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GREEN BOND MARKET: GLOBAL TRENDS AND DEVELOPMENT FACTORS

The methodology is based on a multi-dimensional approach that combines institutional and comparative
analysis of secondary data from international organizations such as the Climate Bonds Initiative, the World Bank,
and the OECD. The study applies an analytical framework founded on a scenario-based approach and the logic of
machine learning algorithms, including LSTM and Transformer architectures, to analyze market dynamics under
conditions of data scarcity. The results reveal that green bonds represent approximately 60 percent of the global
sustainable debt market, with growth driven by regulatory standardization and institutional investor demand.
However, a significant structural gap remains between developed and emerging markets. The Kazakhstani market is
identified as being in its early stages of development, where the Astana International Financial Centre acts as the
primary institutional driver through regulatory incentives and certification infrastructure. The scientific novelty of
the research lies in the development of an integrated analytical framework that combines ESG institutional indicators
and macroeconomic factors with predictive machine learning logic. This approach establishes a theoretical basis for
utilizing deep learning to capture non-linear dependencies in emerging green finance ecosystems where traditional
econometric models show limited efficiency.

Keywords: green bonds; sustainable finance, ESG investing, climate finance, financial markets, institutional
investors, regulatory framework, green economy, machine learning.

Kinm ce30ep: oicacvin obaucayusnap, mypaxmosl Kapoicolianowvipy, ESG-uneecmuyusiap, KiumMammuolk,
KAPAHCHIIAHOBIPY, KAPIICbL HAPLIKMAPbL, UHCMUMYYUOHALObIK UHBECMOPIAD, HOPMAMUSMIK pemmey, HCACHLI
IKOHOMUKA, MAUWUHATIBIK OKbINY.

Knrouesvle cnoea: 3enémvie  obnueayuu, ycmouuugoe — puuancuposanue, ESG-uneecmuposanue,
KIUMAamu4eckoe (QUHAHCUposanue, (OUHAHCOBbLE DBIHKU, UHCIUMYYUOHAbHBIE UHBECIMOPbLL, HOPMAMUBHOE
pezyauposanue, 3e1EHAsL IKOHOMUKA, MAUUHHOE 00yYeHue.

Introduction. In the context of accelerating climate change and the transformation of the global
financial system, sustainable finance instruments are gaining increasing importance. Among them, green
bonds play a key role in mobilizing capital for environmentally sustainable projects and supporting the
transition toward a low-carbon economy. Their expansion is driven by the growing integration of ESG
principles into investment strategies, stricter regulatory frameworks, and rising demand from institutional
investors.

The relevance of this study is determined by the need to comprehensively analyze the factors
influencing the development of the green bond market and its adaptation potential in emerging economies.
Despite the rapid growth of sustainable finance, institutional limitations and market inefficiencies continue
to constrain the development of this segment, particularly in Kazakhstan.

The aim of the study is to identify key trends in the development of the green bond market and ESG
investment practices, as well as to examine the factors influencing their evolution in Kazakhstan’s financial
system.

To achieve this aim, the study addresses the following objectives: to analyze the characteristics of
green bonds as a sustainable finance instrument; to examine global trends in the green bond market; to
assess the impact of ESG factors on investment decisions; to evaluate the development of green finance in
Kazakhstan; and to identify key constraints and future prospects.
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The study is based on a review of academic literature, reports from international organizations in
sustainable finance, and relevant regulatory documents governing green economy development and
financial markets.

The methodological framework combines qualitative and quantitative approaches. The qualitative
component includes institutional and comparative analysis of green bond market development and ESG
regulatory frameworks across regions. The quantitative component relies on secondary data from
international sources such as the Climate Bonds Initiative, the World Bank, and the OECD.

For analytical and forecasting purposes, the study proposes the application of machine learning
models, including Long Short-Term Memory (LSTM) networks and Transformer-based architectures,
which are widely used for financial time series forecasting. The analysis considers key variables such as
green bond issuance volume, ESG indicators, macroeconomic conditions, and institutional factors.

Comparative analysis is applied to highlight differences between developed and emerging markets,
with a particular focus on Kazakhstan as an evolving green finance ecosystem.

The scientific novelty of the study lies in the development of a conceptual-analytical framework for
assessing the green bond market in emerging economies, using Kazakhstan as a case study. Unlike previous
research, this approach integrates institutional ESG indicators and macroeconomic drivers with the
predictive logic of machine learning algorithms (such as LSTM and Transformer). The novelty consists in
the theoretical justification of using these architectures as tools for analyzing non-linear dependencies
within limited financial datasets, thereby establishing a comprehensive methodological basis for monitoring
market dynamics and future development trajectories.

