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i Abstract: ;
This paper presents an in-depth comparative study of green bonds and sustainable financial instruments across :
! major international financial institutions (IFIs), within the context of accelerating digital transformation in global
¢ capital markets. The central research question examines how digitalization reshapes the architecture of green bond !
i markets and its implications for the efficiency and investor attractiveness of sustainable financial instruments.
i Employing a mixed quantitative-qualitative methodology, the study analyses balanced panel data from 18 IFIs over !
i 2015-2024 (n=180), combined with a comparative analysis of three benchmark institutions (EIB, World Bank, ADB). :
i Findings indicate that the cumulative global green bond market reached USD 4.2 trillion in 2024, with a CAGR of
i 38.7%. Fixed-effects panel regression confirms a significant positive impact of digital transformation on issuance :
i volumes ($=0.0312, p<0.001), while independent-samples T-tests reveal no statistically significant difference in risk- :
i adjusted returns between green and conventional bonds (p=0.398). Green bonds outperform on five-year cumulative :
i returns (+1.6 pp, p=0.007) and exhibit lower price volatility (p=0.016). The paper develops the Digital Sustainable :
i Finance Readiness Index (DSFRI), a five-dimensional analytical framework for assessing institutional readiness for !

¢ digital green bond issuance. :
Keywords: Green Bonds; Sustainable Finance; Digital Transformation; ESG; International Financial

Institutions.
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B ] ($ k) syl STAI 2 %o ol Gguw o lnadl | Yo Garedl g0l Jhas cyaall
2015 41.8 487 0.04% +35.2% EIB, KfW, IFC
2016 81.6 1,024 0.08% +95.2% BNP Paribas, Apple
2017 155.5 1,851 0.14% +90.6% sl Gl
2018 167.3 2,341 0.15% +7.6% Fannie Mae
2019 257.5 3,210 0.22% +54.0% Netherlands Gov.
2020 269.5 3,948 0.21% +4.7% Germany Gov.
2021 522.7 5,243 0.38% +94.0% EU, US Corporates
2022 487.1 6,127 0.41% -6.8% Japan, Korea
2023 575.3 7,204 0.47% +18.1% Sovereign Issuers
2024 623.8 8,312 0.51% +8.4% Digital Green Bonds
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(IFC) islazx) Ol 6.3 4.01% -3.7bp 7.4 61.2%
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World Bank Treasury Reports 2024; IFC Sustainability Reports : Jul ax ) e szl ol slis] e 2 kel
i ol id el (Lol s 8.1-) Greenium el 3id 2.3 0580 550 of ol 8
sl e e el B oY alema Yl 23 el awd) ob aaldl astdl w2 ) e (BSG (82.47)
Jo) o) shimzad 4} 23 Lo smg o(£3.64) 2030 05501 jea) 3 33V ) Lawgze OF Laf 3Yy Ladloally

(gl Y e sl gl Jie BT 0l

2026 adt 01 suadt A1 it G131 (o3tgll ((3lgll daolr ( BpsladY) daidl B ) m——




— (148-138 o 0) (2024-2015) &gt LI Slujoll dhoms Byl Gy : od I Jgudl £50 & Aot I 93819 o1 piadt otz
iestdl Blgl) 2348 ((ADB) (gemW ioidl ki =3 IV
ADB (2021-2024) 3 43}t Jsls & ki) ol pad) Oldand! 1361 Ol yi 5o &ylis 1(06) Jgd

T Lad! ¢l pad-) Sl Lad JI o) Bt Ol Gu dilaxY AYA
(ol dal) o) AU 28.4 9.7 -18.7 bp T Sy
(A1) ygund! 00} 48 5.3 sl 42.7- E Syma
g Y s 8B i 3T S L T Sy
Yo 3431 g yoltiendl s 12.3% 34.7% iyste 3k 22,44+ E Syme
(Wi &) Greenium -3.2bp -7.8 bp -4.6 bp Sy
Yo p2s Y foudll Y Jdae 2.1% 0.3% i ks 1.8- E Syma
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p<0.01**(p<0.001 *** . ;(ADB Annual Reports 2021-2024; ADB Bond Observer) : Jidl sl e tsluiel ol slae] 1o : ybaal
.65.8 ay oY) S Ul tad )l L e dehdll sda 3 Ol o4 s sif ADB ol puE
Aypl g LI 330 Gz pB Y odng 1813ty el 3056 iy /857 By s Y1 feedl) oV a5
el Lgad sl 3 12 LISA) S BLas-Y) éu& b e adazd) 5L J.M; Y i) ol el
oML bty Jla=Y floedt
syl i) ol sla) =1V
(n=180) 2024-2015 iy It duwje 18 — dustyudl Slpad do gl a1 :(07) Jgud)

grag S Lol L gt Gl BN W | Yk | i) felas

(8 slbe) slpiadt Slied) Sljlds] o GB_VOL 8.47 5.23 7.89 0.12 38.60 2.34
(100-0) 33 Jgoedt S350 DTI 61.34 | 63.20 18.72 21.40 94.80 2.87
(ol ikit) Greenium GRM -4.82 -4.50 1.93 -9.40 -0.80 3.12
(10-0) o pladYl S35 ENV_DISC 6.87 7.10 1.54 2.80 9.60 2.61
(%) ESG (6 yoitians duni ESG_INV 63.42 | 65.80 14.27 28.30 89.70 2.74

