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Bhannawat Wanganusorn (Thailand), Chirayu Hantrakul (Thailand),
Panern Intara (Thailand)

UNDERSTANDING THAILAND’S
GREEN BOND MARKET: ISSUANCE
DYNAMICS, RETURN-RISK
PERFORMANCE, AND THEIR
RELATIONSHIP WITH ISSUANCE
VOLUME

Abstract

Thailand’s green bond market is expanding but remains less developed than in ad-
vanced economies, raising questions about issuance patterns and whether return-risk
conditions support broader market growth. This study aims to analyze issuance dy-
namics in Thailand’s green bond market, evaluate return and risk performance, assess
the relationship between return, risk, and issuance volume, and classify green bonds
based on their risk characteristics. The sample included 62 green bonds registered
with the Thai Bond Market Association (ThaiBMA) during 2019-2025. Descriptive
statistics are used to summarize issuance and performance indicators; return measures
include current yield, yield to maturity, holding period return, and annual percentage
rate; risk is assessed using seven variables capturing default, liquidity, interest rate, in-
flation, and reinvestment risks, and hierarchical clustering is applied to classify bonds
by risk level. Results show that private-sector issuers dominate the market, account-
ing for 79% of outstanding green bond value (103.216 billion baht), followed by state-
owned enterprises (12%) and foreign issuers (9%). Current yield ranges from 1.62%
to 5.55% (mean 3.40%), while yield to maturity ranges from 1.75% to 8.86% (mean
3.20%). Credit spreads range from 0.41% to 3.49% (mean 1.46%), and duration ranges
from 0.019 to 10.07 years (mean 3.35), indicating generally moderate risk conditions.
SEM analysis further reveals a significant positive relationship between risk and return,
while issuance volume is not significantly related to either factor. Cluster analysis iden-
tifies four distinct risk groups — low, medium, high, and highest - offering a practical
risk classification for investors and policymakers to support sustainable finance devel-
opment in Thailand.

Keywords issuance, Thailand, yield, spread, duration, liquidity, risk,
clustering, sustainable, finance
JEL Classification G12, G32, Q56, F65

INTRODUCTION

Thailand faces persistent environmental and climate-related challeng-
es that threaten long-term economic resilience and the country’s abil-
ity to pursue sustainable growth. In response, sustainable finance has
become increasingly important as a mechanism for mobilizing capital
toward low-carbon and environmentally beneficial projects. Among
sustainable financing instruments, green bonds have gained global at-
tention because they channel debt financing to eligible green projects
such as renewable energy, energy efficiency, and climate adaptation,
while also supporting transparency through the use-of-proceeds prin-
ciple and external verification practices. Although Thailand’s green
bond market has expanded since the first issuance in 2018, it remains
smaller and less mature than markets in advanced economies. The
market is characterized by a limited number of issuers and bond is-
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sues, which raises important questions regarding the sustainability of market growth and the condi-
tions that can attract broader investor participation. In particular, insufficient evidence exists regarding
the return-risk characteristics of green bonds and whether their risk profiles exhibit meaningful het-
erogeneity across issuances. This lack of empirical evidence constitutes a significant scientific problem,
as it constrains both academic understanding of emerging green bond markets and the ability of mar-
ket participants and policymakers to evaluate the financial attractiveness and structural robustness of
green bond instruments in Thailand. Addressing this gap is essential for advancing research on sustain-
able finance in emerging markets and for informing future analytical and policy-oriented investigations

of green bond market development.

1. LITERATURE REVIEW

AND HYPOTHESES

The global financial landscape has undergone a par-
adigm shift with the integration of Environmental,
Social, and Governance (ESG) criteria into capital
allocation mechanisms, positioning green bonds
as a pivotal instrument in the transition toward
sustainable finance. The global green bond mar-
ket has reached significant milestones in recent
years, with developed economies leading early ex-
pansion while emerging markets (EMs), particu-
larly within the Association of Southeast Asian
Nations (ASEAN), increasingly adopt green bonds
to finance low-carbon development pathways
(International Finance Corporation [IFC], 2024;
Asian Development Bank [ADB], 2025). Within
this regional context, Thailand has demonstrat-
ed a strong commitment to sustainable devel-
opment through its Bio-Circular-Green (BCQ)
Economy model, with both public and private
sectors utilizing green, social, and sustainabil-
ity (GSS) bonds to fund renewable energy, clean
transportation, and social infrastructure projects
(Public Debt Management Office [PDMO], 2024;
Thai Bond Market Association [ThaiBMA], 2025).
Nevertheless, the expansion of green bond markets
in EMs is frequently accompanied by structural
challenges such as liquidity constraints, issuer con-
centration, and evolving regulatory frameworks
that may influence long-term market depth and
stability (Asian Development Bank [ADB], 2022).