Literature review. In the study by Kudaibergenov S.K., Serikov G.S., and Ulakov N.S., the green
bond market is considered a key instrument of sustainable development. The authors note the steady growth
of the global GSSS market, whose volume in 2024 exceeded USD 1.04 trillion, with
approximately 60% accounted for by green bonds. They emphasize the role of international standards
(GBP, CBI) and regulatory mechanisms as key development factors, while also identifying limiting factors
such as macroeconomic instability [1].

The further development of market drivers is examined in the study by Alashbaeva N.M., Misnik
0.V, Lukpanova zZh.0O., and Kaparova R.B., where the importance of the institutional environment and the
implementation of international sustainable finance standards is emphasized. The authors highlight the key
role of the Astana International Financial Centre (AIFC) and also point to the widespread adoption
of blended finance as a global trend [2].

At the national level, the financing challenges of environmental projects are addressed in the work
of Dosmuratov E.E., Niyazbekov R.K., Esentaeva A.A., and Aidarova A.B. The authors note the
insufficient development of waste recycling infrastructure and stress the need to attract long-term financial
resources. In this context, green bonds are viewed as a promising instrument for financing environmental
projects [3].

Issues of the institutional and economic prerequisites for sustainable development are discussed in the
work of Nurmaganbetov A.S., Shakeev S.S., and Serikbaeva B.M. The authors emphasize that the
development of green entrepreneurship depends on government support, innovation-driven development,
and the institutional environment, while also identifying barriers such as high investment risks and limited
access to financing [4].

Modern methods of financial market analysis are presented in the study by Bekbolsynov A.S.,
Sembiyeva L., and Juoc€itiniené D., where the possibilities of applying deep learning models are examined.
The authors show that the use of LSTM and hybrid models (CNN-LSTM) with ESG factors improves the
accuracy of financial market forecasting, including the green bond market [5].

Complementing this approach, Zhusupov E.M., Temirkhanov Zh.T., and Bekbolsynov A.S. examine
the application of deep artificial intelligence in forecasting the green securities market. The authors
emphasize that neural network models make it possible to capture the market’s complex dynamics and
provide more accurate forecasts than traditional methods [6].

Despite the growing body of research on green bonds, a number of issues remain insufficiently
explored. There is still no consistent approach to evaluating their effectiveness in emerging markets like
Kazakhstan, and findings on the role of regulation and ESG factors are often contradictory. In addition,
although Al-based models show strong forecasting potential, their practical use in national contexts is
limited. These gaps justify the need for further research focused on assessing the efficiency and risks of
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green bonds using an integrated approach that combines institutional analysis and modern analytical
methods.

The main part. Empirical analysis based on data from the Climate Bonds Initiative, OECD, and
World Bank indicates that the global green bond market demonstrates a sustained upward trajectory over
the 2021-2024 period. The total sustainable bond issuance reached approximately USD 966 billion in 2024,
with green bonds accounting for nearly 58-60% of total issuance.

The observed growth pattern confirms that the green bond market has transitioned from an emerging
niche segment to a structurally embedded component of global sustainable finance. The expansion is
primarily driven by regulatory standardization, institutional investor demand, and integration of ESG
criteria into capital allocation strategies.

Given the absence of uniform historical statistical series across all regions, this study applies a
scenario-based analytical framework founded on the predictive logic of machine learning architectures
(such as LSTM and Transformer dynamics). While direct model training is outside the scope of this paper,
the study focuses on the theoretical substantiation of these models as essential analytical tools for
processing non-linear ESG datasets under conditions of data scarcity.

Three development scenarios are considered:

o Baseline scenario: continuation of current regulatory and ESG trends

e Optimistic scenario: accelerated ESG integration and green taxonomy expansion

o Conservative scenario: macroeconomic tightening and reduced liquidity conditions

Under the baseline scenario, global green bond issuance is expected to stabilize at approximately USD
900-1,000 billion annually by 2026, with a persistent share of around 60%.

The analysis shows that Kazakhstan’s green bond market remains in an early developmental stage.
However, institutional reforms led by the Astana International Financial Centre (AIFC) are creating
favorable conditions for market expansion.