(%) sy Jasll Wl Juns SRAR 3.94 3.87 0.72 2.41 5.83 2.98
(ol dal) o1 4SS ISS_COST | 21.34 18.70 9.87 8.20 51.40 3.24

tolawsall 15l <Refinitiv Eikon «<Bloomberg Terminal .statal7 e stae¥u ol slas) @ yiuall
pstal d Lo say (gl o Slasdl O3 UL 2l 3.5 g5 (KUItOsis) mhalidl alas o aor Lo
Jsol o prze (3 Lo oS0 i) ols¥) cdlly ol oMNsd 1) a0 e sVl T s
S plasial pdie Lo gag (el Wslize Shllo] OI3 Ble Slags 392y e J Ut cdaw gz Gl (ISS_COST)
Tge S a2 W e ailadl 3 Sl (Fixed Effects) o
bl -2V
(M=180 (Ssupm Jolas) Lty Ol pine b)Y 88 5duze :(08) Jouts)

GB_VOL 1.000 0.847* 0.724x* 0.791* 0.683** 0.312*
DTI 0.847* 1.000 0.712%* 0.863** 0.748* 0.287*
GRM 0.724* 0.712* 1.000 0.689** 0.721* 0.241*
ENV_DISC 0.791* 0.863™ 0.689* 1.000 0.812* 0.198*
ESG_INV 0.683** 0.748* 0.721%* 0.812* 1.000 0.167
SRAR 0.312** 0.287** 0.241* 0.198* 0.167 1.000

n=180 ¢0.05 Sgims L& (Soine *¢0.01 Sgims L& (Spinn ** Stata 17 ol = :).L.a.\\
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k (ENV_DISC (r-0.863)s DTI ¢ 5o bls) sl Sl il s &5 e LoV Bsine a2ST
22,40 153 DTI (r=0.847); GB_VOL ¢y bUs¥1 (st 5ol oladyl 53 nd 23 0f e ) 52
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QW
:(Fixed Effects Panel Regression) ixud! j5Y 35 jud¥i z346 -3 .V

@ (Hausman Test) olesa Lol o] mo @jlgze amgd Sl e LU 350 B PN W (IR
:(X%(5)=34.21. p=0.000) asipzall Y Lo 2ol 6V plasznl =3

In(GB_VOL); = a + $;DTI;; + 3, ENV_DISC; + B3ESG_INV;; + 3,SIZE;; +
BsRATING; + p; + Ay + €;¢

Szl bl d = Ejp ¢ ool el Y1 = Ap gl o Y1 =

In(GB_VOL) : Wl padt — o) j6W (63 sVl #3468 mits 1(09) Jgu

ey B Jotalt sl ylalt (a3t t cla>) P> |t %95 aad sz
(DTT) 3 Joedt 50 0.0312 0.0041 7.61 0.000%* [0.039, 0.023]
(ENV_DISC) i zlad¥l y55 0.2187 0.0284 7.70 0.000** [0.275, 0.163]
ESG (ESG_INV) ot di 0.0089 0.0023 3.87 0.000** [0.014 , 0.004]
In (SIZE) — J5oY! o~ 0.4312 0.0621 6.94 0.000%* [0.553, 0.309]
RATING) gles¥ Ciiad) 0.1876 0.0412 4.55 0.000%* [0.268 , 0.107]
(0r) -2.4320 0.3241 -7.50 0.000** [1.793-,3.071-]

Hausman Test ¢« F(5,157) = 113.42 (p=0.000) ¢ R?=0.841 = clesudi oy ¢ R?=0.783 = wtepedt 15 Stata 17 ooz :yaual
X2(5) - 34.21 (p=0.000)
.(Driscoll-Kraay SE) a1l bs,¥ls cpldl (ol pud dmdiad 48 dlas closf €0.001 wie (gpima ¥
) 26 JeoYl e E5e jhan (leged) x1s R=0.783) m3peill Ule Lpnis 58 milal) (15
o s s ay (B=0.0312) ) el ja5e ¢ (B=0.2187) ol ~ladyl 230 sk (=0.4312)
Gyl sdn o DLV Lagd 35a s B by ¢ Jits DoV g oLab¥1 Y GreliadS fowi 2 )
) s ol el Ol s QW Y B lds —4 .V
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