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Abstract

Background and Objective: This research was conducted to measure tail risks and interbank correlations within the
Iranian banking system and to identify the root causes of systemic fragility. The focus is on the extended period
following the global financial crisis (from 2008 to 2024), during which the banking system has been under severe
pressure from structural factors such as fixed provisional profit payments to depositors, widespread overdrafts from
the central bank, severe balance sheet imbalances, and macroeconomic shocks. The primary objective is to assess the
current state of systemic vulnerability and forecast probable future paths using advanced hybrid modeling approaches.
Methodology: This study employs a novel hybrid model integrating deep learning, Gaussian processes, Time-Varying
Parameter Vector Autoregression (TVP-VAR) models, interbank network analysis, and extensive Monte Carlo
simulations. Quarterly data on twelve key banking variables (including overdrafts, non-performing loans, capital
adequacy ratio, liquidity, etc.) alongside macroeconomic variables (inflation, exchange rate, economic growth, etc.)
from 2008 to 2024 were analyzed. A systemic vulnerability index and the magnitude of risk transmission through
various channels (particularly the trust channel) were calculated and compared with conventional methods.

Results and Findings: The results indicate that the Iranian banking system entered a stable critical and chaotic regime
at the beginning of 2008 and has remained in this state until the end of 2024. The systemic vulnerability index surpassed
0.96 in 2024, signifying a highly fragile condition nearing a critical point. Shocks to the system operate in a highly
asymmetric manner, with negative shocks being approximately ten times stronger than positive ones and tending to be
nearly permanent. Risk transmission among banks occurs almost entirely (close to 100%) through the trust channel
and hidden correlations. The root cause of this fragility is the continued policy of paying fixed provisional profits to
depositors (despite real resource-use imbalances) and the widespread overdrafting of banks from the central bank,
which has created a vicious cycle of liquidity expansion and steadily increasing systemic risk. Simulations estimate
the probability of a systemic collapse by the end of 2026, assuming the current trend continues, at over 87%.
Conversely, immediate and decisive structural reforms, including the complete elimination of fixed provisional profit
payments, the dissolution or merger of insolvent banks, and a serious overhaul of corporate governance, could steer
the banking system toward a stable and self-reinforcing regime. The forecasting accuracy of the proposed model is
significantly higher than that of traditional methods.
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Figure 1: Final fitting of the proposed hybrid model on real data of Tehran stock exchange
banks
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Figure 3: Optimal distribution of hyperparameters of the hybrid model after fitting to real
data
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Figure 9: Time-varying impulse responses in three policy scenarios
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Figure 10: Three-dimensional measurement of shock asymmetry in the Iranian banking

system




YFO e ST 5 9§08 (& 0L (G b S0 35993 1091 31 (o 398 GBI 58 (S S T g (3! (GBS ) Juloxd

el ol o sl 3 1, 1S5 sutnptn 55800 L (i 5l 48 Sl gty 25 e sl S
olo s ColaS Cons 0,0l el plos oo Gai 003l (ol 0ol slails alls sgw) b ysie sled (o 0S o
Solias 5 Codie ol 4 (55lak 5 o3lail caadle) Solael go5 amw jo (5, e Ol S 5 Slides g0 )L >
B0 5 sbocSss) o3l Slimels o0 GYU (Cuio 51 50850 it b ply 09 i slocSsd) caodle 5 Lol s
Sl g8 el ) ay a3 (ool Ly hte ) (glmly el 5 4 YL (SarsS 5l auad il Ve
gl @ 1) Slgre (Rl 5 6 slogm (1Rl o 05 o 00 (G lr et DDt Lo 5 Slardl> Al Sy o
SzsS SbSsd aF ol e oy limel Tyod w5 ol (SOb plls S e bios Cet S5l beé 5 Lanmls
Slml C8ge 5 dgame SIS g Cute GlaSel 5 e JBnd SIS ae S5 oSl (S5 Sl e
Wy oo @bls Slodol il wjlo oo 5o oblgyb 4y plE o 1) a6 Lo ol 10 6 3L o ol pls S e