A growing body of empirical research investigates
the determinants and structural conditions of
green bond issuance. Evidence indicates that issu-
ance decisions are shaped not only by financing
costs but also by firm-level sustainability strat-
egies and governance characteristics, suggest-
ing that non-financial considerations play a sub-
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stantive role in market participation (Fatica et
al., 2021). These findings help explain why green
bond markets in emerging economies can expand
rapidly while still exhibiting institutional fric-
tions. From a pricing perspective, cross-sectional
analyses reveal that the so-called “greenium” is
heterogeneous and tends to be more pronounced
for specific issuer and bond characteristics, imply-
ing that cost advantages are concentrated within
particular market segments rather than uniformly
distributed (Loffler et al., 2021). Complementary
evidence highlights the influence of investor clien-
tele effects on both pricing and ownership struc-
tures, shaping secondary-market behavior and
potentially affecting liquidity over time (Baker
et al.,, 2022). Comparative studies between green
and conventional bonds further demonstrate that
observed yield differentials are sensitive to match-
ing methodologies, certification standards, and
market microstructure conditions, underscoring
the importance of analytical rigor when interpret-
ing return performance (Hachenberg & Schiereck,
2020). Large-sample corporate evidence also as-
sociates green bond issuance with measurable
improvements in environmental performance,
thereby strengthening the credibility of use-of-
proceeds commitments and supporting continued
investor and policy engagement, particularly in
developing markets (Flammer, 2021).

Theoretical perspectives provide additional foun-
dations for understanding bond market dynam-
ics and issuer behavior. Expectation Theory posits
that long-term interest rates reflect the geomet-
ric average of expected future short-term rates,
implying that issuers are sensitive to yield curve
conditions when determining financing strate-
gies (Estrella & Mishkin, 1996; Franca & Gaspar,
2024). In this context, lower prevailing yields re-
duce borrowing costs and may incentivize bond

http://dx.doi.org/10.21511/imf1.23(1).2026.25
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issuance, an effect potentially amplified for green
bonds through yield discounts associated with
the greenium (MacAskill et al., 2021; IFC, 2025).
Empirical evidence from multiple jurisdictions
indicates that bond issuance volumes tend to in-
crease in accommodative monetary environments,
as firms seek to secure cheaper funding while
investors display a “reach-for-yield” behavior by
extending duration rather than accepting lower
credit quality (De Santis & Zaghini, 2021; Bruno
et al.,, 2024; Bi et al., 2024; Huang et al., 2025).
These patterns suggest an inverse association be-
tween prevailing yield levels and issuance activity,
although asset-liability matching considerations
remain important for long-term green infrastruc-
ture financing (ThaiBMA, 2025).

Market uncertainty and liquidity conditions further
shape issuance incentives and investor behavior.
Liquidity Preference Theory asserts that during pe-
riods of heightened uncertainty, investors demand
additional yield premiums for holding longer-term
and less liquid instruments, increasing the cost of
capital for issuers (Papavassiliou, 2021). This mech-
anism is particularly relevant for EM green bond
markets, where secondary-market liquidity may be
constrained due to buy-and-hold investment strat-
egies among ESG-focused institutions (Cheng et
al., 2024). In contrast, Market Segmentation and
Preferred Habitat theories suggest that distinct
investor mandates — such as ESG-oriented funds -
can create independent demand pockets that sup-
port pricing advantages even in the absence of su-
perior liquidity, thereby contributing to the per-
sistence of a greenium (Zerbib, 2019; Loffler et al.,
2021). Additional evidence underscores the impor-
tance of credibility, measurement quality, and ex-
ternal verification in shaping risk-return percep-
tions. Differences in ESG rating methodologies can
influence investor interpretation of sustainability
signals (Larcker & Watts, 2020), while third-party
certification has been shown to enhance credibil-
ity and potentially enlarge the greenium, especially
in markets characterized by higher information
asymmetry. Liquidity-based analyses also indicate
that trading conditions materially affect the appar-
ent cost advantages of green labels (Yan et al., 2025),
and sovereign green bond markets may provide
benchmark yield curves that facilitate broader cor-
porate market development in emerging economies
(Tomczak, 2024).

http://dx.doi.org/10.21511/imfi.23(1).2026.25

Beyond pricing and liquidity considerations, em-
pirical studies consistently explore the interaction
between yield dynamics, return performance, and
issuance activity. Lower yields are generally asso-
ciated with higher issuance volumes as financing
costs decline, while benchmark yield curve forma-
tion — often supported by sovereign or public-sec-
tor sustainability issuances - can stimulate cor-
porate participation (IFC, 2025; PDMO, 2024). At
the same time, market sentiment and investor at-
tention may influence issuance timing, with posi-
tive historical returns and favorable market reac-
tions encouraging additional supply (Aini et al.,
2023; Wang et al,, 2025). Although return-based
metrics such as Holding Period Return (HPR)
are more commonly applied in equity contexts
(Hovakimian et al., 2001; Eckbo et al., 2007), re-
lated evidence from Asia and Thailand suggests
that firms tend to access capital markets during
periods of strong historical performance and posi-
tive investor sentiment (Celik & Akarim, 2012).
Nevertheless, relatively few studies directly ex-
amine the relationship between bond-specific re-
turn measures and green bond issuance volumes,
indicating an area requiring further empirical
investigation.

