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policy transmission but reduces systemic risk.
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I. Introduction

Monetary policy operates through banking systems with heterogeneous banks linked by inter-

bank markets. Lower policy rates stimulate credit and real activity, but they can also encourage

balance-sheet expansion funded by fragile liabilities. This tension makes it essential to understand

how monetary policy transmits in banking systems with uneven funding capacity, and how that

transmission interacts with financial stability.

This paper studies a trade-off between monetary policy transmission and systemic risk in a two-

tier banking system with heterogeneous access to deposit funding. In many economies, large banks

(LBs) can expand deposits across regions, while small banks (SBs) face tighter deposit bases and

rely more on interbank funding. After monetary policy easing, these differences reallocate liquidity

through the interbank market: deposit-rich banks extend interbank credit to deposit-constrained

banks, amplifying the real effects of policy. The same reallocation also raises interconnectedness

and rollover exposure, which increases vulnerability to adverse shocks.

We investigate this trade-off using China as a laboratory. In the Chinese setting, state-owned

banks correspond to LBs in our terminology, while non-state banks correspond to SBs; we use LBs

and SBs throughout. China offers a transparent setting in which banks differ sharply in access to

deposits, reflecting institutional arrangements and regulatory constraints, and in which the shift

toward interest-rate-based monetary policy expanded the role of interbank funding. Episodes of

stress—including the post-2018 slowdown and the property-sector crisis—underscore the fragility

associated with interbank reliance, especially among SBs. While China’s institutions are distinctive,

the mechanism we study is general and applies to banking systems in which monetary policy works

through heterogeneous banks with unequal access to deposit funding.

We assemble bank-level micro data into a bank-quarter panel to study how interbank funding

shapes monetary transmission and systemic risk. The data yield three findings. First, monetary

policy easing reallocates funding: SBs increase interbank borrowing, while LBs expand household

demand deposits and reduce interbank borrowing. Second, this reallocation amplifies monetary

policy transmission: lending by SBs rises after policy-rate reductions, and the response operates

through interbank funding. Third, heavier reliance on interbank funding is associated with higher

systemic risk during downturns, measured by expected capital shortfalls, and this vulnerability

becomes more pronounced after 2018 amid China’s growth slowdown.

Motivated by these facts, we develop a simple three-period model that isolates the mechanism

that generates both amplification and fragility. Banks with higher deposit transaction costs—and

thus lower deposit sensitivity to policy rates—respond to monetary policy easing by expanding

interbank borrowing, which reallocates liquidity from deposit-rich banks to more productive but

deposit-constrained banks. This channel strengthens monetary policy transmission. Yet individual
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banks do not internalize how their interbank borrowing raises aggregate rollover risk, so the same

channel increases the probability and severity of bank runs after adverse productivity shocks. The

simple model makes precise the externality that underlies the trade-off between monetary policy

effectiveness and financial stability.

We then study a fully dynamic quantitative model calibrated to the Chinese data with segmented

deposit markets, interbank funding, and endogenous run risk. The model quantifies the liquidity

reallocation channel and evaluates interbank funding regulation. Absent regulation, monetary

policy easing induces excessive leverage among SBs that do not internalize the systemic risk created

by their funding choices. A regulatory limit on interbank funding reduces run risk and dampens

the amplification of adverse shocks, but it weakens monetary policy transmission by restricting

liquidity reallocation from LBs to SBs. Welfare improves under optimal regulation because the

reduction in systemic risk outweighs the loss from weaker monetary policy transmission.

The paper contributes to three literatures. First, it adds to work on bank-based monetary

transmission. The traditional bank lending channel emphasizes policy-driven changes in funding

conditions (Bernanke and Blinder, 1988, 1992; Kashyap and Stein, 1994), while the balance-sheet

channel highlights the role of net worth and leverage (Gertler and Kiyotaki, 2010; Gertler and

Karadi, 2011). We show that heterogeneity in funding structures—not balance-sheet size alone—is

central for the transmission of interest-rate-based monetary policy. Second, it relates to research

on interbank markets and monetary transmission. Whereas existing studies often view interbank

markets as venues for short-term liquidity smoothing (e.g., Bianchi and Bigio (2022)), we treat

interbank funding as a structural complement to retail deposits in a segmented banking system,

and we quantify the resulting liquidity reallocation channel. Third, it speaks to the risk-taking

channel of monetary policy and systemic risk. We provide evidence that interbank funding mediates

the trade-off: it strengthens monetary transmission in normal times but increases vulnerability

during downturns (Jiménez, Ongena, Peydró, and Saurina, 2014; Dell’Ariccia, Laeven, and Suarez,

2017). Our structural model rationalizes this evidence through a pecuniary externality in interbank

borrowing.

Our liquidity-reallocation channel is also related to the mechanism in Cui and Radde (2020),

who study a general-equilibrium environment in which search frictions endogenously determine

the liquidity (resaleability) of privately issued assets, and asset liquidity governs firms’ financing

capacity. Although their focus is corporate finance rather than banking, both settings highlight

how endogenous liquidity constraints amplify real allocations when financing constraints bind.

In our model, deposit-funding constraints for SBs increase their reliance on interbank liquidity,

strengthening the transmission of monetary policy easing and increasing exposure to run risk after

adverse productivity shocks.
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More broadly, our framework builds on macro-finance models of banking and systemic risk (He

and Krishnamurthy, 2013; Brunnermeier and Sannikov, 2014; Gertler, Kiyotaki, and Prestipino,

2020). By combining segmented deposit markets, interbank funding, and endogenous run risk in a

fully dynamic model, we link empirical evidence on monetary policy transmission to welfare analysis

and macroprudential policy design. The model highlights a fundamental trade-off: macroprudential

constraints on interbank funding attenuate monetary policy transmission but improve financial

stability and welfare by reducing systemic risk.

We also contribute to the literature on China’s monetary and banking system (Chen, Ren, and

Zha, 2018; Liu, Wang, and Xu, 2021; Chen, Gao, Higgins, Waggoner, and Zha, 2023; Fang, Wang,

and Wu, 2025). We complement these studies by estimating an interest-rate-based monetary policy

rule and by documenting how interbank funding links monetary policy transmission to systemic

risk in a two-tier banking system.

The rest of the paper is organized as follows. Section II presents the institutional background,

describes the data, and constructs monetary policy shocks. Section III presents empirical results on

the role of interbank funding. Section IV develops the simple three-period model that characterizes

the trade-off between monetary policy transmission and systemic risk. Section V extends the

analysis to the fully dynamic quantitative model and conducts welfare analysis of optimal interbank

funding regulation. Section VI concludes.

II. Institutional Background and Data

This section explains why China provides a useful setting for studying our mechanism and sum-

marizes the data used in the empirical analysis in Section III. The contrast between state (large)

and non-state (small) banks—particularly in the strength and stickiness of their deposit bases and

their reliance on the interbank funding market—is unusually stark. Section II.A provides the insti-

tutional background. Section II.B describes how we construct a quarterly series of monetary policy

shocks. Section II.C describes the construction of a bank-quarter panel for publicly listed Chinese

banks, containing balance-sheet measures of interbank funding, household demand deposits, loans,

and systemic risk.1

A. Institutional Background

China’s monetary and banking system provides a useful setting for studying how interbank

funding mediates monetary policy transmission and systemic risk. Four institutional features are

particularly relevant for the mechanisms formalized in Sections IV and V: the use of the 7-day

interbank repo rate (R007) as an operational policy rate, a segmented (two-tier) banking system,

1For details of variables and their corresponding data sources, see Appendix A.
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a de facto ceiling on deposit interest rates, and the rapid expansion of wholesale funding. For a

broader account of China’s financial reforms, see Chen and Zha (2025).

To measure the stance of monetary policy over our sample period, we use the 7-day pledged repo

weighted rate (R007) as the policy rate. During the early 2010s, the People’s Bank of China con-

ducted regular 7-day reverse-repo open-market operations via rate bidding and publicly announced

the winning rates, indicating that policy implementation was centered on the 7-day horizon by

the start of our sample period.2 Consistent with this practice, the PBC’s 2014 Annual Report

highlights R007 as a headline measure of money-market conditions.3 With the introduction of the

interest-rate corridor in 2015, the 7-day repo rate emerged as the PBC’s preferred operating policy

target. We therefore treat R007 as the policy rate in both the empirical analysis and the theoretical

framework.

China’s monetary policy operates through a banking system that is sharply segmented between

LBs and SBs. LBs operate nationwide branch networks and have broad access to stable retail

deposits, whereas SBs—joint-stock, city, and rural commercial banks—typically face geographic and

institutional constraints in deposit collection. This segmentation generates persistent heterogeneity

in funding structures: LBs rely predominantly on deposits, while SBs depend more heavily on

interbank funding. This two-tier structure motivates the heterogeneous-bank environment in the

model, with deposit-rich banks acting as net providers of interbank liquidity and deposit-constrained

banks as net borrowers.

These funding asymmetries are reinforced by institutional constraints on deposit rate competi-

tion. Despite the formal removal of deposit rate ceilings, effective limits remain in place through

a self-discipline mechanism among major banks, which restricts upward deviations of deposit rates

relative to benchmark rates, and through the macroprudential assessment framework, which dis-

courages aggressive deposit pricing. As a result, banks—especially SBs—face a de facto ceiling on

deposit rates. This institutional feature limits their ability to attract deposits by offering higher

rates and further entrenches differences in deposit funding capacity across bank types.