OB s | e

oleiian 9 (554

Sl oot 53 oy GBSl 55 (S (sla St 5 2l slaSnr, o 2 35 b gy o
3 St ot eitatlaiVAR s slatslp Gone x5Sl e a5 st Jie K ol ol
VY Lot (glmosls iS sy |y ol oSOL pllss o oy el 5 (s o oz Laly, 1 ol @) oI5 Cige (g jludands
VWAV Lo 5l ol (SSU pllas as ols lis gl g ol Judos VE-Y B AYAY o5l [0 golaidl (DS 5 SOL guudS e
oS 9t odpm; +, 07 5l i 0 V0T Lo )3 ot (s plycaml pasli o)l )18 Slugdl g als Jliou 023, ST 50
Vet Sotla Sy JUl 5 08 n Joe ot Loy 5 (e gz 53 38 2l Ve 1) plinal s psboay
il padlsl g Cluadl e ol oguw Cls y polas ( SauSs ol ol ady ) aes o ) sleel JUB 5,k 5l as o
ool &30 33 VEoF Jlo b s g8 doy0 AV 51 iy Jlazol 51 S o), 15 g (gl s sl ansl 03,208
w1 ol (o005 glacSily Jowl 5 oluodl e Colt dgm B> (658 5kl m3lol a5 I 0 wians] SgiS Cepnidg
Sy Joo Selll 5 oLl slacSiun ) o)Ll OIS Gimgy a8 95 50 .08 oo Calaw 0nig by glingS 5 sk )
AV pSadiz jsbar i 283 solerin Joe 5 0b 0l qbl by (o Sten 22l 5 iy 5
LBl G slaty,

TVP- oo b a5 (VFF) o Kan o olSi aile 1515 cla,l5 51 55 anlllae ol o sidgly Aoy b dulin o
A (OFF) (18, 9 (o g s S omoli | el slocSins ) 5 (as e Sl STl w8 S gy 0 1) N slaS 35VAR
Olalllas 4 Cond opaizmed 3 G WS 25 (Sibie Culpw a0 bl axxsls 3,05 Jg sl » DSGE Jas b
Ol e o 5 25 el 53 Ll i S oo | sl S s 45 o5 (V1) a5 i il Ll
O Lol Wo,8 solaiwl o ynediz Sboy slasyw lp ], swsS ool g as (VF-T) ) 5 Suo b caiais (505
Al 03l lgieas slazel JUIS o lulids wols )] (adS slacs 55158 iy Sl (55lutd 5 Groe 6 250L b (52al
1y ey (a1 gl (i 2l Szl 50t 5 258 (52550 L Attt ol pyoencsls A5
092 ale S5z g0 Sladl yo a5 gl 0 pal B (I Cuslow gl oe sz )lr 5 005

sl Sl ol L g sl gyl o il o ol (S3b plls 45 6,8 Sl iagl S (6 S D 5o
Joe 551 a8lys pisboliin] et blgyd wygo ol b o tienl V- Jlo bl b o)bSy 5 abli ol>dol
Sopde g 359 (i Sl 2le)lpl 4l ol gl (i s Sug; 4 s 1) 993 (55 e & soleiny (e
S B Il e ol 3 5 5 e sl Sl e o5 8,5 ) Ko



o) aihate g 5,05 Il Ayt Slalllae aslilad Yfs

VFeb kel ¥ F tS’L'" o)l (¥ ol (Y 0,90

sz g (Gwbow gbroleiuiiy

D098 oo Al ()l (oMl (5 500 (655 0 SSbaile) (SOU L IAS el (gl 5 des laolaioy doaidl 4y axi L
B dly Sy e slapiailSe b 23l 5 SO o3 plat 3 Sl e b 35 JolS 5 (655 B> )
SO 5l eSSl csls padlal sodls Cusgion. V. slaiel JUI Cogai g bbS gl oo J)laiel rals jglaieas A F-F Lo
rach‘ l.' J}L?U‘. V. Jl.u}w] |">")) AJM )‘ &).5319 LS‘J" ‘&lm le.ca&l.. O)..).M u.LJb » U"S/"'“" f“”‘)’ JLA.C‘ 9 6)5).A
ERR V5 LI s owoue LS):'.‘.‘\{.“.’“.?“"'T wemls gall Baa LT Jlo (bbb oo ale pus sl b ooyl o SSL (5,L>]
Oyl g (el sbas lastewl bl 5 Jbo slacsjse dad jLicl 5 )b sl skl JolS codlad ay pl3l F.+0 5
oyl g s g st 9 olasl JUIS 5 6y oLy glaid (il sl Gigly ol o Joe

g o gals aoyo Vo 5 de AV Sl Libg 8 Jlaisl aules e (gt sbasjluand ol olpgiag )
S e Jlasl gy @l b allas

oyl (hupgy (glaoleiiin

0, es auglis 5 (b sools) STL mdaw (sloosls 4y (60 yud Jow dnwgin VI 0gd oo slpiig g% cpl (b S 1y
)l slrs)liel Slate 5 oy SlaSSL Jold (SSL pllss 5 0 Jae Jloeh Ve (pogas 5 (Hgo lasil
¥l lase gt slml sl 50T 623k 5 (al9)) Y (0l 8 slaosls b Joe oS 5. Ve pley oS,
rSrdypeess Skl (25l sl Qg3 b ay) wile) w20 cod slaslatdl plo )3 Jue (derlal (o) 2