Risk characteristics constitute another central di-
mension of green bond market analysis. Credit
ratings remain a primary determinant of market
access in emerging economies, with issuance fre-
quently concentrated in the investment-grade seg-
ment due to conservative institutional risk appe-
tites (ThaiBMA, 2025; IFC, 2025). Duration and
modified duration capture sensitivity to interest
rate fluctuations and influence both issuer tenor
choices and investor portfolio strategies, particu-
larly during periods of heightened rate volatility.
Complementary metrics such as the Price Value
of a Basis Point (PVBP) serve as practical tools for
hedging interest-rate exposure and assessing price
sensitivity. Collectively, these indicators highlight
the multidimensional nature of risk assessment in
green bond markets, where financial fundamen-
tals interact with liquidity conditions, credibility
signals, and regulatory environments.

Overall, the existing literature demonstrates sub-
stantial progress in understanding green bond
issuance drivers, pricing mechanisms, and risk
characteristics. However, prior studies often ex-
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amine these dimensions separately and predomi-
nantly focus on developed markets. Integrated
empirical evidence that simultaneously evaluates
issuance dynamics, return-risk performance, and
multivariate risk heterogeneity remains compara-
tively limited in emerging market contexts such as
Thailand.

The purpose of this study is to examine the issu-
ance dynamics of Thailand’s green bond market
and to evaluate the return-risk performance of
green bonds issued in Thailand. In addition, the
study aims to assess the relationships between re-
turn, risk, and issuance volume using structural
equation modeling, and to classify green bonds in-
to distinct risk groups based on multivariate risk
characteristics. The following hypotheses are pro-
posed regarding bond issuance volume:

HI: Current Yield is negatively related to bond
issuance volume.

H2: Yield to Maturity is negatively related to
bond issuance volume.

H3: Holding Period Return is negatively related
to bond issuance volume.

H4: Annual Percentage Return is negatively re-
lated to bond issuance volume.

H5:  Price Value of a Basis Point (PVBP) is neg-
atively related to Green Bond Outstanding
Value.

H6: Duration is negatively related to Green Bond
Outstanding Value.

H7:  Modified Duration is negatively related to
Green Bond Outstanding Value.

HS8: Credit Rating is negatively related to Green
Bond Outstanding Value.

2. METHODOLOGY

This study investigates the context of green bonds
in Thailand, focusing on four key aspects: (1) an-
alyzing issuance dynamics in Thailand’s green
bond market, (2) evaluating return and risk per-
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formance, (3) assessing the relationship between
return, risk, and issuance volume, and (4) classify-
ing green bonds based on their risk characteristics.
The methodological framework was organized
into a sequential analytical procedure to ensure
transparency, consistency, and replicability.

2.1. Data collection

The empirical dataset was compiled from official
and publicly accessible sources, primarily the Thai
Bond Market Association (ThaiBMA) and the
Public Debt Management Office (PDMO). The
observation period spans 2018-2024, commenc-
ing from the initial issuance of green bonds in
Thailand.

The sample comprises all green bond instruments
for which complete information on pricing, yield,
maturity structure, credit rating, and outstanding
value was available. The study relies exclusively on
secondary financial data, thereby ensuring stan-
dardization of measurement and comparability
across issuers and time periods.

2.2. Variable definition
and measurement

The analytical framework classifies variables into
three principal dimensions: return indicators, risk
indicators, and issuance volume. Variables used in
this study are shown in Table 1.

2.3. Descriptive statistical analysis

Descriptive statistical techniques were employed
as an initial analytical step to provide an overview
of the market structure and distributional char-
acteristics of return and risk variables. The analy-
sis included measures of central tendency (mean),
dispersion (standard deviation), and range (mini-
mum and maximum values). This stage serves to
establish baseline market conditions prior to in-
ferential and multivariate analyses.

2.3.1. Structural equation modeling (SEM)
To investigate the simultaneous and potentially in-
terdependentrelationshipsamongreturn variables,

risk variables, and issuance dynamics, Structural
Equation Modeling (SEM) was employed. SEM

http://dx.doi.org/10.21511/imf1.23(1).2026.25
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Table 1. Variables used and measurement

Category Variables Symbol Measurement Citation
Dependent Green Bond . .
Variable . Outstanding Value OSTD Outstanding Value from ThaiBMA database % -

2. Yield to Maturity

Explanatory
Variable:

2022

CF +M,

CF, CF,

PV = —+ —— ...+ -,
YIM (1+yrm)  (1+YM ) (1+vrm) Nesbitt, 2018

where PV is the bond purchase price, CF is the
coupon payment, and M_is the redemption value

Return Dimension |

3. Annual Percentage
Rate

: R=—"""—,
APR | CFoUT-T Peren, 2023
where CFIN is the cash inflow, CFOUT is the cash

outflow, and T is the time in years

_ Income + Ending Value — Beginning Value

. 4. Holding Period Return HPR HPR Boaimni Schaub, 2019
: eginning Value
The remaining time until maturity, calculated as Mega & Widayat,
1.Time to Maturity TT™M i the difference between the maturity date and the § 2019; Papavassilio,
: current date 2021
i Based on TRIS Rating classifications, ranging from
) ) i BBto AAA. Bonds rated below BBB are categorized Ubarhande and
2. Credit Rafing R as high-yield, while those rated BBB and above are Chandani, 2021
considered investment grade :
V—-)—(V+
; ; PVBP :%2(),
3. Price Value of a Basis PVEP ThaiBMA, 2024