Against this backdrop of segmented deposit markets and constrained deposit pricing, China

has experienced a pronounced expansion of wholesale funding, particularly through negotiable

certificates of deposit (NCDs). Reintroduced in 2013, NCDs provided SBs with an alternative

funding source that is benchmarked to interbank rates and largely unconstrained by deposit rate

regulations. During the period of monetary easing beginning in 2014–2015, issuance of NCDs

by SBs expanded rapidly, while LBs became the primary purchasers. This development led to a

2See PBC Announcement on Open Market Operations (October 9, 2012; November 12, 2013; and January 21,

2014), available at https://www.pbc.gov.cn.
3People’s Bank of China Annual Report 2014, Figure “Trends of Money Market Interest Rates,” available at

https://www.pbc.gov.cn/en/3688110/3688259/3689032/3709448/3709460/index.html.



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 5

marked increase in interbank interconnectedness and a growing reliance on wholesale funding by

SBs. The resulting shift in funding composition is central to both the amplification of monetary

policy transmission and the buildup of systemic risk emphasized in the model.

B. Estimation of China’s Interest-Rate-Based Monetary Policy Rule

Guided by the institutional background in Section II.A, we use the 7-day pledged repo weighted

rate (R007) as the policy rate in estimating China’s interest-rate-based monetary policy rule. We

construct quarterly monetary policy shocks following Chen, Ren, and Zha (2018), who decompose

movements in the policy rate into a systematic component and an orthogonal shock. Our deviation

from Chen, Ren, and Zha (2018) is to use R007 rather than M2 growth as the policy variable. The

monetary policy equation is thus specified as

Rt = γ0 + γRRt−1 + γπ(πt − π∗) + γx,t(gx,t − g∗x,t) + ϵR,t, (1)

where Rt denotes the quarterly average of R007, πt is quarterly CPI inflation, and gx,t is quarterly

real GDP growth. We set the inflation target to π∗ = 0.875 percent, corresponding to an annualized

rate of 3.5 percent, and let g∗x,t denote the GDP growth target announced in the State Council’s

Annual Report on the Work of Government (RWG). The residual ϵR,t is the monetary policy shock.

Throughout the paper, a negative ϵR,t corresponds to an unexpected decline in the policy rate, i.e.,

monetary policy easing.

Following Chen, Ren, and Zha (2018), the response to GDP growth and the volatility of policy

shocks are allowed to differ depending on whether GDP growth is above or below the official target.

Specifically, the rule uses (γx,t, σR,t) = (γx,a, σR,a) when gx,t ≥ g∗x,t and (γx,t, σR,t) = (γx,b, σR,b)

when gx,t < g∗x,t, where σR,t is the volatility (the standard deviation) of the policy shock ϵR,t.

We estimate Equation (1) by maximum likelihood over 2001Q1–2018Q4.4 Table 1 reports the

baseline estimates using R007. The estimated rule displays substantial interest-rate smoothing and

an asymmetric response to deviations of GDP growth from the official target, consistent with Chen,

Ren, and Zha (2018). Appendix B.A reports the serial-correlation check for the estimated shocks,

robustness using R001, and tests against a constant-parameter policy rule.

C. Data on Banks’ Interbank Funding Activities and Systemic Risk

We construct a bank-quarter panel using quarterly balance-sheet information from the China

Stock Market and Accounting Research (CSMAR) database, which collects financial statements

from all publicly listed banks in China. The sample includes 25 listed banks: 5 LBs (state-owned

4We exclude later periods, particularly the COVID-19 era, during which GDP growth targeting was suspended

and the interest-rate-based monetary policy rule was no longer operative.
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banks) and 20 SBs (non-state-owned banks), comprising 8 joint-stock commercial banks, 9 city

commercial banks, and 3 rural commercial banks.

Interbank (non-deposit) funding for each bank is measured as the sum of borrowings from other

financial institutions, central bank loans, bonds payable (including negotiable certificates of deposit,

NCDs), and financial assets sold under repurchase agreements. The bank-quarter panel spans

2013Q1–2018Q4.5 For the deposit margin, we use household (personal) demand deposits. This

measure is closest to the theoretical model, in which households hold demand deposits, and to the

mechanism emphasized in Section II.A: LBs’ broader branch and ATM networks make deposits

and withdrawals more convenient for households. We scale interbank funding, household demand

deposits, and loans by total equity, denoted Wb,t, Db,t, and Lb,t.

Systemic risk is measured using SRISK. Based on Acharya, Pederson, Philippon, and Richardson

(2017), Brownlees and Engel (2017) define SRISK as the expected capital shortfall of a financial

institution in a systemic event. We obtain daily SRISK estimates for Chinese listed banks from

the Volatility Institute at NYU and aggregate them to the quarterly frequency. To align the

interpretation of systemic risk in the data with the theory, Section V constructs a model analogue,

SRISKmodel
t , an expected capital-shortfall object (the expected net worth shortfall of SBs in the

run state).

Panel A of Table S1 reports summary statistics for the bank-quarter panel, separately for LBs

and SBs. In levels, LBs hold more interbank funding (mean 1.146 tn RMB) than SBs (0.443 tn

RMB), reflecting their larger scale. By contrast, the equity-scaled dynamics of interbank funding

differ sharply: the mean of ∆InterbankFunding/Equity is 17.907% for LBs versus 54.285% for SBs,

with substantially greater dispersion for SBs (Std.Dev. 61.516 versus 16.199).

Similar heterogeneity appears in household-demand-deposit and lending dynamics. LBs ex-

hibit larger average equity-scaled changes in household demand deposits, but smaller average

equity-scaled changes in loans than SBs (13.710% versus 8.134% for ∆DemandDeposit/Equity,

and 64.116% versus 94.966% for ∆Loan/Equity). These patterns are consistent with LBs’ advan-

tage in attracting household deposits and SBs’ greater sensitivity of lending to monetary policy

conditions.

By contrast, SRISK levels are much larger for LBs in absolute terms (mean 497.973 billion RMB

versus 113.328 billion RMB for SBs), again reflecting the larger size of LBs. As shown in Figure 2,

systemic risk grows much more rapidly for SBs over time when normalized to a common baseline,

highlighting their disproportionate contribution to systemic risk dynamics.

Figure 2 summarizes the evolution of monetary policy, interbank funding, bank loans, and sys-

temic risk for LBs and SBs. The top-left panel plots the monetary policy rate (the 7-day repo rate)

5The bank-level sample ends in 2018Q4 mainly because certain balance-sheet components used to measure inter-

bank (non-deposit) funding cease to be consistently available after that date.



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 7

together with the interbank funding cost (the at-issue yield of 3-month AAA-rated NCDs), show-

ing that while the two series broadly co-move, interbank funding costs exhibit periods of notable

divergence from the policy rate.

The top-right panel displays interbank (non-deposit) funding as a share of total liabilities and

documents a pronounced and persistent divergence across bank types: the interbank funding share

rises sharply for SBs after 2015, while remaining comparatively low and stable for LBs. The bottom-

left panel shows total loans issued by each bank type, normalized to their respective 2012Q4 levels,

with faster loan growth for SBs over the sample period. The bottom-right panel plots systemic risk

(SRISK), also normalized to 2012Q4 levels, and shows that normalized systemic risk grows more

rapidly for SBs, despite much larger absolute SRISK levels for LBs due to their larger size.

We distinguish two normalizations used in the paper. Table S1 reports equity-scaled changes (as

in Section III) to facilitate cross-bank comparisons of balance-sheet adjustments, whereas the top-

right panel of Figure 2 reports interbank funding as a share of total liabilities to emphasize funding

composition. Together, these summary statistics and data series document cross-sectional and

time-series variation in interbank activities that underpin the evidence in Section III and discipline

the calibration of the quantitative model in Section V.

III. Motivating Evidence

This section presents evidence that motivates the theoretical work in Sections IV and V. It doc-

uments three facts that are difficult to reconcile with a homogeneous banking system: (i) monetary

policy shocks induce differential interbank funding responses across LBs and SBs; (ii) interbank

funding is associated with stronger credit responses for SBs, consistent with a mediating role for

interbank funding; and (iii) greater interbank funding reliance is associated with higher systemic

risk exposure in economic downturns during the post-2018 period. Throughout the empirical anal-

ysis, we classify China’s state-owned banks as LBs and its non-state banks as SBs, consistently

with the terminology used in the model.

A. Impacts of Monetary Policy on Interbank Funding and Household Demand Deposits

We begin by using bank-quarter observations to estimate panel regressions in which the depen-

dent variable is (i) the year-over-year change in a bank’s interbank funding volume scaled by total

equity, denoted Wb,t, and (ii) the analogous year-over-year change in household demand deposits

scaled by total equity, denoted Db,t. We allow for persistence by including lags of the dependent

variable and include bank, year, and seasonal fixed effects:

Fb,t = αϵR,t−1+βϵR,t−1× I(SBb)+φ
2∑

h=1

Fb,t−h+γxXb,t−1+γmMacrot−1+αb+ τy+ τs+ ϵb,t, (2)
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where Fb,t represents either the wholesale funding Wb,t or household demand deposits Db,t. ϵR,t

is the monetary policy shock from the estimated policy rule in Section II.B (a negative shock

corresponds to an unexpected decline in the policy rate, i.e., monetary policy easing); I(SBb) is an

indicator for SBs. Xb,t−1 collects lagged bank characteristics and interactions used as heterogeneity

controls; and Macrot−1 includes standard macro controls.

Table 2 shows two key results. Columns (1) and (2) report regressions with interbank funding

growth as the dependent variable, while columns (3) and (4) report analogous regressions for

household demand deposit growth; within each pair, the second specification adds bank-level and

macro control variables. The results are robust across specifications.

First, in the interbank-funding regressions (columns (1)–(2)), LBs reduce their reliance on inter-

bank (non-deposit) funding when monetary policy eases: the coefficient on the policy shock, α, is

positive and statistically significant, implying that a negative policy shock lowers Wb,t for LBs. By

contrast, SBs respond in the opposite direction. In both columns (1) and (2), the interaction term

β is negative and highly significant, and the implied response α+β is also negative and statistically

significant, indicating that monetary policy easing increases interbank funding for SBs.

