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Abstract. Russia’s digital ruble initiative, with mass implementation scheduled for 2026,
constitutes a critical case study for examining central bank digital currency (CBDC) effects
in economies facing sanctions-induced financial fragmentation. Existing research predominantly
calibrates to advanced economy institutions, leaving gaps in understanding how CBDCs interact
with concentrated banking markets, impaired monetary transmission, and restricted international
payment access characterizing sanctioned emerging markets. Given these challenges, this
research analyzes the macroeconomic implications of Russia’s digital ruble implementation under
financial sanctions, deriving optimal CBDC remuneration policies that maximize household
welfare while maintaining banking sector stability. The research employs a dynamic stochastic
general equilibrium (DSGE) model incorporating CBDC within a New Keynesian framework
featuring monopolistically competitive banks and heterogeneous household adoption patterns,
calibrated to Russian macroeconomic data (2014-2024) using Bayesian estimation with fourteen
quarterly time series. The findings indicate that CBDC introduction generates welfare gains of
0.79% of steady-state consumption under optimal remuneration, amplifying to 1.26% under high
sanctions intensity as CBDC provides alternative payment infrastructure and restores monetary
policy effectiveness. The optimal digital ruble remuneration maintains a 70 basis point spread
below the policy rate, balancing household adoption against banking disruption. CBDC enhances
monetary policy transmission, improving deposit rate pass-through from 45 to 72% and reducing
the sacrifice ratio from 1.63 to 1.44. However, our closed-economy specification likely overstates
welfare benefits by 30-50%, as it abstracts from exchange rate volatility and capital flow dynamics
that dominated Russia’s sanctions experience. This study contributes to understanding monetary
innovation in sanctioned economies, offering practical guidance for emerging market central
banks pursuing CBDC implementation under geopolitical pressure.
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LUundposoi pyonb
M MeXaHN3M AeHEeXHON TPaHCMUCCUU NMPU CaHKLMNNAX:

aHanuns B pamkax DSGE-mopenu
Poapuro bokuep

Rbch, Puo-oe-Kanetipo, bpazunus
Bdrodrigobochner0565@gmail.com

AnHoTauusa. MHummaruea Poccuu 1o BHeApeHWIO MUQpPOBOro pyos, MIaHupyemas K Macco-
BOMYy 3amycky B 2026 r., mpeacTaBisieT coOON BaKHbBIM MpeneleHT s U3y4eHHUs BO3IercTBUs
IU(POBBIX BAOT LeHTpaibHbIX OaHkoB (I[BLIB) Ha SKOHOMHUKH, HCIIBITHIBAIOIINE (DUHAHCOBYIO
(dparMeHTanuo u3-3a caHkuui. CyIIecTBYIONIHE HCCICIOBAHHS B OCHOBHOM OpPHUCHTHUPOBAHBI
Ha WHCTUTYIMOHAJBHBIC XapaKTCPUCTHKHM PA3BUTHIX SKOHOMHK, YTO OTPAHHYMBACT ITOHHMA-
Hue B3aumoyeiicTBusi [IBIIb ¢ koHIeHTpaiueil 6aHKOBCKOTO PBIHKA, HAPYIIEHHOW MOHETApPHON
TPAaHCMUCCUEN U OTPAHUYEHHBIM JOCTYIIOM K MEXIYHAapOAHBIM ILIaTeXaM, IPUCYIIUM CAHKIIHO-
HUPOBaHHBIM PAa3BUBAIOIIMMCS PbIHKaM. B CBA3M ¢ 3TUM B HACTOSILEM HCCIIEIOBAaHUU MTPOAHAIIN-
3UPOBaHbI MAKPOIKOHOMHUUECKUE MOCIEACTBHUS BBEACHUS IIH(poBOro pyoist B Poccnu B ycmoBHsIX
(DMHAHCOBBIX CAaHKIIUI, a TaKXKe pa3padoTaHbl ONTUMAJbHbIC MOJUTUKU Bo3Harpaxkaenus LIBLIB,
HalpapJeHHBIC HA MAaKCHMHU3AIHIO OJIaroCOCTOSHHS JOMOXO3SIICTB IIPH COXPAHEHUH CTaOMIBHO-
cTH OaHKOBCKOro cekropa. Mcronb3oBaHa AMHaMUYecKas cTOXacTU4eckass MOAeNb OOIIero pas-
nosecust (DSGE) B pamkax HOBOM KeHHCHAHCKOH HapaJurMbl ¢ MOHONONMACTHYCCKH KOHKYPEHT-
HbIMH OaHKaMU U HEOJHOPOJHBIM OCBOCHHMEM TEXHOJIOTUH JIOMOXO3AWCTBAMM, KaIWOpOBaHHAs
Ha POCCHICKMX MaKpOAKOHOMHUYECKHMX TaHHBIX 3a mepuon 2014-2024 rr. ¢ momMomipio Gaifecos-
CKOT'O OILICHHMBAHMs IO YETHIPHAILATH KBapTajJbHbBIM BPEeMEHHBIM psaaM. Pe3ynabraTsl mokasaiu,
gyro BHeApenue LIBLIb npunocut mpupoct Gmarococtosuus B pasmepe 0,79 % ot ycToituuBoro
MOTpeOIeHUs MPU ONTUMAILHOM BO3HArpaXJIeHHUH, YBEJIWUMBaAch 10 1,26 % mpu BHICOKOW MH-
TEHCHBHOCTH CAaHKIIMH, TOCKOIBKY HU(POBOI pyOsib 00ecrednBacT abTePHATUBHYIO IIATSKHYIO
HHPPACTPYKTYPy M BOCCTAHABIHMBACT A(PPEKTUBHOCTH MOHETAPHOH MOMUTHKH. ONTHMAaIbHBIA
YPOBEHb BO3HATPAXKIIEHHS 10 ITUPPOBOMY PYOIIO yACPKUBAETCs ¢ OTcTaBaHueM Ha 70 0a3uCHBIX
IIyHKTOB OT KIIFOYCBOH CTaBKH, YTO OOCCIIEUMBACT OallaHC MEXKIY OCBOCHHEM U PaCIIPOCTpaHe-
wuem LB cpean mOMOXO3SiCTB M MHUHHMH3AIUEH JecTa0MIN3alui OaHKOBCKOTO CEKTOpA.
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IBIIb ycuiuBaeT TpaHCMUCCUIO MOHETAPHON IIOIUTUKH, IIOBBILLIAS 0JII0 IEPEAAUU AETIO3UTHBIX
CTaBOK C 45 10 72 % wu cHmxkast ko3 uimeHT xeprBeHHocTr ¢ 1,63 no 1,44. OnHako 3aKkphiTas
cnenuduKanys MOACTH MOXKET NePEOIeHUBATh BHITO/bI i OnarococtosiHus Ha 30-50 %, urno-
pUpYys BOJATHIIBHOCTh OOMEHHOTO Kypca M JMHAMHUKY KalHMTaJbHBIX MOTOKOB, KOTOPBIC MPeo0-
nanany B onbiTe Poccuu B yCIOBHSIX CaHKIMK. DTO MCCIENOBAHHUE CIIOCOOCTBYET YIITyOJICHHO-
My MTOHUMaHHIO MOHETApHBIX MHHOBAIWN B CAHKIIMOHWPOBAHHBIX YKOHOMHKAX M TPEJOCTABIISET
MPUKJIAJHbIC PEKOMECHAANH IICHTPAIbHBIM OaHKaM pa3BUBAIOLINXCS CTpaH, BHeapstonmM [[BLb
B YCJIOBUSIX T€OTIOTUTHUECKOTO JIABJICHHSI.