Point
Explanatory
Variable:

where (V) is the bond price when yield decreases
by 1 basis point and (V+) is the price when yield
increases by 1 basis point

Risk Dimension

" t-PVCFt
DUR, =% ——,
H - [ PVICF
5. Duration DUR i where n is the number of periods, t is the time of Hawawini, 1984

i each cash flow, fis the frequency of payments per

year, PVCF, is the present value of cash flow at time

t, and PVTCF is the bond price

M

6. Modified Duration DURA‘FION

MD = DUR/(1+YTM/n),

Dai et al., 2022
where DUR is Macaulay Duration

enables the estimation of both direct and indirect
effects within a unified structural framework and
is particularly suitable for examining latent rela-
tionships among multiple financial constructs.
Model validity was assessed using standardized
fit indices and path coefficient estimations in ac-
cordance with established SEM evaluation criteria.

2.3.2. Risk classification through cluster analysis
To identify homogeneous groupings of green
bonds according to their risk characteristics, clus-

ter analysis was performed using selected risk in-
dicators, including duration, PVBP, and credit

http://dx.doi.org/10.21511/imfi.23(1).2026.25

rating. The hierarchical clustering technique was
employed, using a dendrogram analysis. Group
validation was performed using two techniques:
a two-step algorithm, which considered the AIC
value at the elbow point (Wanganusorn et al.,
2024), and a comparison of clustering perfor-
mance based on synergy and separation (Shutaywi
& Kachouie, 2021) The clustering procedure facili-
tates the classification of bonds into distinct risk
categories, thereby providing a systematic basis for
comparative analysis of investment profiles. The
resulting clusters were subsequently interpreted
as representative risk tiers within the Thai green
bond market.
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3. RESULTS

3.1. Objective 1: An overview
of issuance dynamics in
Thailand’s green bond market

A comprehensive study of Thailand’s green bond
market identifies three main issuer categories:
state-owned enterprises, foreign entities, and
long-term corporate issuers. The private sector
dominates the market, accounting for 79% of out-
standing green bond value (103.216 billion baht),
followed by government bonds (12%) and foreign
bonds (9%). This highlights the private sector’s
central role in market development. Analysis of
bond maturity reveals limited participation from
state-owned enterprises, with only Exim Bank and
BAAC issuing green bonds — most with maturities
under three years. BAAC is the sole issuer with a
bond exceeding this term. This suggests that green
bonds are not yet a preferred funding mechanism
for public entities. Foreign-issued green bonds are
even more concentrated, with one company issu-
ing six bonds, only two of which have maturities
beyond three years. In contrast, the private sector
shows broader engagement, with 18 companies is-
suing multiple green bonds. For example, Global
Power Synergy PCL and RATCH Group PLC have
issued seven and six bonds, respectively, with ma-
turities ranging from under one year to over ten
years. These patterns reflect the private sector’s
leadership and diversity in Thailand’s green bond
market, as illustrated in Figure 1.

Outstanding Min.
16

14
State Own Enterprise

(Non-Guaranteed)... 12

>
e’ |

Long-term Corporate...

Foreign
Bonds
9%

o N B O 00

BAAC258A
EXIM259A
EXIM266A
XPCL257A
XPCL277A =
XPCL270A
BTSG265A =
EA297A

@ state-owned enterprises

EA260A =
GPSC308A
RATCH25NA

3.2. Objective 2: Return and risk
performance

3.2.1. Return performance

In the Thai context, the return on green bonds
- measured by the ratio of interest payments to
market price, commonly referred to as the cur-
rent yield - has been found to be significant.
The current yield in the Thai green bond mar-
ket ranges from a minimum of 1.62% to a maxi-
mum of 5.55%, with an average return of 3.40%.
When returns are assessed using the yield to
maturity (YTM) metric, the lowest observed re-
turn is 1.75%, the highest is 8.86%, and the aver-
age YTM is approximately 3.2021%. Using the
annual percentage rate (APR) as a measure, the
returns range from a minimum of 1.59% to a
maximum of 249%, with an average APR of ap-
proximately 7.1044%. In addition, when returns
are calculated using the holding period return
(HPR) method, the lowest return is 5.69%, the
highest is 67.26%, and the average return is
23.0323%.

These findings, derived from multiple return mea-
surement approaches, as shown in Figure 2, pro-
vide a comprehensive understanding of the return
structure of green bonds in Thailand. Based on
the results, green bond returns can be categorized
into three levels (Nesbitt, 2018): (1) low-yield (be-
low 3%), (2) moderate-yield (3%-6%), and (3) high-
yield (above 6%).

TTM(Yrs.)