Turning to household demand deposits (columns (3)–(4)), LBs experience a statistically signifi-

cant increase following monetary policy easing, as reflected in the negative and significant estimates

of α (−4.327 and −4.398). The interaction coefficient β, which measures the differential response

of SBs relative to LBs, is positive and statistically significant (3.252 and 3.019). Because a mone-

tary policy easing is a negative shock in our convention, the positive sign of β offsets the negative

LB response. As a result, the implied response for SBs, α + β, is small and statistically insignif-

icant (−1.075 and −1.380). These estimates show that household demand deposits respond more

strongly at LBs than at SBs, consistent with heterogeneity in access to retail deposits. As we will

show in our theoretical framework, this heterogeneity is key to understanding the interbank funding

channel of monetary policy.

Taken together, these results are consistent with a banking system that is not homogeneous

across bank types: monetary policy easing is associated with a reallocation of funding toward

interbank liabilities at SBs, while LBs expand household demand deposits and reduce interbank

borrowing.

To keep the proper controls given the small panel, we retain, throughout all exercises, only

interaction terms in which the two underlying variables are significantly correlated, as reported

in Table S2. Table S2 reports several correlation blocks that guide this choice: bank type is

significantly related to liquidity and fixed-asset growth, and interbank funding growth is correlated

with balance-sheet characteristics in different ways across LBs and SBs. We focus on the informative

margins and avoid saturating the regressions with many weak interaction terms.
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The different funding responses are also evident in dynamics. We estimate panel local projections

of Wb,t+q on the monetary policy shock (and its interaction with bank type), controlling for lagged

values of Wb,t−h, bank fixed effects (αb), year fixed effects (τy), and seasonal fixed effects (τs):

Wb,t+q = αqϵR,t + βqϵR,t × I(SBb) + φq

2∑
h=1

Wb,t−h + αb,q + τy,q + τs,q + ϵb,t+q. (3)

We estimate this equation for horizons q = 0, 1, . . . , 8. Figure 3 reports the resulting dynamic

responses. The dashed line shows −αq, which captures the response of interbank funding at LBs

to monetary policy easing, while the solid line shows −(αq + βq), the corresponding response for

SBs.

The responses are persistent across horizons and differ clearly across bank types. Following a

negative (monetary policy easing) shock, interbank funding growth declines for LBs and increases

for SBs over the first several quarters. This dynamic evidence complements the static results

reported in Table 2.

B. Interbank Funding and Monetary Policy Transmission

We next examine whether interbank funding plays a role in the transmission of monetary policy

to bank loans for different types of banks. Let Lb,t denote the year-over-year change in loans scaled

by total equity. We estimate

Lb,t = αϵϵR,t−1 + βϵ ϵR,t−1 × I(SBb) + αWWb,t + βWWb,t × I(SBb)

+ φ
2∑

h=1

Lb,t−h + γxXb,t−1 + γmMacrot−1 + αb + τy + τs + ϵb,t,
(4)

where columns (1)–(2) in Table 3 exclude Wb,t and Wb,t × I(SBb) (the total effect), while columns

(3)–(4) include these terms (the mediation specification).

Table 3 delivers two main results. First, the response of loan growth to monetary policy differs

across bank types. In the total-effect specifications, the implied coefficient αϵ + βϵ is negative and

statistically significant, indicating that monetary policy easing leads to a stronger expansion of loan

growth at SBs relative to LBs.

This differential lending response is consistent with the results documented in Table 2. Following

monetary policy easing, LBs reduce interbank funding and expand household demand deposits,

while SBs increase their reliance on interbank funding.

Second, interbank funding plays a mediating role in the effects of monetary policy on loan growth

for SBs. In the mediation specifications, the implied effect αW + βW is positive and statistically

significant. Moreover, once interbank funding is included, the coefficient on the monetary policy

shock, αϵ + βϵ, is reduced and, more importantly, becomes statistically insignificant. This result



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 10

points to interbank funding as an important channel through which monetary policy affects SB

lending—a major ingredient in Sections IV and V.

C. Interbank Funding and Systemic Risk

We now study the relationship between interbank funding and systemic risk. We estimate panel

regressions of SRISK on interbank funding and its interaction with GDP growth during the slow-

growth period (t ≥ 2018Q3). We control for the 2018Q1–2018Q2 regulatory window to isolate the

effect of this interaction.

SRISKb,t = αrWb,t−1 × I(t ≥ 2018Q3) + βrgt−1 ×Wb,t−1 × I(t ≥ 2018Q3)

+ αlWb,t−1 × I(2018Q1 ≤ t ≤ 2018Q2)

+ βlgt−1 ×Wb,t−1 × I(2018Q1 ≤ t ≤ 2018Q2) + αWb,t−1 + β gt−1 ×Wb,t−1

+ γxXb,t−1 + γmMacrot−1 + αb + τy + τs + ϵb,t,

(5)

where gt−1 is real GDP growth and Xb,t−1 includes various bank controls and their interactions

with GDP growth.

Table 4 shows that, during the slow-growth period (t ≥ 2018Q3), the effect of interbank funding

on systemic risk shows up for SBs. In particular, the interaction term gt−1 ×Wb,t−1 is negative

and statistically significant for SBs (columns (3)–(4)). This estimate implies that when macro

growth deteriorates, greater reliance on interbank funding raises systemic risk. By contrast, the

corresponding interaction estimates for LBs are not statistically significant (columns (1)–(2)). This

asymmetry matches the amplification mechanism developed later in the paper: interbank funding

strengthens monetary policy transmission by expanding SB lending in normal times, but it raises

downside vulnerability when adverse macro conditions arrive.

A natural concern is whether the regulatory tightening on interbank markets implemented since

2018Q1 has effects that persist beyond that narrow window.6 To address this concern, Appendix B

re-estimates the SRISK regression allowing the regulation indicator to remain on from 2018Q1

through the end of the sample. Table S6 shows the same conclusion: for SBs, the key interaction

term during the slow-growth period remains negative and statistically significant. The main result

is robust to how we date the regulatory episode.

Overall, the evidence in this section yields a coherent set of findings: monetary policy shocks

induce a reallocation of interbank funding toward SBs; this reallocation helps explain stronger

lending responses for SBs; and at the same time greater interbank funding reliance raises systemic

risk during economic downturns. These findings motivate the modeling in Sections IV and V.

6Beginning in 2018Q1, financial institutions with total assets exceeding RMB 500 billion were subject to a cap on

planned NCD issuance: issuance in a given year could not exceed one-third of the previous year’s total liabilities net

of current-year interbank liabilities. The regulation was extended to all financial institutions starting in 2019Q1.
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IV. A Simple Model of Monetary Policy Transmission and Systemic Risk

In this section, we develop a simple three-period model that isolates how heterogeneous access

to deposit funding and interbank trading jointly shape monetary policy transmission and systemic

risk.7 Two forms of bank heterogeneity are central. SBs have less scope to expand deposit funding

when the policy rate is lower and therefore rely more heavily on interbank funding, whereas LBs

can expand deposits more readily and supply interbank liquidity. At the same time, SBs are more

efficient in intermediating capital and thus have a stronger demand for funds.

The model delivers two analytical results. First, the interbank market reallocates funds from

deposit-rich LBs to deposit-constrained SBs, thereby strengthening monetary policy transmission.

Second, because an individual SB does not internalize how its leverage affects fire-sale recovery and

system-wide run risk, the decentralized economy accumulates excessive interbank exposure when

the policy rate is lower. This pecuniary externality generates the regulatory trade-off analyzed

below. The closed-form comparative statics provide the analytical foundation for the quantitative

exercises in Section V; formal derivations and proofs are collected in Appendix C.

The section proceeds as follows. Sections IV.A–IV.C introduce the environment, household

deposit demand, and the banks’ balance sheets and funding constraints. Section IV.D closes the

model, identifies the marginal buyer of capital, and states the consolidated resource constraint. Sec-

tions IV.E–IV.G then characterize monetary policy transmission, bank fragility, and the regulatory

trade-off between the two.

A. Environment

The economy lasts for three periods, t = 0, 1, 2, and is populated by a representative household

consisting of a unit measure of members. A fraction s are bankers, and the remaining fraction

1 − s are workers. Among the bankers, a fraction ς operates SBs, while the remaining fraction

1 − ς operates LBs. The two types of banks are competitive and are indexed by j ∈ {SB,LB}.
The household owns both bank types, receives their dividends, and provides complete consumption

insurance among its members. It saves through foreign bonds and bank deposits. Type-j banks use

net worth njt and one-period deposits djt to finance capital and liquid reserves ajt , and they trade

one-period interbank bonds ibjt . In the equilibrium studied below, LBs use their stronger deposit

base to provide interbank funding to SBs.

There are two goods: a nondurable good and a durable productive asset, “capital”. Capital does

not depreciate, and its aggregate supply is fixed at K̄. At the beginning of t = 0, the representative

7While we focus on two distinct bank types for tractability, the model’s mechanisms naturally extend to a broader

distribution of deposit sensitivities to policy rates.
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household is endowed with this fixed capital stock and sells it to the banks at the competitive price

Q0.

Banks employ capital together with nondurable inputs in production. Let kjt denote the capital

held after trading at t by an individual type-j bank, and let Kj
t denote the corresponding aggregate

holdings. Between t and t+ 1, kjt units of capital generate Zt+1k
j
t units of nondurable output and

leave the capital intact, where Zt+1 denotes aggregate productivity. Thus, capital purchased at

t = 0 produces Z1k
j
0 at t = 1, after which the remaining capital can be traded at price Q1. Its

value at t = 1 is therefore (Z1 +Q1)k
j
0. Capital held after trading at t = 1 produces the terminal

return Z2k
j
1, with Q2 = 0.8

We set Z2 = Z̄, while Z1 is stochastic. Thus, aggregate uncertainty arises only at the rollover

date t = 1, when the run decision is made. Agents know the distribution of Z1 at t = 0 and observe

its realization at the beginning of t = 1.

