the five-year expected loss for a BBB-rated issuer is 87 bps according to
Moody’s and 78 bps according to S&P, respectively. At the ten-year horizon, the expected
loss rises to 9.30% and 9.27%, respectively. Overall, the figures calculated using Moody’s
and S&P data are very similar for most rating categories, with the main exception being
the CCC rating category. This discrepancy arises because Moody’s figures refer specifically
to CCC-rated issuers, while S&P combines CCC and lower ratings together into the CCC
category.

Table 17: Relationship between credit ratings and expected loss (in %)

Moody’s
1Y 3Y 5Y Y 10Y

S&P Global Ratings
1Y 3Y 5Y 7Y 10Y
AAA 0.00 0.00 0.02 0.04 011, 0.00 0.03 008 0.15 0.29
AA 0.01 0.05 0.11 020 040! 0.01 006 0.13 022 0.41

Rating :
|
|
A 0.03 0.13 0.27 0.48 0.92 : 0.03 0.12 0.24 0.42 0.78
|
|
|
|
|

BBB 0.10 041 087 147 261 009 037 078 132 236
BB 0.56 204 38 598 930 037 168 356 576  9.27
B 2.02 643 10.89 15.10 20.69 , 2.01 769 13.26 18.04 23.80
CCC 5.89 15.27 2232 27.75 33.82 ' 1836 34.14 39.95 42.88 45.58

Source: Moody’s (2023), S&P Global Ratings (2025) & Authors’ calculations.

Table 18: 95% value-at-risk (in %) of a homogeneous fine-grained loss portfolio assuming
40% recovery rate and 20% default correlation

Rating 1Y 2Y 3Y 4Y 5Y 6Y 7Y 8Y 9Y 10Y
AAA 0.00 001 0.02 004 008 012 018 026 035 0.46

AA 0.06 013 022 033 046 0.62 081 1.02 1.27  1.54
A 0.14 031 052 078 1.09 144 1.84 229 278  3.32
BBB 042 096 160 234 317 408 505 6.08 716 827
BB 212 435 6.70 9.10 11.51 13.89 16.21 18.45 20.60 22.63
B 6.63 12.22 17.15 21.52 2537 2877 31.77 3441 36.74 38.80

CCC 16.01 25.43 32.01 36.87 40.58 43.48 45.80 47.68 49.22 50.50
Source: Moody’s (2023) & Authors’ calculations.

Benchmarking credit value-at-risk is more complex because it depends on the credit risk
model. If we assume a single bond or loan, the credit VaR is defined as?°:

0 fa<l—p

—1 _ _
F{a) = Gl(OH_p 1> ifa>1-p
p

where G (z) is the cumulative distribution function of the loss given default. The previous
approach can be generalized to a portfolio of bonds, but there is no general analytical formula
in this case, so benchmarking is not relevant. Another approach is to use a canonical model,
such as the Basel II credit risk model. Assuming a homogeneous fine-grained portfolio, the

20Because we have:
F(z)=(1-p)+1{z >0} pG(x)
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credit VaR is equal to?!:

VIi=p

where p is the probability of default, p is the standard default correlation and « is the
confidence level of the value-at-risk. Assuming a standard asset correlation of 20% and
a recovery rate of 40%, we obtain the results shown in Table 18. The 95% value-at-risk
is significant in absolute terms for high yield portfolios. However, it becomes even more
important in relative terms for investment grade portfolios. That is, the ratio between the
value-at-risk and the expected loss is higher for better credit ratings than for lower ratings
— highlighting the greater sensitivity of high-quality portfolios to rare default events. The
main reason for this is the shape of the probability distribution, which is completely different
for IG and HY ratings. In Figure 18 we show the probability density function of credit losses,
which has the following expression:

1 x

f(z) = AT
7(1,/)) < 1 >1 2 1 -1 -1 2
9=\ exp(z(@ )’ - 5 (VT ()~ @ <p>))

F'(a)=(1-R) & (é_l () + /oo (a)>

where ¢ (y) is the density function of credit losses when the recovery rate is set to zero. We
see that IG-rated credit portfolios have an L-shaped distribution (with high skewness and
kurtosis), while HY-rated credit portfolios have a bell-shaped distribution.

Figure 18: Probability density function of portfolio loss by credit rating (R = 40% and
p=20%)
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21The proof is given in Appendix A.2 on page 77.
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Remark 6. The case of BB-rated portfolios is more complex. In fact, they exhibit an L-
shaped distribution for short maturities (e.g., less than 3 years) and a bell-shaped distribution
for long maturities (e.g., more than 5 years), i.e., they shift from an IG profile in the short
term to a HY profile in the long term (Figure 36 on page 81). Portfolio loss density is also
sensitive to default correlation, especially for portfolios with low credit quality. For example,
Figure 37 on page 81 shows the probability density function of portfolio losses at a default
correlation of 40%. For high credit ratings, we observe a translation of the density. For
low credit ratings, the bell shape is less pronounced and can turn into a U-shaped curve
when the default correlation is very high. These results have important implications for the
management of a blended finance fund. For example, the structure of a well-diversified SBF
fund may not be the same as the structure of a country-specific SBF fund.

3.4.3 What are the calibration parameters?

There are many degrees of freedom in calibrating the asset-liability structure of a blended
finance fund. To reduce the dimensionality of the calibration problem and simplify the
structuring process, we explicitly assume that the asset portfolio is exogenously given. This
is a realistic assumption in most cases, as the sponsor or originator typically has a clear
mandate or impact-oriented objective that drives the composition of the asset portfolio.
Consequently, the liability structure must adapt to the characteristics of this asset portfolio
rather than the reverse, implying that the optimization problem focuses on calibrating the
liability structure. The first key parameter to calibrate is the maturity profile of the fund’s
liabilities. A common and intuitive approach is to match the maturity of the fund to the
average maturity of the underlying assets, ensuring a duration match that simplifies liquidity
and reinvestment considerations. This duration-matching approach has the advantage of
minimizing duration and performance risk. However, in some cases, the maturity of the
fund may exceed the weighted average maturity of the asset pool. In the extended liability
approach, the reinvestment strategy must be defined, either through a rolling mechanism or
an explicit reinvestment policy, which introduces additional sources of risk such as market
and liquidity risk. The optimal choice depends on the fund’s risk management framework and
the expected market conditions over the investment horizon. Empirical evidence suggests
that duration-matched structures exhibit lower NAV volatility, particularly in steepening
yield curve environments. In all cases, these risk dynamics must be quantitatively modeled

to assess their impact on tranche performance and investor exposure”.

Once the maturity of the fund is determined, a fundamental decision concerns the optimal
number of tranches in the capital structure. The key question is whether a two-tranche
structure (junior-senior) is sufficient or whether a three-tranche structure (junior-mezzanine-
senior) provides superior risk-return characteristics. Let Loss (t) be the credit loss of the
portfolio at time ¢. In a three-tranche structure, this loss can be decomposed as:

Loss (t) = L0oSSjunior (t) + L0SSmezzanine (t) + L05Ssenior (1)

The introduction of a mezzanine tranche is optimal if each component in this decomposition
has a distinct statistical profile with minimal overlap in their probability distributions. This
decision depends primarily on four factors: (i) the loss distribution characteristics of the
asset portfolio, (ii) the correlation structure of the assets (both within and across sectors
and countries), (iii) the risk appetite and return expectations of the investors, and (iv) the
time horizon of the fund. For example, if the loss distribution is multimodal rather than
bell-shaped, a mezzanine tranche becomes particularly valuable. This is also the case if the

22We can also consider differentiated maturities, particularly shorter ones for senior tranches, to better
manage the funding of the blended finance structure.
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asset portfolio exhibits default clustering. Similarly, statistical analysis shows that longer
maturity horizons typically warrant more granular tranche structures due to the widening
confidence intervals in the loss distributions over time. Indeed, the relevance of introducing
a mezzanine tranche increases with longer fund maturities. This is because the probability
distribution of cumulative losses becomes more diffuse over time, with increased uncertainty
due to compounding credit risk, macroeconomic shifts and evolving market conditions. In
such environments, a three-tier tranche structure allows for a more granular allocation of
risk, allowing investors to more precisely select exposure according to their risk tolerance
and capital constraints.

Another critical structural parameter is the detachment point of each tranche. Calibrat-
ing these thresholds requires an explicit formulation of the profit and loss allocation mecha-
nism that governs how cash flows, losses, and recoveries are distributed among tranches under
different scenarios. Once a preliminary tranche structure is calibrated, we can iterate by test-
ing various enhancement mechanisms, including first-loss guarantees, over-collateralization,
or reserve accounts that increase the protection of the senior tranche. The evaluation of these
mechanisms also requires an assessment of the concessionality of the SBF fund. Ultimately,
the optimal structure of an SBF fund should balance the objectives of capital preservation
for senior investors, adequate risk-adjusted return for mezzanine investors, and impact max-
imization for junior investors. This requires a systematic and iterative calibration process
and sensitivity analysis to key economic assumptions.

4 Investor preferences and optimal structuring

Investor preferences play a critical role in determining the optimal structure of blended
finance funds. A key distinction is between the preferences of the junior tranche investors and
those of the senior tranche investors. The sponsor — typically the junior tranche investor —
has a dual objective. First, driven by a responsible investment mandate, the sponsor seeks to
maximize the leverage ratio, thereby mobilizing as much private capital as possible. Second,
given the higher risk exposure, the sponsor also seeks a minimum return as compensation. In
contrast, senior tranche investors do not necessarily have explicit ESG objectives, although
many blended finance participants do incorporate responsible investment principles. These
investors are primarily motivated by the opportunity to earn a higher return than a similarly
rated bond due to the nature of the junior capital. This risk premium also compensates for
the illiquidity of the underlying assets and the closed-end structure of most blended finance
vehicles. As a result, senior investors may demand an additional risk premium. The asset
manager’s role is to structure the fund to ensure fairness between junior and senior investors.
Ethically and commercially, asset managers have no interest in favoring one group over the
other, as both are typically their clients. Nevertheless, finding the optimal and equitable
structure is complex because there is no one-size-fits-all solution. In this context, we propose
a set of tools to help asset managers achieve a fair balance between investor interests.

4.1 Relationship between risk aversion and risk premium

To understand the rationale behind a structured blended finance fund, it is important to
first analyze the risk premia required by different types of investors. Typically, the junior
tranche carries credit risk equivalent to a CCC rating, while the senior tranche is structured
to achieve a AAA rating. As a result, these two tranches are at opposite ends of the risk
spectrum. In the first part, we examine how investors price the risk and return of these
tranches. In the second part, we explore the economic rationale behind the use of tranching
structures in blended finance.
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4.1.1 Investor-required risk premium

Following Hull et al. (2005), we compute the risk-neutral default intensity by:

A(.riskfneutral) _ Yy —r
¢ 1-R

where y; is the bond yield for the rating R; and r is the risk-free return, while the historical
default intensity is computed using the migration matrix P:

A(historical) _ —1In (1 - eiPTeK)
¢ T
where 7 is a standard maturity. In the following analysis, we set 7 to 10 years. The ratio of
the risk-neutral default intensity to the historical default intensity is called the risk premium
multiplier and is denoted by «;. Let EL be the expected loss. Assuming that the risk-neutral
loss given default is equal to the historical loss given default, we obtain:
)\(‘riskfneutral) EL(riskfneutral)

7 %

)\Z(historical) ~ ELghistorical)

Q=

This leads to the multiplicative risk premium model:

7_r(riskfneutral) o Oé‘ﬂ_‘(historical) (10)

7 — iy
Similarly, we define the additive risk premium model as:

7_[_griskfneutral) _ 7_‘_Z(historical) + A7Ti (11)

where Am; denotes the additional risk premium.