KaroueBbie cioBa: LIBLIb, cyBepennas nudpoBas BajaroTa, ISHbIM IEHTPAIBHOTO OaHKa, 3KOHO-
MHUYECKHE CaHKINH, YCTOHYMBOCTD IUIaTeKHOU cucTeMbl, Moaesb DSGE, 6GaHkoBCcKkasi KOHKYpeH-
s, pa3BuBaronecsa peiHky, Poccniickas @enepanus

3asiBjieHHe O JAOCTYNMHOCTH AaHHBIX. Bce naHHBIE, TOMyYeHHBIE B XOZIE ITOTO MCCIIEIOBaHMS,
BKJIFOUCHBI B OITyOJIMKOBAHHYIO CTAThIO (M AOTIONHUTENbHBIC (DANNbI K HEl).

Baaronapnoctu. ABrop utut namsth bensuona, Tonn u Makca CyOkodpd — uiieHOB pycckoit
JMACTIOPBI — Jia Oy/JIeT WX MaMsTh OJIar0CIIOBCHHEM.

3asiBiieHne 0 KOH(JINKTE MHTEPECOB. ABTOD 3asBiIseT 00 OTCYTCTBHU KOH(IIMKTA HHTEPECOB.

Hcropus crarbu: noctynuia B penakuuio 12 HosOps 2025 1., qopaboTaHa mocie pereH3upoBa-
Hus 17 nexadbps 2025 r.; npunsaTa k neyaty 11 ssaBaps 2026 .

s murupoBanusi: Bochner R. Digital ruble and monetary policy transmission under financial
sanctions: a DSGE analysis // Bectauk Poccuiickoro yHuBepcurera npyx0sr Hapoaos. Cepus:
Oxonomuka. 2026. T. 34. Ne 2. C. 273-290. https://doi.org/10.22363/2313-2329-2026-34-2-273-
290 EDN: FAXLIQ

Introduction

Central bank digital currencies (CBDCs) represent a fundamental transformation
in monetary architecture, with 134 countries representing 98% of global GDP actively
developing such instruments as of 2024. This phenomenon assumes particular
significance for emerging market economies operating under financial constraints,
where traditional international payment systems face disruption. Russia’s digital ruble
initiative, with mass implementation scheduled for 2026, constitutes a compelling
case study for examining CBDC implications within a macroeconomic context
characterized by sanctions-induced financial fragmentation.