Key determinants include:

o regulatory incentives (subsidized coupon rates, guarantees)

e ESG disclosure improvements

o development of verification and certification infrastructure

Despite these improvements, the market remains constrained by limited liquidity, insufficient
transparency, and underdeveloped secondary trading mechanisms.

Comparative results indicate significant asymmetry between developed and emerging markets:

o Developed markets: driven by private capital and ESG maturity

o Emerging markets: driven primarily by state policy and institutional support

Kazakhstan demonstrates a hybrid model, where public policy plays a central role in initial market
formation, while private ESG-driven investment remains limited.

Although direct model training is not performed, the proposed framework aligns with widely used
machine learning architectures in financial forecasting literature, particularly LSTM and Transformer
models.

The superiority of hybrid architectures in capturing non-linear financial patterns is well-documented
in recent literature, specifically regarding Informer-LSTM models and Decomposition Transformers [7, 8].

Existing studies confirm that such models:

 outperform traditional econometric approaches (ARIMA, VAR)

o Dbetter capture non-linear dependencies in financial time series

o improve forecasting accuracy when combined with ESG variables

Therefore, integration of ESG indicators with machine learning-based predictive logic enhances the
analytical depth of green bond market assessment.
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Table -1

Global Green Bond Market Development (2021-2024)

Year Total Sustainable Bonds | Green Bonds (USD Share of Green Data Source
(USD bn) bn) Bonds (%)

2021 850 (approx.) 480 56 Climate Bonds Initiative

2022 900 (approx.) 520 58 OECD/CBI

2023 870 500 57 World Bank / CBI

2024 966 561 58-60 Climate Bonds Initiative

*compiled by the authors based on sources [9, 10]

The data presented in Table 1 demonstrate a fluctuating but overall positive trajectory of the global
green bond market over the period 2021-2024. Although total sustainable bond issuance experienced a
slight decline in 2023 (from USD 900 billion to USD 870 billion) due to macroeconomic volatility, the
recovery to USD 966 billion in 2024 confirms the market's long-term resilience and structural growth.

The observed growth trend reflects increasing investor confidence, regulatory support, and the
institutionalization of ESG principles in financial decision-making. Despite minor fluctuations in total
issuance volumes in 2022-2023, the overall trajectory confirms market resilience and gradual maturation.
The dominance of green bonds within the GSSS market suggests that environmental objectives remain the
primary focus of sustainable finance instruments globally.

Table — 2
Determinants of Green Bond Market Development
Factor Group Key Driver Mechanism Empirical Impact
ESG standards (GBP, EU N . Increased investor
Regulatory Standardization of issuance -
Taxonomy) confidence
Regulatory Government incentives Subsidies, guarantees Market expansion
Economic Institutional investor demand | ESG portfolio allocation Higher issuance volume
Economic Cost of capital Lower financing costs Incr_eqsed_lssuer
participation
Institutional Financial infrastructure E()J(((j:if;asnges, certification Improved liquidity
Institutional AIFC development Reglgnal financial hub Market formation in
creation Kazakhstan
Technological Machine learning tools Forecasting and risk Impr_oved market
assessment efficiency
Environmental Climate policy Decarbonization pressure s:g\ﬁﬁ ral demand

*compiled by the authors based on sources [9, 10]

The analysis of Table 2 highlights that the development of the green bond market is driven by a
combination of regulatory, economic, institutional, technological, and environmental factors. Among these,
regulatory mechanisms such as ESG standards (including the Green Bond Principles and EU Taxonomy)
play a central role in ensuring market transparency and reducing information asymmetry.

Institutional factors, particularly the development of financial infrastructure and platforms such as the
Astana International Financial Centre (AIFC), are especially important for emerging economies, where
private capital markets remain underdeveloped. Economic drivers, including institutional investor demand
and cost of capital reductions, further stimulate market expansion by increasing issuer participation.

Technological advancements, particularly in machine learning and predictive analytics, contribute to
improved risk assessment and forecasting accuracy, while environmental policies related to
decarbonization create long-term structural demand for green financial instruments. Overall, the interaction
of these factors confirms the multidimensional nature of green bond market development.

The findings of this study confirm that the development of the green bond market is not solely a
financial phenomenon but a multidimensional transformation driven by regulatory, institutional, and
technological factors.
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First, regulatory harmonization through ESG frameworks such as the Green Bond Principles has
significantly reduced information asymmetry and increased investor trust.

Second, institutional factors, particularly in emerging markets such as Kazakhstan, play a decisive
role in market formation. The presence of the AIFC demonstrates that institutional architecture can partially
substitute for underdeveloped private capital markets in early-stage financial ecosystems.