Table 19: Real world and risk neutral default intensities (R = 40%, 1997-2024)

Rating )\Ehistorical) )\grisk—neutral) A o
AAA 2 bps 126 bps 75 bps  71.2
AA 6 bps 155 bps 90 bps 24.0
A 15 bps 204 bps 113 bps 134
BBB 45 bps 311 bps 160 bps 7.0
BB 168 bps 585 bps 250 bps 3.5
B 423 bps 898 bps 285 bps 2.1

CCC 830 bps 1822 bps 596 bps 2.2

In Table 19, we report the values of )\Ehismrical), )\EriSk_nemml), Am; and «;. We confirm

that )\Z(-riSk_neutml) > )\Ehiswrical), indicating the presence of a positive additional risk premium

(Am; > 0) and a risk premium multiplier greater than one («; > 1), regardless of the rating
category. As noted by Hull et al. (2005), the ratio «; decreases and the difference Am;
increases as credit ratings decline. This suggests that investors demand an additional risk
premium for lower-rated assets. In the additive model, this additional premium increases
with the credit risk of the asset. For example, investors demand more compensation for
investing in CCC-rated bonds than in BBB-rated bonds. This additional compensation
cannot be attributed to default risk alone, as this is already captured by the historical
(historical) "1t 1ust therefore reflect other sources of risk. Hull et al. (2005)

risk premium 7;
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identifies two such factors: liquidity risk and non-diversifiable risk. Liquidity risk is a well-
documented driver of expected corporate bond returns (Lin et al., 2011), while the role
of non-diversifiable risk is less clearly established. The key idea is that defaults become
more difficult to diversify during periods of market stress. In addition, Hull suggests that
the probability measures used by bond traders and managers may deviate from long-term
historical averages. They may overweight adverse historical scenarios, effectively skewing the
distribution. As a result, these risk factors help explain the gap between historical and risk-
neutral spreads after accounting for default risk. As both liquidity and non-diversifiable risk
tend to be positively correlated with credit risk, we observe a positive relationship between
the level of credit risk and the additional compensation — above and beyond default risk —
that investors demand. If we focus on the multiplicative model, a slightly different picture
emerges. While the absolute additional risk premium increases as credit ratings decline, the
multiplicative (relative) risk premium actually decreases with lower credit ratings. In relative
terms, investors in AAA-rated corporate bonds demand a higher risk premium multiplier
than investors in CCC-rated bonds. There are two main reasons for this. First, investors in
AAA bonds tend to be more risk averse than investors in CCC bonds. Second, the skewness
risk — the risk of rare and extreme losses — is significantly higher for investment grade
bonds than for high yield bonds. This helps to explain why the risk premium multiplier
tends to be higher for well-rated bonds (often above 10), as the subjective perception of
risk is much higher than the objective risk. Conversely, the multiplier for lower-rated bonds
tends to be lower (often below 5) because the subjective and objective risks are more closely
aligned.

The previous figures were calibrated between 1997 and 2024 using daily bond yields.

These models can be extended to include the dynamics of spreads: {risk—neutral) (t) =

K3
a; (t) Wghismrical) and ﬂEriSk7HEUtral) (t) = ﬂghiswrical) + Am; (t). The two models are equivalent
since the historical risk premium is assumed to be constant?? and we have the relationship?*:
Am; (t) < ; (t). In what follows, we adopt the multiplicative model because it is both more
tractable and easier to calibrate. Additionally, it also better captures the stark contrast
in risk perception between investors in junior and senior tranches in the blended finance
market. Junior tranche investors typically have a deliberately low financial risk aversion,

which is effectively reflected in the multiplicative framework. Following Gregory (2014), we

assume that:
~y B
_ (2 12
o= () (12)

We calibrate this function?® using the previous figures in Table 19 and obtain the « curve
shown in Figure 19. The estimated values are 4 = 0.110 and B = 0.574. We also present
the calibrated curves for the years 2024 and 2008. The parameter vy can be interpreted as
a measure of overall risk aversion in the credit market, governing the general level of risk
sensitivity. The parameter 3, on the other hand, captures the discrepancy in risk attitudes
between risk-averse investors and risk-seeking investors?®. It is clear that risk aversion
(both in terms of level and slope) is higher in 2024 than in 2008. When designing a blended

finance fund, it is essential to account for the dynamics of the risk premia demanded by

23See Figure 38 on page 82, which compares the histogram of «; (t) with the histogram of Am; (t) for the
two extreme ratings (AAA and CCC).

24The exact formula is Am; (£) = (o (t) — 1) 7r§hismrical>.
25The parameters 3 and v are estimated using the following linear regression:

Ina; = Blny —Bln ((1 - R) )\Z(_historical)> +e

26The impacts of the parameters 8 and v are illustrated in Figure 39 on page 82.
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investors?”. For instance, an excessively high value of 8 may be prohibitive, as it implies a
disproportionately high relative risk premium required by senior investors.

Figure 19: Risk premium multiplier «

80
1997-2024

70 ® AAA - - = -2024
2008

60 - e 19972024 (rating)

Risk premium multiplier o

Expected loss (in %)

Source: ICE BOFA US Corporate Bonds, Moody’s & Authors’ calculations.

4.1.2 Economic rationale behind tranching structures

The previous framework can be used to understand the economic rationale for tranching.
The expected loss ELporttolio Of the asset portfolio can be decomposed as a weighted average
of the expected losses ELj of the different tranches:

E— Ak
ELrizgiEng EL
portfolio e (Dm — Al) k k:1Wk k
where m is the number of tranches, Ay and D}, are the attachment and detachment points
of the k' tranche, and wy, is the weight in % of the k' tranche. Let aj be the relative

return required by investor for taking the risk of the &' tranche. It follows that:

m m
Tportfolio = aELportfolio > 5 apwy ELy, = g WETE = Ttranching (13)
k=1 k=1

where Tportiolio, Tk and Tiranching are the risk premia of the asset portfolio, the k™™ tranche
and the tranching structure. According to Gregory (2014), Tportfolio = & ELportfolio Lepre-
sents “the compensation for taking the credit risk of the asset portfolio”, while T ;anching =
S, weTy is “the total compensation that must be paid to the various investors.” Consider
a typical investor who is faced with the choice of buying the entire portfolio of assets or

27The time series of B and 4 are shown in Figure 40 on page 83.

46



A Framework for Structuring a Blended Finance Fund

investing in the individual tranches. In the first case, the investor will demand higher com-
pensation than in the second. At first glance, this may seem counterintuitive, since buying
all the tranches is economically equivalent to buying the entire portfolio. However, this result
occurs because investors focus on the credit risk associated with each tranche. They tend to
demand higher multiplicative risk premiums for safer (lower credit risk) tranches than for
riskier tranches. It is important to note that this example is somewhat stylized and does not
fully reflect real-world behavior. In practice, an investor who buys the senior tranche is un-
likely to also invest in the junior tranche. As a result, inequality Tportfolio > Ttranching holds
due to the heterogeneity of investors and their different levels of risk aversion. Combining
Equations (12) and (13), we finally obtain:

1
1-p

m
1—
Tportfolio ~> Mtranching < ELportfolio > § Wk ELk P (14)
k=1

This property holds?® if 3 > 0 and 8 # 1, which is the case in the credit market because of the
risk aversion function of investors. If investors’ risk aversion does not follow the hyperbolic
pattern described by Equation (12), it is possible that mportfolic < Tstructuring, implying that
the structure is not economically viable. In such cases, there may be insufficient demand for
investments in the various tranches, resulting in insufficient participation. Put differently,
investors may be reluctant to engage in this form of structured blended finance.

Let us consider an example?” to illustrate the previous property. We use the input
parameters shown in Table 20. For each rating, we report the five-year probability of default
(in %), the annual spread (in basis points), and the o multiplier. Two sets of « parameters
are used: set (a) satisfies the hyperbolic property, while set (b) does not, instead exhibiting
a more parabolic shape. The portfolio has a maturity of five years. We invest in 100
green bonds, each with a nominal value of $1 and a five-year probability of default of 2%
(equivalent to a BBB rating). We assume a recovery rate of 40% and a homogeneous default
correlation of 20%. Without loss of generality, we do not model cash flows. Alternatively,
we consider a tranche structure with junior, mezzanine and senior layers. The detachment
point of the junior tranche is set at $5, and that of the mezzanine tranche at $10.

Table 20: Input parameters (Example #3)

. . s (in bps) e
Rating 5Y PD (in %) (a) (b) (a) (b)
AAA 0.15 25 50 20.00 10.00
AA 0.25 40 100 15.00  8.00
A 0.60 75 150 10.00  5.00
BBB 2.25 150 200 5.00  4.00
BB 11.50 300 700  2.00 4.00
B 32.00 600 1000 1.50  5.00
CCC 60.00 1200 2500 1.25  6.00

Results are shown in Table 21. The second column indicates the weight wy of the
tranche in the junior-mezzanine-senior structure. For example, the junior tranche has a

28Using Appendix A.3 on page 78, we deduce that the inequality holds if p=1—8 <1 or 8> 0.
29This example is inspired by Gregory (2014).
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Table 21: Calculation of the economic excess spread generated by the tranching structure
(Example #3, set (a) and p = 20%)

Tranche WE EL; ELj R, Qay, T Sk
(in %) (in %) (in %) (in bps)
Junior 5 1.102 22.034 CCC 1.2 27.542 1200
Mezzanine 5 0.088 1.755 BB 2.0 3.509 300
Senior 90 0.015 0.017 AAA 20.0 0.344 25
" Tranching 100  1.205 1.205 BBB 1.5 1.862 98

Portfolio 100 1.205 1.205 BBB 5.0 6.024 150
Difference 0 0.000 0.000 3.5  4.163 52

weight of 5%. The third column is the expected loss ELj of each tranche’. The fourth
column is the normalized expected loss EL}; = ELj /wg, the fifth column is the rating
of the tranche3!, while the sixth column is the alpha multiplier ;. Then we report the
risk premium 7, = ai EL} in the seventh column and the spread in the eighth column.
The five-year risk premia required by junior, mezzanine and senior investors are 27.5%,
3.51% and 34 bps, respectively®?. Calculating the risk premium for the junior-mezzanine-
senior structure? gives Ttranching = 1.862%. It is higher than the portfolio risk premium
(Tportfolio = 6.024%). Similarly, we obtain siranching = 98bps < sportfolio = 150 bps. This
implies that this structure may reward investors better than what is currently priced by the
credit market. This is due to the fact that the structure has significantly reduced the risk
premium multiplier from 5.0 to 1.5. Indeed, the structure has rebalanced and concentrated
the risk on the junior tranche, which comprises the less risk-averse investors.

Table 22: Calculation of the economic excess spread generated by the tranching structure
(Example #3, set (b) and p = 20%)

Tranche Wi EL[€ ELZ Rk (672 Tk Sk
(in %) (in %) (in %)  (in bps)
Junior ) 1.102 22.034 CCC 6.0 132.201 2500
Mezzanine 5 0.088 1.755 BB 4.0 7.018 700
Senior 90 0.015 0.017 AAA 100 0.172 50

Tranching 100 1.205 1.205 BBB 5.9 7.116 205
Portfolio 100 1.205 1.205 BBB 4.0 4.819 200
Difference 0 0.000 0.000 —-1.9 —2.296 -5

Now we consider the set (b) of parameters. Since EL; and EL}, do not depend on ay, and
sk, we get the same expected losses, but the values of Tiranching and Stranching are different.

30These figures were obtained using the Monte Carlo method with 106 simulations. We have:

ns n
EL].C = L Zmin (Dk - Ak,max (ZNZ . (1 _Rz) -1 {T'L',s S T} - Ak,()))
s =1 i=1

where ng is the number of simulations, N; = $1, Recovery; = 40%, 7; s is the simulated default time of
bond i for simulation s, T = 5 years, A, and Dj, are the attachment and detachment points of the k!
tranche (6~g-, Amezzanine = $5 and Dmezzanine = $10)

31We calculate the 5-year probability of default PDy(5Y) = EL; /(1 —R) and assign the rating r* =
sup {r : PDy(5Y) < PD,(5Y)} where PD,(5Y) is the 5-year probability of default for rating r.

32Note that the AAA risk premium is very low, as the five-year expected loss on the AAA tranche is about
1.7 bps. The senior tranche is more of a super senior tranche, which explains the 34 bps.