The theoretical literature establishes that CBDC introduction generates non-trivial
general equilibrium effects through multiple transmission channels (Brunnermeier,
Niepelt, 2019; Keister, Sanches, 2023). Recent DSGE modeling demonstrates how
CBDCs interact with banking sector dynamics, altering deposit competition and credit
provision (Barrdear, Kumhof, 2022). However, existing frameworks predominantly
calibrate to advanced economy institutions, leaving gaps in understanding CBDC
implications for emerging markets facing external financial constraints.

This study addresses three research questions. First, how does CBDC
implementation affect monetary policy transmission in an economy experiencing
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sanctions-induced financial fragmentation? Second, what is the optimal CBDC
remuneration policy balancing household welfare gains against banking sector
disruption? Third, how do sanctions modify standard CBDC theoretical predictions?
We acknowledge that our closed-economy framework abstracts from exchange rate
dynamics, capital flows, and external debt constraints that proved central to Russia’s
2022 sanctions experience, likely overstating quantitative welfare estimates while
preserving qualitative insights.

We develop a DSGE model incorporating CBDC within a New Keynesian
framework featuring monopolistically competitive banks and heterogeneous
household adoption patterns. The model’s calibration exploits unique features of the
Russian economy: a policy rate of 16% (as of 2024), banking sector concentration
with state-controlled institutions holding approximately 60% of total assets, and time-
varying sanctions intensity parameters.

Findings establish that digital ruble introduction generates welfare effects
of 0.79% of steady-state consumption under optimal remuneration policies, rising
to 1.26% under high sanctions intensity. These gains arise through enhanced
household liquidity services and intensified deposit market competition. The optimal
CBDC remuneration emerges at 70 basis points below the policy rate, balancing
adoption benefits against banking sector disruption. CBDC enhances monetary policy
transmission, improving deposit rate pass-through from 45 to 72% and reducing the
sacrifice ratio from 1.63 to 1.44.

This study analyzes the macroeconomic implications of Russia’s digital ruble
implementation under financial sanctions, deriving optimal CBDC remuneration
policies that maximize household welfare while maintaining banking sector stability.
Specifically, the research addresses three questions: (1) how does CBDC affect
monetary policy transmission in a sanctions-constrained economy; (2) what is the
optimal CBDC remuneration policy balancing household welfare against banking
disruption; and (3) how do sanctions modify standard CBDC theoretical predictions.

Literature review
CBDC Theory and Monetary Policy

Brunnermeier and Niepelt (Brunnermeier, Niepelt, 2019) demonstrate that
under perfect substitutability between central bank and private bank liabilities, CBDC
introduction proves neutral in general equilibrium — a condition unlikely to hold
in practice given operational constraints. Departing from this benchmark, Keister and
Sanches (Keister, Sanches, 2023) develop a model where CBDCs competing with bank
deposits can improve welfare by mitigating monopoly power in payment services.

Barrdear and Kumbhof (Barrdear, Kumhof, 2022) extend this framework
using a quantitative DSGE model calibrated to UK data, finding modest positive
welfare effects from CBDC introduction. Their welfare decomposition reveals that
approximately 60% of CBDC benefits arise from improved deposit market competition
rather than direct liquidity services. Our modeling approach builds on their framework,
extending it to emerging market contexts with sanctions-induced constraints. Chiu
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et al. (Chiu et al., 2023) examine implications for bank market power, finding that
optimal CBDC design depends critically on initial banking sector concentration.

Williamson (Williamson, 2022) analyzes CBDC as a flight-to-safety asset during
financial stress, finding that CBDC availability can improve welfare by providing
a risk-free payment instrument when private banking becomes unstable — particularly
relevant for sanctioned economies. His framework complements our analysis of CBDC
benefits under external financial constraints.

Banking Competition and Market Power

Banking sector market power critically affects CBDC transmission mechanisms.
Drechsler et al. (Drechsler, Savov, Schnabl, 2017) establish empirically that U.S.
banks with local market power partially insulate deposit rates from monetary policy
changes, passing through only 25-40% of policy rate increases to deposit rates.
Russia’s banking sector exhibits substantial concentration, with state-controlled
banks commanding approximately 60% of total assets as of 2024. Empirical work
on Russian monetary policy transmission documents that policy rate changes transmit
with substantial lags (6—9 months) and incomplete pass-through (approximately 60%
over one year). CBDC introduction, by providing depositors an outside option, should
theoretically constrain this market power.

Financial Sanctions and Economic Adaptation

Sanctions imposed on Russia following 2014 and intensified dramatically after
February 2022 severed major banks from SWIFT international payment networks,
froze approximately $300 billion in foreign exchange reserves, and severely restricted
correspondent banking relationships. Dreger et al. (Dreger et al., 2016) analyze the
2014-2016 sanctions period, estimating GDP losses of 1-1.5% attributable to financial
sector constraints. They identify impaired credit supply as the primary transmission
mechanism, with sanctioned banks reducing lending by 15-20% relative to non-
sanctioned institutions.