The two bank types differ in their efficiency in screening and monitoring non-financial investment.

The nondurable input required to manage kjt units of capital at a type-j bank is

F j(kjt ;K
j
t ) = αjKj

t k
j
t , (6)

where αj ≥ 0 is the type-j management-cost parameter. The marginal management cost faced

by an individual bank is therefore αjKj
t , which increases with the aggregate amount of capital

managed by its bank type. We normalize SBs to be the more efficient intermediaries:

αSB = 0 < αLB. (7)

This efficiency difference gives SBs a stronger demand for capital. Because their deposit funding

is less elastic, they borrow from deposit-rich LBs through the interbank market to finance capital

investment. Having specified the capital technology and the source of interbank flows, we next

characterize the household’s portfolio choices.

B. Household

We now characterize the household’s portfolio choices. The household chooses consumption,

saving, and portfolio allocation across bank deposits and one-period foreign bonds. Foreign bonds

Bt earn the gross policy rate Rb,t between t and t+ 1 and entail no transaction cost. By contrast,

households incur a transaction cost when depositing in banks. We allow banks to differ in deposit

transaction costs, reflecting heterogeneity in branch and ATM network coverage and payment

accessibility. These costs are borne by households when using deposits for transactions and liquidity

management, and are lower for LBs. Specifically, the deposit transaction cost for bank group j is

8Q2 = 0 because capital has no continuation value after the terminal date t = 2.
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a convex function of aggregate deposits, denoted as Dj , normalized by the aggregate net worth of

bank group j, denoted as N j :

f(Dj
t ) = ξ(1− 1

ηj
)

(
Dj
t

N j
t

)ηj
N j
t , ηj ≥ 1, ξ > 0, j = LB,SB (8)

Its marginal cost is

f ′(Dj
t ) = ξ(ηj − 1)

(
Dj
t

N j
t

)ηj−1

. (9)

Thus, the marginal transaction cost of deposits is increasing in the deposit-to-net-worth ratio.

The specification of this convex cost function ensures that, within each bank type, banks with

different net worth face the same deposit demand relative to their net worth for a given deposit

rate. This feature helps make bank decision variables linear in individual net worth. For simplicity,

we assume that deposits in either SBs or LBs enjoy repayment guarantees from the government.

Accordingly, deposits held at a bank from t to t+ 1 are one-period bonds that promise to pay the

non-contingent gross rate of return Rjd,t at t+ 1.9

The curvature parameter ηj determines how rapidly the marginal cost of deposits increases as

deposits expand relative to bank net worth. We assume ηLB < ηSB, implying that marginal deposit

costs rise more slowly for LBs than for SBs. As we will show later, heterogeneity in households’

deposit transaction costs across banks implies different deposit responses across bank types when

policy rates change, which in turn encourages SBs to exploit interbank funding to expand their

external funding source when the policy rate is lower.

At t = 0, the initial bank net worths {nSB0 , nLB0 } are taken as given by individual banks and are

financed by the household through the initial transfer ζ0 defined below. At the beginning of periods

t = 1, 2, the representative household receives the gross returns on deposits and bonds chosen in

the previous period. The household then chooses consumption, bonds, and deposits:

{Ct, Bt, DLB
t , DSB

t } for t = 0, 1,

and chooses terminal consumption C2 at t = 2 (with terminal deposits and bond equal to zero).

The household maximizes expected utility

E0

2∑
t=0

βtu(Ct)

subject to the following period-by-period budget constraints. At t = 0,

C0 +B0 + ζ0 +
∑
j

(
Dj

0 + f(Dj
0)
)
=W + T0 +Q0K̄. (10)

9In the event of a bank run, the government taxes the household a lump-sum amount equal to the difference

between the committed deposit repayment and the residual value of the bank assets.
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At t = 1,

C1 +B1 + ζ1 +
∑
j

(
Dj

1 + f(Dj
1)
)
=W +Rb,0B0 +

∑
j

(
Rjd,0D

j
0 +Πj1

)
+ T1, (11)

At t = 2,

C2 =W +Rb,1B1 +
∑
j

(
Rjd,1D

j
1 +Πj2

)
+ T2, (12)

where j ∈ {LB, SB}, W is the household’s exogenous endowment, and Πjt denotes dividends from

type-j bankers rebated to the household in each period.

The variable Tt denotes the central bank’s net lump-sum transfer to the household at t. It

consolidates the cash flows associated with changes in banks’ reserve balances held at the central

bank, the reserve-management payments collected from banks, and, when a bank cannot fully repay

its insured retail deposits, the central bank’s cost of covering the deposit shortfall. In particular, if

the cost of covering the shortfall on insured retail deposits is sufficiently large relative to the other

components, Tt becomes negative, in which case it represents a lump-sum tax on the household. The

complete state-contingent transfer rule is given in (26), after we describe the banks’ optimization

problem.

The household’s aggregate initial transfer to bankers is

ζ0 ≡ sςnSB0 + s(1− ς)nLB0 = NSB
0 +NLB

0 ,

which finances the given initial net worths. At t = 1, the household provides the entering bankers

with the aggregate startup transfer.

ζ1 ≡WSB
1 +WLB

1 .

The Euler equation for bonds is given by

(Rb,t)
−1 = Et

[
β
u′(Ct+1)

u′(Ct)

]
, t = 0, 1. (13)

The Euler equation for deposits at banks of type j is10(
1 + f ′(Dj

t )
)
(Rjd,t)

−1 = Et

[
β
u′(Ct+1)

u′(Ct)

]
, t = 0, 1. (14)

Combining (13) and (14) to eliminate the stochastic discount factor gives

Rjd,t
Rb,t

= 1 + f ′(Dj
t ), t = 0, 1, (15)

10Since the only aggregate uncertainty is the realization of Z1, the expectation at t = 0 is taken over Z1. Once

Z1 is realized at t = 1, there is no additional uncertainty before t = 2. Thus, the E1 operators in Equations (13) and

(14), as well as in all subsequent expressions, are degenerate.
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and substituting (9) into (15) yields the deposit-demand schedule11

Dj
t

N j
t

=

(
Rjd,t −Rb,t

ξ (ηj − 1)Rb,t

) 1

ηj−1

. (16)

Equation (16) implies that a lower policy rate induces households to hold more deposits, since a

lower policy rate reduces the opportunity cost of holding deposits relative to bonds. Importantly,

heterogeneity in curvature across banks (ηLB < ηSB) implies that LBs can attract household

demand deposits at lower marginal cost than SBs when the policy rate Rb,t falls. This implication

is consistent with the empirical finding in Section III. In Table 2, the interaction coefficient β

is positive and statistically significant for household demand deposits, while α is negative and

statistically significant, consistent with the model’s assumption of heterogeneous access to household

demand deposits across the two groups of banks.

C. Bankers

We next characterize bank balance sheets, funding constraints, and rollover exposure. The

purpose is to show how deposit funding, interbank positions, and regulatory constraints jointly

determine the amount of capital each bank type can finance and why SBs become vulnerable to an

interbank run.

Each banker operates a bank of type j. Initial bank net worth nj0 is given. At t = 0, 1, the

banker chooses capital kjt , reserves a
j
t , deposits d

j
t , and an interbank position ibjt .

12 We refer to

capital investment as “non-financial loans” to distinguish it from interbank credit.

Balance sheets and net worth. The policy rate Rb,0 is set at the beginning of t = 0, while

the productivity shock Z1 is realized at the beginning of t = 1. Conditional on the policy rate and

realized productivity state, the net worth of a type-j banker at the beginning of period t is the sum

of the gross returns on reserves and non-financial loans net of deposit and interbank funding costs.

Accordingly, at t = 1, 2, net worth njt evolves according to

njt = ajt−1 + (Qt + Zt)k
j
t−1 −Rib,t−1ib

j
t−1 −Rjd,t−1d

j
t−1, (17)

where Qt is the price of capital at t, Rib,t−1 and Rjd,t−1 are the gross rates on interbank claims

and deposits at t − 1, respectively. For t = 0, 1, the bank j finances its capital, reserves, and the

reserve-management cost, which we describe below, with net worth, deposits, and its interbank

position. The flow-of-funds constraint is as follows:

(Qt + αjKj
t )k

j
t = njt + ibjt + djt − ajt − χ(xjt ). (18)

11If ηj = 1, the deposit-pricing condition reduces to Rj
d,t = Rb,t.

12Throughout the paper, our sign convention is ibjt > 0 for interbank borrowing and ibjt < 0 for interbank lending

by a type-j bank.
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The left-hand side is total capital expenditure, including management costs. The right-hand side

is internal and external funding net of reserves and the reserve-management cost χ(xjt ).

Reserve requirement and reserve-management cost. We represent reserve-management

costs in reduced form. The expected net reserve-management need is

xjt = τnjt + ρdjt − ajt ,

where ρdjt − ajt is the expected net reserve gap associated with the reserve requirement and τnjt

captures an additional component of reserve-management needs proportional to bank net worth.

We focus on the equilibrium region in which xjt ≥ 0. The associated reserve-management cost is

χ(xjt ) = rb,tx
j
t , rb,t = Rb,t − 1. (19)

Conditional on xjt , the cost increases with the policy rate. Appendix C.A provides a detailed

explanation of this reduced-form cost.13

Incentive and liquidity constraints. To limit banks’ ability to raise external funds, we

assume that bankers can divert assets for personal use. After choosing the bank’s portfolio at the

beginning of period t, a banker decides whether to operate “honestly” or divert funds. An honest

banker holds the assets until their returns are realized at t+1, fulfills the corresponding obligations

to creditors, and retains the bank’s franchise value V j
t . A banker who diverts is detected at the

end of the period and loses the franchise value. Creditors therefore provide funding only if V j
t is at

least as large as the gain from diversion.