33We have Ttranching = WjuniorMjunior + WmezzanineMmezzanine 1 Wsenior Msenior = 5% x 27.542% + 5% x
3.509% x 90% x 0.344% = 1.862%.
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More importantIY» we have Ttranching ~> TMportfolio and Stranching ~> Sportfolio- We are not able to
structure the portfolio to offer a better risk-return profile than the market. In this context,
this junior-mezzanine-senior structure is not viable due to the risk aversion function of the
investors in the credit market.

Figure 20: Extra risk premium (Example #3, set (a))
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The previous analysis may give the impression that the value added by the structure
depends only on risk aversion patterns. In fact, it also depends strongly on the assets.
First, we can show that there is more value added when the default correlation is low than
when the default correlation is high. The reason is that there is a real difference between
the three layers, and risk clustering is really effective when the default correlation is low.
In contrast, when the default correlation is high, it becomes difficult to differentiate the
risk/return profiles across tranches, thereby reducing the effectiveness of the structure. This
observation has important implications for the design of an SBF fund. In particular, it
highlights the importance of building a diversified portfolio. A diversified fund, composed
of assets from different countries and sectors, is better suited for effective structuring than a
fund concentrated in a single sector or geographic area. Figure 41 on page 83 illustrates how
asset default probabilities affect the value of the junior-mezzanine-senior structure. If all
assets have a uniform probability of default of 0.5%, the economic justification for tranche-
based structuring is significantly weakened. However, if the portfolio is composed of 80%
assets with a 0.5% probability of default and 20% with an 8.0% probability of default, the
value proposition of the structure improves significantly.

More generally, the economic rationale and value added of the junior-mezzanine-senior
structure tends to increase with the average default probability of the portfolio up to a certain
threshold. This peak typically occurs near the crossover point between BBB and BB ratings
(Figure 21). Beyond this point, the value added begins to decline. As a result, structuring
offers limited benefit for portfolios at the extremes of the credit spectrum, such as those
rated AAA or CCC. Consider the case of a fine-grained credit portfolio with homogeneous
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Figure 21: Economic rationale and credit quality of the asset portfolio
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assets, each having a probability of default p. We calculate the frequency with which the
portfolio loss falls into the j** rating category>?:

fj(p) =Pr {Loss (t) € Rj}

Figure 22: Frequency f; (p) (t =5 years, Moody’s, p = 20%)
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Source: Moody’s & Authors’ calculations.

Table 23 gives the values of the frequency f; (p) for different levels of default correlation
p. We consider three asset portfolios rated AAA, BBB, and CCC, using the midpoint value

34The analytical expression is:

1- _ 1. __ 1-— _ _ 1__
fj(p)=<1>< —Fe 1(pj+)\[p<1> 1(p)><1>( —Fe 1(pj)\[p<1> 1(,,))

where [pj_, pj'] is the range of default probabilities corresponding to the rating R,;.
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of the probability of default p for each rating band. We observe that when the defaults are
independent (p = 0%), the default frequency f; (p) remains concentrated within the asset’s
own rating band. On the contrary, as the default correlation increases, the default frequency
tends to spread beyond its original rating classification. In particular, even at a high default
correlation of 80%, the default frequency for the AAA-rated portfolio remains largely within
the investment grade category. This is not the case for the BBB-rated portfolio, which
exhibits a greater dispersion of default frequency across the upper and lower rating bands.
Graphically, we obtain the frequency dispersion shown in Figure 22. We verify that the
dispersion is more important for the BBB- and BB-rated asset portfolios.

Table 23: Frequency f; (p) of three asset portfolios rated AAA, BBB and CCC (t = 5 years)

R. Example #3 | Moody’s
7 p=0% 20% 50% 80% 1 p=0% 20% 50% 80%
AAA | 100.00 87.77 93.60 98.06 ; 100.00 88.89 95.37 99.00
< AA 0.00 5.35 1.78 0.35 : 0.00 9.99 3.29 0.52
f: A 0.00 4.98 2.22 0.50 | 0.00 0.91 0.74 0.17
o BBB 0.00 1.80 1.75 0.55 : 0.00 0.20 0.44 0.15
< BB 0.00 0.10 0.60 0.38 , 0.00 0.01 0.15 0.11
g B 0.00 0.00 0.05 0.11 : 0.00 0.00 0.01 0.03
~  Cccc 0.00 0.00 0.00 0.03 | 0.00 0.00 0.00 0.01
C 0.00 0.00 0.00 0.01 ! 0.00 0.00 0.00 0.01
AAA 0.00 14.97 55.17 83.27 , 0.00 5.23 4532 81.71
m  AA 0.00 8.72 6.26 1.93 : 0.00 23.52 20.73 6.19
g A 0.00 21.28 10.66 3.15 | 0.00 22.29 9.98 2.70
S BBB 100.00 36.32 14.19 4.25 : 100.00 29.89 11.09 3.08
S BB 0.00 18.09 10.83 4.18 0.00 17.72 9.29 3.19
g B 0.00 0.62 2.46 1.89 ! 0.00 1.32 2.78 1.61
A ccoe 0.00 0.00 0.39 0.84 : 0.00 0.03 0.67 0.82
C 0.00 0.00 0.04 0.50 ! 0.00 0.00 0.14 0.70
AAA 0.00 0.00 0.24 8.51 , 0.00 0.00 0.47 14.60
o AA 0.00 0.00 0.15 1.32 ! 0.00 0.00 1.48 6.93
8 A 0.00 0.00 0.50 2.80 : 0.00 0.00 1.88 4.53
S BBB 0.00 0.01 2.24 6.04 : 0.00 0.11 5.09 7.33
S BB 0.00 1.47 11.37 12.61 , 0.00 4.29 1599 12.82
g B 0.00 22.38 22.74 13.88'! 0.00 26.64 22.22 12.01
~  cee 100.00 5291 28.14 14.28 : 100.00 43.86 22.40 10.89
C 0.00 23.23 34.63 40.56 ‘ 0.00 25.09 30.46 30.88

Source: Moody’s & Authors’ calculations.

4.2 The junior-senior structure

While both blended finance and bank securitization use structured finance techniques, they
serve fundamentally different purposes and are motivated by different goals. In traditional
bank securitizations — such as collateralized loan obligations (CLOs) or collateralized debt
obligations (CDOs) — the primary objective is to reduce balance sheet risk and optimize
regulatory capital requirements. These structures are deeply rooted in regulatory arbitrage
and capital efficiency, allowing banks to transfer credit risk and improve their capital ratios
by selling loans or debt instruments they already own. Blended finance, on the other hand,
operates under a very different logic. The underlying assets are typically off the balance
sheet of the sponsor. In the case of the AP EGO fund, for example, there is a seven-year
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ramp-up period during which the portfolio manager (Amundi) actively invests in newly is-
sued emerging market green bonds (Bolton et al., 2020). These assets are not legacy holdings
of the sponsor, in this case the International Finance Corporation (IFC), part of the World
Bank Group. The purpose is therefore not to offload risk, but to initiate new investments. In
this sense, while bank securitization can be seen as a form of disinvestment by the sponsor,
blended finance is better understood as a sponsor-led investment strategy. A second key
difference is the role and motivation of the sponsor. In blended finance structures, the spon-
sor typically invests in the equity tranche and takes a first loss position. This is a strategic
choice aimed at leveraging public or concessional capital to attract private investment in the
senior tranches. While blended finance is not always formally classified as impact investing,
many of its projects pursue impact-oriented outcomes. The sponsor’s objective is often to
maximize the development or environmental impact of the overall investment by leveraging
as much additional capital as possible. In contrast, in a bank securitization, the sponsor
generally avoids holding the subordinated tranche unless it is necessary — typically only
when external risk-seeking investors, such as hedge funds, do not fully subscribe. In such
cases, the sponsor’s participation is more of a residual necessity than a strategic commit-
ment. In summary, although both approaches use structured finance and tranching, their
underlying goals are very different: bank securitization prioritizes capital relief and risk
transfer, while blended finance focuses on catalytic investment and mobilizing capital for
impact. Therefore, the traditional literature on the optimal design of securities®® based on
information asymmetries and distribution costs cannot help us understand the structuring
of a blended finance fund.

4.2.1 Comparison of sponsor and investor risk aversion and preferences

We consider a mean-variance framework and the quadratic utility function:

U ) = () ~r) — 5o ()

where x is the portfolio, u () is the expected return, o () is the portfolio volatility and r is
the risk-free rate. Here, ¢ is the risk aversion coefficient of the quadratic utility. Maximizing
the utility function is equivalent to minimizing the ~y-problem:

1
x* = arg max ixTEz —yx" (u—rl,)

where v = ¢~ ! is the investor’s risk tolerance. Roncalli (2013) shows that the optimal
portfolio is given by:
a* =457 (n—71y)

where:
1

115 (u—rl,)

Using historical returns from the ICE BOFA US Corporate Bonds database, we estimate
the risk tolerance coefficient associated with the j*" rating using the empirical estimator
Y = &]2 /7; where 7t; and 6; are the long-term historical risk premium and volatility of
corporate bonds rated R;. Results are given in Figure 23, where all values have been
normalized such that the risk aversion of the BBB investor is set to one. As expected, risk
tolerance increases as credit ratings decline, reflecting the well-known relationship between
credit quality and investor behavior. Interestingly, the BBB investor appears more closely

’y:

35See for instance Boot and Thakor (1993), Plantin (2004) and DeMarzo (2005).
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Figure 23: Investor’s risk aversion and tolerance (1997-2024)
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Source: ICE BOFA US Corporate Bonds& Authors’ calculations.

aligned in risk tolerance with the A investor than with the BB investor. This suggests
a nonlinear pattern: the change in risk aversion within the investment-grade segment is
more gradual compared to the more pronounced shift observed in the high-yield segment.
For instance, when the senior tranche is rated AAA and the junior tranche is rated CCC,
we observe a risk aversion factor of 7. This implies that the sponsor — associated with
the junior tranche — has a risk tolerance seven times higher than that of the institutional
investors holding the senior tranche.

Institutional investors in the senior tranche and the sponsor of the junior tranche are both
considered responsible investors. However, they play fundamentally different roles within
the structure of a blended finance vehicle. Indeed, it is unusual for an investor without
an established ESG policy or involvement in sustainable finance to hold a portion of the
senior debt. In practice, participation in the senior tranche is often viewed as an intentional,
values-driven investment, a commitment to sustainable principles and an expression of the
investor’s ESG stewardship strategy. However, despite their shared identity as responsible
investors, sponsors and institutional investors diverge significantly in their approach to risk.
This divergence stems from the structural difference in risk exposure between the senior
and junior tranches. The senior tranche is typically rated AAA, which places it in the
investment grade category. In contrast, the junior tranche — typically unrated — is often
in the crossover or high yield categories. Its implied credit quality is typically below BBB and
often ends up in the B range, although it can vary between CCC+ and BB+. As shown in
Figure 23, the gap in risk appetite between, say, BBB investors and B investors is not trivial.
Therefore, the sponsor of the junior tranche must have a significantly higher risk tolerance
and a fundamentally different risk aversion profile than traditional senior investors. This
difference in risk appetite is one of the main barriers to scaling blended finance initiatives.
Among development finance institutions (DFIs), not all organizations have the capacity to
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take on such elevated levels of risk. In addition to risk tolerance constraints, many lack the
specialized infrastructure and expertise required to effectively monitor and manage these risk
exposures. As a result, the junior-senior structure requires not only sophisticated knowledge
of financial structuring approaches, but also the participation of two categories of responsible
investors with diametrically opposed risk profiles.

4.2.2 Fixed vs. optimized structure

Consider a 10-year bullet credit portfolio consisting of 100 bonds, each rated BB+. Tranche
ratings are assigned by mapping the expected loss to the corresponding credit rating. Cu-
mulative average default rates as published by S&P Global Corporate in 2025 are used and
linearly interpolated to estimate values for intermediate rating notches (e.g., BB+). A fixed
recovery rate of 40% is assumed. Credit risk dependence is modeled using the Gaussian cop-
ula approach with correlation parameter p. For each tranche structure, we compute both
the tranche size and the historical credit spread based on historical data from 7-10 year
portfolios sourced from the ICE BofA US Corporate index. This data is also interpolated
to improve granularity. Rating and spread data are summarized in Table 24.