The broader literature on economic sanctions documents substantial macroeconomic
impacts. Neuenkirch and Neumeier (Neuenkirch, Neumeier, 2015) conduct
a comprehensive analysis of UN and US sanctions across 68 countries (1976-2012), finding
that UN sanctions reduce GDP growth by 2.3-3.5 percentage points on average, with
effects lasting approximately 10 years. Ahn and Ludema (Ahn, Ludema 2020) develop
a theoretical framework showing that financial sanctions prove more effective than trade
sanctions in imposing economic costs, as they disrupt intermediation channels essential
for economic activity — precisely the mechanism this study model.

CBDCs may facilitate adaptation through several channels. First, CBDC-based
payment systems can operate independently of traditional correspondent banking
networks, enabling direct central bank-to-central bank settlement. Second, enhanced
domestic payment infrastructure may partially substitute for lost international
financial services.
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Russian Research on Digital Ruble and Sanctions

The digital ruble project has generated substantial analysis within Russia’s
research community, though academic publications remain limited given the
recent initiation of the program. The Bank of Russia has published technical
documentation and concept papers outlining the digital ruble framework and
implementation roadmap, providing institutional details that inform our calibration
approach. Russian central bank officials have emphasized that the digital ruble
design prioritizes minimizing disruption to commercial banking while enhancing
payment system efficiency.

The Central Economics and Mathematics Institute (CEMI) has contributed
theoretical foundations for modeling the Russian economy. Andreyev and Polbin
(Andreyev, Polbin, 2022) develop a DSGE framework for Russia incorporating
monetary policy, resource revenues, and the zero lower bound constraint, providing
methodological precedents for our approach while highlighting the importance
of external sector modeling we acknowledge as a limitation. Polbin and colleagues
have extensively analyzed Russian macroeconomic dynamics using DSGE methods,
establishing best practices for calibration to Russian data that we follow in the
“Calibration and Estimation” section below.

Higher School of Economics researchers have examined sanctions impacts
on Russian monetary policy transmission. Pestova and Mamonov (Pestova, Mamonov,
2019) document that 2014-2016 sanctions reduced deposit rate pass-through from
approximately 65 to 45%, weakening monetary policy effectiveness. Our finding
that CBDC improves pass-through from 45 to 72% directly addresses this sanctions-
induced transmission impairment. Their empirical work provides the baseline pass-
through estimates we use for model validation.

This Russian literature establishes several key points supporting our analysis:
(1) sanctions impair monetary transmission through banking sector channels,
documented empirically by HSE researchers; (2) DSGE modeling has been successfully
applied to the Russian economy by CEMI scholars, demonstrating methodological
feasibility; and (3) enhanced domestic financial infrastructure becomes more valuable
under external constraints, a theme emphasized by Bank of Russia policy documents.
Our contribution extends this foundation with a comprehensive quantitative
framework calibrated to post-2022 conditions that explicitly incorporates CBDC
within a sanctions environment.

DSGE Modeling of Payment Systems

The integration of payment systems and alternative currency forms into
DSGE frameworks has evolved considerably. Foundational work by Woodford
(Woodford, 2003) established the modern New Keynesian framework
emphasizing interest rate policy over monetary aggregates, providing the
theoretical foundation for our model structure. Ireland (Ireland, 2004) explicitly
incorporated money demand through utility functions, while Christiano et al.
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(Christiano, Eichenbaum, Evans, 2005) introduced financial frictions through
costly state verification. Gertler and Karadi (Gertler, Karadi, 2011) developed
models of banking sector capital constraints that inform our treatment of credit
provision under sanctions-induced stress. Recent work more explicitly models
banking competition and payment system choices, providing the direct
foundation for our CBDC analysis.

Methods
Model Environment

We develop a closed-economy DSGE model featuring five agent types:
households, final goods producers, intermediate goods producers, banks, and a central
bank. Time is discrete and indexed by ¢t = 0, 1, 2, .... The model’s key innovation
involves introducing CBDC alongside traditional monetary aggregates within
a framework explicitly capturing banking sector market power and sanctions-induced
financial constraints.

Households

The economy contains a continuum of infinitely-lived households indexed
by i € [0,1], heterogeneous in their valuation of CBDC services. Household i
maximizes expected lifetime utility:

Eoi:,ﬁl [M(Ci,n Li,z)+eiV(Mi,Cz: Di,z’ R[,t)]’
P

where C;, denotes consumption, L;, labor supply, M, cash holdings, D;, bank
deposits, R; , CBDC holdings, € (0,1) represents the discount factor, and 6, captures
household-specific CBDC valuation distributed according to cumulative distribution
function F(0).

The period utility function takes the standard form:

u(C, L) = (Cn (I_L)lin) s

l-o

where 1 € (0,1) governs the consumption-leisure trade-off and ¢ > 0 represents relative
risk aversion. The liquidity services function captures substitution relationships
among payment instruments:

() 0|
v(M, D, R)=vy - :
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where y > 0 scales the importance of liquidity services; a € (0,1) represents cash’s
expenditure share; y € (0,1 — a) represents CBDC’s share, and y > 0 governs the
elasticity of substitution. Households face the budget constraint:

+ME  +T1. +T

it—1 it 2

PC, + M +D,, +R, =W,L,+(1+i")D, , +(1+i")R

it-1

where P, denotes the price level, W, the nominal wage, i the deposit rate, i¥ the CBDC
remuneration rate, I1; , profits, and 7; lump-sum transfers.

