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Sustainable Development Goals Implementation in an Evolving
Global Development Finance Landscape
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Abstract Investment needs for the Sustainable Development Goals (SDGs) are huge. Official resource flows
cannot make up the gap, and private market financing is on the rise. SDGs bonds issued by the World Bank, the
Hong Kong and Shanghai Banking Corporation (HSBC), and the Australian and New Zealand Banking Group
(ANZ) were all oversubscribed, mainly by institutional investors motivated by the SDGs’ promise to save humanity,
the planet and ensure global prosperity. As the corporate sector and the financial markets increase their role in SDGs
financing, the challenge for the issuers is how to balance financial reward incentives and the necessity to account for
sustainable development impact, which is the basic motivation for most SDGs bonds investors. How can SDGs-
linked bonds indexes and prices be made to respond to SDGs progress? Insights from financial theory suggest that
indexes of bonds issued for development purposes should have a strong correlation with an indicator of well-being
and economic progress. A cross-sectional regression of the SDGs Index (a measure of SDGs performance) against
the Gross National Income per capita (a proxy for well-being), based on a sample of 117 countries, revealed a strong
positive correlation between the two aggregates. From this finding, we recommend that SDGs bonds be linked to
the SDGs Index; in this way, bond prices and indexes will reflect sustainable development performance. Moreover,
since the relevance of the 17 SDGs, their baselines and pace of progress vary from one country or region to the other,

FI0ER F1 5

we suggest that SDGs bonds target specific countries or regions, and thematic areas of the SDGs.

Keywords: Sustainable development goals, official development finance, private flows at market terms, bonds, impact

investing

1. Introduction

Over the last sixty years, global development finance
has evolved considerably in response to changing global
development challenges and frameworks. Official resource
flows that represented the main part of development
financing have gradually declined in relative importance,
while private financing at market terms has risen. Between
1960 and 2014, flows of official development financing!
declined from 68% of total development financing to
29.3%, while the contribution of private development
financing at market terms increased from 32.0% of total
development financing to 65.5% over the same period. In
volume terms, in 1960, flows of private development
financing at market terms were about half of the official
development finance, US$2,604.00 and US$5,521.47
million, respectively (OECD 2018). The reverse is true in
2014, where net flows of private development financing at
market terms rose to more than twice the official
development finance, US$184,702.82 and US$412,877.45,
respectively. Worthy of note is the rise in the relative
importance of bonds and other securities, which were

virtually unreported prior to 1995, but rose progressively

1 Official Development financing as used in this report refers to
combination of Official Development Assistance (ODA), Other
Official Flows (OOF), and Officially Supported Export Credits
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to 26.85% of total private development financing in 2014.2
The Sustainable Development Goals (SDGs) build on the
progress made from the Millennium Development Goals’
implementation and seek to address the unsolved and
emerging global development challenges (UN 2015b). The
associated financing needs are huge, and official resource
flows alone cannot suffice. The United Nations Conference
on Trade and Development (UNCTAD 2014) estimated
that between US$3.3 trillion and US$4.5 trillion of global
investment is needed annually for SDGs implementation in
developing countries, which by far exceeds the peak of
$142.6 billion of ODA disbursements reported by the
OECD (2017) for 2016.

SDGs-linked bonds have gained popularity among
financial institutions as a means of mobilizing private
savings and channeling them for sustainable development.
The Hong Kong and Shanghai Banking Corporation
(HSBC) issued the first ever corporate SDGs-linked bond,
which was over-subscribed three times and raised US$1
billion. The funds were ear-marked for supporting
improved access to education, fresh water and sanitation,

essential healthcare, development of renewable energy,

(BRAUTIGAM 2010).
2 Calculations are based on data from OECD. Stat, accessed
December 2017.
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building sustainable cities and transport systems, and to
help communities adapt to climate change effects (HSBC
2017). In March 2017, the World Bank, in collaboration
with PNP Paribas Bank, announced the mobilization of
€163 million by issuing SDGs-linked bonds. The funds
will be used to finance projects that aim at eliminating
extreme poverty, furthering shared prosperity, and
supporting programs that are aligned with the SDGs
(World Bank 2017). In February 2018, the Australia and
New Zealand Banking Group Limited (ANZ) also
announced having raised €750 million through SDGs-
linked bonds that will be used to support 9 of the 17 SDGs.

As market financing becomes the most significant
contributor to development financing, the challenge for the
corporate world is how to balance financial reward
motivations and sustainable development impact motives.

When SDGs-linked bonds are issued, what is being
sold? In other words, what is the underlying asset that gives
value to the SDGs bonds? At what price are they being
sold? What is the relationship between the SDGs bonds
prices and changes in the underlying asset value?
Pondering on these questions, it can be understood that the
underlying asset from which SDGs bonds derive their
value is the promise of global prosperity in its three (3)
dimensions - humanity, the planet and the society — as
follows: (i) the promise of a world free of poverty and
want; (ii) the promise to protect the planet from
degradation; and (iii) the promise of peaceful, just and
inclusive societies (UN 2015D).

If the underlying asset for SDGs-linked bonds is the
promise of global prosperity, then the prices of SDGs-
linked bonds should reflect progress made toward realizing
this promise. This progress is measured by the SDGs
indicators and the SDGs Index.

Moreover, SDGs-related investments fall within the
framework of impact investments, which combine the
desire to generate a measurable economic, social and
environmental impact and the desire to enjoy a financial
reward (Cambridge Associates 2017). It is the impact
motive of SDGs-related investments that is the point of
focus of the current study.

Presently, the Index used to construct SDGs-linked
bonds is the Solactive Sustainable Development Goals
World Market Value Index (World Bank 2017). It is a
composite Index constructed as a weighted average of
market capitalizations of 50 companies that are assessed to

3 Coupon payments are the periodic financial rewards to

U T INA T g b Bk
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be compliant with the SDGs. The question here is how the
index behaves regarding the change in indicators of
progress of the SDGs, the underlying asset for SDGs bonds.

To make it simple, let us consider the April 2018
purchase of 75 million shares of Apple Inc. by Warren
Buffet, which increased his Apple Inc. stock holdings to
$42 billion. The investor was moved to buy the stocks
based on Apple Inc.’s current performance and product
development perspectives (Financial Times 2018). Weak
company performance will dampen investor confidence
and reduce stock demand, thereby affecting price and
returns (Abu Dhabi Securities 2014). This example shows
how investment in a company’s stock is related to the real
performance of the company. This logic underlies the
construction of GDP-linked securities, where the returns
are related to a country’s economic performance measured
by its GDP (Schroder et al, 2004, Bowman and Naylor
2017). A change in GDP will lead to a corresponding
change in bond returns and prices: positive GDP growth
will lead to an increase in coupon payments3 and a rise in
bond prices, whereas negative GDP growth is associated
with a reduction in coupon payments and a fall in bond
prices (Schroder et al 2004).

Now, regarding the Solactive SDGs-linked Index
bond, its construction is based on a selection of 50
companies which comply with the SDGs (Solactive 2015).
SDGs-linked bond prices and their returns vary with
changes in the index level (Solactive 2017).

However, there is no mechanism by which progress
made in the SDGs in countries or thematic areas in which
the funds are used (as witnessed in a change in the SDGs
indicators) is captured in the Solactive SDGs World MV
Index or SDGs-linked bonds’ prices. At best, the Solactive
SDGs World MV Index captures the changes in behavior
towards the SDGs by the 50 companies represented in its
structure (Vigeo Eiris 2017).

How can SDGs-linked bond prices be made to
respond to SDGs performance or to changes in indicators
of progress of the SDGs? What is the appropriate metric
that when used as an SDGs-linked bonds index would
enable bond prices to capture the progress made in SDGs?

The main objective of the study is to ensure that
private investments in SDGs bonds generate measurable
that the
investment decisions. Specifically, the objectives are as

sustainable development impacts guided

follows:

investors agreed in a contract (CFA Institute 2017).
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v Propose an alternative SDGs bond index that is
sensitive to SDGs performance.

v Make recommendations to improve the sustainable
development impacts of private investments in
SDGs bonds.

The rest of this paper is structured as follows: A review of

related literature is followed by a presentation of the

methodology. We then provide an understand of the

Solactive SDGs MV Index and its use as an SDGs bond

benchmark. Next, we examine the SDGs Index, laying

emphasis on its correlation with an indicator of wellbeing,
the Gross National Income (GNI) per capita. The paper

ends with recommendations and a conclusion.

2. Literature Review

In this section we will review the existing literature
on financing the SDGs, impact investing, bond indexing,
and the relationship between market discipline and

economic efficiency.

2.1. Financing needs for implementing the SDGs

The resource needs for SDGs implementation are
considerable. The Addis Ababa Action Agenda (UN 2015),
identified six different main types of resources — domestic,
international, private, public, debt relief, technology and
innovative finance. An increase in private investments is
needed to complement public resource flows to hasten the
progress towards achieving the SDGs (UNCTAD 2014).

As part of the preparatory work leading up to the
formulation of the SDGs, UNCTAD (2014) made an in-
depth analysis of the resource needs and financial
implications of the SDGs. Recognizing that public
resources alone would not make up the resource gap,
UNCTAD (2014) recommended increased private sector
contributions to complement public sector -efforts.
According to UNCTAD (2014), such contributions can
take the form of behavioral change or financing.

2.2. The SDGs as an impact investing framework

The Cambridge Associates (CA) and the Global
Impact Investing Network (GIIN) define impact investing
as “investment made in companies, organizations, and
funds with the intention to generate a measurable,
beneficial, social or environmental impact, alongside (or in
lieu of) a financial return” (CA and GIIN 2015). According
to Douma, Scott and Bulzomi (2017), the SDGs provide

4 Solactive ~ (2018). For more on  this, wvisit
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the most comprehensive framework for identifying impact
investing themes and through which investors can
contribute to addressing core global sustainable
development challenges. Douma, Scott and Bulzomi
(2017) mapped out thematic arcas of impact investing,
directly linking them to all the 17 SDGs. Private
investment in SDGs is fiduciary duty of the corporate
sector, it serves as a macro and micro risk assessment and
mitigation framework and a framework for identifying
macro and micro opportunities for investment (Douma,

Scott and Bulzomi 2017).

2.3. Index-linked bonds for financing development

In a survey carried out among market participants —
investors as well as potential issuers — Schroder,
Heinemann, Kruse and Meitner (2004) developed a general
framework for designing and evaluating GDP-linked
bonds by indexing coupon payments to (i) development of
the GDP with respect to a base year, and (ii) the periodic
changes in GDP. A specific attribute of this type of bond is
that debt servicing is related to the paying capacity of the
target economy. For the purpose of designing economic
development-related index-linked bonds, Schroder et al.
(2004) went forward to recommend the linking of bonds to
the GDP or any other benchmark that is highly correlated
with GDP, because development-related index-linked
bonds have a high correlation with the ability to pay.

Created in October 2007 under the name “Structured
Solutions”, the Frankfurt-based German* generator of
financial indices, Solactive, has developed over 260 equity
trust funds (ETF). For the purposes of issuing SDGs bonds,
Solactive (2017) designed the Solactive Sustainable
Development Goals Market Value index. This is a
composite Index made up of a weighted mean of market
values of 50 companies that are selected using the Vigeo
Eiris’ Equitics® methodology to determine their SDGs
compliance. While the Solactive SDGs Index is ingenious
in its design, a key concern is its ability to respond to SDGs
progress or lack of progress.

2.4. Market discipline and economic efficiency
Literature abounds that studies the relationship
between firms’ performances, on the one hand, and stock
prices and returns. Ratemo (2015) suggests that a
significantly positive relationship exists between the stock
prices of firms that invest in sustainability reporting and

https://www.solactive.com/about-us/.
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company’s performance, measured in terms of Return on
Assets (ROA). In another study, Chrysovalantis, Iftekhar
and Fotios (2013) reveal the existence of a positive and
statistically significant relationship between profit
efficiency changes and market-adjusted stock returns.
However, they fail to find strong evidence that cost
efficiency changes are associated with stock returns.

Defining firm efficiency as a firm’s ability to
transform inputs into outputs Frijns, Margaritis, Psillaki
(2012) showed that the level of operational efficiency of a
firm is reflected in the prices of its securities. This implies
that the higher the operating efficiency of a firm, the higher
would be its value in the eyes of investors, all other things
being equal. This is because an efficient firm would more
likely face less risk of default since it makes better use of
the funds supplied.

Djankov and Hoekman (2000) suggest that market
discipline enhances economic efficiency, measured by total
factor productivity (TFP). Controlling for policy changes
and making the distinction between exporting and non-
exporting firms, Djankov and Hoekman (2000) suggest a
positive relationship between enhanced market discipline
which arises from increased trade liberalization, on the one
hand, and total factor productivity growth of firms, on the
other hand.

The above studies offer two important insights that
are worthy of consideration in the design of SDGs-linked
securities:

Firstly, the price of securities is affected by the
performance of the underlying assets (Cortez and Cudia
2010, Ratemo 2015). This means that if SDGs-linked
bonds indexes are designed to be sensitive to SDGs
outcomes, SDGs performance would affect bond indexes
and prices.

Secondly, market discipline enhances economic
efficiency (Cortez and Cudia 2010, Nakamura 2011,
Ratemo 2015, Chrysovalantis, Iftekhar and Fotios 2013),
Frijns, Margaritis, Psillaki 2012, Djankov and Hoekman
2000). The implication for SDGs bonds is that by linking
these bonds to indexes that are responsive to SDGs
performance, market forces have the potential to influence
behaviors of actors to improve sustainable development
performance.

Although much literature is available in the area of
asset pricing and bond development, (Solactive 2013,
Bertelsmann Stiftung and SDSN 2016 & 2017) and bond
indexing for development purposes using economic
indicators like the GDP (Schroder et al 2004, Bowman and
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Naylor 2017), there is scope for more work.

Firstly, the studies on bond indexing studies, mainly
address the financial aspect of the rewards to investors.
Beyond financial rewards, SDGs-related investments are
founded on impact motives — climate change adaptation
and mitigation, poverty eradication, elimination of infant
mortality, education, etc. (Douma, Scott and Bulzomi
2017). A key concern is how to relate SDGs performance
to the movement of the SDGs-linked bonds index. This
study attempts to fill this gap by suggesting a different
SDGs bonds benchmark.

Secondly, the

between market discipline and efficiency are based on

studies examining relationship
samples of firms. By contrast, the SDGs are a systemic
framework, and reporting is done at the level of countries
and organizations. This study adds to the existing literature
by demonstrating that when SDGs bonds are linked to
appropriate indexes, market discipline can influence the
issuers and other market participants towards improved

used of funds raised and this will improve SDGs outcomes.

3. Methodology and Conceptual Framework
We will present data sources and descriptive

statistics, the model used and a conceptual framework.

3.1. Data

The data used in this study comes from three main

sources and descriptive statistics
sources. Official Development Assistance data was
obtained from the OECD statistical database, Gross
National Income per capita data was obtained from the
the
Sustainable Development Goal Index Data was obtained

World Development Indicators database and
from the Sustainable Development Goals Foundation
Network database.

Trends in development financing show an increase
in the relative importance of private development flows,
while the relative contribution of official development
finance (ODA) is falling. OECD development finance
statistics show that private development finance is the
fastest growing source of development funding (Figure 1).
A close look at major components of global development
financing - ODA, Officially Supported Export Credits,
Other Official Flows, Private Flows at Market Terms and
Net Private Grants — confirms this trend (Figure 1).

Figure 2 shows that beginning 2012 bonds and other
securities, which constitute mechanisms of mobilizing
private savings for

development, have gained in

significance in terms of their relative contribution to


https://search.proquest.com/indexinglinkhandler/sng/au/Cortez,+Michael+Angelo+A/$N?accountid=27656
https://search.proquest.com/indexinglinkhandler/sng/au/Cudia,+Cynthia+P/$N?accountid=27656
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development financing. In 2007/8, bonds turned negative,
possibly as a result of the global financial crisis. When
of total
disbursements, it can be seen that ODA disbursements
decreased from 58% to 28.3% between 1960 and 2014,
while disbursements of development financing at market

expressed as a percentage development

terms increased from 32.0% to 65.5% over the same period
(OECD 2018).

500,000 Official Development Assistance (ODA)

p 400,000 ‘ Other Official Flows (OOF)

2 ‘ Officially Supported Export Credits

5 300,000 - Private Flows at Market Terms WA
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2 200,000 —— —

§ 100,000 Y
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Figure 1: This figure shows net development financing
disbursed between 1960 and 2014 ($US millions). It can be
observed that private flows at market terms (in yellow)
have risen above official development assistance (in blue).
Source: Author using data from OECD.Stat, accessed on 30 Dec
2017

Note: Graphs in the figures are Private Flows at Market Terms,
Official Development Assistance (ODA), Net Private Grants,
Officially Supported Exports Credits, and Other Official Flows
(OOF) from the top to bottom in the 2014 results.
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Figure 2: Evolution of components of private aid at market
terms between 1995 and 2014 (US$ millions), showing
rapid bonds increase beginning 2012.

Source: Author using data from OECD.Stat, accessed on 30 Dec
2017

5 Capelli, C. and Vaggi G. (2013), A better indicator of standards
ofliving: The Gross National Disposable Income, Working paper:
Universita di Pavia, December 2013, p-21.
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3.2. Model used and hypotheses of the study

The construction of a model is based on the
empirical work carried out by Schroder et al. (2004) on
bond indexing. Schroder et al. (2004) propose that for the
purpose of issuing bonds for development purposes the
choice of indexes should be based on the degree of
correlation of the benchmark with a measure of economic
development such as GDP. In this regard, in order to
determine the applicability of the SDGs Index as a
benchmark for SDGs bonds, we sought to verify its
correlation with an indicator of economic development, the
Gross National Income per capita, which derives directly
from the GDP, as suggested by Schroder et al (2004). The
choice of the Sustainable Development Goals Index as a
possible benchmark for SDGs bonds is be/cause this index
is a summary of all the indicators of progress of the SDGs
(Bertelsmann Stiftung and SDSN 2017).