Table 24: 10Y PD and historical spread data

Rating PD Spread | Rating PD Spread
AAA 0.12% 77 bps | BBB—  7.51% 242
AA+ 0.41% 90 bps | BB+ 11.61% 287
AA 0.70% 104 bps | BB 15.70% 332

AA— 1.11% 114 bps | BB— 22.02% 382
A+ 1.51% 125 bps | B+ 28.34% 431
A 1.91% 135 bps | B 34.66% 481
A— 2.41% 155 bps | B— 39.18% 628

BBB+ 2.92% 176 bps | CCC+ 43.70% 776
BBB 3.42% 197 bps | CCC 48.22% 923

Following the methodology outlined in Gregory (2014), we examine how changes in de-
fault correlation p affect the excess spread under both fixed and optimized tranche structures.
We consider three fixed structures: 10/90, 30/70, and 50/50, where the first number denotes
the size of the junior tranche and the second denotes the size of the senior tranche. In the
case of the optimized structure, we maximize the leverage ratio subject to a rating constraint
on the senior tranche:

Dsenior - Asenior

Dy, = argmaxLR =

junior

(15)
Djunior - Ajunior
U.C. Rsenior t R;Iélnrior
Djunior = Asenior
where LR is the leverage ratio, Ryenior is the rating of the senior tranche, and R™_is the
minimum acceptable rating. The objective function reflects the sponsor’s preference to max-
imize capital mobilization, while the constraint captures the requirements of institutional
investors seeking limited exposure to the credit risk of the portfolio.

When using a fixed tranche structure, controlling the rating of the senior tranche becomes
a challenge. For example, in a 30/70 structure, the senior tranche only achieves a AAA rating
if the default correlation is below 30%. If the correlation exceeds this threshold, the rating is
downgraded from AA+ to BBB— (see Table 27 on page 84 and Figure 24). Structures with a
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Figure 26: Leverage ratio of fixed and optimized structures
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Figure 27: Excess risk premium in bps of fixed and optimized structures
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thinner junior tranche show greater rating volatility, especially when the default correlation
is between 0% and 30%. This poses a critical risk since the senior tranche may be exposed to
credit losses as the default correlation increases. Conversely, increasing the thickness of the
junior tranche helps stabilize the rating of the senior tranche. However, this comes at the
cost of a significant reduction in the leverage ratio, which may limit capital mobilization3°.
Figure 25 shows the results of the optimization problem when we fix the rating of the senior
tranche to AAA. In this case, the optimal size of the junior tranche depends on the default
correlation. It is relatively low (less than 10%) when p = 0% and increases to 57.1% when
p reaches 80%. We observe a jump in the range p € [5%7 10%] as the size of the junior
tranche increases by about 20%. If we consider a lower rating constraint for the senior
tranche (Rgenior = AA—), we obtain very similar results®”.

The leverage ratios corresponding to the different structures are shown in Figure 26. As
expected, for fixed structures the leverage ratio remains constant by definition. However,
the results for optimized structures are more informative. As expected, relaxing the rating
constraint on the senior tranche leads to higher leverage ratios — but only when the default
correlation is relatively low (below 20%). Figure 27 shows the corresponding excess risk
premium. As expected, some fixed structures can become non-viable at high default cor-
relations. For example, the 10/90 structure fails to generate a positive excess spread when
p > 50%. At more realistic levels of default correlation, optimized structures consistently
outperform fixed structures. This implies that the portfolio manager has greater flexibility
in allocating the excess risk premium between junior and senior tranches, thus achieving a
better balance that can satisfy both groups of investors.

Remark 7. The results on the excess spread are not a coincidence, as there is an equivalence
between mazximizing the leverage ratio and mazimizing the excess risk premium3s.

4.3 The case of the mezzanine tranche

We now introduce a mezzanine tranche into the capital structure. Starting with a fixed
junior-senior structure, denoted Wjunior/Wsenior, tWo common approaches can be used to
transform it into a three-tier structure: wj, ;o /Wheszanine/Whenior+ Lhe first is the split
approach, where the original junior tranche is divided into junior and mezzanine tranches:
Wiunior = Wiynior T Wmezzanine- L he underlying rationale is to spread the risk across two
different classes of investors. The second is the complement approach, where a portion of
the senior tranche is reallocated to create a mezzanine tranche: Wsenior — Whenior = Winezzanine-
The idea here is to introduce an intermediate layer that enhances the protection of the senior
tranche. In the following analysis, we adopt simple illustrative rules. In the split approach,
the junior tranche is split into two equal parts, while in the complement approach, the
mezzanine tranche is fixed at 5% of the total structure. The corresponding results are
shown in Tables 28-30 on page 86. The performance of the split approach is not always
intuitive. In some cases, such as the 5/5/90 structure, it does not clearly distinguish between
the junior and mezzanine tranches. In others, such as the 25/25/50 structure, it can result
in a mezzanine tranche that behaves more like the senior tranche, undermining its intended
purpose. In contrast, the complement approach tends to produce more desirable results. For
example, in the 10/5/85 structure, the inclusion of a mezzanine tranche improves the credit

quality and protection of the senior tranche. However, this approach may be redundant

36Results for fixed 10/90 and 50/50 structures are shown in Table 27 on page 84 and Figures 43 and 44
on page 85.

37See Figure 45 on page 86

38See the proof in Appendix A.4 on page 79.
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when the mezzanine rating is close to that of the senior tranche, as observed in the 50/5/45
structure.

Since the previous results are difficult to understand, we consider the optimized approach
to better understand when the mezzanine tranche is useful. A natural extension of the
optimization program (15) is given by:

Dsenior - Amezzanine
{Df‘ * } = argmaxLR = (16)

junior’ ~’mezzanine D:o . A
Jjunior — <1junior

Rsenior t Rmm

senior

max
Rjunior = R;

u.c junior
Djunior = {mezzanine
Dmezzanine = Asenior

where R™_is the minimum acceptable rating for the senior tranche, and R o 18 the
maximum acceptable rating for the senior tranche. However, this optimization problem is
ill-posed. The solution effectively replaces the junior tranche with the mezzanine tranche,
causing the junior tranche to disappear and the leverage ratio to diverge to infinity. This
result illustrates that maximizing leverage in a three-tier structure is not an appropriate
objective, as the respective roles of the junior and mezzanine tranches become ambiguous.
Furthermore, the formulation assumes that the sponsor only invests in the junior tranche,
whereas in practice the sponsor often participates in the mezzanine tranche of a blended
finance fund. Therefore, an alternative optimization framework is needed. In the two-tier
case, we observed that maximizing leverage is equivalent to maximizing the excess risk
premium. We now generalize this insight to the three-tier structure as follows:

* } = argmaxAm (17)

*
{Djunior7 mezzanine

Rsenior = len

= senior

min
Rjunior = R;

u.c junior
Djunior = Amezzanine
Dineszanine = Asenior
where:
Am = Tportfolio — Wjunior Mjunior — Wmezzanine Tmezzanine — Wsenior senior
_ junior — “1junior
Wjunior = D A
senior — 41ljunior
o senior — <lsenior
Wsenior — D A
senior — 41ljunior
Wmezzanine = 1 — Wjunior — Wsenior

We impose a minimum acceptable rating R}“‘}in“ior on the junior tranche — typically a non-

investment grade rating. This constraint is critical because it indirectly imposes a limit on
the leverage ratio. The constraint Rgepnior = Reen:,, determines the required credit quality of

1 - senior
the senior tranche. In most cases, Ry, 1S set to AAA. Within this framework, we aim to
optimize the excess risk premium, ideally ensuring that the mezzanine tranche achieves an
investment grade rating. This is particularly important as blended finance structures with

two non-investment grade tranches are generally difficult to market to investors.
Consider the previous example with R™% = CCC and R™2 = AAA. The results are

junior senior

shown in Figure 28. We observe that the mezzanine tranche appears only when the default
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Figure 28: Optimized junior-mezzanine-senior CCC/AAA structure
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Figure 29: Leverage ratio of optimized structures
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Figure 30: Excess risk premium in bps of fixed and optimized structures
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correlation is greater than or equal to 20%. Below this threshold, the optimized structure
consists solely of senior and junior tranches. The justification for including a mezzanine
tranche depends on the level of default correlation. A mezzanine tranche is justified when
there is a significant risk of systemic default. Conversely, if the credit risk of the portfolio
is well diversified, the addition of a mezzanine tranche is unnecessary, as the risk can be
efficiently allocated between the senior and junior tranches. However, we find that even
modest increases in default correlation quickly necessitate the inclusion of a mezzanine
tranche. The resulting three-tier structure proves advantageous for managing the ratings of
the senior and junior tranches — something that is less easily achieved with only two tiers.
Figures 29 and 30 illustrate the leverage and excess risk premium of the optimized solution.
One might ask whether the rating of the junior tranche can be improved. To explore this,
we solve the optimization problem again with R;‘linnior = CCC+ and R2% = AAA. The
results remain largely the same3’. Obviously, increasing the minimum acceptable rating
of the junior tranche results in lower leverage (Figure 29). However, it also results in a
higher excess risk premium (Figure 30). This underscores a key trade-off in structuring:
maximizing leverage versus maximizing excess risk premium in a junior-mezzanine-senior
configuration. Finally, these findings highlight that the role of the mezzanine tranche is
non-trivial and closely linked to the underlying default correlation.

4.4 Senior protection mechanisms

In addition to well-established payment mechanisms such as the waterfall or capital stack,
three additional tools can be used to further protect the capital and dividend payments of
the senior tranche. These include loss carryforward, dividend sponsorship and cash reserves.

e Loss carryforward is a financial strategy used to manage and mitigate losses, particu-

39Gee Table 31 and Figure 46 on page 88.
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Algorithm 3 Loss carryforward mechanism without sponsoring

1: Initialize the number of simulations to ng

2: for s =1:n4 do

3:  Simulate the correlated default times (7'1,8, ey ‘rms) of the n issuers

4 Set EBjunior,s (0) — Invjuniur and EBsenior,s — InVsenior

5. Initialize the reweight ratio RW; (0) to the scalar 1

6:  Set the cumulative carried loss CCL; (0) < 0

7. fort=1:T do

8 Update the beginning balances: BBjunior,s (£) < EBjunior,s (t —1) and BBsenior,s (t)
EBsenior,s (t - 1)

9: Simulate the credit loss and the recovery of the portfolio:

Losss (t—1,t)=>" (1-R;)-N;-RW, (¢t —1)-1{t -1 <7;, <t}
Rs(t)=E?:lRi'Ni'RWS(t—1)~1{t—1<Ti75St}

10: Compute the dividends of the portfolio and the senior tranche:

Dinortfolio,s (t) = Z?:l N’L CCic R‘VVS (t - 1) 1 {Ti»S > t}
DiVsenior,s (t) = min (Divportfulio,s (t) s Csenior * BBsenior,s (t))

where ¢; is the coupon of Bond ¢ and c¢gepjor is the senior coupon
11: Compute the dividends of the junior tranche without and with netting:

DiVW/O (t) = Dinortfolio,s (t) - Divsenior,s (t)

junior,s

DivVjunior,s (t) = max (O7 DivY/° (t) — Losss (t — 1,t) + CCL; (t — 1))

junior,s
12: Update the cumulative carried loss:

CCL, () « CCL, (t — 1) + Div}¥/° _(t) — Loss, (t — 1,t) — DiViunior.s (£)

junior,s

13: Compute the amount to reinvest in the portfolio when ¢ < T":

Relnv, (t) = Div/° (t) — DiViunior.s () + Rs ()

junior,s
14: Update the reweight ratio:
Relnv, (t)
RW,(t) « RW,(t—1) - [ 1+ =
®) =1 < ZleWS(t—1)~n{rj,S>t})
15: Compute the repayment (RePay, (t) =0if ¢t <T'):