loyy Feo )l gobe 4l Ghagh slacssly il oo Lasleiin

o9 G sgume

Pl Blad Jiso Lot a5 oy SLoSSl 2 355030 V1 092 909 (placudguzme b axlllas (nl egaddS (slasjgliws o8 e
S AFT Lo obl b boosls cysgame. Y. ans by |y oy Sl (sl cal S 5 A oL
Aioils 4 (g e oo VL ililns Sz, T 89 o ol |, (aolins s aiile) o)1 51 ma lain] Vo
Gloools 4y g yws pas. Foail Sl il 5SS e sloo )5 0 cwl San g ol (598 5l slclo )
S S ) Jelod Sl oo a5 (e 20 ol (S Sl jiite 9 SSL (B B8 S

+59) ol 2 oanl Sllllas (sl S (97 )la Conl il gk dacusgaze (ul 9925 L

o®9R @ Jgol 51 59

el om0l 8590 Eadge cl g Wlodges Cule, oo Limgh cpl el g abul o 1) (IS Jgol (B ainy s
GU‘M‘ “53 CAS)LA'ZA.O

ool i opl B0 95 9l 850 calime (Som 5l ond 00l by JSb @ allie )0 a5 S Lo

&Lw o)

3y mdle oyl allie ol o Baresgs Lol 5 Lo

Sl o>

ol Jo olem a3l Lol> allis

Sl Sewlpw

oS o 63Kk isls ()b 1) Lo 3g5 ks b allie ol (yides cilisre ol 0 a5 SluS 4S5



YFY e ST 9 g Guos (& 0L (G b S0 95993 3031 Y (o 398 GBI 58 (S S T g (3! (GBS ) Juloxd

References

Abdurraffi, N., & Banna, H. (2025). Al-Enhanced Risk-Return Optimization in Islamic and
Conventional Banking Portfolios. EkBis: Jurnal Ekonomi dan Bisnis,
9(1). https://doi.org/10.14421 /ekbis.2025.9.1.2414

Dahliani, Y., El1 Wafa, F., & Supendi. (2025). The Paradox of Risk and Sharia Compliance:
Analyzing Islamic Bank Strategies in Navigating Global Economic
Uncertainty. International Journal for Science Review,
2(5). https://doi.org/10.71364 /ijfsr.v2i5.28

Damianou, A. C. (2015). Deep Gaussian processes and variational propagation of
uncertainty (Doctoral dissertation, University of
Sheffield). http://etheses.whiterose.ac.uk/9968/

Ding, W., Li, W., Zhang, Z., Wan, C., Duan, ], & Lu, S. (2023). Time-Varying Gaussian Markov
Random Fields Learning for Multivariate Time Series Clustering. [EEE
Transactions on Knowledge and Data
Engineering. https://doi.org/10.1109/TKDE.2022.3232331

Elsinger, H., Lehar, A, & Summer, M. (2006). Using Market Information for Banking
System Risk Assessment. International Journal of Central Banking, 2(3), 1-
32. https://doi.org/10.2139/ssrn.787929

Frey, R, & Hledik, J. (2014). Correlation and Contagion as Sources of Systemic
Risk. SSRN. https://doi.org/10.2139/ssrn.2541733

Hashemi dizaj,A. and Ali Mohammad Al-Tamimi,A. (2026). Asymmetric Effects of
Inflation on Unemployment Rate in Iraq country Using Quantile Regression
Method. Journal of Sustainable Urban & Regional Development Studies
(JSURDS), 6(4), 1-14. .(In Persian)
https://www.srds.ir/article 215215.html?lang=en

Jiang, S., Wang, J., Dong, R, Li, X,, & Zhang, Y. (2023). Systemic Risk with Multi-Channel
Risk Contagion in the Interbank Market. Sustainability, 15(3),
2727. https://doi.org/10.3390/su15032727

Kian Poor,S. and Mokhtari Nabi,E. (2026). The Regional Impact of the Glass Ceiling on
Women's Entrepreneurship Indicators in Selected Countries. Journal of Sustainable
Urban & Regional Development Studies (JSURDS), 6(4), 288-308.(In Persian)
https://www.srds.ir/article_227825.html?lang=en

Li, C. (2025). Research on financial risk prediction and management models based on big
data analysis. International Journal of High Speed Electronics and Systems, 12(4),
2441007. https://doi.org/10.1142/s0129156425410075