The choice of the Gross National Income (GNI) per
capita to test the SDGs Index’s correlation with economic
wellbeing and thus its suitability as an SDGs bond
benchmark is because the GNI per capita is a better
measure of the wealth of a nation than GDP per capita
(Capelli and Vaggi 2013). Although the Gross National
Disposable Income per capita is arguably a better
alternative,’ data limitations caused us not to employ this
aggregate in our model. Based on these considerations, our

model is given as follows:
Log(GNIpercapita ) = ﬁO + ﬂl *LOg(SDGl ) +e

Where Log(GNlpercapiia) 15 the natural logarithm of
Gross National Income per capita, and Log(SDG)) is the
natural log of the SDGs Index. The model will be examined
through the following hypotheses:

v' HO: SDGs Index is not positively related to GNI per
capita

The null hypothesis will help us check if the GNI per
capita is effectively corelated to the SDGs index. If we fail
to reject the null hypothesis, then we conclude that the
there is no correlation between the SDGs index and GNI
per capita. This implies that any change in the SDGs index
does not reflect a change in economic well-being (Capelli
and Vaggi 2013). In this case, we would not recommend
the SDGs index as a benchmark for SDGs bonds, since
bond price and returns might not truly reflect wellbeing
(Ratemo 2015) and may also not be related to the ability to

http://economiaweb.unipv.it/wp-
content/uploads/2017/06/DEMWP0062.pdf



AARY T IFT T g 0% sk

pay (Schroder et al. 2014).
v H1: SDGs Index is positively related to Gross
National Income (GNI) per capita.

If the null hypothesis is rejected, then we confirm
that there is a strong explanatory relationship between GNI
per capita and the SDGs index. In this case, we can
conclude that the SDGs index can be a good benchmark for
indexing SDGs bonds, debt will be related to the ability to
pay, and bond price movements will also reflect SDGs

performance.

3.3. Conceptual framework

This study is founded on a number of empirical
studies that form the rationale for private investment in the
SDGs. The first group of studies suggests that market
discipline favors economic efficiency (Djankov and
Hoekman 2000). If SDGs bond indexes are responsive to
sustainable development performance, market forces that
sanction poor performance and reward good performance
will motivate development actors to achieve improved
sustainable development outcomes. Other studies suggest
that the underlying asset performance of a company affects
the prices of its securities (Cortez and Cudia 2010, Ratemo
2015). The SDGs being an impact investing framework,
the SDGs bonds derive their value from the sustainable
development results or outcomes, which constitute the
underlying assets of the SDGs bonds (Douma, Scott and
Bulzomi 2017). This means that poor SDGs performance
would adversely affect bond prices and returns, while good
performance would improve bond prices.

The present study seeks to build on the empirical
findings and recommendations of Schroder et al. (2004),
who proposed that bond issues for economic development
purposes be linked to indexes that have a strong correlation
with an indicator of economic performance like GDP. In
this way the associated debt is linked to a country’s ability
to pay, and price movements can serve as a true barometer
of the sustainability performance of the target country.

Delmon (2011), while acknowledging that the
private sector plays an important role in implementing
economic development programs, suggests that the added
efficiency of private firms derives from a number of factors,
among which are the following: the use of commercial and
cost-effective approaches to problem solving, better
governance,

improved accountability, less politically

oriented decision-making, and transparency.® This relative

6 Delmon (2011), p. 13-14
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efficiency of the private sector and its contribution to the
implementation of economic activities, including those
managed by the public sector, is a factor that has been
the
partnership models (Delmon 2011). From this perspective,

harnessed for development of public private
private participation in SDGs implementation would help
foster progress towards sustainable development, as the
private actors adopt to

better approaches solving

development  challenges, involving  competition,

transparency and less politically-oriented decision-making.

3.3.1. A framework for bonds indexing

Let us now review how an index-linked bond works,
using the framework employed by Schroder et al. (2004)
and Kruse (2009). The coupon payment for an index-linked
bond can be linked either to the index development relative
to a base year or the periodic change of the index (Kruse
2009) as follows:

v For index development:

Coupon, = Fixed Coupon, * Index, / Index,
v For index growth:

Coupon, = Fixed Coupon, * Index, / Index,_,

Options can be embedded in the index-linked bonds
to ensure minimum coupon payments or to place a ceiling
on the amount of coupon payable. When coupon payments
have a minimum payment clause, the formula would be as

follows:
Coupon, = Fixed Coupon, *[max(lndext / Index, | — 1;0)+ 1]

Redemption features can also be embedded so that
the bond can be redeemed after a specified time at par or at

market price.

3.3.2. Examples of index-linked bonds

Many examples of bond-indexing exist whose main
objective is to securitize the investor returns. For instance,
inflation-linked bonds have their coupon payments and
principal repayments linked to price indices (Schroder et al
2004). The coupon payment for an inflation-indexed bond
is given by the following formula:

For bonds linked to inflation index development,
Coupon, = Fixed Coupon, * Inflation Index, / Inflation Index, .

For bonds linked to change in the inflation index,
Coupon, = Fixed Coupon, * Inflation Index, | Inflation Index,_, .

Likewise, GDP-linked bonds have their coupons
linked to GDP development or GDP growth. For instance,



AARY T IF T g %8 sk

a GDP-linked bond whose coupon payments are based on
GDP growth would be as follows:
Coupon, = Fixed Coupon, * GDP, /| GDE, .

On the other hand, a GDP bond whose coupon is
linked to GDP change would have its coupon payment
expressed as:

Coupon, = Fixed Coupon, * GDF, /| GDF,_,

Most SDGs bonds issued to date, including those
issued by the World Bank, have their coupon payments
linked to the Solactive Sustainable Development Goals
World Market Value Index (Solactive SDGs World MV
Index). Let us analyze the structure of the Solactive SDGs
World MV Index.

4. A Critical Examination of the Solactive
Sustainable Development Goals World Market
Value Index

The SDGs-linked bonds are constructed by linking
their coupon payments to the performance of an equity
index. The index used for most of the SDGs bonds is the

Solactive SDGs World MV Index, which is made up of 50

equally-weighted companies which show a track record of

positive impactful actions in favor of sustainable

development (World Bank 2017, Solactive 2017 & 2018).

4.1. Determination of the Solactive Sustainable

Development Goals World Market Value Index

the

methodology to determine the eligibility of companies for

Solactive uses Vigeo Eiris” Equitics®
inclusion in the index computation. The methodology
controls for Economic, Social and Governance (ESG)
aspects of sustainability. It captures the contributions of
companies to SDGs, and applies financial filters to adjust
for factors such as volatility (Vigeo Eiris Ratings 2017).
Through this process, companies are rated with regard to
their impact on people, the planet and their business
practices.

Companies considered for inclusion in the index are
those that operate in areas that promote the SDGs or that
have modified their activity lines, procedures and product
offerings to fit the SDGs (Virgeo Eiris 2017).

The Index also excludes those companies that
operate in industries like nuclear energy, tobacco or
firearms, as well as companies marked by controversies

such as human rights violations. It also filters companies

7 Solactive (2017), p.7.
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for volatility and liquidity, and choses stocks so as to
ensure geographical and sectoral diversification from
different regions of the world as well as different sectors of
the economy. This way, the Index includes stocks from
Europe, Asia and America, which give it a global scope
(Vigeo Eiris 2017).

This approach seeks to establish a link between the
companies’ products, services and behaviors and the three
aspects of sustainability.

Table 1: SDGs Index Construction.
SDGs Pillar Description

1. ESG control | - Exclusion of companies with an ESG below the regional
average

- Exclusion of companies with a major involvement in
alcohol, armament, gambling, nuclear, and tobacco, or
involved in critical controversies

- Exclusion of companies involved in critical controversies

- Exclusion of largest sector carbon emitters without a robust
(50/100) Energy Transition score

2. SDGs - Inclusion of companies with leading sustainable behavior

contribution in their sector

- Inclusion of companies with significant invelvement in
sustainable products

3. Financial - Liquidity filter

filters - Low volatility filter

- Geographical and sectorial diversification

- Equally-weighted

- Volatility control

- Adjustment factor

Source: Vigeo Eiris (2017)

The formula for determining the value of the
Solactive Index is given as the sum product of all Index
Components: (1) the Number of Shares of the Index
Component; and (2) the Trading Price of the Index
Component at the respective index currency. The formula’

is as follows:

n
Index, = in,t *Pi

1=1
where:
Index, is Solactive Sustainable Development Goals World
MYV Index on business day ¢ rounded to 2 decimal places,
pi: is the price of index component i on business day ¢
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converted into the Index Currency, x;, is the number of
shares of the index component i on business day ¢,
calculated as follows:

If ¢ falls into the Rebalancing Period®, the Number of
Shares x;, is calculated as follows:

Wi (1) * index,

Pi1

Xt =

Otherwise, besides any adjustments due to Corporate
Actions, x;; = X; .1

The Initial Value of the index is set at 100 at the close
of trading on the start date, which has been fixed on
February 02, 2004. The Index price is reported on each
Business Day in Euros. It is determined from the prices of
the Index Components as reported in the respective
Exchanges on which they are listed. Only the most recent
available prices of Index Components are included. Prices
which are not published in Euros are translated using
Reuters’ spot foreign exchange rates. The Index Closing
Level of the day is determined at 4 pm London time using

Reuters/WMCO closing spot rates.

4.2. Performance of the Solactive SDGs World MV
Index
Figure 3 shows the historical performance of the
Solactive SDGs Index index beginning 2004, constructed
based on a retrospective application of the index formula
(Solactive 2017).

W_ﬁ_//‘.w%
A_.ﬂ*"/mw
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300
200

100

2006 2008 2010 2012 2014 2016 2018

Figure 3: The historical performance of the Solactive SDGs
World Market Value Index.

Source: Solactive (2018),
https://www.solactive.com/?s=sdg&index=DE000SLA24X6

In the graph, we see an ascending trend in the index
from 2004 to 2018. In effect, between 2004 and 2018, the
Sloactive SDGs Index in its current construction has
increased by 160%, from a value of 100 in 2004 (the base
year) to 260.07 in 2018. This good performance of the

8 “Rebalancing Period” is a period of 10 Trading Days after the
Adjustment Day. “Adjustment Day” is the first Wednesday in
February, May, August and November or the immediately
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index enhances investors’ willingness to buy SDGs-linked
bonds. However, the index has exhibited high volatility in
recent years. After reaching a peak 0f292.99 in May 2017,
it dropped to 260.07 in April 2018 (Solactive 2018).

4.3. Weaknesses of the Solactive SDGs World MV

Index as an impact investing benchmark

The question is how the Solactive SDGs World MV
Index, which is constructed from share prices of 50
companies, responds to changes in SDGs’ performance
indicators, which have country and thematic dimensions.

While SDGs bond prices change with the Solactive
Index (Solactive 2017), it is not clear whether the change
in Socactive Index is related to change in the SDGs
indicators. In other words, there is no clear relationship
between the Solactive SDGs Index and the realization or
non-realization of the country or thematic SDGs.

The above observation does not mean that the
Solactive SDGs World MV Index is bad. The Index is
widely accepted by the market due to its ingenious design,
its historical performance and the success of bonds linked
to it, which in most cases were over-subscribed (World
Bank 2018). Our position is that the Solactive SDGs World
MV Index is not sufficient as an impact investing
benchmark appropriate for the SDGs, since it does not

change with the SDGs performance indicators.

5. The Sustainable Development Goals Index: A
Performance Sensitive Benchmark for SDGs
Bonds

In a report for the Commission on the Measurement
of Economic Performance and Social Progress, Stigliz, Sen
and Fitoussi (2009) recommended that any measure of
well-being should reflect three things: material conditions,
quality of life and sustainability. The SDGs were adopted
alongside 169 targets and some 241 indicators of progress
that track progress in the economic, social and governance
dimensions of sustainability. Progress made against each

SDGs is assessed on the basis of the observed changes in

indicators of progress (Edouard and Bernstein 2016).

Overall progress is judged by the level of the SDGs Index

(Bertelsmann Stiftung and SDSN 2017).

5.1. Determination of the SDGs Index
Based on SDGs indicators, the Bertelsmann Stiftung

following Business Day in case the first Wednesday does not fall
on a Business Day (Solactive 2017).


https://www.solactive.com/?s=sdg&index=DE000SLA24X6
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and SDSN (2017) developed the Sustainable Development
Goals Index (SDGs Index). The SDGs Index and
Dashboards, present the SDGs
baselines for each country and progress made toward

published annually,

agreed targets as well as differences that exist across
countries, regions and income groups.

The index is determined using the original data for each
variable (indicator), scaled to the interval [0;100] using a
linear transformation:

, X-min (x)

X' = , where x represents the raw data;

max(x) -min (x
max/min are the lower and upper bounds denoting the best
and worst performances, respectively; and x ’ stands for the
normalized value following rescaling.

A score of 50 for an indicator shows that the country
is half-way to the best performance, and a country which
scores 75 is three quarters along the distance from worst to
best performance.

The overall SDGs Index is determined by the
arithmetic mean of the rescaled variables (indicators)
corresponding to each SDG, before aggregating, using
equal weights, all the SDGs for which data is reported for
the country (Bertelsmann Stiftung and SDSN 2017).

The formula for the determination of the SDGs Index is
given by:

N1 —1/p
1( i U,p) |:Zk—11N_l/1’//;‘:|

Where, [; represents the score of indicator k£ under SDGs
Jj for country i; N is the number of indicators for SDGs j;
and p denotes the substitutability across components of the
indicator, which takes values between -1 <p < 0.’
The elasticity of substitution o across SDGs Index
components is 6 = 1 / (1 + p). Where ¢ takes values of 0 <
oc<o©. Andp=(1-0)/0, where-1 <p <o

The overall country score for country, [;, can be
obtained by aggregating the SDGs Index scores, I;;

-1/p
N, 1
2"—15}
|: kleij 1j

where N; stands for the number of SDGs for which
country 7 has data.

The Bertelsmann Stiftung and SDSN (2017) present
three special cases of this function. First, the case of perfect

ij> using

a similar equation:

1
[ (N NU’I'/"O>ZZ_7;1F

9 Arrow et al. (1961), pp. 225-250. As cited by Bertelsmann
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substitutability, also called weak sustainability, of index
components (¢ = o, p = -1); where lack of progress on one
indicator can be offset by good performance on another
indicator. The function then becomes:

Ny
1, (Nl )= zNiz
Second, strong sustainability, occurs when the
components of the SDGs Index, are not substitutable (o =
0, p =
function becomes a Leontief production function with

o). Here, the constant elasticity of substitution

orthogonal isoquants, with the score /;; of a country i and
SDGsj determined by the country’s lowest score /j across
all SDGs indicators k:

Ly (1) =min{1, |
The third is intermediate, linear substitutability,
given by the Cobb-Douglas production function where ¢ =

1 and p = 1. The SDGs Index Iij turns into the geometric

mean of the index components /j:

S

The geometric average is used for combining
which

substitutability and where analysis is based on percentage

(lj”jk

heterogeneous  variables have  limited
changes rather than absolute changes, a method adopted in
the Human Development Index beginning (HDI) 2010
(UNDP 2015).

The arithmetic mean, equally weighted, has been
adopted for aggregating variable (indicator) scores within
each SDGs using the perfect substitutability or “weak
sustainability” case since each SDGs is a collection of
complementary policy priorities. The overall SDGs Index
score for country i is determined using the perfect
substitutability case, where lack of progress on one
indicator can be offset by good performance on another

indicator, as follows:

I(N Nlj’[l/k) ZJIN Z’”N ik

where [; represents the index score for country i, ; the
number of SDGs reported by the country 7, Nj;, the number
of indicators for SDGs j reported by country i, and I
represents the score of variable (indicator) £ under SDGs j
for country i.

For the purpose of financing development, Schroder

Stiftung and SDSN (2017) op. cit. p. 44.
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et al (2004) recommended the use of benchmarks which
have strong positive correlations with GDP. In what
follows, we study the nature of the relationship between the
SDGs Index and GNI per capita (in place of GDP per
capita).

5.2. Relationship between the SDGs Index and the

GNI per capita

A cross-sectional regression analysis was conducted
using a sample of 113 countries, with GNI per capita, the
dependent variable, and the SDGs Index, the autonomous
variable. The SDGs Index was chosen as a possible
benchmark for the SDGs bonds because it is the ultimate
indicator of performance for the SDGs, while GNI per
capita was chosen based on data availability and because it
reflects better the wellbeing of an economy than GDP per
capita. All variable are expressed in natural logs.

The following model will be used:

Log (GNIpmapim ) =B, + B *Log (SDGindpx ) te

15

v 10
-9
—
G

= 5

0

3.6 38 LSDGI4.2 4.4 4.6

Figure 4: Relationship between GNI per capita (LGNIPC)
and the SDGs Index (LSDGI)

Table 2: Regression of GNI per capita on SDGs Index

Exogenous Variable Coefficient  Std. Error  t-Statistic ~ Prob.
LSDGI 5.49 0.260605 21.07 0.00
C -13.63 1.059551 -12.86 0.00
R-squared 0.80  Mean dependent var 8.66
Adjusted R-squared 0.80  S.D. dependent var 1.58
S.E. of regression 0.71 Akaike info criterion 2.17
Sum squared resid 56.06  Schwarz criterion 2.22
Log likelihood -120.74 Hannan-Quinn criter. 2.19
F-statistic 444.10  Durbin-Watson stat 2.05
Prob(F-statistic) 0.00

The scatterplot suggests in Figure 4 the existence of
a positive relationship between the SDGs Index and GNI
per capita. This relationship is confirmed by the regression
results, which are given in Table 2.

The coefficient of the log of SDGs index is positive.
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Based on the t-statistic (21.07 > 2) and the p-value (0 <
5%), the coefficients are also significantly different from
zero. Thus, we reject the null hypothesis. The R-squared
shows that the SDGs Index explains more than 80% of the
variation in GNI per capita. Therefore, there is a positive
relationship between the SDGs Index and GNI per capita.

However, given that other factors also affect GNI per
capita, we redefine the relationship by adding the primary
income receipts and primary income payments as control
variables to verify the robustness of the findings.

5.2.1. Test of robustness using control variables

GNI is the sum total of income earned by the factors
of production resident in an economy. Regardless of where
the factorsof production are hired, the focus is on the
primary distribution of income and on the productive
activities undertaken by factors worldwide (Capelli &
Vaggi, 2013). It is given by: GNI = GDP + NPI. Which
implies that: GNI = GDP + PIP — PIR, where NPI is net
primary income, defined as the difference between primary
income payments (PIP) and primary income receipts (PIR).