RePay, () = 1{t =T} | Y N;-RW, (t —1)- 1 {ri s >t} + Relnv, (¢)

i=1
16: Allocate the loss to the junior and senior tranches:
L05Sjunior,s (t) = min (max (Djunior - 22;11 Losss (u—1,u) ,0> ,Losss (t—1, t))
Eosssenior,s (t) = LOSSS (t) - Lossjunior,s (t)

17: Compute the repayments:

RePay epior s (t) = min (RePayS (t) , BBsenior,s (t))
REPanunior,s (t) = RePayg (t) - RePaysenior,s (t)

18: Update the ending balances: EBjunior,s (t) = BBjunior,s (t) — £0SSjunior,s (t) — RePayjnior s ()
and EBsenior,s (t) = BBsenior,s (t) - ﬁosssenions (t) - RePaysemor,S (t)

19: end for

20: end for
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larly in the early stages of a project. Rather than allowing these losses to immediately
affect the financial returns of the fund, they are deferred and carried into future pe-
riods. Typically, these losses are absorbed by concessional capital or junior investors,
thereby protecting the expected returns of senior investors. When the project starts
generating profits in later periods, those profits are first used to offset the accumulated
losses before any distributions are made to investors. In some cases, junior investors
may choose to absorb a portion of the losses in the year they occur by voluntarily
reducing or waiving their dividends.

e Dividend sponsorship is a mechanism whereby first loss capital is used to make up
any shortfall in expected dividend payments to senior investors, particularly if the
fund’s income or performance falls below target levels. In the case of an open-ended
structure, the sponsoring entity may inject additional capital. Alternatively, a portion
of the concessional capital equal to the dividend shortfall may be reallocated to the
senior tranche. For example, consider a SBF vehicle with a capital structure of 10%
junior and 90% senior tranches. If the fund returns 4% in a given year, but the
promised coupon to senior investors is 5%, there is a shortfall of 1%. To cover this
shortfall, 0.5% of the value of the fund must be liquidated (i.e., 4% —90%x5% = 0.5%),
with the impact borne by the junior capital.

e Finally, a SBF vehicle may include a dedicated cash reserve account as a buffer to
ensure that debt service obligations — including interest and principal payments to
senior investors — are met even during periods of temporary cash flow shortfalls.
These reserves are typically funded at the inception of the project or periodically as
part of the financial structure. Once the reserve account reaches a predefined threshold
— either in value or after a specified number of years — additional contributions can
be discontinued. For example, in the Amundi Planet EGO Fund, a dedicated first loss
buffer has been established to absorb realized trading credit losses, impairments and
capital losses resulting from credit events affecting issuers of debt securities, up to the
outstanding balance of the buffer (Amundi, 2021, Section 7.1, page 80).

To illustrate the impact of senior protection mechanisms, we analyze the same 10-year
bullet portfolio used previously, consisting of 100 BB+ rated green bonds. The assumptions
regarding default correlation and recovery rates remain unchanged. Each bond pays an an-
nual coupon of 8% and is purchased at par. We evaluate the effect of the loss carryforward
mechanism?® within a junior-senior structure*!, where the senior tranche offers a fixed 6%
coupon. Results are shown in Tables 32-34 on page 89. The findings indicate that the loss
carryforward mechanism provides enhanced protection to the senior tranche compared to
the traditional no-offset approach. Specifically, the senior tranche exhibits lower expected
losses and a reduced 95% value-at-risk under the loss carryforward setup. We also report
the repayment rate of principal*?> (RPR), which shows an improvement, as shown in Figure
31. A reduction in the cumulative impairment rate*® (CIR) is observed, indicating a lower

407t is described in Algorithm 3 on page 61. We assume that, at the end of each period, we reinvest any
recovery amounts and the undistributed portion of junior dividends in remaining bonds.

41Under the loss carryforward mechanism, default losses can be offset by dividends that the junior tranche
might receive in the current or future years.

42The repayment rate is the ratio of expected principal repayment to initial investment for tranche k:

| &% RePay,, (T)

RPR, = — >

s Invy

43The cumulative impairment rate measures the frequency with which tranche k will experience at least
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Figure 31: Percentage difference in repayment rate between loss carryforward and no-loss
offset approaches (senior tranche)
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Figure 32: Percentage difference in cumulative impairment rate between loss carryforward
and no-loss offset approaches (senior tranche)
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Figure 33: Percentage difference in skipped dividend frequency between loss carryforward
and no-loss offset approaches (junior tranche)
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Figure 34: Percentage difference in internal rate of return between loss carryforward and
no-loss offset approaches (senior tranche)

AIRR, (in %)

0.25

0.2

0.15

0.1

0.05

Fixed 10/90
~ — - Fixed 20,/80
————— Fixed 30/70
e Fixed 40/60
Fixed 50/50

64



A Framework for Structuring a Blended Finance Fund

probability of losses hitting the senior tranche due to the application of the loss carryfor-
ward mechanism (Figure 32). This increased protection is due to the withholding of some
dividend payments to the junior tranche. As shown in Figure 33, the number of skipped
dividend payments to the junior tranche increases when the loss carryforward mechanism is
implemented**. Finally, we obtain a better IRR for the senior tranche (Figure 34). In this

example, we can gain between 0 and 20 bps depending on the fixed structure®®.

4.5 Concessionality
4.5.1 Definition of the concessionality premium

The concessionality premium is defined as the difference between the market risk premium
of the portfolio and the financing cost provided by the blended finance fund. Assuming
that the financing cost is equal to the return to the investor, we define the concessionality

premium as:
. . _ . market _ __blended
Tconcessionality = Tportfolio portfolio

Accordingly, the concessionality rate is given by:

T concessionalit
CR = Teoncessionality

market
portfolio
In a junior-senior structure, we found that:
blended __ _blended extra
7T ?rt(fioléo - 7Ttranching +lzrtranching N
ende . market . market
7rtranching - wJunlorﬂ—junior + Wsenior Msenior

The blended portfolio risk premium thus consists of the market risk premium derived from
the tranching structure and an additional risk premium, which can be decomposed as:

extra . extra . extra
7Ttwnchi]ﬂg - wJuDIOTTrjunior + Wsenior Msenior

extra

where 7t and 7gie are the additional risk premia assigned to the junior and senior

tranches, respectively. We deduce that:

market _ blended . .
portfolio —  Tportfolio + T concessionality

market extra
Tiranching T Mtranching T Mconcessionality

_ market extra market extra
=  Wjunior (T‘—junior + ﬂ—junior) + Wsenior (ﬂ—senior + ﬂ—senior) + Tlconcessionality

We conclude that:

_ market L market extra . market extra
Tconcessionality =  Tportfolio — “junior (ﬂ-junior + 7Tjunior) — Wsenior (ﬂ-senior + 7Tsenior)

market extra extra
- A’/Ttraunching - wjllniOT’]rjunior — Wsenior Msenior

one loss over the life of the fund:
1 ng T
CIRg = — > 14 Lossg,s(t—1,t) >0
s (1 t=1

44The skipped dividend frequency measures the probability that tranche k will not receive a dividend in
a given year:
Ns

T
SDF), = > %Zn {Divy s (t) = 0}
t=1

s s=1

45The IRR statistics for the junior tranche should be interpreted with caution, as it is not possible to
calculate the IRR for the scenarios in which the junior tranche receives no cash flows.
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The concessionality premium is then the difference between the additional market risk pre-
mium generated by the tranching structure and the additional risk premia attributed to the
investors.

4.5.2 An example

We assume the following market credit spreads: maaa = 70 bps, mgg = 300 bps, and
mccc = 1000 bps. Consider a blended finance fund with the following structure: Rportfolio =
BB, Wjunior = 20%, Rjunior = CCC, Wsenior = 80%, Rgsenior = AAA. We deduce that
T el = 300 bps, 7matket = 1000 bps and maaa = 70 bps. The tranching premium —
the spread difference attributable to the portfolio structure — is calculated as:

market _ market market market
Aﬂ-tranching - portfolio — Wjunior Mjunior — WseniorTsenior
= 300—0.2x1000—-0.8x 70
44 bps

We further assume the following additional risk premia:

7o~ 60 bps
7Xa = 10 bps

senior

The concessionality premium is then:

market extra extra
Tconcessionality = Aﬂ-tranching - Wjuniorﬂ-junior — Wsenior Mgenior
= 44 -0.2x60—-0.8x10
= 24 bps

This corresponds to a concessionality rate of 8%:

24
CR=—=28
300 %
As a result, the projects will be financed with a blended spread of 276 bps instead of the
market spread of 300 bps:

blended market
Tportfolio — Tportfolio — Mconcessionality = 300 — 24 = 276 bps

Finally, we have:

junior junior

7.l_extra — ﬂ.market + ﬂextra =70 + 10 = 80 bpb

senior

{ Miunior = TATket | qextra 1000 4 60 = 1060 bps

senior senior

Since Aﬂ{i‘:ﬁléffing > 0, all parties benefit from this structure:

e Project issuer receives cheaper financing (276 bps vs. 300 bps);
e Junior sponsor earns an additional expected premium of 60 bps;

e Senior investor receives a 10 bps enhanced yield.

As discussed above, the room for maneuver in a blended finance structure depends sig-
nificantly on the additional risk premium generated by the tranching. For example, if

Awfr‘:ﬁﬁting < 0, then at least one party will be disadvantaged. More generally, once the
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Table 25: Decomposition of the additional risk premium

Solution set #1  #2 #3 #4 #5 #6 #7 #8

o 00 500 1000 0.0 220.0 210.0 —50 —60.0
rexira 00 50 100 55.0 0.0 40.0 00 —5.0

senior

Tconcessionality ~ 44.0  30.0 16.0 0.0 0.0 —-30.0 45.0 60.0
CR (in %) 14.7  10.0 5.3 0.0 0.0 —-10.0 15.0 20.0

structure of the blended finance instrument is defined, the additional risk premium is given.

: : : : : extra extra
This premium must be allocated among the parties through a combination of i, Teanior
and Tconcessionality *

o extra . extra i o= A market 18
Wijunior Mjunior + WseniorMgenior T Mconcessionality = Ttranching ( )

This implies that there is a trade-off between the level of concessionality and the additional
compensation offered to junior and senior investors. In Table 25, we present several alter-
native decompositions for the example discussed earlier. In each case, the total additional
premium remains 44 bps. In Solution #1, the additional risk premium is fully allocated to
the concessionality premium. All parties win in Solutions #2 and #3, while only one party
wins in Solutions #4 and #5. At least one party loses in Solutions #6, #7 and #8.

4.5.3 Properties

Since we have:
Wsenior 1 — Wjunior
LR = = J

Wjunior Wjunior
it follows that the junior thickness is related to the leverage ratio as:

1
Wjunior = m

From Equation (18), we derive the following relationship:
ﬂfli(l’t;irgr + LRmgio: = (LR +1) (Aﬂg;:éléﬁgng - 7Tconcessionality>
We distinguish several cases:

1. No additional risk premium for investors
If neither the junior nor the senior investor receives an additional risk premium, the
entire excess premium from the tranching is absorbed as concessionality:

extra __ 0 tranching

,n.extra _ K

junior — _ market

: == Tconcessionality = AT
senior —

2. No excess risk premium from tranching
If tranching does not generates an excess risk premium and the senior investor does

not receive extra compensation, the concessionality premium meoncessionality > 0 should
be financed by the sponsor. Indeed, we have:

gextra — = Tjunior — — (‘CR + 1) Teoncessionality < 0

senior

market  _
{ A7rtra,nching =0 extra

67



A Framework for Structuring a Blended Finance Fund

3. Senior investor is not compensated
If 7¢¥tra = 0, the junior investor can earn an extra premium if the concessionality
premium is less than the excess risk premium generated by the tranching. In fact, we

have:

Aﬂﬁ:flléflting >0 extra __ (L’,R T 1) A market . .
extra __ 0 7-‘—junior - ﬂ—tranching T concessionality
Tsenior —

We deduce that:

extra market
71—junior >0« Aﬂ—tranching > T concessionality

4. Junior investor is not compensated
If 7&xta — (), the senior investor can earn an additional premium if the concessionality

junior
premium is less than the excess risk premium generated by the tranching. Indeed, we
have:
Aﬂ.market‘ >0
tranching extra __ —1 market . .
gextra Og > Msenior — (1 +LR ) (Aﬂ-tranching - WCOHCGSSIOH&IWY)
junior T

We deduce that:

market

extra
Tsenior >0« Aﬂ-tramching > Tl concessionality

5. General case
In the most general case, the additional premium for the junior investor is:

extra market extra
T = (L"R + 1) (Aﬂ- - Wconcessionality) — LR7E

junior tranching senior

If the leverage ratio is high (LR > 1), this simplifies approximately to:
extra LRI(A market _ X . _ extra
’/Tjunior ~ ’/Ttranching Tconcessionality Tsenior

This shows the sensitivity of the junior tranche to the leverage ratio and the allocation
of the tranching premium.