Production and Price Setting

A representative final goods producer aggregates differentiated intermediate
goods using CES technology:

Y :[ IY(QI)/€Cly:|E/(€_1) ’

! €0 Jt

where € > 1 denotes the elasticity of substitution. Intermediate goods producers
operate under monopolistic competition with Cobb-Douglas production:

Y, =AK! L.

it gt

Firms set prices subject to Calvo (Calvo, 1983) nominal rigidity, generating
a New Keynesian Phillips curve:

n, =BE,[n,., ]+ K(mc, - mc),

where k = (1 — ¢) (1 — Bd)/d governs the slope.

Banking Sector

Banks operate under monopolistic competition in deposit and loan markets.
Bank b faces deposit demand:
iD Mp
b,
Dh,t :[._Dtj D,
lt

with np > 1 the elasticity of substitution. First-order conditions yield symmetric
equilibrium expressions:
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n ; .
)

D _
lb,t -

ibL,t - n?L_l (iCB +TL)’

where i® represents the policy rate and 1 t capture funding costs and credit risk
premia. Banking market power generates spreads between policy rates and retail rates.

Central Bank and CBDC Policy

The central bank conducts monetary policy through the policy rate i“® and CBDC
remuneration iX. The policy rate follows a Taylor (Clarida, Gali, & Gertler, 1999) rule:

€ p i +(1—pl.)|:;CB 4, (m,— )+ ¢, log(¥, /17)}6;',

CBDC remuneration follows:

R _ .CB
i —max(O,z, —6,),

where 0, > 0 represents the spread between the policy rate and CBDC remuneration.

Sanctions Modeling

Financial sanctions are modeled through time-varying constraints affecting
banking operations. A sanctions intensity variable &, € [0,1] evolves according to:

éz = pg&z—l +(1_p§)g+€ti'

Sanctions affect the economy through three channels. First, banking costs
increase: o, = 0y + o;&;. Second, sanctions reduce effective productivity:

logd, =(1 - 1(&)logd + €,

where t©(§) = 19 + 71,§,. Third, sanctions constrain access to international payment
systems:

—CB

F;CB S(l—é)F

MHHOBAIIU B COBPEMEHHOI SKOHOMMUKE 281



Bochner R. 2026. RUDN Journal of Economics, 34(2), 273-290

Equilibrium

A competitive equilibrium consists of sequences of prices and allocations such that
households optimize, firms optimize production and pricing decisions, banks optimize
deposit and loan rates, the central bank follows policy rules, and all markets clear.

Calibration and Estimation
Parameter Calibration

We calibrate key structural parameters to match Russian macroeconomic data
for 2014-2024. The discount factor B = 0.9875 implies an annual real interest rate
of 5%. Capital depreciation 6= 0.025 corresponds to 10% annual depreciation. The
capital share o = 0.45 reflects Russian national accounts data.

Banking sector parameters merit particular scrutiny given Russia’s institutional
specificity. The deposit demand elasticity np = 5.0 derives from two sources:
(1) regression analysis of bank-level deposit flows on interest rate differentials for
2018-2023, yielding elasticity estimates of 4.2-5.8 (following (Drechsler Drechsler,
Savov, Schnabl, 2017) methodology); (2) consistency with observed deposit rate
spreads of 450550 basis points relative to policy rates. The loan supply elasticity
Nz = 4.0 produces lending spreads of approximately 700 basis points, matching
empirical averages.

Household CBDC valuation parameters are calibrated to match stated-preference
survey data from Bank of Russia consumer surveys (2023), which indicate that
15-20% of respondents would “definitely” or “probably” adopt CBDC at remuneration
70—-100 basis points below policy rates (Table 1).

Table 1
Calibrated Parameters

Parameter Value Description

B 0.9875 Discount factor

o 2.0 Risk aversion

n 0.35 Consumption weight

a 0.45 Capital share

% 0.025 Capital depreciation

€ 6.0 Demand elasticity

No 5.0 Deposit elasticity

ne 4.0 Loan elasticity
pfR 0.04 Reserve requirement

Source: R. Bochner's calculation, with the parameters described above.
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Bayesian Estimation

We estimate seven parameters using Bayesian methods with fourteen quarterly
time series spanning 2014Q1-2024Q2. The estimation employs the Random Walk
Metropolis-Hastings algorithm with 500,000 iterations, discarding the first 100,000
as burn-in. Posterior means and credible intervals for all seven estimated parameters
are presented in Table 2.

Table 2
Estimated Parameters
Parameter Posterior Mean 90% Credible Interval
¢ (Price stickiness) 0.78 [0.72. 0.84]
p; (Interest smoothing) 0.82 [0.76. 0.88]
o, (Inflation response) 1.83 [1.52.2.18]
¢, (Output response) 0.15 [0.08. 0.24]
ps (Sanctions persistence) 0.88 [0.81.0.94]
w; (Banking costimpact) 0.048 [0.032. 0.066]
1, (Productivity effect) 0.028 [0.019. 0.039]

Source: R. Bochner's calculation, with the parameters described above

The Calvo parameter ¢ = 0.78 implies an average price duration of 4.5 quarters.
The inflation response coefficient ¢, = 1.83 exceeds unity, satisfying the Taylor
principle. The sanctions persistence parameter p; = 0.88 indicates highly persistent
effects with a half-life of approximately 5.4 quarters.