We use primary income payments (PIP) and primary
income receipts (PIR) as control variables to verify if the
relationship between the SDGs index and the GNI per
capita still holds. All variables are expressed in natural

logarithms. The new equation becomes:

LOg (GNIpercapiza ) = ﬂo + ﬂl * Log(SDGf"dﬂ‘ )
+ B,PIP,,... + BPIR

percapita

percapita te

where Log(GNlpercapita) 1s the natural log of gross domestic
income per capita, Log(SDGiusex) the natural log of the
SDGs index, PIPpercapita the primary income payment
per capita, and PIRpercapita the primary income receipts

per capita. Table 3 gives us the regression results.

5.2.2. Interpretation of results

The coefficients of the log of SDGs index are
positive. Based on the t-statistic (5.65 > 2) and the p-value
(0 < 5%), the coefficients are also significant. Thus, we
reject the null hypothesis because the coefficients are
significantly different from zero. The R-squared shows that
the combined variables explain more than 89% of the
variation in GNI per capita. Thus, there is a positive
relationship between the SDGs Index and GNI per capita.

The regression results shown in Table 3 indicate that
there is a possible positive relationship between GNI per
capita and the SDGs Index. The SDGs Index, which
measures progress on the achievement of SDGs, could be
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a better Index to which the SDGs index could be linked.
However, we cannot confirm with all certitude the
robustness of the relationship, which will require further
testing.

Table 3: Regression of GNI per capita on SDGs Index

Exogenous Variable  Coefficient  Std. Error  t-Statistic ~ Prob.
LSDGI 2.09 0.37 5.65 0.00
LPIPPERCAPITA 0.22 0.06 3.92 0.00
LPIRPERCAPITA 0.19 0.04 4.99 0.00
C -1.87 1.34 -1.39 0.17
R-squared 0.90 | Mean dependent var 8.75
Adjusted R-squared 0.90  S.D. dependent var 1.52
S.E. of regression 0.49 = Akaike info criterion 1.45
Sum squared resid 27.35 = Schwarz criterion 1.55
Log likelihood -80.98 | Hannan-Quinn criter. 1.49
F-statistic 332.31 Durbin-Watson stat 2.05

6. Recommendations and Conclusion

This section provides some specific

recommendations for improving the impact of SDGs bonds.

6.1. Toward the improved sustainability impact of
SDGs bonds

Investments in the SDGs bonds fall within the
framework of impact investing, which is motivated by the
desire to achieve a measurable social and environmental
reward alongside a financial return (CA & GIIN 2015).
SDGs’ impact can be improved by: (1) linking SDGs bonds
to the SDGs Index, as evidenced by its strong correlation
with GNI per capita; (2) issuing SDGs bonds for specific
geographic settings (country or region) and specific
thematic areas (SDGs 1, SDGs 2, and so on); and (3)
enhancing statistical capacity and establishing corporate
SDGs partnerships.

On linking SDGs bonds to the SDGs Index: The
SDGs Index has a strong positive correlation with GNI per
capita (Table 5). The advantage of using the SDGs Index
as a benchmark index for SDGs bonds is that it captures
SDGs performance, since it is built from the SDGs
indicators of progress. The issuers of these bonds could be
financial institutions or governments.

A mathematical formulation for the construction of
the SDGs index is as follows:

10 UN (2015Db) op. cit. para. 54
11 The Global Food Safety Initiative (GFSI) assesses the

UTIF T a & RkIg
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Coupon, = Fixed Coupon, * SDGindex, /| SDGindex, ,  for
coupons linked to index  development. And
Coupon, = Fixed Coupon, * SDGindex, | SDGindex,_;, , for
coupons linked to periodic index change.

Other features such as embedded options, redemption
clauses and guarantees may be applied to render the bonds
more attractive, as suggested by Schroder et al. (2004).

Table 4 gives a comparison between the SDGs Index
and the Solactive Index.

Table 4: Comparison of the SDGs Index and the Solactive
SDGs Index
Features

SDSN SDGs Index Solactive SDGs Index

1. Composition A summary of all SDGs Company stock prices for fifty
indicators companies adjusted periodically

2. Type of index Behavior and outcome Behavior based

based
3. Type of bond Medium to long Short to long term maturities,
issue maturities bonds. SDGs Solactive index reporting can be

reporting is relatively obtained on a daily basis
long, could be annually
4. Reporting

Country reporting Company reporting

instance
5. Thematic Yes. SDGs Indicator is No.
reporting available for specific
SDGs goals or targets
6. Volatility filter = No Yes

7. Geographic Almost all countries have, Limited coverage. 50 companies

coverage SDGs reporting systems are selected from three Regions:
in place Europe, North America, Asia

Pacific.

Source: Author’s compilation

On thematic specification and geographic targeting
of SDGs bonds: Although general purpose bonds are good,
it would be better for corporate SDGs bonds to be issued for
specific SDGs (or thematic issues) and to target specific
geographical settings (region or country). This is because
the relevance of the SDGs, the baselines and pace of
progress for each target vary from one country or region to
another (UN 2015b)!°. For instance, Goal 2 (End hunger,
achieve food security and improved nutrition, and promote
sustainable agriculture) does not have the same significance
for a country like Switzerland which has Global Food
Security Index (GFSI)!'' of 81.6 on a scale of 100, as it

vulnerability of countries to food insecurity. It is designed by the
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would have for a country like Guinea with a GFSI of 34 (The
Economist 2017). Even for equally relevant SDGs and
targets, the baselines as well as the pace of progress
achieved would vary across countries and regions as given
in the SDGs Index and Dashboards published annually by
the Bertelsmann Stiftung and SDSN (2016). A mathematical
formulation for the returns of an SDGs bond that targets the
SDG 1 would be as follows:

Coupon, = Fixed Coupon, * SDG1, / SDG1, , for coupons
linked to index development. And
Coupon, = Fixed Coupon, * SDG1, / SDG1,_, , for coupons

linked to periodic index change.
Embedded
guarantees may equally be applied to render the bonds more

options, redemption clauses and
attractive, as suggested by Schroder et al. (2004).

On statistical capacity building and corporate SDGs
partnerships and alliances. Statistical capacity building is
needed to improve the quality of SDGs reporting
(Bertelsmann Stiftung and SDSN 2016 & 2017). There is
need to enhance statistical capacity for the collection and
compilation of data on sustainable development goals.
Many countries which do not report SDGs indicators, and
which by that fact are not available in the SDSN database,
do not yet have statistical systems in place for tracking the
SDGs progress. Finally, corporations working on specific
thematic areas can create learning alliances where they
share knowledge about the experiences in designing and
implementing SDG-related interventions (UNCTAD 2014
and UN 2015a).

6.2. Conclusion

The investment needs of the SDGs are substantial.
Corporate interest in SDGs is laudable, as official financing
flows are now stretched. SDGs bonds have registered great
successes in recent months. There is a need to improve on
their design to ensure that their benchmarks are sensitive to
sustainable development performance. The SDGs Index
developed by the Sustainable Development Solutions
Network (SDSN) is a good starting point. By linking SDGs
bonds to this index, bond prices and coupon payments are
directly linked to SDGs performance.
More work needs to be done to support countries in putting
in place statistical systems to report on SDGs and to
improve on their SDGs reporting. For those countries that
do not yet have SDGs reporting systems in place, the SDGs
indexes of countries with comparable levels of development

Economist Intelligence Unit using a dynamic quantitative and
qualitative benchmarking model that measures drivers of food

U T INA T g b Bk
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as judged by their GNI per capita can be used as SDGs bond

benchmarks.
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AHiCTix, SDGs fHERE DA S 720 |
SOGOALEU 5% & &FIZ >\ T OfERIEBFE IOV

3 Business Cycle Dating Committee, National Bureau of
Economic Research 7% 2010 4 9 H 20 H IZ % R

A HM WEY | A @
— R
NS 0.01%" 0.02% | -0.04%"* *
oo fE 0.04%"* | 0.05%"" | -0.01% ”
e/ MiE -3.09% 23.09% | -2.10%
XE 2.17% 2.01% 2.17%
B 72 0.49% 0.49% 0.51%
ERE -0.49 -0.51 -0.32
R 5.13 5.15 4.98
JB 967.62 905.79 72.64
p (JB) 0.00 0.00 0.00
PEwek kM3 ZREN 1%, 5%, 10%E BkEE

AT, W —ARPLOFNL, EEH (2001 4F 1 H~2007 4 5
AL 2009 4 7 A~2017 4F 8 A) &AW (2007 4F 12 A
~2009 4E 6 ANZ R B LD =R OB KMEE R
LTW5, IB X, Jarque-Bera 7t &, p (PB)Id Jarque-Bera
METEDO pEEZRL TS,

£33 OEY, WTROHHIZE N TH BRI
DFANEREN 3 LLETIERSM LY bRk
ZLTWD, BEIIYATATHY , CREMMBEEN
GiAii & 7o TN D, Jarque—Bera #RTE DG F:, IERRME
DIEIFFEH SN TV D, ElFEH & R4t
BT 5 L. RO REDRITIZ B W T E H o
F3K 0.06% U & — 3@ < AR &l E TR Y
= NIRERENDD LRI ND,

PLED G SRS OET b a3 25 6121%, 1L
TRIZIER A, D F Y i FE DS e BOE M A1 12
WD EARET H I LT Y TIEARN,

ZDH, AR TIE 3.1) XD X 97 Cox and
Ross (1976) IZ & % CEV (Constant Elasticity of

http://www.nber.org/cycles/sept2010.html 7>5 5] F,
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Variance) 7 /L% F| LT SOGOALEU F5%& o A~
FEAE KRBT 5,

dl, = pldt+o,I] dW/, (3.1)

ZIZT, BAFESTO P, ERFRIEBRE T TOM
REREERT D, L%t 1D SDGs #6858, wlx KV
7 b (RERERT) p IHRMEEOR T T 4 VT 4
DOFNPED K E &R L TWDY, Ay 135D
RN ERET DT A—=FTHLH D, y=0Th
AVUTE D OFRBITES S, y =1 ThIUTHHEER
DAy =172 THIURIELI A “F’oH, Wbdd
CIR 7 /L (Cox, Ingersoll, and Ross 1985) % E kLT
Do oIl \Z X o TREE# A LIS O =R 55 4 % €
TMETHZENTED, DED, RNTA—H | 3HE
TR LA T D LD RS ERET D,
T OfEIT I L7 & OREFIETHEE C & 5 DA
FETIR. RAAEBIZRE DA 2 UE L W —i{bE
— A2 bE (GMM) IZX W HEFHZ1T 9,

EEEDNRTG A —FHELELTH LTI 2 L —
va ryOFETIZE, B.) XEBEEBE L. 3.2) X%
FIHT %,

Al =ul At +o, I’ AW (3.2)
t t It t

where Al, =1, -1, AWthé,’:x/E, &, ~N(0,1)

PR R LTI, 0 & EREE T2 B0
GMM |2 L B /85 A — 2 OHEERERIT. £ 4 O T
H5D,

Fz 4 OBV, BEEHE AR THEG IR T R
—HEITRE < B b, @E IR EE 7.63%
TERBEMICHHICHEDL LT, RUBIZIZHF
WIFABE TRV~ T AOMEm L 725,

Fo, ATy N1 25 yp=2.14 L5 &H
VMEZ T, ZOZ &%, BN ER (T%) 758
ETDORTT 4 VT4 hmEmL<(ERL) b2 & RLT
W5, y N1 ZBZHZETaE®T 0T 4 (FEsh)
BTRHILSBEIN TR, KRoHEE, B
y<1Thd, RUMLSTIE, 13082225 088 T
Y, SHOFIAEN, y=10D&E X0 HHMANIAL
EL, DOBBOEREVORT T 4 UT 4 230
SWEANRH D Z LN,

RNTT 4 VT 4 ol AU ERS L BB XLZ 14%
N 18%RETHY . WHKMIERORZT 4 VT
AW 20%ATHDLIEEEZD L, OPKVKET
B D, SOGOALEU {88 MN AT T 4 VT 4 0% fafk/n
EI—EOREEEZREL, RTT 4 VT 4 DR 722

4 KBDITBWTRIT A VT t&kv=oll LERT DL,

%@ SOGOALEU #88UC B4 21T dv/dl, = o pI/ ' TH
Do WD % v/I, THEIZD & BEMEIL dv/v/dl, /1, =y &72%,

UTIF T a & Bk
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FI0E F1E

LXO9BEMELTVDORELEZOND,

# 4: SOGOLEU 5% D 43 i /) — & (Constant
Elasticity of Volatility, CEV) #fe =i F2E D HEFHHEF

AW | WmE | Ao | AU
LARE
U 6.12%"" | 7.63%"" | -8.40% | 11.11%""
Z#eEtE | 331 3.94 -1.48 4.22
o1 14.82%" | 13.45%" | 0.07% | 18.05%"
Z#iEtE | 2.78 2.71 0.27 1.46
y 0.86™* | 0.88™ | 2.02"" | 0.82**
ZWEtE | 11.30 11.35 2.47 5.90
HJ 78| 5145 4545 20.09 36.89
N 4228 3826 402 2054

(35 ***‘ **\

I, FNEN. 1%, 5%. 10%H EKEES
AT, RPIZEBW TR, 2001 42 1 A~2017 4F 8 H,
WH I, 2001 £ 1 A~2007 £ 5 A & 2009 47 A~2017 4
8 A. ARIHIE., 2007 £ 12 4~2009 4 6 A. AL
1L, 2009 £ 7 H~2017 4 8 Axor+, HOMIT,
Ly =1, + pl At + o 17 AW, , AW, =631, &~ N(0,1) IZ$1F
HNRTGA—HDOWFHETH S, HFHITIGMMIZLVITH,
RIZT 4 VT 4 0 DHEEIZY - TIX, ThBAICR LA
WE D BB b g=exp@) & LTNTA—F QHEEEITO Z &
THAD ¢ 257-, F-FDOEMERFEIT Delta B2 L - T
K7z, HI #EFEIL Hansen D J it EZ R LTV 5,

32 €% (—0 LIBOR)DHEEIBIE

WTEGRENY 27 PSRBT TO
SOGOALEU 5%t KU 7 | T 5 4F| 0 e =R H
B L TRETT 5, Fox i3 2 7 &5 o H
L LT, 3 2AYO=2—n LIBOR % HW5,
SOGOALEU f5¥tii=2—m@ETThh, =2 — B TH
BICHES kX vy v 2 7a—%2E 0 5] < =D,
22— @ETCOLEMERANDERETHD, LrLin
LY 27 &5 E LT EUMBE® S &, EOEOOE
HEEFEH WL RENERET L EIIRETH S,
FDDEMEBICBNTEY 27 &F) L LTIAL
AWVSN TS LIBOR WD Z &9 55,

3 AYD=—nr LIBOR (VL F,=—nr LIBOR) I,
2014 11 A 18 HM B~ AT ADEEZRLTEY
~ A FAERNEHFRT D LD REROMERBEEE
25 WB & %, Chanet.al. (2006) ([ZHEVy, LT D (3.3)
U LV BRI ORFEFEMEZRBLT 5,

di. = (a+ pr,)dt +o,dW,, (3.3)
2T, a b BRIV 7 MEERT NI A—HF o
5 FEFXZ LIBOR » A5 VME LIBOR AU v F A — /L KA —7

ERHOWE, TNOAEESFEIV B A7) —L— 1
LCEE LW & Hull2012), F 4 ETHHIN TN D,
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WEEFEBILDORT T 4 VT 4 ThHD, (3.3) NAaHEK
T3 5E 3.4) X255,
AF =(a+pr)At+o,AW],

where Ar, (3.4)

AW =" Ae, &~ N(0,1)

(34 RAELEET DL L., RN EHEFL, ~ A1 F
AZBMEFTRT D X D iR Th 5 Vasicek ET
JU (Vasicek 1990) 73, (3.5) XD L2 12EMND,

A =a(b-1,)At+0, AW}, (3.5)

(3.4) &35 Xxbbigd 52 L2k EYEYG
ANOEE a i, a=-n5, RO EYTEERIFK
b, b=-a/prbiEETE D, BIELEE
Bt T, EEBIAL LIZFEO GMM 12 X % H#EEfE
RIFRSITREINTWD, s, 85, &8 i,
TNHDFEGAL & A, DRFIOFEEED 0.0171 TH D
ZEMND, WIS TH D EREL T 3.2) K&
(3.5) ROHEEEITH, /T A —X OHEFHRERIL. &
50 Th D,

= —n12 LIBOR OEHIFE) b 1LT < TOHIR (2001
F£1A2805 201748 H 27 H) #FH LI-HSH
TIE—2.82%. REHEREZ RV 2 (2001 421 H
2 H725 2007 45 11 H 30 H X TN2009 47 H 1 B D
2017 4 8 H 25 H)TIE—1.64%. &@ifafktt Tl
—1.65%Td v | ARBFID KT DN D Z &2
DD,

ZHUCH L, EBERT S TS 2”8 T addH
X, BlEERfEREZ RS &, 0.09 205 0.14 DfE%E
RLTWD, a DM, Va, 1EHICERT D588 %
KL TWD, Eftfaiie 2 bRiIX 8 7.5 4 (1/0.1338
=7.5) T TR —1.64% (27 L. Smfaik
B b &7z — W 2 EENFELEIL. A 11 F
(1/0.0913 = 11.0) THH | 11 F2F TEMFEY
—2.82%IZ[EFT % LRI T & %,

GRNEADR T T 4 VT 1. o [TFERTERE G
ZER< WM, 2HIE & HITK 0.11%TH 528, &RlfE
FELIRE Tl 0.06% &b LT b,

512, (3.5) D Vasicek 7 /L Tlk, EHFHE b
—E L LTWD, &M 15 FH 2 W
20 FEEEMITHLZ LD, BEUEYARRE &b
BT DL RETADRBENTHD, ZD70D,
RWISEY) b, SREHIIZ K A3 % Hull—White &7 /L
( Hull and White 1990, 1994 ) D EETT LI L > T
ST AT 5, Hull—White €5 /LIZLLF O (3.6) XD

:’}H_’?’