Third, the integration of a conceptual analytical framework based on machine learning logic represents
a significant methodological advancement. Even without direct model estimation in this specific study, the
proposed approach justifies how hybrid models combining ESG variables with deep learning architectures
can enhance predictive accuracy for emerging markets like Kazakhstan [7, 8].

Overall, the results suggest that green bond markets evolve through a transition from policy-driven
emergence to data-driven maturity.

Conclusion. The study examined key trends and development factors of the global green bond market,
with particular attention to emerging economies, including Kazakhstan. The findings demonstrate that the
green bond market is transforming into a structurally important segment of sustainable finance, driven by
ESG integration, evolving regulatory frameworks, and growing institutional investor demand. It has been
established that regulatory standardization, development of financial infrastructure, and climate policy
initiatives serve as the primary determinants of market expansion. The scientific novelty of the research
lies in the proposed integrated analytical framework that combines ESG institutional indicators,
macroeconomic factors, and machine learning-based forecasting approaches for assessing the development
of the green bond market. This framework enables a more comprehensive interpretation of both global
trends and country-specific dynamics. From a practical perspective, the results of the study can be applied
in shaping national sustainable finance policies in Kazakhstan, improving ESG disclosure mechanisms, and
enhancing the efficiency of financial market regulation. The findings also emphasize the importance of
strengthening institutional infrastructure, particularly the role of the Astana International Financial Centre,
in accelerating the development of green financial instruments. Future research should focus on empirical
modeling of green bond market dynamics using real financial datasets and advanced machine learning
techniques to improve forecasting accuracy and strengthen policy relevance.
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Cyrup I.C., Anamb6aeBa H.M., Myxan0etr:kanoa M.A., ’Kynucosa I'.
KACBLI OBJIUT AHUSJIAP HAPBIFBI: )KAhAH/BIK YPAICTEP )KOHE JJAMY ®AKTOPJIAPBI
Anjgatna
3eprrey omictemeci Climate Bonds Initiative, JyHuexy3umik OaHk jxoHe ObIJI¥ CHSAKTBHI XallbIKapalbiK
YHBIMIap/bIH KaliTasama JepeKTepiHe MHCTUTYLHOHAJIBIK XKOHE CalbICTBIPMAIIbl TaJlAay >Kacay.bl OipiKTipeTiH
KemeJmeM i Taciiare Heri3genreH. JKymbIcTa CHEHApUIIIK Tociiare »oHE MAIIMHAIBIK OKBITY alTOPHUTMEpPiHIH
norukacbiHa (LSTM >xone Transformer apxuTexTypanapsl) HETi3/1€IreH aHATUTHKAIBIK (GPEeHMBOPK KOJAAHBIIIBI,

OyJ1 CTAaTHCTUKANIBIK IEPEKTEp TAIIIBUIBIFBI )KaFIalbIHAAa HApbIK AMHAMHUKACHIH TaljayFa MyMKiHAIK Oepai. 3epTrey
GaphICBIHIA «XKachUDy obymranusuiap >kahaHIBIK TYpaKThl Kapbl3 HapbIFBIHBIH mamMaMeH 60%-bIH KYpaWTBIHBI, aj
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ONIapAbIH ©6Cyl peTTeyli CTaHIapTTayMeH J>XOHE HMHCTHTYLUHOHAJIBIK WHBECTOPJAap TapalblHaH CypaHbICIICH
HeTi3lenreHi aHbIKTanpl. JJaMbIFaH jKoHe TaMyIIbl HapbIKTap apachlHAa alTapiIbIKTail KYPhUIBIMABIK aIIIaKThIKTHIH
Oap exeHi aWKbHmammsl. KasakcTaHABIK HApHIK MaMyZIblH OacTamKel Ke3eHiHAE eKEeHI COWKeCTeHIIpinmi, MyHnaa
«AcTaHa» XanbIKapanblK KapXbl opTanbiFel (AXKO) peTTreymimK BIHTAJAHIBIPY TETIKTEpi MEH cepTH(UKATTAY
WHPPaKYPBUTBIMBL APKBUIBI HETI3Ti WHCTUTYIHOHAIIBIK NpalBep PETiHOE OpEeKeT eTeldi. 3epTTeyHiH FBUIBIMH
xaHaJblFbl ESG HMHCTHTYLHOHANABIK WHIWKATOPJIApBl MEH MAaKpPOSKOHOMHKAIBIK (aKTOpiaapIsl MAaIldHAJIBIK
OKBITYIBIH OOJDKaMIBI JIOTHKACHIMEH OipiKTIpETiH MHTErpalysIaHFaH aHAJHTHKAIBIK QpeiiMBOPKTI a3ipiey OOJbII
TaObUIa Bl BYJT TOCT TOCTY Pl SKOHOMETPHUKAIBIK MOJICIIBCP IIEKTEYI THIMILTIK KOPCETETIH «OKaChLD) Kap KbIHBIH
JaMyIIbl 3KOXKYHeJIEpiHAer! CBI3BIKTHIK €MeC TAYeNIUIKTep/Al aHbIKTay YINIH TepeH OKBITYIbl MalijanaHyblH
TEOPHSUIBIK HETi31H KaJbIITaCThIPaIbl.