Divertibility depends on the funding source. A banker can divert a fraction θ ∈ (0, 1) of funds

financed with net worth or retail deposits, but only a fraction θω, with ω ∈ (0, 1], of funds financed

through interbank borrowing. The lower diversion rate captures the stronger monitoring capacity

of interbank creditors. For a bank with ibjt > 0, the divertible amount is

θ[(Qt + αjKj
t )k

j
t + ajt + χ(xjt )− ibjt + ωibjt ]

The component (Qt + αjKj
t )k

j
t + ajt + χ(xjt ) − ibjt is the expenditure on capital, reserves, and

the reserve-management cost financed by net worth or deposits; ωibjt is the divertible portion of

interbank borrowing. Interbank loans made by a lending bank are also harder to divert than

its other assets: a lender can divert only a fraction θγ, where γ ∈ (0, 1], of its interbank loans.

Combining the borrower and lender cases gives the incentive constraint

θ[njt + djt + ωibjt · Iibjt>0
+ (1− γ)ibjt · Iibjt<0

] ≤ V j
t (20)

13In this appendix, the central bank offers reserve-management insurance at the premium χ(xj
t), while uninsured

shortfalls must be covered at the discount window.
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where I
ibjt>0

and I
ibjt<0

are indicators for interbank borrowing and lending, respectively. Equa-

tion (20) is the bank’s endogenous funding limit. External funding expands the balance sheet but

also increases the amount that can be diverted, thereby tightening the incentive constraint.

We focus on the equilibrium in which LBs lend and SBs borrow. The deposit schedule in (16)

gives LBs the stronger funding base, while αSB < αLB gives SBs the stronger demand for capital.

Appendix C.B derives the conditions supporting this direction of interbank flows.

Each bank is also subject to a liquidity requirement,

ajt ≥ κnjt . (21)

Here κ measures required liquid assets relative to net worth. Since reserves yield less than capital,

the requirement binds in the equilibrium of interest and ajt = κnjt . The parameters ρ and κ play

distinct roles. The reserve requirement ρ is tied to deposits and affects their effective return,

pricing, and response to monetary policy. The liquidity requirement κ instead links reserves to net

worth and directly limits leverage and balance-sheet risk taking.14 A higher κ therefore reduces

run exposure but also limits capital reallocation through interbank funding, whereas ρ primarily

affects monetary transmission through deposit-side funding costs.

Together, the incentive and liquidity constraints limit the moral hazard associated with insured

deposits along two distinct margins. The liquidity constraint limits asset-side risk taking by pre-

venting banks from allocating their entire balance sheets to capital, whereas the incentive constraint

limits liability-side risk taking by preventing banks from expanding leverage without bound through

insured deposit funding. Thus, although deposit insurance makes retail deposits safe for households,

the model restricts the associated incentives for excessive capital risk taking and leverage.

Maturity mismatch and interbank run. SBs finance two-period capital investment with

one-period liabilities: deposits and interbank bonds issued at t = 0 mature at t = 1, before the

capital investment reaches its terminal maturity at t = 2. SBs must therefore repay or refinance

their short-term liabilities while the capital remains in place.

At t = 1, LBs decide whether to roll over their maturing interbank claims by extending new

interbank credit IB1. Under rollover, IB1 > 0, allowing SBs to continue financing their capital

holdings. If LBs do not roll over, IB1 = 0; we define this rollover failure as an interbank run. SBs

must then liquidate capital at the fire-sale price Q∗
1 < Q1 to meet their maturing obligations.

For tractability, we abstract from retail-deposit runs and assume that deposits held by the

representative household are effectively insured and sticky. Runs are therefore confined to the

14Cui and Radde (2020) show that intermediaries may need to hold a minimum quantity of liquid assets even

without a formal reserve requirement. This is consistent with institutional arrangements in countries such as the

United States, where liquidity requirements remain relevant even when statutory reserve requirements are low or

absent.
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interbank funding leg of SB balance sheets. The likelihood of a run depends on the recovery value

of SB assets relative to promised repayments: it increases with SB leverage and decreases with

realized productivity Z1.

Interbank bonds are traded competitively between SBs (borrowers) and LBs (lenders). At t = 0,

the promised gross rate Rib,0 is determined by interbank-market clearing, taking into account

expected repayment in both the no-run and run states. Conditional on rollover at t = 1, new

interbank credit IB1 is issued at the gross rate Rib,1, which clears the interbank market at t = 1.

Timeline of events. At t = 0, monetary policy rate Rb,0 = RLb < R̄b; from t = 1 onward,

the policy rate equals its steady-state level R̄b. Knowing the distribution but not the realization of

Z1, banks choose capital, reserves, deposits, and one-period interbank positions. SBs borrow from

LBs, and both bank types invest in capital.

At the beginning of t = 1, Z1 is realized, capital held from t = 0 produces Z1k
j
0, and the deposits

and interbank claims issued at t = 0 mature. LBs then decide whether to extend new interbank

credit IB1. With rollover, capital trades at Q1; bankers of both types exit with probability 1−σ or

survive with probability σ, and surviving banks choose new one-period positions. Without rollover,

IB1 = 0, SBs liquidate capital at Q∗
1, and SB net worth is wiped out; existing SB bankers exit and

no new SB bankers enter. Only LB bankers then face the exit shock, and exiting LBs are replaced.

In either branch, exiting bankers transfer any residual net worth to the household and return to

the worker pool. At t = 2, the date-1 liabilities are settled, surviving banks receive the terminal

capital return Z2k
j
1, distribute their remaining net worth to the household, and exit; capital has no

continuation value, so Q2 = 0.

This timing captures how an initially low policy rate at t = 0 can expand credit and investment

while increasing exposure to a rollover crisis after an adverse productivity realization at t = 1. The

following diagram summarizes the sequence and the two rollover branches.
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Bankers’ optimization. We now turn to the optimization problem for individual banks. The

bank’s objective is to maximize the expected present discounted value of the dividend payouts to

the household. Since bankers are financially constrained, it is optimal for them to delay dividend

payouts until exit.

At t = 0, a banker of type j chooses capital kj0, reserves a
j
0, deposits d

j
0, and interbank funding

ibj0 to maximize expected continuation value. Let P ≡ P (IB0, Rb,0, Z1) denote the state-contingent

run probability defined in (31). In the competitive equilibrium, an individual banker takes the

aggregate run-probability schedule as given when choosing its own ibj0, because P is determined by

aggregate recovery values. The banker therefore evaluates expected returns over the distribution

of Z1, but does not internalize the derivative of P with respect to its own borrowing choice. In

the run state the SB defaults and gets zero. In the no-run state, the banker exits at t = 1 with

probability 1 − σ ∈ (0, 1) and survives with probability σ. Using m1 = u′(C1)/u
′(C0), the value

function at t = 0 can be written as

V j
0 = maxE0

[
βm1

(
(1− σ)nj1 + σV j

1

)]
, (22)

subject to (18), (17), the incentive constraint (20) and the liquidity requirement (21). Note that

V SB
1 = 0 in the run state.

Similarly, at t = 1, conditional on no run, bankers of type j solve a problem analogous to their

t = 0 problem, taking equilibrium objects at t = 1 as given. The economy ends at t = 2, so the

value function at t = 1 is proportional to net worth at t = 2:

V j
1 = maxβm2 n

j
2, m2 ≡

u′(C2)

u′(C1)
. (23)

At t = 2, bankers distribute their remaining net worth nj2 as dividends to the household and exit.

D. Aggregation and Equilibrium

We now aggregate individual choices and close the model. Uppercase letters denote bank-group

aggregates: {Kj
t , N

j
t , A

j
t , D

j
t} are capital, net worth, reserves, and deposits for bank type j, and IBt

denotes aggregate interbank credit from LBs to SBs. Interbank-market clearing equates aggregate

SB borrowing with aggregate LB lending. Symmetry within each bank type maps individual choices

into these aggregates, as described in Appendix C.D. This subsection establishes the two equilib-

rium objects needed for the subsequent analysis: which bank type prices capital at the margin and

how individual budgets aggregate into the economy-wide resource constraint.

Throughout the following discussion of capital choices, t ∈ {0, 1} unless explicitly stated other-

wise. Since the aggregate capital stock is fixed, capital-market clearing requires

KSB
t +KLB

t = K̄. (24)
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To characterize the equilibrium capital price, it remains to determine which bank type is the

marginal buyer of capital. SBs have a higher underlying return on capital because αSB = 0 < αLB,

but their capital investment is limited by their incentive constraint. LBs, by contrast, hold both

capital and positive interbank claims. They can finance an additional unit of capital by reducing

interbank lending, so no corresponding upper bound on their capital holdings binds. The capital

first-order conditions therefore imply

Et
[
βLBt+1(Zt+1 +Qt+1)

]
− αLBKLB

t = Qt < Et
[
βSBt+1(Zt+1 +Qt+1)

]
, (25)

where βjt+1 denotes the stochastic discount factor of type-j bank. The first and last expressions in

(25) are the expected discounted marginal returns of capital (net of marginal capital-management

costs) for LBs and SBs, respectively. Although the SB marginal return exceeds Qt, its binding

funding constraint prevents it from purchasing an additional unit of capital. LBs therefore absorb

the residual capital supply and are the marginal buyers of capital.15 The same conclusion holds

in the run allocation. SBs liquidate their capital and cease to be buyers, so LBs absorb the entire

capital stock and are the unique marginal buyers at the fire-sale price Q∗
1.