6 B M ok AT D ok — AR - Y
(https://www.ecb.europa.eu/stats/financial markets and_interest
_rates/euro_area_yield curves/html/index.en.html) 7> & | 2004
9 A LI OBINE TIE| TV D 2EHRE T AAA 5

UTIF T a & Bk

FI0E F1E

WY ThbH,
P =1 +a(b[ —rt)AH-O',AW,’, (3.6)

A 1 “ar
where b, :;,Ht :f(O,t)+aF(0,t)+Eo-f<1_e 2 )
£(0,0)=0F(0,)/or

(3.6) UZHB VT, F0,0) 1E, B 0 IZFBWTHELAI
SNTWDHMA ¢+ OBRBAZR 7 U — Fafl
(Instantaneous Forward Rate) TH 5, 725, F(0,0)
VEPRERIE AR ¢ 22 GIUINRER dr #2120 T T3hbin s
ERNEEWT D, A0,6) 1%, FO,0D t \[ZBET D55
ThHV ., 7+ U— FEHORRZEEZ R, £ Do
KT A—H21E (3.5) REFRETH D,

# 50 MY 27 &M AR OfERIEE

[ 1 AU | AT
LABE
a -0.26%"" | -21.92%""" | -4.58%" | -16.5%""
Z #iEt 3.31 -5.94 -9.79 -7.66
-a/f(b) | -2.82%" | -1.64%"" | -5.36%"" | -1.65%"
Z fat & 2.78 5.75 11.21 1.64
-B(a) | 913%™ | 13.38%"" | 85.32%"" | 9.98%"
Z Rt E | 272 4.10 6.17 1.65
o 11.05%" | 10.68% " | 23.45% " | 6.20%""
Z#EHE | 15.20 15.55 11.96 8.79
HI #Eat&| 147.86 67.30 69.73 150.73
N 4228 3826 402 2054
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Tk ek R 2N EI, 1%, 5%, 10% A EKHES
AT, RPITBWTEBIMIEL, 2001 421 H~2017 4 8 H,
WEEIE, 2001 £ 1 A~2007 ££5 A &L 2009 47 A~2017 £
8 A, AIHIE, 2007 4F 12 H~2009 4E 6 . AL
1L, 2009 457 A~2017 48 A%~ d, —FIBOXFY v
Tk O vy aNDOT LT 7Ny b,

A =(a+ fr) A+ 0,8, M % AF =a(b-1,)At+0,, AL

i~ NONIZRIT BRI A=ETHD, BT A—
B OREF T BRIEE S % v r o, EEIALE LIERO
GMM 2 & V1T, BHIEY b OKEEL, b= —a/f 7=
ZOFEYEREE T - OFRUTx LT Delta VEABEHT5 2 & &
STRD D, NT A —=F OWEFRITERTRIN TN D,
HJ ## &% Hansen ® J it EZ R LT3

g

(3.6) XZFALTCEYT IO ab— gy
HREITTDHICH =0, BRI 7 5 U — ReR i
EHERET D 2 E N L 72 D03 RN S ERAT 3 %
RELTVDS, 2—nlO AAA i b S

EEOBEFALTHH L7+ —RFL— R =T KD
ARy Nb— b =T HBRAETH D,




AARY 7 VA7 g o5 BEREE

B 7 + U — ReF 2RI H T 25, B
HRGRITOT 7 =H )V ) — FIZEniE, 207+ 0
— R&F R Svensson (1994256, kD (3.7) X

ZFRALTHEI STV D
( ) ﬂ0+ﬂ1exp( }+ﬂ2—exp( t]
gl gl gl (3.7)
+ﬂ3Lexp(_—tJ
TZ TZ
(3.7) KRBT HHELE 1 HT, EHHETHY, £

N7 + T — R&EFIRERT 5 KETH 5, il
DERRIZITSL &L F0,0)=po & 72D, 2 THIL,
Bl D7 x U — FEFIMBROIRE XK T 5, il ¢
DOIZiES< &, FO0)=p+p1 & 725, &3 HIL,
7 4 U — ReflhEo =R, #E3hid, 8o 7 ¢
U — R&EFIHBR O EZ R LT\ D, BERO#E Y | b
e N0 HDVITERKIZTOL & 0175, ED
3IHORZEY 74 U— NeRiifsRA+T 2T
JLH Nelson—Siegel E7 /L (Nelson and Siegel 1987)
ThoHN, 747 — KM~ T7 4 v T 47
LETINVDOEIMEEZ D D702, Svensson £ T /L
X, FHAEEZBINL TS, 54 T, H3HELEA
BRIZ, BIDRT A—H (B, )& FIH LT, 7+ T —F
SFHMOMEES 20X, PO 7 + T — R&F|h
MO ERBLL T D

3.7) HUZBITFD 6 2D/NT A —F 11, 12, fo. Pi.
Bov Bl DWW TIE, BN H RERTTHS AAA 440 EU
HWEEET—#2FHLCHEAFELTEBY, A—
AR—=TUDHIMEDONRT A—F PR L TE
%o AW TIE, HERMEOFRITH TH 5H, 2017 43 A
21 BEES DT A =2 ZFA L TOoEITH, 20
WNIA=ZF, K6DHEY THDH, Flo, ZD/RT A
—XZEZFALTHWEZ7 3T — KL — b —T1EK
1 DB THD,

3B.6) XEFILCEVY TV I2ab—va
EAT O T2 OIIX A0 DR EDBLIETH H M, (3.7) X
B IZOWTRDT 5 ZEI2ED. 0,0 1. (3.8)
ROBYIZHZHN5,

f(o’,)zw

=-p iexp( ]+ﬂz (I—Ljexp(_—tj (3-8)
7 1 7 7
+5, rl [I—Ti]exp(rtj

7 BRI RERATO R — L=V BRHARETH 5.

https://www.ecb.europa.eu/stats/financial markets and_interest

UT AT g b Bl

FI0E F1E

PLEo 3.7, (3.8) XLVEK6 D/RXTA—F %R
(3.6) ITRAT Dz Lick v, BT D REIE
B b HdtHT 52 LR TE D, SDGs HERMERI TR
(201743 A 21 H) Z#¢t=0 & LT, SDGs20 FfED
T HARES (203743 A 22 H) THD=5219 HH F
TOEMFEHIER 2 IR T0D

Vield in %

Resbdiual maturity in years

B 1 HEREFATRER(2017 423 A 21 B)D 7 4 U —
R e R

E: BN RIT O AR — 2= b5, K2R T
el 7 4 U — NaA], B, 2R L Tn D,

# 6: HHEREFRITH (2017 4 3 H 21 H)® Svensson

ETNMIBITEZTZ7HT— R — b I—T/F A —%
INTGA—H HEGHIE
Bo 1.801459
b -2.653459
B 11.878117
Bs -16.031676
71 1.520035
(2 1.701438

A BRI RGBT O R — A= U 55,
FD /T A —HF X, Svensson ET /L (Svensson 1994),

F(0.1)= ﬂwﬁexp[ J+ﬁrem[ ]+ﬂ3—exp[ ’]
T 7 7 7
IBITDHNRNTA—HZOHEETH S,

X 2 Dy, B b, 1% SDGs HER{EF FATHF &
2B TIE 0.655%., 20 FE OGRS Tl 1.813%

LB, BMEY) b3 —ERD LT b= —0.047%.
t=107 HHIZEZHTH, BOLEA L b, =4.885%, t=

1,031 H BIZIR KR E o7tk TR ) BRHEY T
HD. 1.813%~1T3<, (3.6). 3.7) KV (3.8) &
5. t NERKIZIT S & b= 72 0FE6DEY 5
0= 1.801%C, B EHNEMNL D ThD, £z,
—EWO L THOHRERT01%, #ERERT
(3.8) RICBITHFE2HLEFEIHDOHETHD, £6

_rates/euro_area_yield curves/html/technical notes.pdf



HARY T AT g ope i

N By W~A T ATEDMMIMEN B, LD HREW
T2 NE 7 + U — R L— k2% ¢t O R A
THED,. B0l b REINTED, 53 HDOZENK
895 (decay) AE— RMHE 2 LD H130< 725D
7o, TOH%EFICI LTS EEZLNRD, T
DT A= LG TS o ERMmEE b &I
RSN TH L0, SR O FEEMED Hull—
White €7 /WIZ X W KRB TE 5 &R, TiEsNE
W, A FAERNR LIRS < 3T 2 28, B
WXV EEZTNWD EIRTE 5,

6%
5%
4%
3%
2%
1%
0%
-1%

O N d 00IN ANO O MmO < 1 00w
NN OO O M WO d NN WIS O
Nn O oo MmO AN O OO N L O N O

A A A NN N S

X 2: BERIZARAE S D @] O RWIEE) b, OHER
FE: BB CTHEB LRI P b O/KHE, BTG ¢
(AL H). 2R LTND,

33 YR HPIERRE

B ClE. EFADRT A —ZHEEFDT- 1 | TR
BT TR F A ERIL TS, KETHEDR
fliDT=sh, U 22 piERBE FTE 7L & KRBT
%, SOGOALEU 8% ™ U 2 7 tpiffe i@ 2I1% (3.9)
KDL HITHRHETE 5,

I,=1 +rlAt+oc,I’ AWP (3.9)

where AW? = 5,%@, é¢ ~ N(0,1)

(3.9) RiTHBNWT EfFEXFD Qik, U AT HirfiE
FMRIWED 77V EHTH DL Z L ERT, i,
t BERICBW BRI SN2 Y 27 &R THY |
AW Cld=—u LIBOR ZFH L.(3.6) XirH 5%
5D, F7-. Girsanov D TEN S, FEMESRBEIE S
U A7 HPSTHERPIE~EEE L CTH, N 7 MHIFE
{bT 20, MEEHORTT 4+ VT 03B/ LRN
728 (Hull 2012), o; KOy iZOWTiE, 3.2) Kb D
W 4 ERIUCART A= ZFIHT 5,

eV T, BRI Y 27 PN, (3.10) o
oG AZ6N5,

Fa=r+a(b (3.10)

t

—rt)At +0',,AW,,’Qt

UTIF T a & Bk
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FI0E F1E

where b, =b,— 2.0, /a
AWC =%t &% ~ N(0,1)

(3.10) RizBWT, EfFED Qi%, U AT Hifg
KUBFRICHE D 7T U B ERT, b 1E, U AT
NEFESRIRER T COEBF ORI TH B, A 1%, &F)
DGV A7l EXDY AV [EEEE) Th b,
BEZNY A7 A THNIEH DT L. ADfHEIC
%, DED, XV YR I ERRARBEEZRIT., b S
D/INSWEE 72D, SROEBTEYZE< BED 5
72, FERE L TEARME LS 725, Ahmed and
Wilmott (200712 KALiE, 4, DFEEIE—12 TH D, 4
X, BAZELTRY, EHMMIZIE—20 05 5 OfF
Bl D, TOOARMIETIL, HERE DMK Y
720 LICET DRI ESHTEIT D, TOMD /T R
— 2OV TIX, SOGOALEU #5$ DO HeRatafe & [Flkk
|2, Girsanov DEENSRT T 4 U T 4 —ITFTMHERT
EURITHIERTCRI— L5720, 3.6) L
(3.8) KbHDHWIER 6 DRRT A4 EFIHT D,

4. SDGs tHERED M E TIL
41 ¥Tal—vavhk

AEIO N TIX, 8T 5 HERE ORI 15 FdH
DWE20FE L RHITH Y | % L FRR AR
LA H DT Lnb, Al AR L CHERHL
TR TGA=HERALTCYI 2L —var&2179,
Vial—va AT AET ME, F4EES
BT eHBoT—2ZFH L TH#H SNz T
A=K L F 6T HHERERITRRICHEG S
7o A—=%% (3.6) 72\ L (3.10) KA~fRAT D Z
EEvEon, FhEn 41) XKD @.2) RITRE
T35,

Py =1,+0.0913(b =1 ) At+0.1105AW2  (4.1)
where b, =b,—0.1105x 1,/0.0913
AWC =82 \At, &% ~ N(0,1)

I, =1 +51At+0.14821 " AW2 (4.2)

where AW,Q[ = EIQJ\/E, &2, ~N(0,1)

FEo 4.1) KB T, b iE, 3.6) Kb bz
biD, LT OV TIEL, Ahmed and Wilmott (2007) (2
XD FEFR RO RAFA L, —20, —15, —10,
—5, —4, —3, —2, —12, —1,0, 1,2, 3, 4. 5
DOEZFIE L TBILESITZ1T 5, 2o OfEZEF]
Fi L7=# i 1X, Ahmed and Wilmott (2007)(Z K AUiE, 3
RERFZEDFE SR B BRI DY U A 7 Offifs 1, DL v
VI, 20 005 SERETHY, —5~3 D TH L
EREL, IR —12 THDLEENTNELZHTH
Al
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Eo 4.1) K& @2 XEFHLTERH&ENME
BDvIalb—varE{TH, BErThIreIIa
L—ya i, LFORT v A2k 0979,

Stepl NTA—=X a, Fo. Piv fou Biv 71l T2
ooy DIEZE 52 5, FEZ A% At=1/253 & L,
HRFEE & HEEHT 5,

Step2 2 SOGAOLEU 52X O AIHIE Ih 7 5- % %,
IR BOKED RO FENER & 72 % 2017 /£ 3 A 21
AR OFESEZFIH LT, I=173.6854 L9 %,

Step 3 @FIOWIMIE ro % 52 5, 2017 43 A 21
HEES O LIBOR ZFH L Coro= —03771% L 35,

Stepd NTA—HX L x5 2D,

Step 5 AEMEIEHL A 1T D LI A S R E L Y
sficonTENETh —oRESE, ZNLTh., &,.
g, LT5,

Step 6 (4.1) O 4.2) KoL EFRLAD L
T 5,

Step 7 FKEfZ 398D, tt+1 &L, Step3 I
Kb, ZOFHEETY T % TV IERT,

Step 8 Tl E TREIVTHBHELOEF DL
2 b—va A EL e, HEREOMKEZFHE T
%,

Step 9 Step 2 IZR D, Z OEFEE 4y A B 1
Vi L, HEEREAMRE OB & R R T 5, ARRFSE TR,
10,000 [EID /XA ZFASE D, LR EDORIC
X, PR OFEAERR 7 2 ) S 5 7o DIT KRR A &
EEFHT %,

W CIEHERE O FmE T LI DOW TR T 5,

4.2 SDGsl15 EEDEFHEETIL
£ 9. SDGs15 FAE DOME(Ve15) T LA F D(4.3)Uz &
D179,

E” AIR,<,0
Vars = 55 10 1100 [zlsx( ns:0)] (4.3)
H(1+};At) H(1+rZAt)
1=0 1=0
PV of FaceValue PV of Coupon Linked to the Index
100 100
- + —E [ max| AIL,, —1IL,,;,0] |
[T(+rar) e
t=0
“4.4)
where AIR,,; = AlLy; _ 1,
1IL, 4

1
AILBIS = 5(12599 +1286l +131zz +13383 +13644 +I3904)’

1L, :Min(10’123’144’166’188’1109’1132)
T T T, AlRpisiE. FHFEEY X — | AIL s 13
VIFEBOKME, 1L pis 1 IWIHFEEOKETH D, IR T D

UTIF T a & Bk
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FI0E F1E

HIHEE T, IRATO BI5 1%, SDGsl5 F1E %7~
9, LI, ¢ WD SOGOALEU 58, r %, (4.3) K
WCEVEHEEND ¢ BElcBW TR S E4
FTHD, 15FEHDOS A7 DEFIRF, 4.3) XD
WY, VIal—ia ko TRAESE 15FS
DEMER ZEH T EDELZ LICXVHET D, &
FNIFERRRTH D7D, FEREFNZ At=1/253 &
JTHRNR—RICEH1 % LB REFEL TN D,
AIL gis OFFEIZFIA &4 5D SOGOALEU 5%k #1H|
Hix, 202743 4 8 H, 2028453 A 8 H., 2029 4 3
H 8 H, 203043 A 8 H, 2031 43 A 10 H, 2032
F£I3IHASHATHY, ¥Ialb—rar bETlE, #Fh
512,599 HE. 2,861 HE, 3,122 HH, 3,383 HH.
3,644 HH. 3,904 HHICHENUT 5,

HLpis DFHRICHIA S5 SOGOALEU f5E O #IH|
Hix, 20174E3 H21 H, 4 H21 B, 522 H, 6
22H,7H21H, 8 A21 H, 9H21 HTHY, ¥
Salb—Yvary kTiE, FBiZ0HE, 23 HE,
44 HH, 88HH., 109 HH., 132 HHIZ&ZY T 5,

Z OFN S ME OGN U E X HEEL O YIS R & UG E &
T 5 (43) R K D56 & FHEOKAED L % 7
BELTH (44 RonFAnck-oTITH 2 &N
T& 5,

B INER| Z#[REELT56:(4.3) XofAE
2 BIL AlRps ZJREE L L ATHEME N Er DI —n
BT AT g 100 BALEEA (Long) L 7R DAfh
EEHLDL TS LMRTES, b L AIRps BIE
HOHIIHED L5 THIUTIREENER BRI HE
D EEDET T g MIREET IV (R 2015) &
WHTDHZENRTES, LOLER I IWCTREIND LD
WCHRIAS BN IER DA DR N Enb 2 H L
TETNAEEATELZNE ) NIELICHE T2
A

B TK¥E) ZREELTI56: (4.4 XOHLE 2
HIZ 10 FFE S 15 4 H OB O IR - % U g
& U, Lpis AT (kUE) &35 (797
) AT a 100 ) L pis BALEEA L7z & & OAff
WERERLTWD, BESHEIERMMT 5 ELTH
Z ORI BOER A L, T O
IR & B WX EAERENT FUE N R A7 a v Offi
BREICHK o TEZLRLTWVWD, LML
SOGOALEU #8436 5 IR0 A0 L7272 ®H450E
B+ D e RER O OU 5340 &2 v 5 FiE
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T CTE RV, 20T T i o
EfREZ WD Z ETi b,

Flo. 15 FELWHYRBOEBEHRTHY . T DE
SIRIZONWTHORFNRLETH D, AFETILY R
7 PNLHERRIZ X D AMEREM A2 1T 5 72, LIBOR %%
BR|FHREHRBIZ LT, FISIRLE L2, 7 —F% OFH
ATREMELC K o TS ERSCFRUESR D g EHR &%
Tk VAT BB R ORI H Z /R OWFFERRE L Lo,