Quantitative Results
Baseline CBDC Implementation Effects

We analyze digital ruble introduction under baseline remuneration policy
(6 = 0.7%, optimal as demonstrated below) and medium sanctions intensity (§ = 0.45).
CBDC adoption reaches 15.2% of GDP at the new steady state achieved after
approximately two years. Bank deposits decline by 10.5% below the pre-CBDC
baseline, with banks responding by raising deposit rates by 45 basis points. Credit
provision contracts, with bank lending falling 6.8% below baseline. Investment
declines 3.2% below baseline in the short run as firms face tighter financing constraints,
with output settling 0.9% below the pre-CBDC steady state.

However, household welfare improves despite output decline. Consumption
ultimately settles 0.3% above baseline as household gains from two sources dominate
income effects. First, CBDC provides direct liquidity services valued at 0.6%
of consumption in utility-equivalent terms. Second, intensified banking competition
raises deposit remuneration, generating transfers worth 0.4% of consumption. Total
welfare gains reach 0.79% of steady-state consumption.
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This welfare decomposition reveals that approximately 51% of total welfare
gains arise from competitive pressure on deposit rates rather than direct CBDC
liquidity services, emphasizing that CBDC effects depend critically on initial banking
sector market power.

Optimal CBDC Remuneration

To derive optimal remuneration policy, we trace welfare across a grid of CBDC
spread values 6 € [0,3%]. Welfare exhibits an inverted-U shape, reaching maximum
at & = 0.7%. Welfare effects across the full range of remuneration policies are reported
in Table 3.

Welfare Effects Under Alternative CBDC Remuneration Policies ables
CBDC Spread, Welfare CBDC/GDP, Deposit Loan Output
% Change, % % Change, % Change, % Change, %
0.0 +0.34 221 -15.8 -10.2 -1.8
0.3 +0.58 18.6 -13.2 -8.6 -1.4
0.7* +0.79 15.2 -10.5 -6.8 -0.9
1.0 +0.67 12.8 -8.2 -5.3 -0.7
1.5 +0.48 9.2 -5.6 -3.6 -0.5
2.0 +0.38 6.8 -3.8 -2.4 -0.3
3.0 +0.18 3.2 -1.7 -1.1 -0.1

*Optimal policy.
Source: R. Bochner's calculation, with the parameters described above.

At very low spreads (6 < 0.5%), excessive CBDC adoption triggers severe banking
sector disruption, and resulting output losses begin to dominate household benefits.
At optimal remuneration, CBDC achieves 15.2% of GDP adoption — substantial but
not excessive. Banking sector stress remains manageable with 10.5% deposit decline
and 6.8% credit contraction. The optimal spread of 70 basis points reflects the trade-
off between adoption benefits and disruption costs specific to Russia’s institutional
context.

CBDC Effects Under Financial Sanctions

We conduct comparative statics across sanctions intensity levels: low (& = 0.2),
medium (& = 0.45), and high (£ = 0.8). Results across all three sanctions intensity
levels are reported in Table 4.
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Table 4
Sanctions Effects on CBDC Welfare Gains
Sanctions Welfare Welfare (Optimal Net CBDC Optimal CBDC
Intensity (No CBDC), % CBDC), % Benefit, % Spread, % Adoption, %
0.2 (Low) -0.82 -0.38 +0.44 0.85 14.1
0.45
(Medium) -2.14 -1.35 +0.79 0.70 15.2
0.8 (High) -4.26 -3.00 +1.26 0.55 16.8

Source: R. Bochner's calculation, with the parameters described above.

Within our closed-economy framework, welfare gains from CBDC introduction
increase substantially with sanctions intensity. Under low sanctions, CBDC generates
improvements of 0.44%. Under high sanctions, gains reach 1.26% — nearly triple the
low-sanctions effect.

This amplification operates through three mechanisms. First, sanctions increase
banking sector operating costs, raising the wedge between policy rates and retail
rates. CBDC circumvents these costs by providing direct central bank intermediation.
Second, sanctions impair monetary policy transmission by disrupting interbank
markets. Under high sanctions, pass-through from policy rates to deposit rates falls
to 42% (versus 68% under low sanctions). CBDC remuneration provides an alternative
transmission mechanism. Third, sanctions reduce international payment system
access, increasing the value of robust domestic payment infrastructure.

Critically, CBDC does not eliminate sanctions effects. Even with optimal CBDC
implementation, welfare under high sanctions (-3.00%) remains substantially below
no-sanctions levels. However, within our model’s assumptions, CBDC mitigates
approximately 30% of sanctions-induced welfare costs.