Remark 8. Another interesting property is the decomposition of the concessionality pre-
mium, which can be expressed as:

1

LR
concessionality — 7 aas v A market extra ) = (A market extra )
" ity = ZR+ 1) (ar Tiunior ) & ¢ m T

tranching = 'junior LR+ 1) tranching ~— ‘'senior

This formula shows that the concessionality premium is a weighted average of the difference
between the total tranching premium and the additional premia allocated to junior and senior
investors. The weights are derived from the leverage ratio and reflect the relative size of the
sentor and junior tranches. By construction, this decomposition gives more weight to the
senior tranche. For instance, in a fized 20/80 structure, the leverage ratio is 4, meaning that
the junior and senior components are weighted 20% and 80%, respectively. This implies that
an additional basis point given to the semior investor reduces the concessionality premium
four times more than an additional basis point given to the junior investor®®. In other words,
concesstonality s more sensitive to adjustments in the senior tranche due to its larger share
in the portfolio.

46The trade-off relationship is as follows:

L pggra  ER e
(LR+1) ) (LR+1) °
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4.5.4 Comparison of pay-through structures and direct investments
We now compare the concessionality premium of a direct investment with a blended finance
structure. For a direct investment, the financing cost is given by:

market  __direct
portfolio concessionality

direct

financing — T+

where r is the free rate. In a blended finance structure, the senior investor does not contribute
to the concessionality premium. The financing cost becomes:

1

blended + extra _ sponsor
tranching T distributed LR +1 concessionality

blended

financing — r+m

Sponsor

where 7T'concessionality

is the concessionality premium funded by the sponsor (the junior in-

extra _  extra extra __ ,,extra market blended : :
vestor), Tdistributed — Pdistributed = Pdistributed (Trportfolio - 7Ttranching) is the pOI‘thH of
the extra premium distributed to investors, and ¢§2, € [0,1] is the distribution factor.

Using this analytical framework, three cases are obtained:

blended market : 3 extra : ;
L If momehing < Tportfolios the structure is not viable because < 0 and it fails to

generate a sufficient risk premium to cover the cost of risk-sharing;

extra

blended __ _market 3 3 —
2. IE 70 anehing = Tportfolio» the structure is viable because m = 0. However, no surplus

premium is available for distribution. The financing cost difference becomes:

Cblended o cdirect ___direct . 1 sponsor
financing financing — ’/Tconcessionality LR +1 concessionality

This implies:

blended < direct PN 71_SpOIlSOlF > (L‘,R + 1) 7_(.direct

Cﬁnancing — cﬁnancing concessionality — concessionality

This means that the blended instrument can offer lower financing costs if the sponsor
provides sufficient concessionality. In effect, the sponsor funds both the junior and
senior tranches.

3. If ghlended —~ gmarket “the structure is viable (7% > 0) and we obtain:

tranching portfolio?
sponsor
blended direct direct concessionality extra extra
c . —cC : =7 iy, — e T — 7
financing financing concessionality LR +1 distributed
sponsor
_ direct concessionality extra extra
- 71-concessionality - LR +1 =+ (1 - @distributed) ™
It follows that:
blended direct

blended < direct

Cﬁnancing = Cﬁnancing >

concessionality =

<~ T

concessionality
where:

blended _ 1 sponsor extra extra
—— +(1-
concessionality — LR+1 concessionality Pdistributed ) T

extra
concessionality

The concessionality premium of the blended finance instrument can be enhanced by
the concessionality component arising from the non-distributed portion of the risk
premium. If we assume the standard hypothesis, this implies that:

extra LR direct

blended direct
< concessionality — £R+ 1 concessionality

financing = “financing

=T
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5 Conclusion

This paper presents a comprehensive framework for analyzing structured blended finance
(SBF) funds, with a focus on the design, structuring, risk modeling, and portfolio manage-
ment. The paper addresses the growing need for financial mechanisms that align private
capital with the sustainable development goals (SDGs), particularly in emerging and fron-
tier markets. As a key mobilization strategy, blended finance aims to catalyze private-sector
participation in high-impact development projects by using concessional capital to mitigate
risks and enhance the financial viability of projects that would otherwise struggle to attract
investment. Our work emphasizes the crucial role of structuring in reconciling the frequently
conflicting objectives of public and private investors, especially when financial returns and
social impact must coexist.

We begin by distinguishing blended finance from other adjacent concepts, such as public-
private partnerships (PPPs) and impact investing. While there are areas of overlaps, blended
finance is best understood as a structuring approach rather than a fixed investment strat-
egy. It is unique in its reliance on concessional finance and tiered capital structures. This
structuring capability is one of blended finance’s core strengths. It allows blended finance to
create asymmetric risk-return profiles and align diverse investor expectations. However, this
strength also presents a downside. The complexity of blended finance structures can make
them difficult for both public and private investors to understand and navigate (British
International Investment, 2025). As a result, despite its relatively strong growth, blended
finance remains a niche within the broader field of sustainable finance. Most blended fi-
nance funds are small, highly specialized, and tailored to experienced or mission-aligned
investors. While there are a few flagship funds, they remain limited in number. Moreover,
a small group of development finance institutions (DFIs) is responsible for the majority of
large-scale blended finance transactions. This concentration can be attributed to the tech-
nical complexity in structuring such vehicles. On the private side, participation is usually
confined to a narrow circle of institutional investors, suggesting that capital mobilization
through blended finance remains modest compared to its potential.

Structuring a blended finance fund requires robust modeling of the credit risk associ-
ated with the underlying asset portfolio. This paper outlines the current state of credit
risk modeling for blended finance portfolios and presents a variety of techniques, ranging
from survival functions and transition probability matrices to copula-based models. These
methodologies are critical for analyzing tranche performance under stress — particularly
the senior tranches, which are designed to attract institutional investors who are subject to
credit rating constraints. We also examine the impact of default correlation on the portfo-
lio’s loss distribution and demonstrate that the performance of senior tranches is especially
sensitive to tail dependence. To capture regional and sectoral risk dynamics more accurately,
we incorporate multi-factor models, which allow for more granular risk decomposition across
SBF portfolios. Beyond credit risk, cash flow analysis is a second critical pillar in SBF fund
modeling. While modeling cash flows on the asset side is relatively straightforward, model-
ing cash flows on the liability side is more complex due to the variety of structuring choices.
These choices include differences in tranche payment rules, waterfall structures, tranche ma-
turities, performance triggers, but also protection mechanisms for the senior tranche. All of
these factors significantly affect the risk-return profile for investors.

By focusing on the junior-senior structure, we can better illustrate the economic ratio-
nale behind a structured blended finance fund. The relationship between risk-neutral and
historical probability measures of credit risk is neither fixed nor linear. Rather, it varies sig-
nificantly with the investor’s degree of risk aversion (Gregory, 2014). Specifically, a highly
risk-averse investor will require a greater compensation for bearing credit risk than a less
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risk-averse one. This leads to a nonlinear hyperbolic relationship between historical default
intensities and risk-neutral default intensities. As a result, the required risk premium be-
comes a multiple of the expected loss — typically with a higher multiplier for senior investors
and a lower one for junior investors. A key insight is that a junior-senior (or pay-through)
structure generates an additional risk premium compared to the asset portfolio or a pass-
through structure, assuming that the fund is properly calibrated. Put differently, the pool
of investors in a structured blended finance fund may require a lower overall risk premium
than individual investors in a direct investment, even when the aggregate risk exposure is
the same. This result stems from the interplay between the hyperbolic risk relationship and
the mathematical properties of the weighted power mean. This extra risk premium benefits
the asset manager, who can tailor risk-return profiles for different investor groups more pre-
cisely, as well as the sponsor, whose extra-financial objectives are supported. Specifically,
the additional premium can finance the concessionality component of the structure. With-
out this additional risk premium, direct investments generally offer a better concessionality
premium than blended finance structures due to leverage effects. However, historical data
demonstrates that in certain cases, blended finance structures can effectively compete with
direct investments, particularly when the senior tranche carries an AAA rating and the
junior tranche is rated CCC+ or below.

The Monte Carlo simulation results further highlight the sensitivity of tranche-level per-
formance to key structural parameters, such as default correlations and cash flow design.
These results demonstrate that poorly calibrated structures can allocate excessive downside
risk to senior investors, which undermines the rationale behind risk tranching. Our analysis
emphasizes the importance of meticulous calibration via scenario analysis and robust bench-
marking. Additionally, the simulations show that the resilience of the junior-senior structure
depends on the diversification of the underlying asset portfolio. A well-diversified portfolio
allows for the creation of an asymmetric risk-return profile that aligns more closely with the
distinct utility functions of junior and senior investors. Therefore, it is more economically
rational for a structured blended finance fund to have a portfolio manager who spreads
investments across multiple countries, sectors, and asset types rather than concentrating
exposure in a single region or industry.

If default correlation among bond or project issuers is high or diversification is poor®”,

it becomes necessary to reinforce the traditional junior-senior tranche structure*®. Several
strategies can be considered. The simplest method is to reduce the leverage ratio and raise
the junior tranche’s detachment point. Typically, the senior tranche’s detachment point is
below 30%, corresponding to a leverage ratio above 2. However, under conditions of concen-
tration risk or high default correlation, the senior tranche may be limited to less than 60%
of the capital structure, implying a leverage ratio below 1.5. A second approach involves
implementing specific protection mechanisms, such as loss carryforward techniques or divi-
dend sponsorship. A third method introduces a mezzanine tranche between the junior and
senior tranches. However, a junior-mezzanine-senior structure tends to be less transparent

4TThis typically occurs when the asset portfolio is concentrated in a few large projects

48 Another challenge associated with a poorly diversified asset portfolio is recovery risk. In market practice,
it is common to assume a fixed, constant recovery rate. This simplification is supported by standard
credit risk modeling. This approach is theoretically justified under the assumption of a finely grained
portfolio where idiosyncratic risk is diversified away, and random loss given default (LGD) can be reasonably
approximated by its expected value. However, when this assumption does not hold, such as in highly
concentrated portfolios, it becomes necessary to model recovery rates as stochastic variables. In these
cases, loss risk cannot be reduced to default risk alone because fluctuations in recovery also become a
significant component of total credit risk. This is particularly evident in the context of a blended finance
fund concentrated in a single project. In that scenario, relying on an expected recovery rate is inadequate
for assessing the project’s overall risk. The actual recovery value becomes highly uncertain and must be
explicitly modeled to capture the full scope of potential outcomes.
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than a standard junior-senior configuration, and the utility function of mezzanine investors
is not always straightforward to define. Determining the optimal layering in a three-tranche
structure is challenging. Often, the mezzanine tranche behaves similarly to either the junior
or the senior tranche, because it is difficult to precisely calibrate its risk-return positioning.
Nevertheless, adding a mezzanine tranche can be valuable when creating two asymmetric
risk-return profiles is not feasible. This often occurs when the asset portfolio’s rating distri-
bution is wide or skewed toward lower ratings. The average rating of emerging market (EM)
bonds is typically BBB—, which is the lowest investment grade category?®. When ratings
are distributed above the crossover band, transforming the asset portfolio into two tranches
with distinct risk profiles is relatively straightforward. The same applies when the portfo-
lio contains assets within the crossover category. However, a particular challenge emerges
when the asset portfolio contains both crossover bonds and pure high-yield bonds, which is
relatively common in the emerging market debt universe®®. In such cases, the portfolio’s
systematic risk may be relatively large compared to its idiosyncratic risks, reducing the
effectiveness of tranching based solely on diversification. A mezzanine tranche can play a
valuable role here by serving as a buffer between junior and senior tranches and improving
overall risk allocation.