SO, TOT oA Ty a rOIMELREE TS
BB DORT T A VT ADBNRITA—=FD—DLR
DN, EORT T4 VT4 ZEEEETICHED D
VIIEENAR 77 4 VT 4 8L LTI RENITO
WTHBRABLETH D2, [FROBFEE Lz,

I 512, SOGOALEU fE¥t DR SN I 283 5 7=
O, FDORBOBIENFRETH D AREERH Y | £ D
Z LW T b AMEREM 2 3 5 BRI XA AN L BT
%, BARM SDGs &t OFRIZITZ D X 5 7efato &
EMCOEETOINERD D,

4.3 SDGs20 FEEDEE@METIL

SDGs20 “E& OFHEE 7 /L1 11 B LD 7 — 7K
ANIFEBA~DOHEFHRNE 2 OEY 10%TH DD,
LLFD (4.5 Kodbv 1t b,

Vs = 2. 0.012x100x DF, +100x DF, (4.5)

5219

PV of FaceValue

PV of'1.2% fixed coupon
f of i at the maturity

tsc

+100x0.1y" E?[max[A4IR,,,,0]]x DF,

PV of 1.2% floating coupon

=Y 0.012x100x DF, +100 DF,

5219

(4.6)

10
1IL,,,

+

EZM(EQ[nmx[nmx[hwylﬁw]—aﬂlmmOJ}x[U%C

where
tc e{ 261,522,783,1043,1304,1565,1827,2088, 2384, 2608 }
tsce{ 2870,3131,3392,3653,3913,4174,4435,4696,4958,5218 }

t e{ te,tsc }
DF, =1 fi@+4A0,
t=0

MIL

B0 |
9

MILy,, = max (I 1205 Las00 ) ’

AIRy,, = I

‘B20

8 ZDXIMMBIRNTEDHDIL, ZD 15 FENFHITE 6 »
AZRBLTHLTHD, BITRE =005 6 » Ak =
132)F T ILpis ITHEREHTH Y | ITHMAHKIIREETDH
60

9 SOGOALEU ¥ #% |z %8 {8l ™ Solactive Sustainable
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1
MMF§M+%+%+%+%)

WATDOBIL20FETHDZ LETRT, ISRATO
X EEERT, tc KD tsc 1. TN, EEY —
Ry (12%) OXhH, 2827 —HR 2 (0.1 x Max
[AIRp20, 0]) 5T NERZN IR

[EE 7 —AR O3 HIX, 2018 4- 3 H 21 H., 2019
3 721 H,2020453 A4 21 H, 2021 43 A 21 H,
202243 H 21 H, 202343 H 21 H, 2024 -3 A 21
H. 202543 H 21 A, 2026 4£3 A 21 H, 2027 4 3
H21HTHY I 2L —3 g FTiE.261 HH.
522 HH. 783 HH., 1,043 HH. 1,304 HH. 1,565 H
H. 1,827 HH. 2,088 HH. 2,348 HH. 2,608 HEIZ
ZET 5,

EW) 7 —R L OFAHIEL, 2028 423 A 21 H, 2029
3 H 21 H,20304-3 H 21 H, 2031 43 A 21 H,
203243 A 21 H, 203343 H 21 H, 203443 A 21
H. 20354E3 H 21 H, 203643 H 21 H., 2037 4E 3
A2l HTHY, I 2L —var bETiE, 2,870 A
H.3,131 HH. 3,392 HH, 3,653 HH., 3913 HH,
4,174 HH. 4435 HH. 469 HH. 4958 HH. 5218
HET®HD,

MILgyo 1%, 54 H (202243 H 8 H, t=1,295 H
H) & 10%H 02743 A8H., t=2599 HH) @
BEOWTNNHRKE NG Z/R LTS, SDGs20 4F1i
DAk R E L, SDGs15 & & [FRRIC, fatd TNz
RIZFEELTD 4.5) RCLDEA L 8ok
| OFHELZTEEEL T2 (4.6) ROWT NN X
STITHZ MW TE 5,

MEEUINER] #REELTI5E6: 4.5 R
W 3 TEITFEEUN ISR AlRpy Z2JFREFEL LT, 171l
fikkntena—ab™ 7 ora—Lt g% 10
HAEA LAY v g v offifliz /R LT\ 5, 15 4
& ERAEE. & L AlRpo WIERSHITHE- TWND T
. BT 7 70 U EENIE D L 20T T a Al
BkETTLVEEAL CIOMEEZFHETE S, L
2 LIEBPEDBEN 72 S D E D DIz >n Tk
HEICHRFTT D MERD D,

THEHOKYEE] ZREEL THHE: (4.6) XL

%3 IHD max[max[[lzgs,izs()g}—IILBzo,OJ . 5 #H

(t=1295 HH) & 104EH (1=2,599 HH) 0RO
I, REWHEIFREEL U, Lo 1T fliA% & 3
DEKRAT v arDO_L AT ERL TS, HUE3

Development Goals World RC 10 USD (SOGOALUS) & Fama
French 3 77 7 =7 VRO 5 7 7 7 2 —F 7 /L& HH]
L72& 2 A, SOGOALUS @ Bld. N £ 0474, 0.544 T
HoTl,
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I/Eéﬁgk LT&?I\ :0):1‘—‘/1/j‘70‘:/5 :/;8 10 /]Ingo
HMBEALEZRY Y voffifizRrRLTW5,
SOGOALEU 840, T pss Do« SRR AT 12 E
TW5 &3 E Stulz (1982) Z A L C Z Offifi %
RETE DN, FBEEIIFE 3 IR L L) I EER
SHNHEDR N LICHEETRETH D,

SHIZ, YHEFOMERTHLMN, 10 FHIZ
AIRp \Z X > T 10 FHEBED 7 — AR L— N D3fliE
ZLTLE Y72, SDGs20 FEDKAF Y AAA ¥4 T
HBHZEMS, =R L— FOEREREE &
TEWEA (/T 0) 11T, YFZER DM N Z2%
LTLESZ &b, FREBICYRESFOME
1Zy T B,y DB TRESTLE D 720D, FHIH
BOBEMNOIZY AT BEWMEFR LRV, £, 2D
DREBOARTEBFOMBEPIRED LD &, fBk%
BET 2 2 8180 Z OEFOMSEIEN TS 278
HEWHEND D,

5. EUTFALMOLIAL—YaVvOER

5.1 SDGs15 FED M {EFF

£ 9. SDGs15 FAE DAME (Vis) sz €7 v
2y alb—ya il 0iTH, EMETRORY R
7 WSLHER T COMMIEE (ULss). ¥R
(AILp1s), M OVERRER Y % — 2 (AIRpis) Dy ARIZEE

THHMBHEHEIL., RTEROBERZOD@EY TH D,

7 EMEETIZEBT DU UILs). e
(AILg1s). F¥FaE ) % — 2 (AIRp1s) D534 B3 5

ERBUN DA
ILgs AlLgis | AIRpis AIRpis
15 4 1 4
¥ | 171.8629 | 383.5878| 123.11%|  5.32%
RO | 172.3114|374.6947 | 118.22%|  5.34%
Bl | 187.3250| 789.4681| 361.91%| 10.74%
He/IMIE | 147.0326 | 162.8716| -4.82%| -0.33%
YR ZE | 5.0599| 89.8580| 51.48%| 1.62%
£E -0.4414| 0.5846| 0.5796| -0.0491
REE 3.3422| 3.4428| 3.4556| 2.9475

VE: AIRpis D 158 1 L, 1S FERO Y ¥ — 2 K1 F
MOEER)Y Z— v Z a1,

2T MR (HLgis) DAL, BEEM 012
W ERRES 3ITEVWI Enb, ERSMICEL
o TWEHN, EITENPEWSAERSsTNDZ &
DR S AL D, eV T EEFEEL (A1Lgis) DAL,
TN 012, FRED 3 IOV b, IE
WAL oo TV DD, EITHENE WD & e
STWAHIERHEEIND, £7-. AlLps OYEHIT
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383.5878 £ 72V | Fr/NTlE. 162.8716 Th v | #IHfE
M. 173.6854 THDHZ LB, I alb—vard
FERLIEOY X =V BB OLNLHEEREHNDOD, <
AF AR DAREERSH D Z L ERL TS, Ktk
2y EEEER Y Z — 2 (AIRpis) DIIAIT DN TELR
T 5, £7T D@D, SDGslS FEICHEETHZ LI
K VYT 532%DERY X — B EGELND T &N
PR CX 5, /AMEN—033% T DA, B 2MEAE
ENTWDED, HEOHZEDO) X —FBa b
Al

K8 U AT PALHERTIZR T 2 IR ULs).
SERFRE(ALLg1s). IR Z — 2 (AIRg1s) D 53 Afi

= 5 s R 73 =
1Lpis AlLpis | AIRpis AIRpis
15 4 1 4
g | 168.9007 | 199.5047| 18.08%|  0.93%
il | 169.4945|194.3863| 15.19%|  0.95%
KA | 185.7475|431.9393 | 156.87%|  6.49%
/M | 142.1140| 79.4772| -52.82%| -4.88%
FEHER A | 5.8523| 48.9955| 28.50%| 1.62%
T -0.4495| 0.6162| 0.6092| -0.0502
B 3.1094| 3.5072| 3.5181| 2.9510

TE: AIRpis D 15 &, 1 1%,
MOEER)Y X — v &mrd,

I5EMOY 7 — 2 KON 4R

ARFZE I, MERER O 72 D12 Y A 7 W SL e R
BEFHTZ, 0D, U A7 PSLHERIEBRE FTo
FREOWHEZ R 2, 81 b ., U A7 fINLHER
WREOH & TOVHFERY X — 213 093%Th b, 4
R D RN byors (15 FEAE Ol HIRF A7) 23, 1.861% T
LMD, BROMFRHEL Y bE <. HEEHRD
EMENZ E R IS, Eo, KD 6.49%
T, B/MENR—488%ThHHZ &b, @WERETY
B—=rN0ERDIENRTREINS,

REBgIZECTF ALY 2 Lb— g Y OFER, F
B 7e &Rl U 2 7 OTiGhE. A= —12 ZIET S
e, 1S FEOMMEIL, Veis=91.02 LR S,
iz FEISHEERE 705, HERENEERITTHD Z
D BITIERDNEE R ) DFEm & O ZEFSy ORI
ERTVWDHEEZ LD, WEEDBREH DM
DEWEERETHAH, TOXIRFERICR ST
WAHPEH & L Cix, SOGOALEU {5%» KV 7 FThH
LEROEY LN T T ATH D0, EHICIE
EHEEECH D L OD, 1S FEDSA A 7L, 10 F
END 15 FHD 5 KRR OREETEFITEFELTEBY .,
A FT7VEL EEIRNTIE, 12.5 4E B OFEEKHEICIT <
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mHEZEZBND, WEFRIZE - Tk, SOGOALEU
BEICEEEZT 580 b, SFHNICE, 258500
B— LTS Z LD, £DH, SDGs
Bix, BHEL TOMEIC /> TND EZEXDZEN
TX 5,

5.2 SDGs20 FED{ififiE FF i

5N T L SDGs20 AFE DAE (Vo) ZE T b1
Vial—vailkviTo, EERT ToNHE
B (ITLgro). BARFEEL (MILpyo). V7 —R 2 (0.1
X AIRp20) DA B3 2% BLal et Bix & 9 12, KO

U AT NIRRT CTORMEITR 10 DHEY Th D,

# 9 EWERTIZR T 2 0HWIFREILs0). R KRFEE
(MILgy). 7 — R F(0.1 X AIRp20) D3 A B9 %

R F

HLgy | MlLgy | 0.1XAIRg0

¥ | 175.9828 | 325.8746 8.51%

rhaffilE 1759150 319.1351 8.15%
BARAE 1196.3288 | 644.3112 25.50%
B/ M | 157.5824 | 157.6003 —1.26%
EAERZE | 4.9860| 70.3270 3.93%
T 0.073| 0.5742 0.5667

R 2.881| 3.4403 3.4370

#10: U 27 WNIHESR TS T B W14 (T 50)
B REEEL (ML) 7 — R 2 (0.1 X AIRp20) D 5347 (2
B4 % ikt &

ILgy | MlLgy | 0.1XAIRg0

EH) | 173.5565( 195.5413 1.26%

FPaLfiE | 173.4928(190.5712 0.99%
BARAE  [193.5829(392.4163 11.80%
B/ME [155.4434| 92.2063 -4.56%
R | 49137 39.1919 2.21%
EE 0.073| 0.7403 0.7463

SR 2.880| 3.8389 3.8635

F oM FIHHEEL (L) DH3ATIE, EEED 012
WL, EEREL 3TV & D, IERSAMICITWN
DA THDHZENEBEIND, SHIT, KREEK
(MILg0) DHARITDOWTIE, BERLR 0 (T WA
EOETHLZ D, AROEWIMATHLZ L
DEEIND, FLRELOP0 3 LRIV &n
HBIEHRSMEV D L RSN THD, 7 —R
=1 (0.1 XAIRpo) D AilE, RENRLRL 3 L0 b
RENWZENDS, D LRSS THDS, £2, 7 —
R FEOIFENL 8.51%, f/MI—1.26 L7257, b
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FI0E F1E

THTIEH L0 11 FEBDD 20 FFF TOMTY —&K
VINE LN WAETREMER B D, T EERE LT —
RUROEEN 851%ETHLZIZ LiTmI #¥—r D
KRICR 2 DM, U A7 HSLiER T COME A 217
DTZOIT, T DIEEIZ OV T HIFTT 5,
K100 H, VAT RSIHERFTIE, 7—FRrr—
N DOYEENE 1.26% & 720 . IO 10 FfD 7 —R
L— R EIZIERUKETH D, Fo, 15 FEF LR
\CRHATIKYEL W92 & | bsais (15 4E1E Ol 1 E
) ML 1813% TH VD | AR FHROMFHELLT & 7
L0, BHEFOMENELS b 2 EBREBE S
Do
BBICECT LY 2 Lb— g UORER, F
KRy 7e R ) 2 7 OHEnE. L, =—1.2 ZIET 5
& 20 FEEDOMIE L. Vio=86.90 & FFE Xdv, ZHiE %
TRISHR LD, 20 FEBEERICE > TFHK
EHOMENB N RETHD, FOEBELELT 2 D
DENERTX 5, 1 o®EbAE, 11EELD 20 4F
HETOI0FEMIZO2EMOY X —2 03, RHIO
SHEAEI0FEED 2HFEOBEORIZL > TRED
ZEThDH, F21E, @FORMEEN T T AThH
B, 10 4EB OEEICER LTy — Ry nEib
ALAFREMER B WS, FD 2 L IFHREFRITE > T
HEEVAINGFET DL E2E®RT D, 295 LT
RN ZOEFHROV A7 2@m< LTWHHEBATHA I,

53 YR ERE /5 SDGs EMKICEZ 558

4.1 BiClR_7218 Y | 15 45 LT 20 41E OflifE 23
ML TED X SIZENT DD, 4= —20, —15,
—10, —5. —4, =3, —2. —12. —1, 0. 1. 2, 3.
4, 5 OEZFIH L CTRISESTZAT 9. BUSESHT
DFERIZK 3 D@D TH D,

X 3005 4 (REFED Y A7 [BEREE) MEL A
RBHIFE, WTNOERME IR 725 2 & A Hfg
SIND, ELHDOERGIEARRIENDONTND D, £
ORI IL., BREEZRO U X 7 BREE & 13d E
DBEHRN RN ENERE I NS, U A7 [BIREEEDS 0 D
BAICIE, YHERTIFIFADOME L —8T 5, VU
A7 BIREEN~A T ATHDH Y A7 BN ERER
W2 &S TIE, 15 FEDH N 20 FE X LM E
<, VAZEEENRT T ATHD U A7 ZHfH e i
BHRIZ L - T, 20 O T MBS &2 & 3
fRIND, ZOEHIZOWTHRET D, 4.1) Xnb
L DN (D) 1&, U A7 hSEERIERE T TO 4R
OEWEL BB ) 22 2EKL, K31
BRI~DRBIGE (T alb—ay) LRI L
HLTED, 20 FEEOTNEF Y A7 BNEnEHE & L
Tik, BEMIZ20FEETHDZ b, BEYRNE
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<. MEMEY 27 08@mnWZ b, £, BEkooi@E v | 20
FEEIZ, STFEHERI0FEBD 2R ORTY —KRY

BPRRFEY URIBE N, F—RMETH B,

ZDY =R BPEZROBFEREY (R TIE 3
MAYO2—r LIBOR) LV & U A7 AR 22 %
FIZE 5> TIHIEL . VR BHFHRFEEFRICE T
EEWZ EMEZD, TDD, U AT EBHNREE
FITE > TE, 20 FEOFMEEREL . U A7 [H
WE 72 BB FAT & - T, 15 & O 5 M E 2 & <
o TWbHEBZLND,

Z ZC. SDGs R DA IE 7o lifif &2 FEtd 5 72 8
WY 95 2 DEIZHOWT & BICHFET %, Ahmed
and Wilmot (2007) (2 ZAuiE, £ < oA (BT Tidia
W) ef U 27 OHiGEIE~ A T ATH Y | Mk
TEERAE DA AT IZIE, 15 Fd DV, 20 FEiTbi
LHEWMICBIT S 1 OFHEFIHT HX&ETh 5,
Ahmed and Wilmot (2007) (%, 4 DARTZ7T 4 VT 1 o
GNZONT, BTG DRI LW ERHTE 5L LT
W5,

o(2,)=021(32-2)" (5.1)

(5.1) XKoo AT A, OKIER, —1.2 &£ LEEHEA,
FORTT 4 VT 41%.3.02 L7025, ZOEITERT
HDHT-0, 15 FEMKEON20 M 28T D 4, DOFEO
RIT4UT 41F, 15 K20 THIDZ L2k v,
0.78. 0.68 L7025, FDT=, 4D 15FEH 5T 20
FEORWIN LN T T ADME & 72 DHERITIEL .
IDOIENLHLHEEFRICE > TEWESRLITE A
A

o 200
§ —o— 154 .
‘5 150 ceotees D0AEE ot
£ 100
w50
(@)
A
w0
20 -15 0, -5 0 5

B4 3 @FlU 27 Ofigiitg (4,) 7 SDGs 15 F1E& K&
O 20 A& DB IZ 5 2 5 3G E 47 AT

T FERR LRI LB AL, B 100 12X D 15 Ak
20 FEOHAEMMEE RT, A= —121F, &Y A7 O
Btk D FEHIH 2 ETH D (Ahmed and Wilmot 2007),