WHAUP286A ==

RATCH35NA
BTSG27NA ==
BGRIM267A ==
BCPG289A
BCPG339A
BTSC28NA
TLT258B
IRPC295A
GPSC306A
GPSC376A -
STGT299A
GULF283A ==
EA289A
EGCO28NA
EGCO33NA
RATCH25DA =
RATCH278A ===
CIMBT340A
SSP302A
CKP286B
CKP306A

—
o
=
@
@®@
3
o
>
=
=
(0]
»

@ term corporate issuers

Figure 1. Thai green bond market structure
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Table 2. Return descriptive statistics

) Descriptive Statistics
Variable N — - T .
Minimum Maximum Mean Std. Deviation
CcY 62 1.75% 8.86% 3.20% 1.61
YTM 62 1.62% 5.55% 3.40% 0.88
APR 62 1.59% 249.00% 7.10% 31.23
HPR 62 5.69% 67.26% 23.03% 13.16

3.2.2. Risk performance

This study evaluates the risks associated with green
bonds across five key dimensions: default risk, liquid-
ity risk, interest rate risk, inflation risk, and reinvest-
ment risk. Each of these risk factors can influence the
pricing and attractiveness of debt instruments. The
details of each risk dimension are outlined in Table 3.

Table 3. Risk descriptive statistics

3.2.3. Default risk

Default risk refers to the possibility that the issuer
of a green bond may fail to meet its obligations to
repay the principal and interest within the agreed
timeframe. This risk can be assessed using vari-
ous financial indicators, including net operating
income, debt-to-equity ratio, cash flow generation

) Descriptive Statistics
Variables N — - T —
Minimum Maximum Mean Std. Deviation
TT™M 62 .0300 13.42 3.73 3.07
PVBP 62 .0002 0.098 0.033 0.025
CS 62 0.41% 3.49% 1.46% 0.86%
DUR 62 0.019 10.07 3.35 2.57
M_DURATION 62 0.018 9.84 3.29 2.53
CONVEX H 62 .0097 120.59 20.31 27.01
Ctg. . Symbol YTM CY (HPR:ARP Ctg. .| Symbol YTM & CY . HPR  ARP = Ctg. symbol
BAAC258A GPSC276A NS B 00 | EA260A i TR
| GPSC306A : GPSC258A
(1) : :
CPN256A %:RATCHZSNA
STeT299A RATCHISNA L
o)  STGT329A - BTSG25NA
............................. 5sP302A BTSG30NA
{ XPCL280A : @E)
 BTSG265A : ]
| BTSG295A | EA269A - BCPG289A
EA293A EGCO26NA Boreazon NN
‘) { BTSC26NB | EGCO28NA  RATCH278A
BTSC31NA  EGCO33NA . CIMBT340A
¢ IRPC295A WHAUP297A
(1) state-owner enterprises low-yield
(2) foreign entities Moderate-yield
(3) long-term corporate issue High-yield

Figure 2. Green bond, categorized by yield

http://dx.doi.org/10.21511/imfi.23(1).2026.25
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capacity, credit ratings, and credit spreads (CS). In
this study, credit ratings and credit spreads were
employed as proxies for default risk. The findings
indicate that a significant proportion of green
bonds in Thailand are rated BBB+ (22.6%) and
AA- (21.0%), suggesting a moderate to high lev-
el of credit risk (see Table 4). When using credit
spread as a measure, the risk levels can be catego-
rized as follows: (1) spreads below 100 basis points
(bps) indicate very low risk, typically associated
with government bonds or AAA-rated issuers; (2)
spreads between 100 and 300 bps reflect moder-
ate risk, common among investment-grade bonds;
and (3) spreads exceeding 400-500 bps denote high
risk, often linked to high-yield or sub-investment-
grade bonds (Gilchrist & Zakrajsek, 2012). In the
Thai green bond market, credit spreads ranged
from 0.41% to 3.49%, with an average of 1.4681%,
indicating a predominantly moderate level of de-
fault risk.

Table 4. Credit rating descriptive characteristics

Descriptive characteristics

Rating

Frequency Percent
e A R
AAA/TRIS F PR 3.2
AA+/TRIS F 13 21.0
AA/TRIS F 6 9.7
AA-/TRIS 2 3.2
Gty ' s
A/TRIS F s 6.5
A/TRS 9 : 14.5
BBR+/TRIS F u : 22.6
BBB/TRIS F 1 16
BB+/TRIS F 5 8.1
Total o 62 : 100.0

3.2.4. Liquidity risk

Liquidity risk arises from the difficulty of trad-
ing a bond without significantly affecting its
market price or the proceeds received. Factors
contributing to liquidity risk include low trad-
ing volume, limited issuer recognition, and the
remaining maturity of the bond. Bonds issued
by well-known entities, such as governments
or large corporations, generally exhibit higher
liquidity, whereas those issued by smaller or
lower-rated entities may face limited secondary
market activity. This study utilized remaining
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maturity and credit rating as indicators of li-
quidity risk. The results show that the remain-
ing maturity of green bonds in Thailand rang-
es from 0.03 to 13.42 years, with an average of
3.7394 years. Bonds with a remaining maturity
of less than 3 years are considered to have low
liquidity risk, while those exceeding 5 years are
associated with higher risk. These findings align
with the observed credit ratings, where a signifi-
cant portion of bonds are rated BBB+ (22.6%)
(see Tables 3 and 4), suggesting a moderate level
of liquidity risk.