Li, G, Jing, Z., Feng, Y., & Li, ]J. (2023). Drivers of risk correlation among financial
institutions: A study based on a textual risk disclosure perspective. Economic
Modelling, 125, 106468. https://doi.org/10.1016/j.econmod.2023.106468

Liu, F,, Mao, T., Wang, R., & Wei, L. (2022). Inf-convolution, optimal allocations, and model
uncertainty for tail risk measures. Mathematics of Operations Research, 47(4),
2757-2782. https://doi.org/10.1287 /moor.2021.1217

Nakhlj, S., & Rafei, M. (2025). How can optimal monetary policies reduce oil sanctions’
impacts? Evidence from Iran. Economic and Political
Studies. https://doi.org/10.1080/20954816.2024.2312759

Paul, M., Nagwovuma, M., Nansamba, B., Hellen, N., Jingo, D., & Marvin, G. (2024).
Trustworthy Deep Learning Techniques for Credit Risk Assessment. 2024 5th
International Conference on Electronics and Sustainable Communication Systems
(ICESC). https://doi.org/10.1109/ICESC60852.2024.10689741



https://doi.org/10.14421/ekbis.2025.9.1.2414
https://doi.org/10.71364/ijfsr.v2i5.28
http://etheses.whiterose.ac.uk/9968/
https://doi.org/10.1109/TKDE.2022.3232331
https://doi.org/10.2139/ssrn.787929
https://doi.org/10.2139/ssrn.2541733
https://doi.org/10.3390/su15032727
https://doi.org/10.1142/s0129156425410075
https://doi.org/10.1016/j.econmod.2023.106468
https://doi.org/10.1287/moor.2021.1217
https://doi.org/10.1080/20954816.2024.2312759
https://doi.org/10.1109/ICESC60852.2024.10689741

o) aihate g 5,05 Il Ayt Slalllae aslilad YEA

VE-OLasli T Ly o)lod ¥ o,lad Y oy9

Peykani, P., Sargolzaei, M., Oprean-Stan, C., Kamyabfar, H., & Reghabi, A. (2025). The effect
of macroeconomic shocks on non-performing loans and credit risk in the Iranian
banking system using time-varying parameter vector autoregressions. PLOS
One. https://doi.org/10.1371 /journal.pone.0329587

Rahman, M. R,, Misra, A., & Tiwari, A. (2024). Interbank systemic risk network in an
emerging economy. Review of Accounting and
Finance. https://doi.org/10.1108/raf-07-2023-0206

Rasmussen, C. E., & Williams, C. K. I. (2005). Gaussian Processes for Machine Learning. MIT
Press. https://doi.org/10.7551 /mitpress/3206.001.0001

Wang, Z., Zhao, Q., & Qiu, L. (2022). Multi-Dimensional Factor Correlation, Multiple
Interbank Network Contagion, and Conditional VaR of Banks. Frontiers in Physics,
10,895603. https://doi.org/10.3389 /fphy.2022.895603

Xie, C, Liu, Y., Zhang, ]., Wang, H., Li, M., & Chen, Y. (2016). The Stability of Interbank
Market Network: A Perspective on Contagion and Risk Sharing. Advances in
Mathematical Physics, 2016, 1297832. https://doi.org/10.1155/2016/1297832

Yao, Y. (2025). Applications of Bayesian inference in financial econometrics: A
review. Economics and Management Innovation, 8(1), 45-
60. https://doi.org/10.71222 /pf0sg388

Zedda, S., Patane, M., & Miggiano, L. (2018). The Role of Correlation in Systemic Risk:
Mechanisms, Effects, and Policy Implications. Social Science Research Network
(SSRN). https://doi.org/10.2139/ssrn.3252363

Zedda, S., Patane, M., & Miggiano, L. (2021). The Role of Correlation in Systemic Risk:
Mechanisms, Effects, and Policy Implications. In Financial Risk Management and
Modeling (pp. 123-145). Springer, Cham. https://doi.org/10.1007/978-3-030-
78965-7 58



https://doi.org/10.1371/journal.pone.0329587
https://doi.org/10.1108/raf-07-2023-0206
https://doi.org/10.7551/mitpress/3206.001.0001
https://doi.org/10.3389/fphy.2022.895603
https://doi.org/10.1155/2016/1297832
https://doi.org/10.71222/pf0sg388
https://doi.org/10.2139/ssrn.3252363
https://doi.org/10.1007/978-3-030-78965-7_58
https://doi.org/10.1007/978-3-030-78965-7_58