Ahmed and Wilmot (2007) (Z XAUiE, A 23\ VIRTEE
AR (Greed) 7RILTH U A DRV VIRIEZ
M0 2 (Fear) 2V TWAHIRIWMTHD & L

UT AT g b Bl

40

FI0E F1E

TWb, 29 LB HITHEx X, tHEE~OREIL,
U R ZHMRFREFRICE 5T, HDWIE, HENE
BIRREETOAR LM ESLEINRNEFRTE LD,

H LIRE RN Z OEFHROARY O 2 HAE LT
BELTWD & X, fHm & RS D=,
SDGs ~DEWD b 725 S8 HH 5% SDGs
TUIT AEMRIRT D2 TEDLA, MEA K
N 10%FREMENBEEL TWD 2 Enh, A
TR_RT% SDGs LI T L EMRIRT S Z LITEE LW
7259, Ko TYHHEAENAIEZMNAE (Fair Value) T
FAT STV &A1 EEv, SDGs ~D H kA
HH7mbINDMHAEEE L-FHMEIC W TIEA#
OWFFFRE E Lz,

6. HEER

AWFFETIE SDGs 5 H D RHeFEMEIZ DWW TIX CEV
(RT7T 4 VT 4 IZBET2HNE—E) ET IV, &F
\Z2WTIE Hull-White &5 V&R L CRIEFEM 2
KB L, 2OBEESFHTICEBIT28F0Y 27 H
SRR ZFH L C SDGs15 4R K OY 20 4-A& O 7l %
1T o T2 1S HAFIZ DWW TR KA 100 (25%F LT 91.02,
20 AEEIT OV T 86.90 & O HE E 1T T,
BEFD SDGs ~DOEHWERT LI T Ll E %5
BLTYH, YkEAENALERMEETRITIN T\
WATBEMEDS O,

F£7-. SDGs HEREDYA. SDGs D 7= D&
GxaET L BN CHEMAEEZRITL, TORED %
SDGs fEHE#HE S5 Z Lk, £7LE, SDGs D
HEEICH L CEBRT 2 b0 TIER W2 EnbiFbh
%o HRERITOTEE) H AT T <55 < . SDGs (Z
L7ebDThHoTH HERMED Y ¥ —2 & SDGs DE
BREEA VN & OBIEMEITIZ & A L,

A% O E LT, HARM SDGs EEBLO 72 D144
BRMRR DOBE 2 fT N2, £97, SDGs HHERIE DM
BTHEEEAHET LI, BARDOEEFRIZE
STDOYVE—=2E ) ZAZICONWTHEBFAE L2,
F7o. HLWHAK SDGs & # #2879 5 BE T
SOGOALEU %™ & 9 7e 55D Gl Hs B A kK CHl
BENEIDITOVWTHRIEL 72V, &5, EDE
FEROVAEZED SDGs L~ D EERE 2 £ Lodis) L 7= 5
BAmE L £ ORBAEPE L 3 % SDGs [EZx & 1
BB 72 8 2Tk L C SDGs B~ T 72 B Y
HEFRETDHEIMAFT—LEZHBE LT,

T, ABFETIZY 27 PR T THOMT 21T -
7o, FEERTTOSI bR T o2 iz Lizny, ©
FU O BIESCY A7 FREOFER 72 08T, FRERIC
GEN TV BB O S 2179 Z &2k,
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SDGs H:ER1E 2 3F i3 5 7= oY) 72 Bl 5| F4 72 b
HLREZFICE > TOMRFHY ¥ —2 2HEF Lz, S
51T, SDGs HEREDE SR E LTH Y 27 43T LT,
Talb—vay WEME FRYA272EDY A7 55
MrdiTo TETH D,
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Abstract Previous empirical research papers suggest that CSR, ESG, and SDGs might have positive impacts on
the firm value (Khan, Serafeim, and Yoon 2016 etc.) while a plethora of papers also suggest that some CSR and ESG
factors have no or negative impact on the firm value (Kawamura and Nagata 2016 etc.). We analyze the impact of
SDGs on the firm value by theoretical analysis distinguishing the firm value as cash-based value which is derived
from the Discount Cash Flow method incorporating the magnitude of cash flow, market risk, and life span of the
corporation, and recognized value derived by considering the investors’ utility to SDGs contribution in addition to
cash-based value. Our analysis suggests that firm’s contribution to SDGs have positive impact on the firm value if
it could increase the investor base, that is, SDGs could improve the recognized firm value. However, if the investors
and shareholders care both SDGs contribution and the firm value, the cash-based firm value might be compensated.
Mixed empirical results are consistent with our models because the positive impact of SDGs on the firm value via
increment in investor base might be offset by the destruction of the cash-based firm value by the excessive investment
to SDGs. In order to reach conclusion whether SDGs have positive impact on the firm value, we need to conduct
more careful analysis constructing the SDGs index associated with the SDGs contribution by the firm. Additionally,
our analysis suggests that if we desire to achieve SDGs at higher level, we need to understand the utility of investors
and shareholders and consider the scheme providing the incentives for managers in order to make them maximize
the utility of shareholders who care both SDGs and the firm value.
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1. Introduction

One of the most perceived corporate objects is value
maximization. Firm value is determined by equation (1).
E(CF, E(CF, E(CF
V= (CF) + (cF) +...+—( ) (1)

(l+;ff+7r)1 (l+rf+7r)2 (1+rf+7r)'1

where, V' is the value of the corporation (cash-based
value, hereafter), CF; is free cash flow at time ¢, ryis risk
free rate, z is market risk premium, » is expected life span
of the corporation. According to equation (1), in order to
improve the cash-based firm value, the corporate should 1.
improve the expected free cash flow, 2. reduce the market
risk premium, or 3. improve the expected life span of the
corporation. Someone might claim that equation (1) does
not take real options into consideration. However, real
options value could be captured by equation (1). For
example, if the corporation has exit options, it could exit
from the project if the NPV of the project is negative. In
this sense, expected cash flow of the corporation increases
by exercising the exit options. Existence of these real
options might reduce the z, if they could reduce the market
risk.

42

If we could reasonably assume that the corporate
maximizes the firm value, and if pursuing Sustainable
Development Goals (SDGs) has the positive impact on the
firm value through these three factors mentioned above, the
corporate would naturally pursue SDGs. In this case, a
question is whether SDGs related activities would improve
the cash-based firm value or not.

SDGs emphasize the sustainability. Sustainability
implies longevity. We would like to compare if
corporations surviving long time have higher firm value or
not. According to Teikoku Databank (2009), average
Profits Margin / Sales for corporations surviving longer
than 100 years (longevity corporations, hereafter) and
those for the other corporations are 19.97% and 23.45%,
respectively. Additionally, average Operating Profits /
Sales for longevity corporations and those for the other
corporations are 1.88% and 1.91%, respectively. These
indicate that

necessarily more profitable than the other corporations. We

facts longevity corporations are not

could infer that pursuing SDGs might not be corresponding

to the value increments through cash flow improvements.
However, firm value still might be improved if

investors care about not only the firm value or returns from
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investments but also doing something good for the society
via investments. If this statement is true, recognized value
of the corporation could be higher than cash-based value
through the increment in the investor base (Merton 1987).
In other words, CSR, ESG, and/or SDGs related activities
might improve the firm value not by through the cash flow
improvements but by the investor’s preference on the
investment.

In this paper, we would like to discuss whether SDGs
and the firm value are positively related or not.
Additionally, we would like to discuss what are the
of SDGs
SDGs
Furthermore, we would like to discuss how SDGs could be

appropriate measurements to encourage

corporations to commit related activities.
achieved from the view of corporate finance and economic
theory by literature review and theoretical models. First of
all, we would like to explain briefly what CSR, ESG, and
SDGs are in order to understand differences among them
in Chapter 2. We review the literatures in order to analyze
the impact of CSR, ESG, and SDGs on firm value in
Chapter 3. We introduce theoretical models in order to
discuss the impact of firms’ contribution to SDGs on the
firm value in Chapter 4. We propose financial schemes in
order to achieve SDGs in Japan in Chapter 5. Chapter 6

concludes this paper.

2. CSR, ESG, and SDGs

Differences among Corporate Social Responsibility
(CSR), Environment, Social, and Governance (ESG), and
SDGs are summarized in Table 1. Carrol (2008) states that
1953 is the formal birth year of CSR when Howard R.
Bowen wrote the book entitled “Social Responsibilities of
the Businessman”. Friedman (1970) quoted that “there is
one and only one social responsibility of business—to use it
resources and engage in activities designed to increase its
profits so long as it stays within the rules of the game,
which is to say, engages in open and free competition
without deception or fraud” from his book Capitalism and
Freedom. CSR has been already recognized since 1970 as
in the Friedman’s comments. Carrol (1991) summarizes
that CSR considers three components namely Ethics, Legal,
and Economics. In 1968-73, there were many unethical
issues in the corporation. To solve these issues, CSR was
developed (Carrol 2008). Since 2000 when Global

1 PRI website
(https://app.powerbi.com/view?r=eyJrljoiZjA20TASMWUtMzc
40COOMTZhLWIyZDYtY Tc3NDMzOGE1OGFjliwidCI6ImZi
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Reporting Initiative (GRI) launched the Sustainability
Reporting Guidelines on Economic, Environmental, and
Social Performance, 92.2% of the world top economies
have regulated mandatory reporting systems associated
with CSR (Wen 2017).

ESG starts from the investment of funds by
Christianity since 1900 (Gender Equality Bureau Cabinet
Office (GEBCO) 2015). The word of ESG has been used
since 2006 when Principal of Responsible Investment
(PRI) were launched. PRI is the leading proponents of
responsible investment. PRI was started by the initiative of
United Nations and an investor group from institutions in

12 countries all over the world'.

Table 1: Summary of CSR, ESG, and SDGs

CSR ESG SDGs
Concept Pre-1950’s | 1900’s 2015
Starts
First use 1953 2006 2015
Components | Ethics Environ- | People
Legal ment Planet
Economics | Social Prosperity
Philanth- Gover- Peace
ropic nance Partnership
Motivations | Solve legal | Screening | Solve the
and moral | criteria of | global issues
issues  of | invest- by all entities
corporation | ment all over the
world.
Entities Firms Firms Firms
Involved Investors | Investors
Governments
Citizens

Note: CSR stands for Corporate Social Responsibility, ESG
stands for Environmental, Social, and Governance, and SDGs

stands for Sustainable Development Goals, respectively.

SDGs are a set of actions in order to solve the global
issues for peace, people, planet, and prosperity. SDGs
consist 17 goals and 169 targets. All 193 countries which
are members of United Nations adopted SDGs at United
Nations General Assembly on September 25%, 2015. SDGs
are replacement of Millennium Development Goals
(MDGs). MDGs could not achieve some goals such as
poverty in African countries, mortality rate, gender

YzIINzZBKLWESOGYtNDFmMS1hOGFKLTEyYjEzZMWIkKOT
NIOCIsImMiOjh9, accessed on April 8, 2018)


https://app.powerbi.com/view?r=eyJrIjoiZjA2OTA5MWUtMzc4OC00MTZhLWIyZDYtYTc3NDMzOGE1OGFjIiwidCI6ImZiYzI1NzBkLWE5OGYtNDFmMS1hOGFkLTEyYjEzMWJkOTNlOCIsImMiOjh9
https://app.powerbi.com/view?r=eyJrIjoiZjA2OTA5MWUtMzc4OC00MTZhLWIyZDYtYTc3NDMzOGE1OGFjIiwidCI6ImZiYzI1NzBkLWE5OGYtNDFmMS1hOGFkLTEyYjEzMWJkOTNlOCIsImMiOjh9
https://app.powerbi.com/view?r=eyJrIjoiZjA2OTA5MWUtMzc4OC00MTZhLWIyZDYtYTc3NDMzOGE1OGFjIiwidCI6ImZiYzI1NzBkLWE5OGYtNDFmMS1hOGFkLTEyYjEzMWJkOTNlOCIsImMiOjh9
https://app.powerbi.com/view?r=eyJrIjoiZjA2OTA5MWUtMzc4OC00MTZhLWIyZDYtYTc3NDMzOGE1OGFjIiwidCI6ImZiYzI1NzBkLWE5OGYtNDFmMS1hOGFkLTEyYjEzMWJkOTNlOCIsImMiOjh9
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equality, and CO; emissions. SDGs aims to solve these
issues and new issues such as climate change, sustainable
consumption, peace and justice. In total, SDGs aims to
achieve 17 goals by the partnership of all entities such as
governments, citizens, and firms.

In order to study if SDGs have positive impacts on
the firm value, creation of indices for the corporation
measuring the contribution to SDGs by the corporation is
important. One of the difficulties to create such indices is
that SDGs have more dimensions than ESG. In fact, SDGs
set up 231 indicators to measure the achievement. Another
difficulty is that each goal is interrelated (Zhou 2017 and
Ito 2018). According to Zhou (2017), most targets have at
least one target correlated negatively. That is, achievement
of a typical goal implies that another goal might not be
achieved or achievement might be delayed. In this sense,
collaboration among all types of entities are essential in
order to avoid the conflict among goals. Creation of
indicators measuring the contribution of each firm for
SDGs achievement needs the careful consideration of
interrelatedness of each goal.

There is a plethora of literature on CSR and ESG
while a few papers are written on SDGs as they are fairly
new concepts. Considering similarities and differences
between SDGs and CSR&ESG, we would like to develop
the hypothesis to be tested in this paper in the next chapter.

3. Set of Hypothesis and Literature Review

A set of hypotheses we test in this paper is as follow;

HI1: Pursing CSR and ESG improves the cash-based firm
value.

H2: Pursuing SDGs improves the cash-based firm value.
H3: Pursing CSR and ESG improves the recognized firm
value.

H4: Pursuing SDGs improves the recognized firm value.
H5: Shareholders are value maximizers and they only care
about the firm value. Firm value is maximized but SDGs
might not be achieved well.

Hé6: Shareholders are utility maximizers and they care
about both firm value and firm contribution to the society
(SDGs). Cash-based value might be compensated while
recognized value might be increased due to the increment

in investor base.

We set up the similar hypothesis but different
hypothesis in regard to CSR&ESG and SDGs as CSR and
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ESG are just similar to SDGs but not exactly same.

A lot of papers discuss the relationship between CSR
activities and the cash-based firm value but results are not
consistent each other. In this paper, we would like to
consider the source of the firm value increment and the
types of firm value, cash-based or recognized, improved.

Let us consider the channels of cash-based value
increment. As in equation (1), there are three possible
sources improving the firm value. These sources are
magnitude, risks, and timing of cash flow.

First, CSR could improve the value via the
improvement of cash flow. Khan, Serafeim, and Yoon
(2016) shows that the corporations which have high
investment in material sustainable issues have higher
growth in returns on sales two years or later from now
using U.S.A. data. As results, monthly stock returns are
higher for corporations which have high investment in
material sustainability issues due to the higher alpha
controlled by Fama-French three-factor model (Fama and
French 1993). On the other hand, Ogata (2016) shows that
profitability and environmental, society, and governance
scores (ESG scores) are not positively correlated with
profitability measures such as ROE. Ogata (2016) also
shows that Socially Responsible Investment (SRI) funds in
Japan chose corporations which have higher ROE than
others in the portfolio but difference in ROE between firms
in SRI funds and firms excluded from SRI funds are
diminishing five years or later from the time of selection.

Second, CSR could improve the firm value via the
reduction in discount rates. Lins, Servaes, and Tamayo
(2017) shows that firms concerning CSR have higher
returns during the crisis period by 4-7 %. This result
indicates that corporations concerning CSR have lower
risks in the crisis period. Orlitzky and Benjamin (2001) and
Jo and Na (2012) show that investment in CSR would
reduce both market risk measured by beta and firm-specific
risk. Furthermore, Jo and Na (2012) shows that the impact
of CSR on risk reduction is more significant in

controversial industries such as tobacco, gambling,
weapons, alcohol, adult entertainment, nuclear, oil, cement,
and biotech industries. Shirasu (2011) which uses Japanese
data shows that the average beta of corporations included
in SRI funds is lower in crisis period than in normal period
while average beta of other types of corporations is higher
in crisis period. Corporations concerning CSR could

reduce market risks in the crisis periods. Additionally,
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Shirasu (2011) shows alpha? of corporations in SRI funds
is also positive and statistically significant. These results
indicate that corporations concerning CSR manage a
market risk in crisis period well and earn excess returns
from the market. As a result, corporations concerning CSR
create values to shareholders. Husted (2005) mentions that
CSR can be considered as investments in risk management.
CSR could reduce the risk of the firm as well as increase
the future expected cash flow.

However, Goss and Roberts (2011) shows that firms
with CSR concerns® have higher spreads than corporations
with less CSR concerns by 7-18 basis points. Investments
in CSR strength are not correlated with the spread. Their
paper concludes that too much emphasis on CSR might

destroys the firm value due to the over-investment problem.

Shirasu (2011) using Japanese data points out that stocks
included in SRI showed significantly higher three- or

longer year-returns than non-SRI stocks from 2004 to 2009.

Additionally,

controlled by Fama-French three-factors model than non-

SRI stocks have higher alpha returns

SRI stocks yet opposite results are observed in 2008, a
crisis period. Shirasu (2011) concludes that Japanese SRI
stocks have higher returns due to the higher market risk.
Impact of CSR on risks of stock returns should be further
investigated.