Having characterized market clearing and marginal capital pricing, we complete the equilibrium

by consolidating the central-bank and private-sector budgets.

The central bank issues reserves, receives reserve-management payments from banks, covers

deposit shortfalls in the run state, and transfers its net receipts to the household. Its consolidated

budget constraint is

Tt =
∑

j∈{SB,LB}

[
Ajt −Ajt−1 + χ(Xj

t )
]
− 1Rt

(
1− uSB

)
RSBd,t−1D

SB
t−1, t = 0, 1, 2, (26)

where Xj
t is the aggregate reserve shortfall of type-j banks, uSB is the run-state SB recovery rate

defined in (30), and 1Rt equals one if a run is realized at t and zero otherwise. We set Aj−1 = 0 and

1Rt = 0 at t = 0, 2. The summation in (26) rebates net reserve issuance and reserve-management

premium receipts, while the final term finances the unpaid portion of insured SB deposits in a run.

Appendix C.C provides the detailed flows.

Following Gertler and Kiyotaki (2015), total output Yt is the sum of output from capital and

household endowment, net of capital management and deposit transaction costs:16

Yt = ZtK̄ +W −
∑

j∈{SB,LB}

[
αj(Kj

t )
2 + f(Dj

t )
]

(27)

15See Appendix C.E for details.
16We set Z0 = 0 as a timing convention because capital chosen at t = 0 first generates the return Z1 at t = 1.

Initial bank net worth nj
0 is taken as given, so the model does not include a capital return inherited from a period

before t = 0. Besides, because Kj
2 = Dj

2 = 0, the aggregate output is Y2 = Z2K̄ +W .
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The consolidated resource constraint is17

Ct +Bt = Yt +Rb,t−1Bt−1. (28)

Together, the market-clearing conditions and the consolidated resource constraint close the

model. They also make the productive role of interbank funding explicit: moving capital toward

the more efficient SB sector raises net output, but the financial structure limits how much of the

fixed capital stock SBs can finance.

E. Monetary Policy Transmission

This subsection isolates the beneficial role of interbank funding in monetary policy transmission.

In line with the empirical findings in Section III, we show that SB interbank borrowing, capital

demand, and non-financial lending are higher at a lower initial policy rate. This result provides the

transmission side of the regulatory trade-off studied in Section IV.G.

At t = 0, monetary policy operates through the policy rate Rb,0, which affects SB balance-sheet

choices through reserve-management costs. For a fixed capital price Q0, the following proposi-

tion shows that SB interbank borrowing is decreasing in the initial policy rate Rb,0 when ηSB is

sufficiently large:

Proposition 1. Holding all other prices and continuation values fixed, SB interbank borrowing and

capital demand are decreasing in the initial policy rate Rb,0 for a given capital price Q0 if ηSB is

sufficiently large:
∂ibSB0
∂Rb,0

∣∣∣
Q0

< 0,
∂kSB0
∂Rb,0

∣∣∣
Q0

< 0. (29)

Intuitively, a lower initial policy rate relaxes the incentive constraints for both LBs and SBs,

which in turn allows both types of banks to increase external funding. Households, however, incur

high transaction costs when depositing in SBs. When the parameter ηSB is sufficiently high, the

deposit response of SBs to changes in the policy rate is small, so SBs need to issue interbank

bonds to complement deposit funding. Together, these results from the simple model summarize

how a lower initial policy rate is associated with larger SB balance sheets and greater demand for

interbank funding and capital.

F. Bank Fragility

This subsection examines how interbank exposure at t = 0 affects bank fragility at t = 1. We

first characterize the recovery rate and run probability as functions of IB0 and Z1. We then show

17We set B−1 = 0, since there are no inherited bond holdings before t = 0, and B2 = 0, since no bonds are carried

beyond the terminal date. The corresponding resource constraints are therefore C0 +B0 = Y0 and C2 = Y2 +Rb,1B1.
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that the pecuniary externality leads to more interbank borrowing in the decentralized equilibrium

than under the constrained social planner, resulting in a higher run probability following an adverse

realization of Z1.
18

If an interbank run occurs at t = 1, SBs must liquidate capital at the fire-sale price Q∗
1 < Q1.

Let uSB denote the recovery rate on SB liabilities in the run state, defined as the ratio of their

liquidation value to promised repayments:

uSB =
(Q∗

1 + Z1)k
SB
0 + aSB0

Rib,0ib
SB
0 +RSBd,0 d

SB
0

, (30)

and following Gertler and Kiyotaki (2015), we specify the run risk by

P ≡ P (IB0, Rb,0, Z1) =
[
1−min

(
uSB(IB0, Rb,0, Z1), 1

)]δp
. (31)

Under this formulation, a bank run remains a sunspot outcome. Nevertheless, the probability

associated with the sunspot is state contingent and depends on the realized recovery rate uSB. The

parameter δp > 0 governs the curvature of the run-probability function.

Equations (30)–(31) summarize the fragility mechanism. Let IB0 denote aggregate interbank

borrowing by SBs at t = 0. A larger IB0 raises the short-term claims that must be rolled over at t =

1, while a higher Z1 raises productive income and the fire-sale price Q∗
1. Thus, interbank borrowing

lowers recovery and raises run risk, whereas productivity has the opposite effects. The same funding

reallocation that directs capital toward more efficient SBs in normal times therefore increases

rollover exposure in the adverse state. The promised interbank rate Rib,t clears the interbank

market and prices this risk through expected recovery; Appendix C.F provides the detailed run-

equilibrium and pricing conditions. Formally,

∂uSB

∂IB0
< 0,

∂uSB

∂Z1
> 0, (32)

hence P is weakly increasing in IB0 and weakly decreasing in Z1, with strict effects when run risk

is active.

We next show how the pecuniary externality in interbank funding leads to more interbank bor-

rowing in the decentralized economy than is socially optimal. When choosing ibSB0 , an individual

SB takes aggregate prices and the run-probability schedule as given. It values the private funding

benefit of additional borrowing but does not internalize how its contribution to aggregate interbank

borrowing affects fire-sale recovery and run risk. To characterize the socially optimal level of in-

terbank borrowing, consider a constrained social planner subject to the same household optimality

conditions and the same bank incentive and liquidity constraints as the decentralized economy. Let

18All technical details in this subsection can be found in Appendix C.F.
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V1(N1) and V ∗
1 (N

∗
1 ) denote household continuation utility from t = 1 onward in the no-run and

run allocations:
V1(N1) = u(C1(N1)) + βu(C2(N1)),

V ∗
1 (N

∗
1 ) = u(C∗

1 (N
∗
1 )) + βu(C∗

2 (N
∗
1 )).

(33)

Here N1 = (NLB
1 , NSB

1 ) is the vector of bank net worths at t = 1 in the no-run allocation, and

N∗
1 = ((NLB

1 )∗, (NSB
1 )∗) is its run-state counterpart. Because SBs default and do not continue

after a run, (NSB
1 )∗ = 0.

The planner chooses (C0, IB0) to maximize

max
C0,IB0

u(C0) + βE0[P V
∗
1 (N

∗
1 ) + (1− P )V1(N1)] ; (34)

Conditional on (C0, IB0), the resource constraint at t = 0, household optimality, bank balance

sheets, market clearing, and the bank constraints determine KLB
0 , KSB

0 , DLB
0 , DSB

0 , and the state-

contingent continuation allocations. Appendix C.G states the full implementability system and

derives the planner’s first-order conditions. The planner’s optimality condition for IB0 is

0 = βE0

[
(1− P )

∂V1
∂IB0

+ P
∂V ∗

1

∂IB0

]
−u′ (C0)

∂

∂IB0

[
αLB(KLB

0 )2+
∑
j

f(Dj
0)
]
+βE0

[(
V ∗
1 − V1

) ∂P

∂IB0

]
.

(35)

The first two terms constitute the private marginal trade-off: they capture the effects of interbank

borrowing on continuation utility and contemporaneous resource costs. The final term is the pecu-

niary externality. Since a run lowers continuation utility, V ∗
1 (N

∗
1 ) − V1(N1) < 0, and P is weakly

increasing in IB0, this term is non-positive wherever the derivative exists. The planner therefore

chooses no more aggregate interbank borrowing than the decentralized economy; the two choices

coincide when run risk is negligible and the externality vanishes.

We compare equilibrium allocations under the two initial-policy-rate cases Rb,0 = RLb and Rb,0 =

R̄b. For any object X0 and any allocation or regulatory rule m considered below, define the

difference between these cases as

∆Xm
0 ≡ Xm

0 |RL
b
−Xm

0 |R̄b
. (36)

The following proposition compares the response of interbank funding under the constrained

planner allocation and the decentralized equilibrium.

Proposition 2. Suppose run risk is inactive in the Rb,0 = R̄b case, whereas the Rb,0 = RLb < R̄b case

activates a nondegenerate run-risk externality. Then the change in aggregate interbank borrowing

is strictly larger in the decentralized equilibrium than under the constrained social planner:

∆IBDE
0 > ∆IBCSP

0 . (37)
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This inequality formalizes how the pecuniary externality affects the difference in interbank credit

between the two initial policy rate cases. An individual SB takes aggregate IB0 and the associated

run probability as given, whereas the constrained social planner internalizes how aggregate inter-

bank borrowing raises run risk. Because the two allocations coincide at Rb,0 = R̄b, the planner’s

lower borrowing level when the externality is active at Rb,0 = RLb implies ∆IBCSP
0 < ∆IBDE

0 .