3.2.5. Interest rate risk and inflation risk

Interest rate risk and inflation risk are closely re-
lated, as inflation influences interest rate move-
ments. This study assessed both risks using du-
ration, a measure of a bond’s price sensitivity to
changes in interest rates. Duration is calculated
as the weighted average time to receive the bond’s
cash flows, discounted to present value. It provides
insight into how bond prices may fluctuate in re-
sponse to interest rate changes. Duration values
are typically interpreted as follows: values below
3 indicate low risk, values between 3 and 7 suggest
moderate risk, and values above 7 reflect high risk
(Intarasupht, 2022; van Binsbergen et al., 2024).
The study found that the duration of green bonds
in Thailand ranged from 0.0192 to 10.0744, with
an average of 3.35426 (see Table 3). These results
suggest that green bonds in the Thai market gen-
erally exhibit a moderate level of interest rate and
inflation risk.

3.2.6. Reinvestment risk

Green bonds, as fixed-income instruments, gen-
erate periodic cash flows, primarily through fixed
interest payments. Reinvestment risk, which per-
tains to the uncertainty surrounding the reinvest-
ment of these cash flows, can be assessed using
Modified Duration (MD). The literature review
supports the use of MD as a measure of reinvest-
ment risk. The study identified MD values rang-
ing from a minimum of 0.0189 to a maximum of
9.8455, with a majority of bonds exhibiting an MD
of approximately 3.299194. These findings, pre-
sented in Table 3, indicate a moderate level of rein-
vestment risk associated with green bonds in the
Thai market.
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3.3. Objective 3: Green bond volume,
return, and risk

3.3.1. Return and risk analysis

This study examined the return and risk charac-
teristics of green bonds through descriptive sta-
tistical methods, aiming to elucidate the variables
associated with bond performance. To evaluate
the construct validity and explanatory power of
these variables, Confirmatory Factor Analysis
(CFA) was employed, as illustrated in Figure 3.
The analysis identified Yield to Maturity (YTM),
Current Yield (CY), Holding Period Return (HPR),
and Average Periodic Return (APR) as key com-
ponents contributing to green bond returns. The
model demonstrated a satisfactory fit to the data,
as evidenced by the following fit indices: Chi-
square (x*) = 0.901, degrees of freedom (DF) = 2,
p-value = 0.637, CMIN/DF = 0.450, Goodness-of-
Fit Index (GFI) = 0.993, Adjusted Goodness-of-
Fit Index (AGFI) = 0.964, Comparative Fit Index
(CFI) = 1.000, and Root Mean Square Error of
Approximation (RMSEA) = 0.000. These results
affirm the robustness of the model and the rele-
vance of the selected return variables in the con-
text of green bond performance. The variables
Present Value of a Basis Point (PVBP), Duration,
Modified Duration (M_Duration), and Credit
Rating were identified as components of the risk
factor model, as illustrated in Figure 4. To as-
sess the validity of this construct, Confirmatory
Factor Analysis (CFA) was conducted. The model
demonstrated a strong fit with the observed da-
ta, as indicated by the following fit indices: Chi-
square (x*) = 0.246, degrees of freedom (DF) = 2,
p-value = 0.876, CMIN/DF = 1.32, Goodness-of-
Fit Index (GFI) = 0.998, Adjusted Goodness-of-
Fit Index (AGFI) = 0.989, Comparative Fit Index

(CFI) = 1.000, and Root Mean Square Error of
Approximation (RMSEA) = 0.000. These results
confirm the appropriateness of the selected vari-

ables in representing the risk dimensions of green
bonds.

3.3.2. The relationship between returns
and risks affecting the volume of green
bond issuance

The relationship between green bond returns, as-
sociated risks, and the volume of green bonds is-
sued was examined using Structural Equation
Modeling (SEM), as illustrated in Figure 4. The
results indicated that the proposed model dem-
onstrated a satisfactory fit to the empirical data.
This is supported by the following fit indices: Chi-
square (x?) = 31.280, degrees of freedom (DF) =
22, p-value = 0.091, CMIN/DF = 1.422, Goodness-
of-Fit Index (GFI) = 0.909, Comparative Fit Index
(CFI) = 0.993, and Root Mean Square Error of
Approximation (RMSEA) = 0.08. These values
meet the recommended thresholds for model ad-
equacy as outlined by Hair et al. (2010), thereby
confirming the validity of the structural relation-
ships among the variables.

3.3.3. Hypothesis testing results

The structural equation modeling (SEM) analysis
was conducted to examine the relationships be-
tween return variables, risk indicators, and green
bond issuance volume. The hypothesis testing re-
sults are summarized based on the estimated path
coefficients and their statistical significance. The
results indicate that the relationships between re-
turn indicators (Current Yield, Yield to Maturity,
Holding Period Return, and Annual Percentage
Rate) and green bond issuance volume are not sta-

Return

Factor

Figure 3. Confirmatory factor analysis
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OSTD

.06

Figure 4. SEM

tistically significant. Therefore, H1, H2, H3, and
H4 are not supported. Similarly, the estimated
paths between risk indicators - including Price
Value of a Basis Point (PVBP), Duration, Modified
Duration, and Credit Rating - and green bond
outstanding value do not exhibit statistically sig-
nificant effects. Consequently, H5, H6, H7, and H8
are also not supported. These findings suggest that
the volume of green bond issuance in Thailand is
not primarily driven by conventional financial re-
turn or risk indicators. Instead, issuance decisions
may be influenced by broader strategic and sus-
tainability-related considerations, which is consis-
tent with recent literature emphasizing the role of
ESG commitments and institutional participation
in emerging sustainable bond markets.