Third, CSR might improve the firm value through
the increment of life span of the corporation. Attig, Ghoul,
Guedhami, and Suh (2013) shows that all types of CSR
scores* except human rights have positive impacts on
credits ratings. This result implies that most CSR activities
reduce the probability of default, that is, increase the life
span of the corporation. Additionally, Ghoul, Guedhami
and Kim (2017) shows that CSR reduces the default
probability and the impact of CSR on the reduction in
default probability is enhanced in the country where
business is strictly regulated. However, Goss and Roberts
(2011) finds that there are nonsignificant differences
between the loan spread of the firms with high CSR
concerns and those with low concerns. This finding implies
that impact of CSR on the default probability is not
significant. Impact of CSR on the life span of the

2 Expected excess return of the investment relative to the
benchmark portfolio.

3 Goss and Roberts (2011) distinguishes two types of CSR
related items, strength and concern items, following to KLD data.
Strength (concern) indicates the positive (negative) impacts on
the society. Strength includes generous giving, pollution
prevention, and employment equality etc. Concern includes
hazardous wastes, indigenous peoples relations concern, and
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corporation should be also further analyzed.

A plethora of papers show the correlation between
the firm value and CSR but many of these papers do not
show how CSR improves or destroys the firm value. In
other words, these papers test weather CSR improves the
recognized value rather than cash-based value. Kawamura
and Nagata (2016) shows that CSR and the firm value
measured by Tobin’s Q are positively correlated if the
firm’s percentage of foreign investors is ranked among the
top 25% of all corporations in that year. This result
indicates that the good governance structure might have
positive impact on the firm value.

On the other hand, Kawamura and Nagata (2016)
shows that if the firm’s percentage of shares by
corporations is ranked among the top 25% in that year,
CSR activity has negative impact on the firm value as
Managers’  entrenchment is  concerned.  Ogata
(2016&2013) shows that SRI funds returns are not
significantly different from active funds. Equal weighted
portfolio (EWP) of stocks in SRI have
significantly higher returns than EWP of stocks in active

included

funds because of higher alpha returns and higher beta.
However, some stocks are included in both SRI and active
funds. Alpha returns of the stocks which are included in
SRI funds but not included in active funds is not
significantly different from zero.

How do SDGs improve the firm value, then? It
depends on the goal. Barnett and Salomon (2006) suggests
that the impact of CSR on the firm value depends on the
types of CSR activities. Their paper uses the data of
socially responsible mutual funds tracked by the Social
Investment Forum> and shows that community relations
have positive impacts while consideration of equal
employment and environmental issues have negative
impacts on market risk adjusted returns. These results
imply that activities associated with goal 11 (sustainable
cities and communities) and goal 17 (partnerships for the
goals) might have positive impact on the firm value while
those associated with goal 5 (gender equality), goal 7
(affordable and 10 (reduced
inequalities), goal 13 (climate action), goal 14 (life below

clean energy), goal

health safety concern of employee etc. For more details, please
refer MSCI ESG KLD STATS (available at
https://www.wiso.uni-
hamburg.de/bibliothek/recherche/datenbanken/unternehmensdat
en/msci-methodology-2014.pdf)

4 Community, Diversity, Employee Relations, Environment, and
Product Scores from MSCI ESG STATS.

5 WEB: http://www.socialinvestmentforum.org.uk/
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water), and goal 15 (life on land) could have negative
impacts.

On the other hand, Shirasu (2011) using several
types of SRI funds and stocks included in these SRI funds
argues that the impact of CSR activities on the firm value
depends on the types of SRI. The abnormal stock returns
of the corporations included in SRI concerning customer
relations and environmental issues are higher than the
corporations which are not included in SRI funds. This
result indicates that goal 17 (Partnership for the Goals)
which is associated with customer relation might have
positive impacts on the firm value. This is consistent with
Barnett and Salomon (2006). Additionally, the CSR
activities concerning environment related to goal 13
(Climate Action), 14 (Life Below Water), and 15 (Life on
Land) might have positive impacts on the firm value as
well. These are contradictory to Barnett and Salomon
(2006). Furthermore, Shirasu (2011) shows that there is no
significant relationship between abnormal returns and SRI
scores associated with employee friendly (providing equal
opportunities etc.), corporate governance, contributions to
the society, and working environment (life work balance
etc.). These results imply that CSR activities associated
with goal 5 (gender equality), goal 8 (decent work and
economic growth), goal 10 (reduce inequalities), and goal
11 (sustainable cities and communities) might not have any
significant impacts on the corporate performance.

While these findings of Shirasu (2016) are not
consistent with the statement that there is positive
relationship between abnormal returns and goal 8, Yamada,
Usui, and Goto (2017) using the survey of Nikkei
Newspaper shows that investment in the corporations
which are workers friendly provide approximately 2%
abnormal returns. We need more careful analysis to
conclude the relationship between the firm value and
contributions to SDGs.

One of the dimensions in the SDGs is peace (goal
16) as in Table 1. Peace is concerned in neither CSR nor
ESG previously with our best knowledge. Jha and Shayo
(2016) shows that higher exposures to the stock markets
increase the tendency to vote for the peace. Their paper
uses vote share for the left party as proxy of the support for
the peace. They conduct the experimental studies in Israel.
Their findings indicate that financial market or financial

incentives might be useful to achieve goal 16.

6 Target 9.4: By 2030, upgrade infrastructure and retrofit
industries to make them sustainable, with increased resource-use
efficiency and greater adoption of clean and environmentally
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When we consider the relationship between CSR
actitivies associated with SDGs, interrelatedness of each
goal should be considered. In other words, even if one of
SDGs is achieved, achievement of other goals might be
impeded. Unfortunately, there are negative correlation
among goals. For example, all targets under goal 8 (Decent
work and economic growth) are conflicting to target 9.4¢
according to Zhou and Moinuddin (2017). Ito (2018) using
SDGs index provided by Sachs et al. (2017) shows that
12

(Responsible Consumption and Production) and most

there are negative correlations between goal
goals (goal 1 - 11, 14, and 16). When we analyze the impact
of a SDGs activity on the firm value, we need to consider
that the activity might obstruct achievements of other
SDGs. Aa a result, through this process, increment in the
firm value could be deteriolated.

The number of literatures we refer in this paper is
limited but we could reasonably conclude that empirical
findings mentioned above imply that impacts of activities
associated with SDGs on the firm value depend on the
features of 17 goals or 169 targets. Even if there is positive
correlation between some CSR activities associated with
some goals and firm performances, these CSR activities
might have negative impact on the achievements of other
goals. We have to consider carefully what kinds of
would be to measure the

indicators appropriate

achievement of SDGs considering the interrelatedness.

4. Theoretical Models

4.1 Cash-Based Value and Recognized Value

In order to test H3 and H4 (CSR, ESG, or SDGs
improves recognized corporate value), we would like to
consider cash-based and recognized firm value using a
theoretical model. Concepts of the model are shown in
Figure 1.

In this analysis, we use the expression of recognized
firm value (v;) which incorporates both cash-based firm
value and the impact of increment in investor base on the
firm value. In other words,

v, = f(V,,Investor base),
m=g(ca(ﬂnyJh@DGuyﬁJSDQJ» Q)
Investor base = g, (SDG,, J ),

where V; is firm I’s cash-based value, Investor base is a

sound technologies and industrial processes, with all countries
taking action in accordance with their respective capabilities.
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change in the number of investors (shareholders) for firm /
due to the firm I’s contribution to SDGs. SDG;, is firm I’s
contribution to Jth SDG. CF;, n;, m, are cash flows,
expected life span, and market risk premium of corporate
I, respectively as in equation (1) and they are function of
SDG; s as they might be related to SDG,.

Equation (2) implies that SDGs are associated with
the cash-based value if SDGs affect cash flows, market risk,
or life span of the firm as in equation (1). On the other hand,
SDGs could improve the recognized firm value via the
increment in investor base without improving the cash-
based value.

Impact of change in the investor base on the firm
value (stock price of the firm) due to the SDGs is described

in Figure 1.

Sock

Price Supply Curve

soG |

Demand Curve
{firm with SDGs)
] E— R ..
Demand Curve
[ Firm without SDGs)
Q Quantity Demanded

Share outstanding

Figure 1: Demand and Supply Curves of the firm with and
without SDGs commitment.

Note: x axis is the quantity demanded or share outstanding and y
axis shows the firm’s stock price. Supply curve is horizontal line.
Sloped line in the left (right) is demand curve of the firm without
(with) SDGs commitment. Ss and Sws indicate stock price of the

firm with and without SDGs commitment, respectively.

Let us assume that the firm’s supply curve of their shares
is described as vertical line in Figure 1. It implies that the
firm do neither issue or split their stocks nor repurchase
their stocks whatever the price level is. That is, share
outstanding in this market is always Q as in Figure 1. Let
us further assume that there are two firms which have
exactly same characteristics including the cash-based value,
V1, except their contribution to SDGs. One contributes

7 Merton (1987) theoretically shows that increase the invest base
(e.g. investor’s recognition improves the firm values through
more investment in that firm. In the context of CSR or ESG,
empirical findings suggest mixed results. Serafeim (2014a)
shows that firms committing Integrated Reporting (IR) have more
stable investor base. However, Serafeim (2014a) does not show
the relationship between the number of stable investors and
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while the other does not. We simply assume that V; does
not depend on SDGs unlike equation (2).

Let us also assume some investors do not care about
the firm’s commitment to SDGs and while others do. This
assumption is reasonable because some stock indices such
as Solactive Sustainable Development Goals World Index
(SOGOALEU) provided by Solactive, a Germany-based
index provider, has selection criteria which exclude the
firms which do not have any contributions to SDGs. While
a few indices clearly mention that their indices or funds
investing in SDGs related securities, quite a few funds
invest in firms following to CSR or ESG criteria. These
facts are consistent with our assumption that investor base
for the firms with SDGs contribution is higher than those
without SDGs contribution. Under this assumption,
demand curve of the firm with SDGs contribution is sifted
to the right from the demand curve of the firm without
SDGs as shown in Figure 1. As a result, equilibrium stock
price of the firm with SDGs, Sspg, is higher than the
equilibrium stock price of the firm without SDGs, Syspc.

In this case, relationship between cash-based value
and recognized value of the firm with and without SDGs

contribution is expressed as

Vispe =Vspe = Vaspe < Vspa

VspG = Sspc X Ds Vaspe = Snspg X O

where Vspg and Vaspg are cash-based value of the
firm with SDGs and without SDGs, respectively, vspc and
vnspg are recognized value of the firm with and without
SDGs, respectively. Q is the number of share outstanding
for both firms.

Thus, SDGs contribution by the firm could improve
the recognized firm value without improving any cash
flows or risks of the firm if SDGs could be attractive
features of the corporations to the investors. In this sense,
popularity of SDGs would be the matter. Bialkowski and
Starks (2016) suggests that investment inflow to SRI are
converged from 1999 to 2011. Same phenomena might be
observed to SDGs in the future.

We need more research to validate this theory by
polishing theoretical model and empirical analysis’. For

corporate performance. Bialkowski and Starks (2016) shows that
SRI funds have higher investment inflows than other types of
funds in the US. Higher investment flow implies higher returns
particularly in 2005-2011. They are consistent with the
persistency of ESG scores of funds which have higher inflows.
However, inflow to SRI funds are converged recently (1999-
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example, this argument of the impact of investor base is
inconsistent with Separation Theorem (Tobin 1958) and
the Capital Asset Pricing Model (CAPM, Sharpe 1964 and
Lintner 1965 etc.) which states that all investors’ portfolio
consists certain mutual funds and risk-free assets. However,
these papers take risk and returns but not ESG factors into
account. We need to carefully consider whether the CSR,
ESG, and SDGs factors are priced in securities markets. In
other words, it is important to consider how these factors
improve or destroy the firm value. These factors might be
associated with beta, but they might have original impact
on the securities’ prices. If latter is true, SDGs factors are
priced, and our proposals make sense. As mentioned above,
empirical findings show mixed results. We would like to

continue to research on this matter.

4.2 Value Maximizers and Utility Maximizers

In order to test HS and H6 (Firm values and its
contribution to SDGs depend on the types of sharcholders,
value maximizers or utility maximizers), we would like to
introduce other theoretical models. Concepts of the models
are shown in Figure 2.

Arguments whether investors (sharcholders) are
value maximizers or utility maximizers are reasonable
because as in the quote of Friedman (1970), investors
previously just care about the profitability and the stock
prices. In this case, investors are value maximizers whose
utility function can be expressed as shown in the left side
of Figure 2. However, recent movements of CSR, ESG, and
SDGs are one of the evidences that investors come to care
how the firms contribute to the society. Another evidence
is that Toda, a Japanese construction corporation, issued
green bond which offering annual interest rate of 0.27%
while other 5-year BBB+ rated bond which is same as
Toda’s green bond have paid 0.33% interests on average
according to Onish, Hanada, and Ban (2018). This
difference of 0.06% (= 0.33% - 0.27%) could be considered
as ESG premium paid by investors in order to contribute to
make the environmentally friendly society. Investors are
likely concerning both firm value and firm’s commitment
to the society, e.g., SDGs. In this case, investors are utility
maximizers whose utility function is expressed as in the
right side of Figure 2.

First of all, let us consider a case of a shareholder
who is a value maximizer. That is, the shareholder only

2011). We might need new types of ESG funds like SDGs related
funds in order to attract investors. Berry (2013) argues that what
kind of funds attract more investors and concludes that firms

U T INA T g b Bk

48

FI0ER F1 5

cares about the recognized value of the corporation /, vy,
and do not care about the corporation /’s contribution to
the Jth SDG through CSR activities (SDGy). In this case,
utility function of the shareholder K, Ux (vi;), or
indifference curves given the level of utility, can be
expressed as straight dashed lines as shown in the left side
of Figure 2. Next, in order to consider possible
combinations of SDG;; and v, let us assume that the
relationship between SDG; s and v;, can be expressed as U-
shaped function (a solid line in Figure 2). We argue that
this assumption is valid as emphasis on the CSR could
improve the corporate value (Serafeim 2014b etc.),
however, too much emphasis could destroy the corporate
value (Kawamura and Nagata 2016). If this assumption is
valid, an optimal point which maximizes Uk (vy) is the top
of the U-shaped curve (a point labeled as Optimal in the
left side of Figure 2).

max Uy (v,,8DG, , )
Indifference Curve:
Ulv, SDG; ;) given Uy

max U, (v 2
Indiffe{(ergcel urve: SDGs,
Uilv)) given Uy

SDG,

——

Optimal Higher Utility

| — . —
] -
stV = h(SDGI,_,) Ir are willing to comp

corporate value “a bit”

L

Higher Utility

Figure 2: Utility functions of a firm value maximizer (left)
and a utility maximizer (right)

Note: x axis is the recognized firm value (v7) and y axis shows the
firm I’s contribution to Jth SDG (SDG! ) and the level of utility.
Solid line indicates relationship between v; and the SDGi..
Dashed lines indicate indifferent curves given the level of utility,
Uk.

Second, let us consider another type of shareholder
who is a utility maximizer, that is, the shareholder who
cares both v; and SDG;,. If this is the case, the shape of
indifference curves is convex as expressed as dashed lines
in the right side of Figure 2. It means that the shareholder
allows the corporate to commit to CSR activities which
destroy the firm value. In this case, an optimal point which
maximizes Uk (v, SDG;) is a point shown in the right side
of Figure 1. The optimal point of the utility maximizer
realizes lower v; but higher SDG;, than the optimal point

contributing the society aggressively attract more investors than
firms do not do activities having bad impact on the society.
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of the firm value maximizer. If this is true, shares of this
corporation might come to be popular by investors who
concern SDGs. As a result, these firms might increase the
investor base and could increase their stock price.

Now, let us consider the optimal amount of SDGs
investment using numerical examples. First of all, let us
assume the shareholder is a value maximizer who concerns
only firm value. Furthermore, the relationship between
contribution to SDGs and firm value can be expressed by
quadratic function. We simply assume that the impact of
SDGs investment by the firm on the firm value is
deterministic. In this sense, SDG;, can be considered as the
value which is proportional to investment amount. The

optimization problem is expressed as in equation (3).

max UK(V,)ZV]

" (3)
stv;=a +bSDG1’J + cSDGIZ’J

where Ukg() is utility function of shareholder K. v; is the
firm value and we assume v; 2 0. SDG;, is corporate I’s
contribution to Jth SDG. For simplicity, SDG; s is measured
as a score ranging from 0 to 100. 100 means that all of the

corporate activities are associated with SDGs and 0 means

that minimal contribution or negative contribution to SDGs.

Relationship between SDG;; and v; is expressed as
quadratic function as too much investment on SDGs would
destroy the firm value (Fatemi, Fooladi, and Tehranian
2015% and Kawamura and Nagata 2016). This implies that
azZ0asv,Z0andc<0.

Thus, amount of SDG;; which maximizes firm value
(e.g. shareholder’s utility) is - b/2c. For example, if we
assume a = 100, b =1, ¢ = -0.02, y = 0.5, contribution to
SDGs which maximizes vy is 25 and maximum v; is 112.5.

Second, let us assume that the shareholder is a utility
maximizer and concerns both realized value of the firm (v;)
and contribution to SDGs (SDG;},s). We simply assume that
the type of the utility function of shareholder K can be
expressed as Cobb-Douglas utility function as in equation
(4). The problem we need to solve is the optimization
problem maximizing the utility of the shareholder shown
in equation (4).

max Uy (v,,SDG, ,)=v/SDG\7
1,,3DG, , K( 1 I,J) 1 1,J

st.v; =a+bSDG, ; +cSDG} ,

“

where Uy () is the utility function of the shareholder K. y

8 Fatemi, Fooladi, and Tehranian (2015) shows that relationship
between firm value and CSR investments are curvilinear by their

U T INA T g b Bk

49

FI0ER F1 5

represents how much the shareholder gain the utility from
vr. In other words, if y > (1 - y), the shareholder put more
weight on v; and if y < (1 - ), the sharecholder put more
weight on SDG;,;. We further assume 0 < y <1. It implies
that that the shareholder is risk averse. According to
Jensen’s inequality, as the utility function is strictly

concave,

UK(E[VI],SDG,’J)>E[UK(v,,SDGI,J)J for any

SDG1y

U (vi-E[SDG,, ])> E[ U (v1,5DG, ;)] for any v

While we do not consider uncertainty in v/ and SDG;; in
this paper, our utility function with 0 <y <1 implies that
the shareholder is risk averse. We would like to extend our
analysis considering uncertainties in the future research
paper. We also assume that amount of SDGs investment is
positive.