From the monotonicity of P in IB0, we then have

P
(
IBDE

0

∣∣
RL

b
, RLb , Z1

)
> P

(
IBCSP

0

∣∣
RL

b
, RLb , Z1

)
, (38)

which means that following an adverse realization of Z1 that activates the run risk region, this

excessive exposure to interbank borrowing lowers recovery and raises the run probability.

G. Trade-Off Between Monetary Policy Transmission and Bank Fragility

This subsection combines the transmission mechanism in Section IV.E with the fragility mech-

anism in Section IV.F. We first introduce an interbank-borrowing limit that implements the

constrained-planner allocation. Then we compare looser and tighter limits along the two dimen-

sions of the trade-off: the effectiveness of monetary policy transmission and the run probability

following an adverse realization of Z1.

To implement the above social planner’s choice of interbank credit, we set a simple regulatory

rule, which is an upper bound on interbank borrowing of the form

IB0 ≤ ϕ IBDE
0 , (39)

where ϕ ∈ (0, 1] is chosen by the regulator. Setting

ϕ = ϕ∗ ≡ IBCSP
0

IBDE
0

implements the planner’s interbank borrowing level IBCSP
0 . The regulation (39) is nonbinding

when the recovery rate satisfies uSB ≥ 1 and run risk is inactive, but it binds when Rb,0 = RLb and

a subsequent economic downturn raises systemic risk in the decentralized equilibrium because of

the externality discussed above. To highlight the trade-off, we compare a looser regime (ϕ = ϕl = 1)

to a tighter regime (ϕ = ϕ∗ < 1).

Proposition 3. Given all other prices, a looser interbank-borrowing limit strengthens monetary-

policy transmission via capital reallocation.

∆
(
Q0k

SB
0

)ϕl
> ∆

(
Q0k

SB
0

)ϕ∗
, (40)

∆
[(
Q0 + αLBKLB

0

)
kLB0

]ϕl
< ∆

[(
Q0 + αLBKLB

0

)
kLB0

]ϕ∗
. (41)
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The superscripts ϕl and ϕ∗ indicate the difference ∆X under the looser and tighter regulatory

rules, respectively.

The intuition is simple: compared with the Rb,0 = R̄b case, the Rb,0 = RLb case produces a larger

increase in interbank borrowing and SB capital expenditure under the looser regulatory rule than

under the tighter rule, where interbank borrowing is constrained at the CSP level. In other words,

a looser interbank-borrowing limit strengthens monetary policy transmission through the interbank

funding channel.

Under the tighter regime (ϕ = ϕ∗), SB interbank borrowing is constrained. As a result, the

increase in IB0, as well as the induced expansion in SB balance sheets and SB capital demand,

is attenuated relative to the looser regime. Thus, the interbank-funding amplification channel of

monetary policy is dampened when the interbank credit market is regulated.

Therefore, the change in SB capital expenditure is larger without regulation than under reg-

ulation if Rb,0 is lower, whereas LBs’ demand for capital increases less without regulation than

under regulation. Given that the aggregate supply of capital is fixed, SBs obtain a larger share of

capital in the unregulated Rb,0 = RLb case, which leads to higher output. Consequently, a higher ϕ

strengthens the transmission of monetary policy.

The same interbank-borrowing expansion that strengthens monetary policy transmission can

also increase SB financial fragility in adverse states. In particular, we show that a higher ϕ leads

to higher systemic risk at t = 1 when Z1 is small.

Proposition 4. Given all other prices other than Q∗
1, for realizations of Z1 sufficiently low that run

risk is active under the looser regime, run risk is strictly higher under the looser interbank-borrowing

limit:

P ϕ
l
> P ϕ

∗
. (42)

Intuitively, for sufficiently low realizations of Z1, a looser interbank-borrowing limit (a higher

ϕ) reduces the recovery rate by raising promised repayments to interbank creditors relative to

liquidation values, which in turn increases run risk. Therefore, relative to the looser regime (ϕ = ϕl),

the tighter regime (ϕ = ϕ∗) lowers run probability in adverse states by limiting the interbank

leverage SBs can build up at t = 0.

Taken together, the simple model highlights a trade-off between monetary policy transmission

and financial stability. A looser interbank borrowing limit amplifies the response of SB borrowing

and investment when Rb,0 is lower, but it also raises run risk when adverse shocks materialize. A

tighter limit (ϕ = ϕ∗) dampens the interbank-funding amplification channel by restraining leverage,

while improving resilience by reducing run probability in adverse states. In the richer quantitative

model (Section V), the higher run probability under a looser interbank-borrowing limit translates
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into larger output and welfare losses during economic downturns, quantifying the trade-off between

monetary policy transmission and systemic risk.

V. The Quantitative Model

This section embeds the mechanisms developed in the three-period model of Section IV within

an infinite-horizon economy calibrated to China. Relative to the simple model, the quantitative

environment adds four ingredients needed to connect the framework to the data: a ceiling on

deposit-rate spreads, direct household investment in capital, type-specific banker survival proba-

bilities, and a quadratic adjustment cost for household bond holdings. These additions allow us

to quantify the contribution of interbank funding to monetary policy transmission and to evaluate

the trade-off created by a regulatory limit on interbank borrowing.

To avoid repeating the setup in Section IV, the main text describes only these additional ingre-

dients and the quantitative specializations of the baseline environment. Appendix D provides the

recursive formulation, equilibrium definition, and numerical algorithm. The section proceeds as

follows: Section V.A describes the environment; Section V.B documents the calibration strategy;

and Section V.C quantifies the optimal regulation of interbank borrowing.

A. Environment

Except for the changes described here, the environment and notation follow Section IV. Time is

measured in quarters and the horizon is infinite. A type-j banker survives to the next period with

probability σj , following Gertler, Kiyotaki, and Prestipino (2016). We specialize deposit-funding

heterogeneity by setting ηSB > ηLB = 1, so that household deposit transaction costs are positive

for SBs but vanish for LBs.

The representative household can invest directly in productive capital alongside banks, capturing

the importance of non-bank credit in China, particularly for small and micro enterprises. Produc-

tion remains linear in capital and subject to aggregate productivity shocks Z. We normalize SBs

to be the most efficient investors and households to be the least efficient (αSB = 0 < αLB < αh),

and we set aggregate capital to K̄ = 1. Household bond holdings are subject to the quadratic

adjustment cost g(Bt) ≡ υ
2B

2
t , which captures China’s strict capital controls.

China’s dual-track regulation imposes a ceiling on deposit rates,

RSBd ≤ Rd ≡ λRLBd , λ > 1,
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which provides a reduced-form representation of limited deposit-rate competition for SBs.19 A

binding ceiling on the deposit-rate spread makes SBs’ deposits effectively insensitive to policy rates

and shifts their funding toward the interbank market during episodes of monetary policy easing.

Because SB net worth is wiped out in a run, we use the expected SB net worth shortfall as

a model analogue of systemic risk (and of SRISK in the data). Specifically, our model-implied

systemic risk measure is

SRISKmodel
t ≡ PtÑ

SB (43)

where Pt is the run probability evaluated in period t, and ÑSB denotes SB net worth in the

period immediately preceding the productivity shock. The run-risk externality is the same as in

Section IV.F: individual banks take the equilibrium run-risk schedule as given and do not internalize

how aggregate interbank borrowing raises rollover-failure risk and losses outside the borrowing bank.

Section V.C quantifies the resulting policy trade-off.20

B. Calibration

At a quarterly frequency, the model contains 27 parameters. We set a subset directly from

the literature or available data, without solving for the model equilibrium, and jointly calibrate

the remainder to steady-state moments. Appendix Table S7 reports the parameter values, and

Appendix Table S8 reports the targeted moments.

For the pre-set parameters, we set the quarterly household discount factor to β = 0.99, a standard

value in the literature. The household endowmentW is set to be 2.5 times the size of capital income

Z in the steady state. The steady-state policy net interest rate rb targets the average three-month

interbank offered rate during 2013Q4–2018Q4. The reserve requirement ρ is set to 0.2, consistent

with China’s required reserve ratio in 2013. The liquidity constraint parameter κ is set to 1.4,

matching the median ratio of reserves to equity for all banks in our sample. The deposit rate

ceiling multiplier λ is set to 1.0008, consistent with the regulated spread between the upper bounds

of deposit rates for LBs and SBs. We adopt ρz = 0.95 and ρRb
= 0.95 as the serial correlations

for the productivity and policy rate shocks, following standard values in the literature. For SBs,

we normalize αSB = 0 and set ω = 1. The net-worth component of reserve-management needs,

τ = 1.3, implies a reserve-management cost of approximately 0.1% of total reserves. We set the

quarterly first-arrival probability of the adverse productivity shock to h = 0.081. Together with

the 2.5% shock size used below, this implies a quarterly standard deviation of approximately 0.007,

19Appendix B.B shows that deposit-rate spreads respond positively to monetary policy shocks but exhibit little

systematic heterogeneity across bank types, motivating a ceiling that can bind for SBs.
20Appendix D.A.6 characterizes the deposit-rate ceiling and shows that it can bind for SBs when they borrow in

the interbank market, while it is slack for LBs.
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consistent with the literature. We calibrate the parameters ηSB and υ using households’ non-

arbitrage conditions across deposit types and between deposits and bonds.21 Using bank-level

deposit rates from individual banks’ semiannual financial reports over 2010–2019, we estimate the

elasticity of SBs’ deposits-to-net-worth ratio with respect to the deposit-rate spread relative to LBs

and set ηSB = 1.5. Using the same data and the ratio of net international investment position to

GDP (NIIP-to-GDP ratio), we estimate the elasticity of the deposit–bond rate spread with respect

to NIIP-to-GDP and set υ = 0.03.