3.4. Objective 4: Classification
of green bonds by their return
and risk characteristics
3.4.1. Return-based classification
Building upon the findings from Objective 2,
which established the structure of return and risk

for Thai green bonds using multiple measurement
approaches, this section aims to categorize green

340

bonds based on their return and risk profiles. The
variability in return metrics arises from the dis-
tinct dimensions and assumptions inherent in
each method. For instance, Current Yield (CY)
reflects the interest income relative to the bond’s
current market price, making it suitable for inves-
tors focused on short-term income. However, it
does not account for capital gains or losses. In con-
trast, Yield to Maturity (YTM) incorporates both
interest payments and price differentials, assum-
ing reinvestment at a constant rate, thereby offer-
ing a more comprehensive but complex measure of
return. To ensure a robust and multidimensional
classification of green bond returns and risks, this
study employed clustering techniques. Specifically,
hierarchical clustering was applied using CY,
YTM, Holding Period Return (HPR), and Average
Periodic Return (APR) as representative variables.
The dendrogram generated via the Between-
Group Linkage method was used to determine
the optimal number of clusters. Subsequently, the
Two-Step Algorithm was utilized to validate the
clustering structure, with the Akaike Information
Criterion (AIC) guiding the selection of the opti-
mal number of clusters. Both methods converged
on five distinct clusters, representing varying lev-
els of return: very high, high, moderate, relatively

http://dx.doi.org/10.21511/imf1.23(1).2026.25
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Figure 5. Dendrogram AIC and clustering efficiency for return

low, and low (Thomas et al., 2013). The clustering The classification yielded five distinct groups of
efficiency was evaluated based on intra-group co- green bonds, each with clearly interpretable re-
hesion and inter-group separation, as illustrated turn characteristics. Figure 6 presents the bond
in Figure 5 codes corresponding to each return category.

Green bond return group clustering
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Figure 6. Green bond return group clustering
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3.4.2. Risk-based classification

In parallel, green bonds were also categorized ac-
cording to their risk levels using hierarchical clus-
tering. The variables employed for this analysis in-
cluded Time to Maturity (TTM), Present Value of
a Basis Point (PVBP), Credit Spread (CS), Duration
(DUR), Modified Duration (M_Duration), and
Convexity, which collectively capture various di-
mensions of bond risk. The dendrogram produced
using the Between-Group Linkage method served as
the basis for initial cluster identification. The Two-

Step Algorithm, guided by the AIC elbow point,
confirmed the optimal number of clusters to be four.
These clusters correspond to the following risk lev-
els: highest risk, high risk, medium risk, and low risk
(Slovic et al., 1979). The clustering structure demon-
strated strong explanatory power, with clear group
delineation and interpretability, as shown in Figure 7.

Figure 8 summarizes the green bonds classified
under each risk category, providing a comprehen-
sive overview of their distribution across the four
risk levels.

Green bond risk group clustering

XPCL257 XPCL267A XPCL277A
XPCL260A XPCL270A XPCL280A
BTSG265A BTSG295A

EA297A EA298A EA260A
BTSG25NA BTSG27NA BGRIM267A
BTSC26NB BTSC28NA STGT259A
WHAUP286A EA269A

EA289A SSP283A

BTSC31NA IRPC295A

WHAUP305A

BAAC308A GPSC308A
RATCH30NA BTSG30NA
BCPG289A BCPG319A

GPSC306A GPSC326A
STGT299A STGT329A
GULF303A WHAUP297A
RATCH298A  SSP302A

BAAC258A EXIM259A EXIM266A EXIM276A
GPSC258A RATCH25NA BCPG269A TLT258B
BGRIM275A GPSC276A CPN256A GULF283A
EGCO26NA EGCO28NA RATCH25DA
RATCH278A

GPSC358A RATCH35NA BCPG339A
GPSC376A EGCO30NA EGCO33NA
EGCO38NA CIMBT340A

Figure 8. Green bond risk group clustering
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4. DISCUSSION

The empirical findings provide several insights in-
to the structural and behavioral characteristics of
Thailand’s green bond market. First, the dominance
of private-sector issuers and the concentration of
outstanding value within a limited number of insti-
tutions indicate that the market remains issuer-con-
centrated, a feature commonly observed in emerg-
ing market sustainable finance systems. This struc-
tural pattern is consistent with prior observations
that green bond markets in emerging economies
tend to expand under strong institutional partici-
pation while still facing liquidity and diversification
constraints (Wongaree, 2021; ADB, 2022; IFC, 2024).
The results suggest that Thailand’s green bond eco-
system is progressing toward maturity, yet its depth
and breadth remain dependent on a relatively nar-
row issuer base. Second, the return indicators reveal
moderate yield levels and relatively stable price per-
formance across the observation period, implying
that green bonds in Thailand offer competitive but
not excessive return profiles. This outcome aligns
with the broader international evidence on the
“greenium,” where yield differentials between green

and conventional bonds are present but often mod-
est and heterogeneous rather than uniformly pro-
nounced (Hachenberg & Schiereck, 2020; Loftler et
al,, 2021; Capital, 2024; Ibri¢ et al., 2024). The find-
ings therefore support the interpretation that the
Thai market does not exhibit abnormal pricing dis-
tortions; instead, pricing behavior appears to reflect
conventional fixed-income fundamentals supple-
mented by sustainability preferences.