Thus, SDGs investment amounts which maximize

the firm value is

—b—\/b2—4ac(1—7)(1+;/)
2c(1+7) '

Proof is shown in the appendix.

SDG, , =

For example, if we assume ¢ =100, 5 =1, ¢ =-0.02,
and y = 0.5, meaning that we assume that the SDGs and
firm values are equally important for the shareholder. In
this case, the optimal amount of investment in SDGs which
maximizes the utility is 60.76 and v; is 86.92. Comparing
this result with the case of the value maximizer, SDGs
investment increased from 25 to 60.76.

This result indicates that in order to achieve SDGs,
we need to show that the significant and positive
relationship between the firm value and SDGs investment
to shareholders who are value maximizers because
shareholders let manager to pursue SDGs to improve the
firm value. This is true even for the utility maximizers.
Actually, in case of utility maximizers, they invest more to
SDGs. Changing the mind of investors so that they
appreciate the contribution to SDGs might be important to
achieve SDGs further through the investment.

However, in case of utility maximizers, more
contribution to SDGs is achieved by compensating the firm
value by 51.74 (= 112.5 — 86.92). The relationship between
SDG;; and vy and Uk for utility maximizers is shown in

Figure 3.

theoretical model.
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Figure 3: The impact of SDGs Investment on the Firm
Value (v;) and Shareholder K’s utility (Ux)

Note: x axis shows the contribution to Jth SDG by firm I (SDG1.)),
v axis shows the firm value (v;) and the level of utility (Uk). Solid

line indicates the v; and dashed line indicates Uk.

We also conduct sensitivity analysis to consider how
the shareholder’s preference to SDGs contribution (1-y)
changes the level of SDG;; maximizing the utility level as
in equation (3). We assume a = 100, b =1, ¢ = -0.02, and
y = 0.5, same as previous examples. Results of sensitivity

analysis is show in Table 2.

Table 2: Sensitivity Analysis: SDG;; which maximizes Uy

depending on y.

y 1—y | SDGy, v Uk
1.0 0.0 | 25.00 | 112.50 | 112.50
0.9 0.1 | 34.05| 110.86 | 98.52
0.8 02| 41.25| 107.22 | 88.57
0.7 03| 47.85| 102.06 | 81.31
0.6 0.4 | 5428 9535 | 76.11
0.5 05| 60.76 86.92 | 72.67
0.4 0.6 | 6747 76.42 | 70.92
0.3 0.7 | 74.57 63.36 | 71.01
0.2 0.8 | 82.21 47.04 | 73.52
0.1 09| 90.61 26.42 | 80.10
0.0 1.0 | 100.00 0.00 | 100.00

Note: y is a parameter of Cobb-Douglas utility function as in
equation (3). SDGyy is firm I’s contribution to Jth SDG. vy is the
firm value. Uk is the utility level of the shareholder K.

According to Table 2, even though the shareholders
are slightly concerned about the SDGs, that is, even if 1 - y
is small, contribution to SDG significantly increases. If
1 - y changes from 0 to 0.1, SDG;, increases from 25.00 to
34.05. However, it compensates the firm value by 1.64
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(= 112.50-110.86).
We are both
principal as investors and agents as managers who decide

implicitly assume shareholders
the investment to SDGs as implied by equation (3) and (4).
However, in reality, this is not always the case. For
example, shareholders might not be able to control or even
observe whether managers make decisions appropriately in
regard to SDGs contribution. In fact, Kawamura and
Nagata (2016) finds that the impact of CSR on the firm
value depends on the governance structure. We would like
to extend our model and analysis considering principal-
agent problem and information asymmetry in order to see
how optimal combinations of the firm value and SDGs
contribution differ for the managers and shareholders and
also to consider how to make managers maximize the

utility of the shareholders for future research.

4.3 Utility Maximizers who Care Number of Shares

Lastly, we would like to introduce interesting
phenomena using simple theoretical model. Concepts and
models are shown in Figure 4 and 5.

Analysis in this section is different from 4.2. We
consider an individual investor who could control neither
the amount of SDGs investment by the firm nor the firm
value (e.g. stock price) in this section while we consider
the investors who could control both SDGs contribution
and the firm value in section 4.2.

First of all, let us assume that the individual investor
cares both SDGs contribution and amount of cash in hand.
We simply assume that cash in hand represents the utility
provided by the consumption. We further assume that
utility of the investor due to the SDGs contribution is
proportional to the number of shares of the firm
contributing to SDGs as shown in equation (5).

SDG, ,

individual SDG, ; = xQ
" ShareOutstanding

)

where individual SDGj; indicates the amount of SDGs
contribution by the individual investor, Share Outstanding,
indicates the number of firm I’s share outstanding and Q is
the number of shares held by the investor. We simply
assume SDGj; / Share Outstanding;is constant. Q affects
the utility of the individual investor due to the contribution
to SDGs.

Please note that what the individual investor care is
the number of shares but not the dollar amounts of the
value of the shares invested. In other words, the individual

investor cares amount of money in hand and the number of
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shares they have. After monetizing the shares, it counts for
the utility level of the individual investor. In this case,
utility function of the individual investor is U(M, Q) where
M is amount of money in hand for future consumption. The
utility level of the individual investor increases as the
amount of money in hand increases or the number of shares

increases as shown in equation (6).

oU (M,0) -0 o’U(M,0Q)

oM oM? <0 ©)
meLQ)>0 a%uALQ)<O
00 T80

Furthermore, a budget constraint line for the
individual investor is expressed as equation (7).
I=M+PQ or M =I1-PQ (7)
where 7 indicates the total budget the individual investor
can use, P is the stock price of the firm contributing to
SDGs.
Given the initial budget, /o, and the current stock
price, Py, an initial budget constraint line is expressed as

equation (8)

I,=M+RQ or M =1,-PQ ®)

The the
combination of the amount of money, M, and the number
of shares, Qo so that U(Mo, Qo) is the maximum level of

utility obtained by the individual investor given the initial

individual investor choses optimal

budget constraint as in Equation (8). The initial optimal
point, (Mo, Qo), is shown in Figure 4. (Mo, Qo) is derived
so that the point marginal rate of substitution and the slope

of the budget line are equated as shown in equation (9).
oU(M,0)

0
- oU(M,0)

oM
Here, let us consider how the change in the stock

=P ©)

price in the future affects the optimal choice of cash in hand,
M, and the number of shares, O, and how the level of utility,
U(M, Q) given that the individual investor choses (Mo, Qo)
as of now.

First, let us consider the case that stock price
increases from Py to Py. In this case, a new budget, Iy, will
be My + PyQo. Py > Py implies Iy > Ip. A new budget

constraint line is shown as equation (10).
I,=M+PF,0 or M =1,-F,0 (10)

Now, let us consider the optimal choice when the
stock price goes up from P to Py. In this case, the slope of

U T INA T g b Bk

51

FI0ER F1 5

the budget constraint line will be steeper as its slope is
equal to the stock price, Py which is higher than Py, as
shown in equation (8) and (10). A new optimal point will
be (My, Qu) as shown in Figure 4. That is, more money is
in hand while a smaller number of shares held because
QOu < Qo and My > My. This result indicates that the
individual investor can achieve higher level of utility by
selling more shares and use more money for the
consumption as the stock price goes up. In other words, the
indifference curve which touches the new budget line is
located further than the initial optimal point as shown in
Figure 4. In short, U (My, Qu) > U (Mo, Qv).

Cash in hand

Budget Line
{Price increases)
P=F

, | Optimal P=F,

| Initial Optimal
My | Indifference
Curve
Budget Line
{Original}
! P=F
o o & Share held

Figure 4: Budget Lines and Indifference Curves when
Stock Price Goes up

Note: x axis shows the number of shares held by the individual
investor (Q). y axis shows the amount of money held by the
individual investor (M). Subscripts of 0 and U indicate the initial
level and the time stock price going up, respectively. Straight
lines show the budget constraint lines. One of them is the initial
budget constraint line, M = Io — PoQ, and the other is the new
budget constraint when stock price goes up, M = Iu — PuQ. Po
(Pv) indicates the initial stock price (stock price when going up).
Io ({v) indicates the initial budget (the budget when stock price
goes up). Curves are indifference curves. Utility function is
described as U(M, Q). We assume that individual investors care
about the number of shares but not the amount of money invested

in the share of the firm contributing to SDGs.

Next, let us consider the case the stock price goes
down from Py to Pp. In this case, a new budget, Ip, will be
Mo + PpQo. Pp < Py indicates Ip < Ip. A new budget
constraint line is expressed as equation (11).

I,=M+P,0 or M=1,-P,Q (11)
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In this case, the slope of the budget constraint line
will be less steep as its slope is Pp which is smaller than Py
as in Equation (8) and (11) and Figure 5. A new optimal
point given the budget constrain shown in Equation (11)
will be (Mp, Op). That is, the investor can achieve higher
level of utility by buying more cheap shares of the firm
contributing SDGs and hold less money for the
consumption as shown in Figure 5 because Op > Qo and

Mp < Mo. In short, U (Mp, Op) > U (Mo, Qv).

Cash in hand

Indifference
Curve
I
Ip
[niiat Optimai |
M 0
M '
BudgetLing Budget Line
(Original) P {Price Decrease)
P=F, P=F,
o Qu Q.D Share held

Figure 5: Budget Lines and Indifference Curves when
Stock Price Goes down

Note: x axis shows the number of shares held by the individual
investor (Q). y axis shows the amount of money held by the
individual investor (M). Subscripts of 0 and D indicate the initial
level and the time stock price going down, respectively. Straight
lines show the budget constraint lines. One of them is the initial
budget constraint line, M = Io — PoQ, and the other is the new
budget constraint when stock price goes down, M = Ip — PpQ. Po
(Pp) indicates the initial stock price (stock price when going
down). /o (Ip) indicates the initial budget (the budget when stock
price goes down). Curves are indifference curves. Utility function
is described as U(M, Q). We assume that individual investors care
about the number of shares but not the amount of money invested

in the share of the firm contributing to SDGs.

Thus, as shown in Figure 4 and 5, we can conclude
that U (Mv, Qu) > U (Mo, Qo) and U (Mp, Op) > U (Mo, Qo).
That is, individual investors feel happier than now no
matter the price of the share goes up or down assuming the
individual investor’s utility level depends on the number of
shares rather than amount of money invested in the firms
contributing to SDGs. If the stock price goes up (down),
individual investors could achieve higher level of utility by
selling (buying) shares of the firm contributing to SDGs
and having more (less) money for the future consumption.
Securities corporations might be willing to sell these kinds
of shares or funds to individual investors as the stock price
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movement would not be the issue in this case.

5. Proposals

Our analysis and empirical research suggest that we
need further analysis in regard to firm’s contribution to
SDGs and its impact on the firm value. In order to enhance
the SDGs, there is no doubt that the research on the
relationship between the firm value and the firm’s
contribution to SDGs While a lot of
previous research attempts to answer this question,

1s essential.
channels of the value increment due to the SDGs
contribution must be considered. The channels are

summarized as bullet points below.

1. SDGs change cash-based firm value?

1-1. SDGs change cash flow?

1-2. SDGs change market risk premium?

1-2. SDGs change life span of the firm?
2. SDGs change recognized firm value?

2-1. SDGs change investor base?
3. What is the expected consequence?

3-1. SDGs improve both cash-based and recognized
firm value?

3-2. SDGs destroy cash-based firm value but improve
recognized firm value (-Acash-based value < Arecognized

value)?

3-3. SDGs destroy cash-based firm value and
recognized firm value (-Acash-based value > Arecognized
value))?

3-4. -Acash-based value = Arecognized value
4. How each SDG is interconnected?

4-1. Both SDGs have positive relation each other and
positive impact on the firm value?

4-2. Both SDGs have positive relation but one of them

has negative impact on the firm value?

A plethora of research analyze the impact of CSR,
ESG, and SDGs on the firm value using the rate of returns.
However, it might overlook the SDGs’ positive impact on
the recognized value which is offset by the negative impact
on the cash-based value. This phenomenon is still desirable
as the stock markets enhance the achievement of SDGs as
the shareholders and investors prefer to invest in the firms
contributing to SDGs.

In order to enable these analysis, construction of the
measurement of SDGs contribution is vital. We need to
measure the level of firms’ activities associated with SDGs
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and how much these activities have impact on one of or
some SDGs.

Additionally, construction of financial schemes
associated with SDGs contribution would be helpful.
World bank issued Notes Linked to SDGs index in March
2017. However, the payoff is related to the stock returns of
the firm pursuing to SDGs, not the measures associated
with SDGs contribution. This bond would not work well to
make firms to contribute SDGs in order to attract more
investors who care the contribution to SDGs (Moridaira,
Ito, and Kobayashi 2018). If the cash flow from the
securities are associated with SDGs, investors more
carefully analyze how these securities provide the payoffs,
how corporate contribute to SDGs. Firms come to consider
the SDGs

Alternatively, we could offer the incentives to managers so

activities in order to attract investors.
that they pursue SDGs. A possible incentive is that
managers’ salary level is associated with both firm value
and SDGs contribution so that firms’ activities maximize
the utility of shareholders who are utility maximizers. As a
result, the firm value could improve due to the SDGs
through market system.

Lastly, we need to consider the investor and
shareholder’s preference on the SDGs contribution in
comparison to the firm value is important. How they
weight on SDGs contribution and the rate of returns when
investing must be further analyzed. We could come up with
the way to attract investors. If investors weight more on
SDGs, brokers could stress the investment allows them to
contribute to SDGS through investment. If investors
weight more on the firm value, brokers could appeal more
SDGs contribution imply higher returns.

Therefore, the construction of SDGs indices of the
firm level and understanding the utility of investors are

vital.

6. Conclusion and Future Research

Previous empirical research and our theoretical
consideration suggest that firm’s contribution to SDGs
might have positive impacts on the firm value (Khan,
Serafeim, and Yoon 2016 etc.). In this case, firms naturally
contribute to SDGs in order to improve the firm value and
also our analysis shows that SDGs could be achieved
somehow as shown in Figure 2. In this case, conducting the
research showing the positive relationship between the
firm value or profitability and SDGs contribution might be

effective to let managers commit SDGs activities.
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Alternatively, constructing the finance scheme aligning
with SDGs contribution and the firm value might work.

However, if we desire firms to contribute SDGs
more, achievement of SDGs depend on the mind of the
shareholders, that is, whether their utility function depends
on the level of contribution to SDGs through the
investment. As shown in Table 2, if the shareholders
concern more about SDGs contribution, SDGs will be
achieved more. In other words, too much investment in
SDGs might happen. This phenomenon is consistent with
the empirical findings (Kawamura and Nagata 2016). We
need further research how the SDGs are associated with the
firm values.

As for future research, we would like to continue to
work on the creation of SDGs index in order to measure
each firm’s contribution to each SDG by considering the
interrelatedness among SDGs. Furthermore, we would like
to analyze how the firm value is increased by SDGs
contribution by decomposing the firm value in to cash-
based and recognized value. In other words, how SDGs
affect the cash flow, risks, life span, and investor base. We
also would like to research how the corporations can have
incentives to pursue both firm value and SDGs. Lastly,
based on these analyses, we would like to develop the
securities pricing model incorporating not only returns and
market risks but also CSR, ESG, and SDGs dimension

considering the utility of investors to these factors.
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Appendix

A.1 17 Goals of SDGs

1. No Poverty

2. Zero Hunger

3. Good Health and Well-Being

4. Quality of Education

5. Gender Equality

6. Clean Water and Sanitation

7. Affordable and clear Energy

8. Decent Work and Economic Growth
9. Industry Innovation and Infrastructure
10. Reduced Inequalities

11. Sustainable Cities and Communities
12. Responsible Consumption and Production
13. Climate Action

14. Life below Water

15. Life on Land

16. Peace, Justice and Strong Institutions
17. Partnership for the Goals

A.2 Proof of Optimization Problem

If a shareholder is utility maximizer, that is, he/she
concerns both firm value (v;) and SDGs. Optimization
problem we would like to solve is as in equation (4).

max Uy (v,,8DG, ;) =v|SDG} ]

v;,SDG;

st.v; =a+bSDG, ; +cSDG},

“)

Taking natural logarithms of both side of equation (4)

changes the maximization problem as

 max Ug =yIn(v;)+(1-7)n(SDG, ;)

st.v; =a+bSDG, ; +cSDG}

(A1)

As taking natural logarithms is monotonic transformation,
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solution to equation (4) and (A1) are exactly same.
SDG;; which possibly maximize the utility of the
shareholder (Uk) implies

Uy _ 7y o N (1-7) 0
aSDG,, v, 8SDG,,  SDG,

ov, /v, _ 1y (A2)
oSDG, , /SDG, , %

Left-hand side of Equation (A2) is SDGs elasticity
of firm value. Equation (A2) indicates that if the
investment to SDGs increases by 1%, the firm value would
increase by - (1 - y) /y. 0 <y <1 implies that the elasticity
is always negative at the optimal which maximizes the
utility of the shareholder. Absolute value of the elasticity is
bigger as y, weight on the firm value, decreases. In other
words, if the combination of SDGs investment and the firm
value is optimal, further investment to SDGs destroy the
firm value at the rate of - (1 - p) / y. This rate is higher as
the weight on the SDGs is higher and the weight on the
firm value is lower.

Furthermore, from the constraint from equation (A1),

M py2esDG,
aSDG, :

By substituting this to equation (A2), we obtain

(b+2¢SDG, ) DG, (=)
"7 a+bSDG, , +cSDG;, y

2 (1_7/) 2
bSDG, , +2¢SDG?, + (a+bSDG, , +cSDG} ) =0
Y
(1-7)a+bSDG, , +¢(1+7)SDG?, =0
Solution to this equation is

_bi\/bz —4ac(1+7)(1—7)
20(1+}/) .

SDG, ; =

As ¢ < 0, thus, SDG,;; which possibly maximize the

utility of the shareholder is

—b—\/b2 —4ac(1—}/)(1+7)
20(1+)/)

a>0and ¢ <0 imply

SDG, , =

b*> —4ac(1-y)(1+7)= 0, we always have the solution.

Finally, a > 0 and 0 < y < 1 imply that second order

condition of the maximization problem,
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d*Uy .
dSDG} ,
is always satisfied.

Therefore, solution to equation (4) maximizes the utility of
the shareholder.
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