All these findings highlight that the key issue in structuring a blended finance vehicle
is the determination of the junior tranche’s detachment point. This parameter directly de-
fines the level of credit enhancement and the leverage ratio. Indirectly, it influences the
additional risk premium and affects the level of concessionality needed. This is why a sig-
nificant portion of the discussions among stakeholders in blended finance centers around
setting the appropriate detachment point. However, this focus can be misleading — you
can’t see the forest for the trees. The detachment point is not an exogenous input, but
rather an endogenous outcome of the overall fund structure. Specifically, it depends on the
characteristics of the asset portfolio (e.g., credit quality, duration, diversification) as well
as the liability structure, including the maturity and risk appetite of the different tranches.
Furthermore, choosing the detachment point highlights the significant trade-off in blended
finance between achieving a higher leverage ratio and providing adequate downside protec-
tion to private investors. Meeting these goals requires the expertise of all key stakeholders
— the sponsor, asset manager, and structurer — to ensure that the fund meets its financial
and development objectives.

Beyond this initial publication on blended finance fund structuring, several critical ques-
tions and research areas require further exploration. First, while credit and default risk
modeling methodologies are well-established, currency risk remains a fundamental chal-
lenge. Currently, currency risk poses a persistent barrier to expanding blended finance in
emerging markets. Most structured blended finance deals are denominated in hard curren-
cies, creating substantial currency mismatch risk for local projects that generate revenues
in local currencies. Although solutions such as currency hedging facilities exist, they are
not widely available and are often costly. Therefore, there is an urgent need for new re-
search and innovation to develop more robust, scalable, and cost-effective frameworks for
structuring blended finance in local currencies. Addressing this challenge is essential for
improving the sustainability and impact of blended finance in developing economies and
reducing vulnerabilities in cross-currency financing structures. Second, more attention must
be given to improving transparency and governance in blended finance structures. These
structures often involve a complex network of stakeholders, including sponsors, structurers,

49This is another big difference from banks’ CLOs.

50 As of the end of December 2024, the composition of the JPM EMBI index was as follows: 9.0% in AA,
19.5% in A, 27.7% in BBB, 23.9% in BB, 11.7% in B, and 7.1% in CCC. The remaining 1.2% consisted of
securities rated below CCC— or unrated instruments.
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and investors, each with their own distinct roles, priorities, and incentives. Without clarity
in these relationships, misaligned expectations or suboptimal capital allocation may occur.
Future research should explore how improved transparency, standardization, and disclosure
practices can enhance governance. Specifically, a better understanding of stakeholders’ re-
spective utility functions is important for aligning incentives across parties, especially when
combining public investors, who prioritize extra-financial returns, with private investors,
who focus on risk-adjusted financial returns. Third, market scalability remains a major ob-
stacle. Blended finance instruments tend to be illiquid and tailored to specific transactions,
which limits their replicability and appeal to mainstream investors. This illiquidity also lim-
its fund scalability and impacts dynamic asset-liability management. Furthermore, blended
finance usually requires long investment horizons to achieve developmental outcomes. How-
ever, many institutional investors operate on shorter cycles and face pressure to generate
annual returns. The discrepancy between the timeframe of development goals and financial
expectations creates a structural impediment. Additionally, regulatory frameworks such as
Basel IIT and Solvency II often impose high capital charges on investments in blended fi-
nance portfolios. Consequently, there are currently few incentives for private investors to
participate on a large scale. Addressing this issue will require regulatory dialogue and po-
tentially the creation of preferential treatments or guarantees that recognize the de-risking
role of public capital and development finance institutions.

In summary, this paper has sought to bridge the theoretical and practical dimensions of
structuring blended finance funds. While significant progress has been made in understand-
ing the mechanics of risk modeling, tranche design, and portfolio diversification, important
challenges remain. These include managing currency and governance risks, enhancing trans-
parency, improving investor alignment, and enabling market growth through better liquidity
and regulatory frameworks. Meeting these challenges will require the coordinated efforts of
development finance institutions, asset managers, financial engineers, investors, and regula-
tors. Ultimately, the promise of blended finance lies not only in its ability to mobilize capital
at scale, but also in its potential to redefine the boundaries between financial and extra-
financial value creation, supporting both economic development and sustainable investment
paradigms.
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A Mathematical results

A.1 DMathematical expectation and variance of the portfolio loss

We define the portfolio loss as follows:

Loss (t) = > N;LGD; D; (t)
i=1
where LGD; = 1 — R; is the loss given default, and D; (¢t) = 1{r; <t} ~ B (pi (t)) is the
default indicator function. We assume that LGD; L LGD; and LGD; L 7;. We deduce
that the expected loss is given by:

E [Loss (t) ZNE [LGD;] p; () (19)

i=1
where p; (t) is the default probability of issuer ¢ at the time horizon ¢. To compute the

variance of the loss, we first calculate E {ﬁoss (t)ﬂ:

E Z N; LGD; D; (t)

i=1

E [Eoss (t)ﬂ

Zn: zn: N;N,E [LGD; LGD,| E [D; (t) D, (t)]

i=1 j=1

If i = j, we have E [LGD?} = 0% (LGD;) + E? [LGD;] and E [Di (t)2] = p; (t). Fori # j, we

obtain E [LGD; LGD;| = E [LGD;] E [LGD;]| and E [D; (t) D, (t)] = C (p; (t),p; (t)) where
C is the bivariate copula between the default times 7; and 7. We also compute:

Eoss z”:z”: N;N,E [LGD;] E [LGD;]| p; (t) p; (t)

Thus, the variance of the portfolio loss is given by:

var (Loss (t)) = E {Eoss (t)Q} —E? [Loss (t)]
- zn:NfE [LGD?] {DQ } ZNQ]E2 [LGDi] p (t)

>~ NiNE [LGD: LGD;] (E [Di (1) D; (0] = pi (1) p; (1))

i#]

i=1 =1

S° NiNGE[LGDI]E [LGD;] (C (i (6), 5 (1) — i (5125 (1)) (20)
i#j

In the case where default times are independent and recovery rates are constant, the variance
of the loss simplifies to:

var (Loss (t) Z NZLGD? p; (t) (1—p;i (1))

i=1
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A.2 Limiting probability distribution of the portfolio loss

We follow the analysis of Vasicek (1991, 2002). Merton (1974) assumes that the firm ¢
defaults if the value of assets A; (t) falls below a threshold D;, which is the default barrier
related to the contractual value of the debt. The dynamics of the assets follow a geometric
brownian motion:

dA; (t) = wA; (t) dt + oy A; (t) AW (B)
where A; (0) = A;. We deduce that:

A; (t) = Ajexp ((uz — ;0?) t+o,W; (t))

Since the default occurs when A; (t) < D;, we deduce that:

pi(t) = Pr{D;(t)=1}
thl' — 111A1 — <,U,z — ;03) t

d
oVt

Using a traditional one-factor model Z; = \/pX + /1 — pe;, we get®l:

B Bi — /pX
- o(52)

We also deduce that p; (£) = ® (B;), which implies that B; = ®~! (p; (t)).

A.2.1 Cumulative distribution function

Vasicek (2002) considers a homogeneous portfolio of n loans with the same notional N, a
100% loss given default, the same probability of default p and the same maturity ¢:

SLND(f) 1
Loss, (t) = ==——" = — D; (t
(0= =Sk T = oD

We denote by Loss (t) the loss of the asymptotic portfolio when n — oo. The limiting
distribution of Loss. (t) has the following expression:

Flo) = (p(Flf@l(w)@l(p))
Nz

’
@ (W@ (@) -\ 2o <p>>

51See Roncalli (2020, page 173) for the proof.
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A.2.2 Probability density function

We have: —
-5 ¢(”""I’ ) e
We deduce that™:
f@) = 1_7”\/12?()@ 2<‘ﬁ¢ (@) )mexp @1(96))2)
= 1ppexp(;(¢1(z))2_2lp< 1= p0 (2) — 71 ( ))

A.2.3 Quantile function
We have:

F(z)=a < (I><

We deduce that:

L (3 )+ e ()
F (a)-‘b( N >

A.3 Property of the weighted power mean
We assume that wy > 0, 22:1 wg = 1, xx > 0. We define the weighted power mean as:

1/p

n
E w;z?
i=1

where x = (z1,...,2,). A fundamental property of the weighted power mean is:
If ¢ > p, then M, (z) > M, (z)
and the equality holds if and only if 1 = z2 = ... = x,,. We deduce that:

1/p

n n
sz‘ﬂ?z’> (szxf & M (z) > M, (z)=p<1
i=1 i1

52Following Roncalli (2020, Section A.2.2.3), we have:

09 1 (z) 1 B V2r _ 1/ _ 2
ERI RN G yPTy = oo (5 (@)
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A.4 Equivalence between maximizing the leverage ratio and max-
imizing the excess risk premium in a junior-senior structure

We have:

Ttranching —  Wjunior Mjunior ~+ Wsenior Msenior
— (1 - wsenior) 7Tjunior + Wsenior Tsenior

= Tjunior + Wsenior (Wsenior - 7Tjuni0r)
The excess risk premium due to tranching is given by:

AV Tportfolio — TMtranching
= Tportfolio — Tjunior T Wsenior (ﬂ'junior - Fsenior)

Since Tjunior — Msenior > 0, we observe that maximizing the excess risk premium is equivalent
to maximizing the size of the senior tranche:

max AT = max Wsenjor

Now, recall that the leverage ratio is defined as:

Wsenior —
LR =22 — L

L — Yjunior —
Wjunior

Therefore:

max LR = maxw;

junior — NN Wjynior = MaX Wsenior

We conclude that:
max Am & max LR
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B Additional results

Figure 35: Distribution of the internal rate of return — Example #1, A; = 1000 bps

Portfolio

-4 -2 (6] 2 4 6 8

IRR (in %)
Junior tranche Senior tranche
15r 1571
10 ] | 10
5 ] 5
o L -

: : (0]
[0} 5 10 15 20 25 30 35 -4 -3 -2 -1 0 1 2 3 4 5
IRR (in %) IRR (in %)

Table 26: Mean, standard deviation and zero-probability of the internal rate of return (in
%) — Example #2, p = 25%, a = 90%, no initial buffer

i Portfolio Junior Senior
(in%) | e 6k PV ' Ok JiA ik 6x Py
0.00 | 6.00 0.00 0.00 0.00 0.00 , 5.00 0.00 0.00

0.10 | 6.00 0.30 0.00
0.50 | 599 0.77 0.09
1.00 | 597 1.17 040 ' 11.87 588 6.58 ' 4.87 0.57 0.20
2.00 | 595 177 125, 9.08 6.66 1247 481 0.75 0.45

\ \
\ \
I I
: 36.02 1.73  0.00 :
\ \
\ \
\ \
\ \

3.00 | 595 223 254 799 7.02 15.09 1478 0.85 0.76
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \

16.25 4.75  0.54

496 0.20 0.00
491 041 0.09

4.00 | 597 261 358 745 T7.19 1716  4.76 0.89 1.00
5.00 | 6.01 292 448, 717 731 1749 475 090 0.74
6.00 | 6.08 3.17 547 ' 7.03 739 17.88 ' 476 0.87 0.82
700 | 6.16 3.39 6.08, 705 7.36 18.09 i 4.76 0.83 1.05
8.00 | 6.28 3.58 6.36 ' 7.08 7.42 18.10"'4.79 0.77 0.17
9.00 | 6.41 3.73 6.50, 7.23 735 17.82,4.80 0.71 0.00
10.00 | 6.56 3.86 6.53 ' 741 733 17.02 ' 4.82 0.62 0.00
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Figure 36: Probability density function of BB-rated credit portfolio loss (R = 40% and
p=20%)
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Figure 37: Probability density function of portfolio loss by credit rating (R = 40% and
p =40%)
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Figure 38: Histogram of «; and Am; (1997-2024, AAA and CCC ratings)
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Figure 39: Impact of 8 and v on the risk premium multiplier o
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Figure 40: Rolling one-year estimates of 5 and ~
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Figure 41: Extra risk premium (Example #3, set (a))
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Figure 42: Frequency f; (p) (t = 5 years, Example #3, p = 20%)
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Table 27: Credit rating of the junior and senior tranches
(i %) 10/90 30/70 50/50 opt-AAA opt-AA
P | Junior Senior | Junior Senior | Junmior Senior | Junior Senior | Junior Senior
0 CCC AAA B— AAA B+ AAA | CCC AAA | CCC AA+
5 cCcC AA— B—- AAA B+ AAA | CCC AAA | CCC AA+
10 CCC A+ B— AAA B+ AAA | B AAA | CCC AA-
15 CCC A— B— AAA B+ AAA | B AAA | B AAA
20 cCcC BBB+ | B— AAA B+ AAA | B AAA | B AAA
25 CCC BBB B— AAA B+ AAA | B AAA | B AAA
30 CCC BBB B-— AA+ B+ AAA | B AAA | B AAA
35 CcCC BBB- | B— AA+ B+ AAA | B AAA | B AA+
40 CCC BBB—- | B— AA B+ AAA | B AAA | B AA+
45 CCC BBB- | B— AA— B+ AAA | B+ AAA | B AA+
50 CcCC BBB- | B— AA— B+ AAA | B+ AAA | B AA
55 CCC BBB—- | B— A+ B+ AAA | B+ AAA | B+ AA
60 CCC BBB- | B— A B+ AA+ | B+ AAA | B+ AA+
65 cCcC BBB- | B A— B+ AA+ | BB—- AAA | B+ AA
70 CCC BBB- | B BBB+ | B+ AA+ | BB- AAA | B+ AA+
75 CCC BBB- | B BBB+ | B+ AA BB— AAA BB— AA+
80 cCcC BB+ B BBB—- | B+ AA—- | BB- AAA | BB— AA+
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Tranche thickness (in %)

Tranche thickness (in %)

Figure 43: Fixed 10/90 structure
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Figure 44: Fixed 50/50 structure
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100

Tranche thickness (in %)

Figure 45: Optimized AA structure
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Table 28: Credit rating of the junior, mezzanine and senior tranches (10/90 vs. 5/5/90 vs.

10/5/85)
i % 10/90 5/5/90 10/5/85
p (in %) Junior Senior | Junior Mezzanine Senior | Junior Mezzanine Senior
0 CCC AAA CcCC CCC AAA CCC A— AAA
5 CCC AA- CCC CCC AA- cCcC BB AAA
10 CCC A+ CCC CCC A+ cccC BB— AA+
15 CCC A— CcCC CCC A— ccceC B+ AA
20 CCC BBB+ | CCC CcCC BBB+ | CCC B+ AA—
25 CCC BBB CcCC CCC BBB cCcC B A+
30 CCC BBB CCC CCC BBB cCcC B A
35 CCC BBB— | CCC CCC BBB- | CCC B A—
40 CCC BBB— | CCC CCC BBB— | CCC B BBB+
45 CCC BBB— | CCC CCC BBB- | CCC B BBB
50 CCC BBB- | CCC CCC BBB- | CCC B BBB—
55 CCC BBB- | CCC CCC BBB— | CCC B BBB-—
60 CCC BBB— | CCC CCC BBB- | CCC B BBB—
65 CCC BBB— | CCC CCC BBB- | CCC B BBB—
70 CCC BBB— | CCC CCC+ BBB-— | CCC B BBB—
75 CCC BBB-— | CCC CCC+ BBB- | CCC B BBB-—
80 CCC BB+ cCcC B— BB+ CcCC B BBB-—
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Table 29: Credit rating of the junior, mezzanine and senior tranches (30/70 vs. 15/15/70

vs. 30/5/65)
p (in %) 30/70 15/15/70 30/5/65
Junior Senior | Junior Mezzanine Senior | Junior Mezzanine Senior
0 B— AAA CCC AAA AAA B— AAA AAA
5 B— AAA CCC AA+ AAA B-— AAA AAA
10 B-— AAA CCC A AAA B— AAA AAA
15 B— AAA CCC BBB-— AAA B— AA+ AAA
20 B— AAA CCC BBB-— AAA B— AA AAA
25 B— AAA CcCC BBB-— AAA B— AA— AAA
30 B— AA+ CcCC BB+ AA+ B— A AAA
35 B— AA+ CCC BB+ AA+ B— BBB+ AA+
40 B-— AA CCC BB AA B-— BBB-— AA+
45 B— AA— CCC BB AA— B— BBB- AA
50 B— AA- CCC BB AA— B— BBB- AA
55 B— A+ CCC BB— A+ B— BBB— AA—
60 B— A CCC BB-— A B-— BB+ AA—
65 B A— CCC BB-— A— B BB+ A+
70 B BBB+ | CCC BB-— BBB+ | B BB+ A
75 B BBB+ | CCC BB— BBB+ | B BB A—
80 B BBB- | CCC+ BB— BBB-— | B BB BBB+

Table 30: Credit rating of the junior, mezzanine and senior tranches (50/50 vs. 25/25/50

vs. 50/5/45)
p (in %) 50/50 25/25/50 50/5/45

Junior Senior | Junior Mezzanine Senior | Junior Mezzanine Senior
0 B+ AAA CcCC AAA AAA B+ AAA AAA
5 B+ AAA CcCC AAA AAA | B+ AAA AAA
10 B+ AAA CcCC AAA AAA | B+ AAA AAA
15 B+ AAA CcCC AA+ AAA B+ AAA AAA
20 B+ AAA CCC AA AAA B+ AAA AAA
25 B+ AAA CCC AA— AAA B+ AAA AAA
30 B+ AAA CcCC A+ AAA | B+ AAA AAA
35 B+ AAA CcCC A— AAA | B+ AA+ AAA
40 B+ AAA CCC+ BBB+ AAA | B+ AA+ AAA
45 B+ AAA CCC+ BBB-— AAA B+ AA— AAA
50 B+ AAA CCC+ BBB-— AAA B+ A+ AAA
55 B+ AAA CCC+ BBB- AAA B+ A AAA
60 B+ AA+ CCC+ BBB-— AA+ | B+ A-— AA+
65 B+ AA+ B— BB+ AA+ | B+ BBB AA+
70 B+ AA+ B— BB+ AA+ B+ BBB-— AA+
75 B+ AA B— BB+ AA B+ BBB-— AA
80 B+ AA— B BB+ AA— B+ BBB-— AA—
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Table 31: Credit rating of the junior, mezzanine and senior tranches (AAA vs. CCC/AAA
vs. CCC+/AAA optimized solutions)

. opt-AAA opt-CCC/AAA opt-CCC+/AAA
p (in %) Junior Senior | Junior Mezzanine Senior | Junior Mezzanine Senior
0 CCC AAA CCC AAA CCC+ AAA
5 CCC AAA CCC AAA CCC+ AAA
10 B AAA CCC AAA CCC+ AAA
15 B AAA CCC AAA CCC+ AAA
20 B AAA CCC BBB+ AAA CCC+ AAA
25 B AAA CCC BBB AAA CCC+ BBB+ AAA
30 B AAA CCC BBB-— AAA CCC+ BBB AAA
35 B AAA CCC BBB-— AAA CCC+ BBB— AAA
40 B AAA CCC+ BBB— AAA CCC+ BBB— AAA
45 B+ AAA CCC+ BBB— AAA CCC+ BBB— AAA
50 B+ AAA CCC+ BBB-— AAA CCC+ BBB-— AAA
55 B+ AAA CCC+ BBB-— AAA CCC+ BBB-— AAA
60 B+ AAA CCC+ BBB-— AAA CCC+ BBB-— AAA
65 BB-— AAA CCC+ BBB— AAA CCC+ BBB— AAA
70 BB-— AAA CCC+ BBB— AAA CCC+ BBB— AAA

Tranche thickness (in %)

Figure 46: Optimized junior-mezzanine-senior CCC+/AAA structure
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Table 33: Impact (in %) of the loss carryforward mechanism on the fixed 70/30 junior-senior structure

No-offset loss Loss carryforward Junior tranche AIRRy
P EL, VaR, RPR; CIR; IRR: | EL; VaR; RPR; CIR; IRRj | SDF; IRR; SDF] IRRj] | Senior Junior
0% | 0.00 0.00 100.00 0.00 6.00 | 0.00 0.00 100.00 0.00 6.00 [ 0.00 10.13 ; 0.16 9.89 | 0.00 —0.24
5% | 0.00 0.00 100.00 0.00 6.00 | 0.00 0.00 100.00 0.00 6.00 | 0.00 10.07' 0.66 9.87 | 0.00 —0.20
10% | 0.00  0.00 100.00 0.03 6.00 | 0.00 0.00 100.00 0.00 6.00 | 0.00 10.00 ” 1.53 985 | 0.00 —0.15
15% | 0.01  0.00 99.98 0.24 6.00 | 0.00 0.00 100.00 0.01 6.00 | 0.00 9911 262 983 | 0.00 —0.08
20% | 0.04 000 99.93 059 599 | 0.01 0.00 9999 0.06 6.00 | 0.00 9.81 ” 3.80 9.80 | 0.01 —0.01
25% | 0.11 000 99.85 120 599 | 0.02 0.00 9998 0.16 6.00 | 0.00 9.70 + 487 977 | 0.01 0.07
30% | 020 0.00 99.73 190 597 | 0.05 0.00 9994 0.36 599 | 0.00 9.59 ” 593  9.75 | 0.02 0.16
35% | 034 0.00 99.56 261 596 | 0.12 0.00 99.86 0.69 599 | 0.00 948 1+ 6.90 9.77 | 0.03 0.29
40% | 0.51  0.00 99.36 343 593 | 021 0.00 99.75 1.08 5.97 | 0.01 9.39 ” 772 9.79 | 0.04 0.41
45% | 0.71  0.00 99.12 424 591 | 033 0.00 99.62 149 596 | 0.03 9.29 1 853 9.85 | 0.05 0.56
50% | 0.94 057 98.85 500 587 | 0.49 0.00 99.44 2.00 5.93 | 0.05 9.20 ” 9.22 992 | 0.06 0.72
55% | 1.22 385 9853 578 583 | 0.69 0.00 99.22 258 5.90 | 0.09 9.12 , 9.81 10.01 | 0.07 0.90
60% | 1.64  7.19  98.17 6.38 5.78 | 096 0.00 9892 3.18 585 | 0.18 9.03 ” 10.27 10.09 | 0.08 1.06
65% | 1.91 10.66 9776 7.15 5.71 | 1.28 0.00 98.57 3.76 5.80 | 0.29 8.90 | 10.82 10.06 | 0.09 1.15
0% | 2.34 1525 9729 7.68 561 | 1.68 0.00 98.13 4.42 5.71 0.49 8.81 ” 11.08  9.96 | 0.09 1.15
% | 278 20.12 96.81 829 552 | 207 1.18 9770 5.09 5.62 | 0.70 8.70 , 11.25  9.39 | 0.10 0.70
80% | 3.41 27.60 96.15 892 535 | 2.70 12.30 97.03 598 5.45 1.09 8.52 ' 11.40 845 | 0.10 -0.07

ELg, VaRy, RPRy, CIRy, SDFy, and IRRy are the expected loss, 95% value-at-risk, repayment rate, cumulative impairment rate, skipped dividend frequency, and
internal rate of return of tranche k, respectively, where k = 1 corresponds to the junior tranche and k& = 2 to the senior tranche. When the loss carry forward mechanism

is applied, these statistics are denoted with an asterisk (e.g., EL} ). The performance difference between the no-offset loss approach and the loss carryforward mechanism

is calculated as AIRR; = IRR}, —IRRy.
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