Monetary Policy Effectiveness

CBDC introduction enhances monetary policy transmission effectiveness.
We analyze transmission by comparing impulse responses to a 100 basis point
contractionary monetary policy shock under three scenarios: no CBDC, optimal
CBDC (8 = 0.7%), and high remuneration CBDC (6 = 0.3%).

Peak output decline increases from —0.52% (no CBDC) to —0.68% (optimal
CBDC) to —0.81% (high remuneration CBDC), reflecting stronger transmission.
Peak inflation decline increases from -0.32 percentage points (no CBDC)
to —0.41 pp (optimal CBDC) to —0.48 pp (high remuneration CBDC). The cumulative
pass-through of policy rate changes to deposit rates after four quarters improves from
45% (mo CBDC) to 72% (optimal CBDC) to 88% (high remuneration CBDC). This
dramatic improvement reflects the constraining effect of CBDC as outside option
limiting banks’ability insulate deposit rates from policy changes.

The sacrifice ratio improves from 1.63 (no CBDC) to 1.44 (optimal CBDC),
implying that disinflation becomes less costly in output terms when CBDC enhances
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transmission. These results carry important implications for monetary policy conduct:
enhanced transmission effectiveness proves valuable for achieving inflation targets
but requires more cautious policy calibration.

Discussion and Policy Implications

Alternative Banking Structures

CBDC effects depend critically on initial banking sector market power.
We conduct robustness exercises varying the deposit and loan demand elasticities.

High competition scenario (np= 10, 1; = 8): Under this structure, optimal CBDC
remuneration falls to 8" = 1.4% and welfare gains decline to +0.23% of consumption.
The reduced benefits reflect diminished scope for competition-enhancing effects when
banking is already relatively competitive.

High concentration scenario (np = 3, n; = 2.5): Optimal CBDC remuneration
rises to & = 0.35% and welfare gains increase to +1.12% of consumption. The
amplified benefits underscore that CBDC provides greatest value in environments
with significant banking market power.

Alternative CBDC Designs

Quantity limits: Suppose households face maximum CBDC holdings
of 500 000 rubles, constraining approximately 40% of households. Welfare gains decline
to +0.54% (versus +0.79% baseline), though banking sector disruption also moderates,
with deposit decline limited to —7.2% versus —10.5% baseline. Quantity limits thus offer
a mechanism to reduce financial stability risks at the cost of foregone welfare gains.

Tiered remuneration: Under a structure paying full optimal remuneration
on balances up to 100,000 rubles but zero remuneration above this threshold, welfare
gains reach +0.71% of consumption, only modestly below the uniform remuneration
baseline. Banking disruption also moderates slightly (-9.1% deposit decline). Tiered
remuneration thus offers attractive properties, achieving most welfare benefits while
reducing both fiscal costs and stability risks.

Non-remunerated CBDC: A CBDC paying zero remuneration generates
minimal welfare gains of only +0.18% of consumption, confirming that remuneration
proves essential for substantial CBDC benefits.

Interaction with Macroprudential Policy

Enhanced central bank lending facilities: Suppose the central bank offers
banks access to refinancing at the policy rate plus 50 basis points. This facility
substantially mitigates banking sector disruption. Under optimal CBDC remuneration
with enhanced lending facilities, deposit decline moderates to —6.2% (versus —10.5%
baseline) and credit contraction to —4.1% (versus —6.8% baseline). Welfare gains
remain at +0.76%, nearly unchanged from baseline, suggesting that lending facilities
successfully address stability concerns without sacrificing CBDC benefits.

286 INNOVATIONS IN THE MODERN ECONOMY



Boxnep P. Becruuk PYJIH. Cepus: Dxonomuka. 2026. T. 34. Ne 2. C. 273-290

Policy Recommendations

The analysis yields several recommendations for CBDC implementation
in emerging market economies:

1. Adopt modest positive remuneration. Central banks should remunerate
CBDC at rates modestly below the policy rate. Our estimates suggest an optimal spread
of approximately 50—100 basis points for economies with banking sector characteristics
similar to Russia’s.

2. Calibrate remuneration to banking sector structure. Economies with
highly concentrated banking should adopt remuneration closer to the policy rate
to maximize competition benefits. Economies with relatively competitive banking
should adopt lower remuneration to avoid excessive disruption.

3. Consider tiered remuneration schemes. Tiered structures achieve most
welfare benefits while limiting fiscal costs and reducing tail risks from excessive CBDC
adoption.

4. Implement gradually through pilot programs. Transition dynamics reveal
temporary welfare losses during the first 2—4 quarters. Policymakers should implement
CBDC gradually through geographic or demographic pilot programs.

5. Prepare complementary macroprudential measures. Central banks should
stand ready to deploy enhanced lending facilities or other liquidity support if deposit
outflows exceed anticipated levels.

6. Emphasize sanctions mitigation in sanctioned economies. For economies
facing sustained financial sanctions, CBDC implementation should prioritize features
facilitating alternative payment infrastructure.

7. Recalibrate monetary policy rules. Enhanced transmission effectiveness
following CBDC adoption necessitates adjustments to monetary policy conduct.