Cyrup A.C., Anambaesa H.M., MyxanOer:xanosa M.A., )Kynucosa I'.
PBIHOK 3EJIEHBIX OBJIUTAIIA: TJIOBAJIBHBIE TEHAEHIIAA U ®AKTOPBI PAZBUTHS
AHHOTANMA

Mertooorus MccienoBaHus 0a3upyeTcsi Ha MHOTOMEPHOM IIOAXOAE, COYETAIONIEM WHCTUTYIHOHAIBHBIA H
CPaBHHTENILHBIA aHaJIM3 BTOPUYHBIX JAHHBIX MEXKIYHApPOAHBIX OpraHu3aiuii, Takux kak Climate Bonds Initiative,
Bcemupasiii 6ank 1 OOCP. B pabore npumMeHeH aHanuTH4YecKuil ppeliMBOPK, OCHOBAaHHBIN Ha CLIEHAPHOM II0JIX0J1e
W JIOTHMKE alrOpuTMOB MammMHHOrO oOy4yeHus (apxutektypsl LSTM wu Transformer), 4ro mno3Bosuio
NPOAaHATU3UPOBATh JWHAMUKY DPBIHKAa B YCJOBHAX JeduIMTa CTaTUCTUYECKMX NaHHBIX. B xome wucciienoBaHus
BBISIBJICHO, YTO «3€JICHBIC» OOJMIaliy COCTABJISAIOT 0K0J0 60% MHPOBOTO PHIHKA YCTOWYMBOIO JOJra, a UX POCT
00yCIIOBIIEH CTaHAApTU3allMeil peryjIupoBaHUS M CHOPOCOM CO CTOPOHBI HMHCTUTYIMOHAIBHBIX WHBECTOPOB.
OmpenencHo HAIMYNE 3HAYUTEIBHOTO CTPYKTYPHOTO pa3pbiBa MEKAY Pa3BUTHIMH M Pa3BHBAIOIIMMHUCS PHIHKAMHU.
KazaxcTanckuil peIHOK MAECHTH(GHUINPOBAH KaK HaXOJSIIMICSA HA paHHEH CTaaum pasBHTHS, Tae MexITyHapoIHbIH
¢uHaHCOBBIH IeHTp «ActaHay (M®LIA) BEICTYIaeT OCHOBHBIM HHCTUTYIIHOHAIEHBIM IpaiBEPOM Uepe3 MEXaHI3MBI
PETYIATOPHOTO CTUMYJIMPOBAHUS U HHYPACTPYKTYPY cepTHdukarmu. Hayunas HOBU3HA HCCIIEIOBAHUS 3aKIIFOUAECTCS
B pa3pabOTKe MHTETPUPOBAHHOTO AaHAIUTHYECKOTO (peMBOpKA, OOBEAMHSIONIETO HHCTHTYIHOHAIbHbIE
naankatopsl ESG u makposkoHOMHUYeckue (HakToOpsl ¢ MPEAUKTUBHON JIOTHKOW MAaIIMHHOTO OOyd4eHus. JlaHHBIN
noaxoJ  (OpMHPYET TEOPETHUUECKYI0 0a3y Ul HCIOJIB30BaHUS TIYyOOKOro OOy4YeHHSI C LENbIO BbISBICHUS
HEJTMHEHHBIX 3aBHCUMOCTEH B pa3BUBAIOLIMXCS HKOCHUCTEMax «3€NeHbIX» (UHAHCOB, TAE TPaaULUOHHBIC
HKOHOMETPHYECKUE MOJIENH JIEMOHCTPUPYIOT OrpaHUYCHHY0 3()()EKTHBHOCTb.
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