The structural equation modeling results further
contribute to the interpretation of return-risk dy-
namics. The statistically significant positive associ-
ation between risk and return indicates that green
bonds in Thailand largely conform to traditional
financial theory, whereby higher risk is accom-
panied by higher expected compensation. At the
same time, the absence of a statistically significant
effect of risk and return on issuance volume sug-
gests that issuance decisions are not driven solely
by market-based financial incentives. This obser-
vation resonates with prior research emphasizing
that corporate green bond issuance is influenced by
governance strategies, reputational considerations,
and sustainability commitments in addition to fi-
nancing costs (Fatica et al., 2021; Flammer, 2021).

http://dx.doi.org/10.21511/imfi.23(1).2026.25

In this context, Thailand’s issuance patterns appear
to reflect a combination of economic rationality
and strategic sustainability positioning rather than
pure yield optimization.

Risk-related indicators, particularly duration and
credit rating, highlight a preference for moderate
risk exposure within the Thai green bond market.
The predominance of investment-grade ratings and
medium-term maturities indicates a cautious invest-
ment climate consistent with the “quality bias” ob-
served in global ESG-oriented fixed-income markets
(IFC, 2025; ThaiBMA, 2025). Such behavior may also
be associated with liquidity considerations and in-
vestor clientele effects, where institutional investors
favor stable instruments that align with long-term
portfolio mandates (Baker et al., 2022). This pattern
reinforces the view that the Thai green bond market
functions as a risk-controlled segment rather than a
speculative investment domain.

The cluster analysis provides additional evidence that
risk characteristics are not uniformly distributed
across instruments but instead form distinct tiers of
risk exposure. The emergence of clearly differentiat-
ed low-risk, medium-risk, high-risk, and highest-risk
groups indicates that the market contains sufficient
heterogeneity to support portfolio diversification
strategies. This segmentation is consistent with the-
oretical perspectives on market segmentation and
preferred habitat behavior, where investor mandates
and asset scarcity contribute to differentiated pric-
ing and demand structures (Zerbib, 2019; Loftler et
al,, 2021). From a policy standpoint, the existence of
multiple risk clusters suggests that regulatory frame-
works and disclosure standards play a crucial role
in enabling transparent risk assessment and inves-
tor confidence. Overall, the discussion indicates that
Thailand’s green bond market reflects a hybrid finan-
cial structure in which classical return-risk relation-
ships coexist with sustainability-driven issuance mo-
tives and institutional demand patterns. The empiri-
cal evidence supports the notion that while financial
fundamentals remain influential, non-financial con-
siderations — such as environmental credibility, gov-
ernance reputation, and policy alignment - consti-
tute an increasingly significant dimension of market
behavior. This duality underscores the importance
of integrating both economic and sustainability per-
spectives when evaluating the development trajec-
tory of green bond markets in emerging economies.
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CONCLUSION

The purpose of this study was to examine Thailand’s green bond market by analyzing issuance dynam-
ics in Thailand’s green bond market, evaluate return and risk performance, assess the relationship be-
tween return, risk, and issuance volume, and classify green bonds based on their risk characteristics.
The empirical investigation provides a comprehensive perspective on how financial and sustainability
considerations jointly shape the evolution of the domestic green bond landscape. The findings indicate
that Thailand’s green bond market operates within a framework where conventional financial prin-
ciples remain relevant, particularly in the alignment between risk and return, while issuance behavior
reflects a broader set of motivations extending beyond purely cost-based considerations. The observed
patterns suggest that institutional participation, regulatory support, and sustainability commitments
play a complementary role alongside traditional market mechanisms. Furthermore, the differentiation
of bonds into distinct risk tiers demonstrates that the market contains sufficient heterogeneity to sup-
port diversified investment strategies and structured risk assessment.

From a practical standpoint, the results offer implications for multiple stakeholders. For policymakers, the
evidence underscores the importance of maintaining transparent disclosure standards and consistent reg-
ulatory frameworks to enhance investor confidence and market depth. For issuers, the findings highlight
the strategic value of aligning financial instruments with credible sustainability objectives to attract long-
term capital. For investors, the classification of risk characteristics provides a systematic basis for portfolio
allocation and comparative evaluation within the sustainable fixed-income segment. Despite these con-
tributions, the study is subject to certain limitations inherent in secondary data analysis and the scope of
available market information. Future research may extend the analysis by incorporating cross-country
comparisons, longer observation periods, or alternative econometric techniques to further explore the
interaction between financial performance, regulatory developments, and environmental outcomes. Such
extensions would contribute to a more nuanced understanding of sustainable debt markets and their role
in supporting long-term economic and environmental objectives in emerging economies.
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