Closed-Economy Framework Limitations

Our closed-economy specification constitutes a significant methodological
simplification requiring explicit acknowledgment. The 2022 sanctions generated
substantial shocks precisely through external channels: exchange rate volatility (ruble
depreciation exceeding 40% in March 2022), capital flight (estimated $150 billion
outflows in 2022), disrupted correspondent banking relationships, and ruptured supply
chains.

By abstracting from these channels, our quantitative estimates likely overstate
CBDC welfare benefits and understate macroeconomic costs. Specifically:

Exchange rate channel: Sanctions-induced currency depreciation increases
import costs and generates balance sheet effects for foreign-currency-denominated
debt. CBDC cannot directly address these pressures. An open-economy extension
would likely show smaller welfare gains as exchange rate volatility partially offsets
domestic financial improvements.

Capital flow constraints: Our model excludes sudden stops and capital flight
dynamics that dominated Russia’s 2022 experience. CBDC provision may actually
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exacerbate capital flight risks if it facilitates easier portfolio reallocation, a concern
our framework cannot capture.

External debt and reserves: Frozen foreign exchange reserves (approximately
$300 billion) and restricted external debt servicing generated substantial economic
costs absent from our model. These effects likely dominated the domestic financial
frictions we analyze.

Direction of bias: We expect these omissions bias our welfare estimates upward
by 30-50%. The true CBDC welfare gain under high sanctions likely approximates
0.6—0.9% rather than our estimated 1.26%. However, the qualitative result — that CBDC
effectiveness increases under sanctions — likely remains robust as alternative domestic
payment infrastructure gains value when international systems are constrained.

Future research should extend this framework to small open economy
specifications incorporating exchange rate determination, international reserve
dynamics, and capital flow management. Such extensions would provide more realistic
quantitative guidance for emerging market CBDC policy under sanctions.

Conclusion

This study develops and estimates a DSGE model analyzing Russia’s digital
ruble implementation under financial sanctions, deriving optimal CBDC remuneration
policies that balance household welfare gains against banking sector disruption. Our
principal findings establish that CBDC introduction generates positive welfare effects
of 0.79% of steady-state consumption under optimal remuneration policies within our
closed-economy framework, with benefits amplifying substantially to 1.26% under
high sanctions intensity.

The optimal CBDC remuneration policy emerges from balancing competing
forces. Household welfare gains arise through enhanced liquidity services and
intensified deposit market competition constraining banking sector market power.
These benefits must be weighed against banking sector disruption that reduces
credit provision, contracts capital accumulation, and lowers steady-state output. Our
calibration to Russian institutional features implies an optimal spread of 70 basis
points below the policy rate. A central contribution concerns CBDC effectiveness
under financial sanctions. The model predicts that CBDC provides substantially
greater welfare benefits in sanctioned economies by offering alternative payment
infrastructure and enhancing monetary policy effectiveness when international
financial integration is constrained. While CBDC cannot eliminate sanctions effects
entirely, our estimates suggest it can offset approximately 30% of sanctions-induced
welfare losses within the model’s closed-economy assumptions — a substantial
mitigation for economies facing prolonged external financial restrictions.

The analysis demonstrates that CBDC enhances monetary policy
transmission, improving deposit rate pass-through from 45 to 72% and reducing
the sacrifice ratio from 1.63 to 1.44. This enhanced effectiveness proves valuable
for inflation targeting regimes but requires more cautious policy rate calibration
to avoid excessive output volatility.
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However, our closed-economy framework constitutes a significant limitation.
By abstracting from exchange rate dynamics, capital flows, and external debt
constraints that dominated Russia’s 2022 sanctions experience, our quantitative
welfare estimates likely overstate true magnitudes by 30-50%. Open-economy
extensions incorporating these critical channels would provide more realistic
quantitative guidance while likely preserving the qualitative insight that CBDC
effectiveness increases under external financial constraints.

Beyond Russia’s specific context, this study contributes to understanding
CBDC implications for emerging markets more broadly. The fundamental trade-off
identified — household welfare gains through liquidity services and competition
effects versus banking sector disruption reducing credit provision — applies
generically across economies, though optimal policies vary with institutional
contexts. The results suggest that banking sector structure critically determines
CBDC effects. Emerging markets with concentrated banking systems benefit
more from CBDC introduction than advanced economies with competitive
banking sectors. However, they also face greater financial stability risks from
rapid deposit disintermediation, necessitating careful remuneration calibration and
complementary macroprudential measures.

From a policy perspective, the analysis supports gradual CBDC implementation
with modest positive remuneration, tiered remuneration structures targeting smaller
holders, and preannounced liquidity support facilities to address banking sector stress.
For sanctioned economies specifically, CBDC design should prioritize alternative
payment infrastructure development and interoperability with partner countries’
systems. The digital ruble represents a significant monetary innovation with potential
to reshape Russia’s financial architecture. This study provides quantitative guidance for
its optimal design, demonstrating that appropriately calibrated CBDC implementation
can generate meaningful welfare improvements while maintaining financial stability,
though the magnitude of benefits depends critically on proper modeling of external
sector constraints that our framework acknowledges but does not fully incorporate.
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