The remaining eight parameters are jointly calibrated to eight empirical steady-state moments:22

(1) αLB, the capital management cost for LBs; (2) αh, the capital management cost for households;

(3) γ, the share of interbank bond holdings that is divertible for LBs; (4) θ, the bank asset seizure

rate; (5) σLB, the survival probability of LBs; (6) σSB, the survival probability of SBs; (7) ξ, the

parameter governing SBs’ deposit cost; and (8) Z, the return on capital.

The target moments discipline the relative returns, balance-sheet composition, and funding struc-

ture of LBs and SBs in the Chinese data. Specifically, the calibration targets the annualized return

on capital for SBs (7.3 percent) and LBs (6.4 percent), which pin down the efficiency gap in capital

intermediation across bank types. To discipline interbank pricing and rollover risk, we target the

average annualized spread between the interbank bond yield and the policy rate (0.8 percent). We

also match the household sector’s share of capital investment outside the banking system (0.2),

which governs the relative importance of non-bank credit. On the balance-sheet side, the calibra-

tion targets the deposit-to-equity ratio of LBs (9.7), the ratio of total assets between LBs and SBs

(1.2), and the ratio of total equity between the two bank groups (2.8), thereby anchoring relative

size and leverage across bank types. Finally, we target the total-liability-to-equity ratio of SBs

(14.8) to discipline their reliance on non-deposit funding. Together, these moments ensure that the

calibrated economy reproduces the observed heterogeneity in funding structures, returns, and scale

between LBs and SBs that underlies the empirical patterns documented in Section III.

C. Optimal Regulation of Interbank Funding Markets

We now quantify the regulatory trade-off motivated by Section IV.G. Specifically, we impose

a ceiling on interbank borrowing by SBs that is non-binding in steady state but becomes binding

following monetary policy easing. When it binds, the ceiling dampens the transmission of monetary

policy to credit but mitigates the run-risk externality by limiting SB leverage. This regulation is

expressed as:

ibjt ≤ Φibjss if ib
j
t ≥ 0,

21See Appendix D.A.4.

22Appendix A describes the sources of the empirical moments.
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where Φ denotes the regulatory ceiling multiplier in the quantitative model, and ibjss denotes the

steady-state level of interbank borrowing.

The optimal ceiling Φ maximizes household welfare. Welfare gains are computed as the constant

percentage increase in benchmark consumption that equalizes lifetime utility between the bench-

mark and regulated economies. The policy experiment begins with a one-time easing that lowers the

net policy rate rb,0 by 0.58 percentage points (58 basis points). From period 7 onward, conditional

on no previous arrival, a negative 2.5% productivity shock occurs in each period with probability

h and can occur only once. Let Ct and C
o
t denote consumption paths under the benchmark and

regulated cases, and V o the household’s lifetime utility under regulation. Then the welfare measure

∆C solves:

E0

∞∑
t=0

βt log[Ct(1 + ∆C)] = E0

∞∑
t=0

βt logCot ≡ V o.

Figure 4 reports a conditional impulse response in which the productivity shock first arrives in

period 7. Monetary easing under regulation produces more muted increases in interbank funding

and SBs’ capital before the shock. Once the shock occurs, regulation substantially cushions the

downturn: ib falls by about 19.0%, compared with 55.0% in the benchmark; SBs’ capital falls

by about 18.3%, versus 54.3%; output contracts by about 1.78%, rather than 4.05%; and model-

implied systemic risk reaches about 0.52%, compared with 4.43%. Household consumption falls by

about 0.70% under regulation, less than half of the 1.47% decline in the benchmark.

The effects of optimal regulation on output, welfare, and run frequency are reported in the right

column of Table 5, with the benchmark economy shown in the left column for comparison. The

optimal ceiling is Φ∗ = 1.06. Regulation reduces the unconditional run frequency in period 7 from

0.28% to 0.03%. In the absence of the negative productivity shock, regulation reduces output

by 0.35% on impact. Output in period 7 is 2.36% higher under optimal regulation than in the

benchmark economy. As a result, optimal interbank funding regulation yields an unconditional

expected welfare gain equivalent to a 0.10% increase in consumption relative to the benchmark

case.

To summarize, our quantitative analysis demonstrates that while interbank funding enhances

monetary policy transmission to the real economy, it also raises systemic vulnerability in economic

downturns. Optimal regulation strikes a balance between these effects, improving household welfare

by curbing banks’ exposure to systemic risk without fully negating the benefits of interbank funding.

VI. Conclusion

This paper studies how interbank funding shapes the transmission of interest-rate-based mon-

etary policy and the accumulation of systemic risk in banking systems with heterogeneous access

to deposit funding. In two-tier banking systems, monetary easing affects banks asymmetrically:
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banks with limited capacity to expand deposits rely more heavily on interbank funding, while

deposit-rich banks act as liquidity providers. This reallocation of liquidity strengthens monetary

policy transmission but simultaneously increases interconnectedness and rollover risk, giving rise

to a fundamental trade-off between monetary effectiveness and financial stability.

Using bank-level data from China, we show that monetary policy easing reallocates funding

through interbank markets, with SBs expanding interbank borrowing while LBs expand household

demand deposits, thereby amplifying monetary transmission. At the same time, greater reliance on

interbank funding is associated with higher systemic risk during economic downturns, particularly

since 2018 amid China’s growth slowdown. A model with heterogeneous deposit sensitivity and

interbank funding shows that this amplification arises from a pecuniary externality—banks do not

internalize aggregate rollover risk—and that regulating interbank funding can improve welfare by

reducing crisis risk, albeit at the cost of weaker monetary transmission.

While China provides a transparent empirical setting, the mechanism we identify is more gen-

eral. Many banking systems feature heterogeneous access to deposit funding and active interbank

markets, implying that similar trade-offs may arise elsewhere. Recent liquidity stress among U.S.

regional banks—occurring after the withdrawal of quantitative easing and amid rising loan losses—

illustrates this tension, suggesting that the role of wholesale funding highlighted in this paper may

be central to understanding both the amplification of stress and the macroprudential trade-offs

faced by policymakers during episodes of regional bank fragility.
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Table 1. Estimated Monetary Policy Rule

Coefficient Estimate SE p-value

γR 0.773 0.072 0.000

γπ 0.210 0.085 0.014

γx,a -0.070 0.041 0.089

γx,b 0.277 0.114 0.015

σR,a 0.004 0.000 0.000

σR,b 0.005 0.001 0.000

Note: Estimated results from the endogenously switching monetary policy rule. SE denotes

standard error.

Table 5. Effects of interbank funding regulation

Benchmark

Economy

Optimal Regulation

Φ∗ = 1.06

Run Frequency

in Period 7
0.28% 0.03%

Output on Impact of Monetary Ease

∆ from Benchmark Economy
0 -0.35%

Output in Period 7

∆ from Benchmark Economy
0 2.36%

Unconditional Welfare Gain

∆ Consumption
0 0.10%

Note: ∆ denotes “change.”
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Table 2. Effects of monetary policy on interbank funding and household demand

deposits

Interbank funding
Household demand

deposits

(1) (2) (3) (4)

ϵt−1: α 6.938∗∗ 5.672∗ -4.327∗∗∗ -4.398∗∗∗

(2.978) (2.886) (1.325) (1.344)

ϵt−1 × I(SBb): β -16.94∗∗∗ -17.65∗∗∗ 3.252∗∗ 3.019∗∗

(3.400) (3.499) (1.398) (1.376)

ϵt−1 × FAb,t−1 0.0203 0.0546

(0.2239) (0.0805)

α+ β -9.998∗∗∗ -11.98∗∗∗ -1.075 -1.380

Controls NO YES NO YES

MacroControls NO YES NO YES

BankFE YES YES YES YES

Y earFE YES YES YES YES

SeasonalFE YES YES YES YES

N 384 384 384 384

R− square 0.3737 0.3978 0.1070 0.1175

Note: The dependent variables are the year-over-year changes in interbank funding and household demand

deposits, each scaled by total equity. The main explanatory variables are the monetary policy shock (ϵt−1),

the dummy variable equal to one for SBs and zero otherwise (I(SBb)), and their interaction terms.

Control variables include lagged return on equity (ROEb,t−1), the lagged quarterly change in the share of

interbank liabilities in total liabilities (ILt−1), and the lagged quarterly growth rate of fixed assets (FAb,t−1).

Macro control variables include lagged quarterly GDP growth and lagged CPI inflation. Bank, year, and

seasonal fixed effects are included. Robust standard errors clustered at the bank level are reported in paren-

theses. Asterisks ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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Table 3. Mediating effects of interbank funding

Total effect Mediation effect

(1) (2) (3) (4)

ϵt−1: αϵ 3.422∗∗∗ 2.936∗∗∗ 2.717∗∗ 2.542∗∗

(1.136) (1.033) (1.141) (1.073)

ϵt−1 × I(SBb): βϵ -6.025∗∗∗ -6.349∗∗∗ -4.868∗∗∗ -4.946∗∗∗

(1.575) (1.530) (1.475) (1.458)

Wb,t: αW 0.0613 0.0662

(0.0778) (0.0802)

Wb,t × I(SBb): βW -0.0177 -0.0113

(0.0776) (0.0778)

ϵt−1 × FAb,t−1 0.0389 -0.0255

(0.1164) (0.1093)

Wb,t × FAb,t−1 -0.00158∗∗

(0.000576)

αϵ + βϵ -2.603∗ -3.413∗∗ -2.150 -2.404

αW + βW 0.0437∗ 0.0550∗∗

Controls NO YES NO YES

MacroControls NO YES NO YES

BankFE YES YES YES YES

Y earFE YES YES YES YES

SeasonalFE YES YES YES YES

N 359 359 359 359

R− square 0.2592 0.2699 0.2687 0.2823

Note: The dependent variable is a bank-quarter observation of the year-over-year change in loans scaled

by total equity. The right-hand-side variables include the monetary policy shock (ϵt−1), a dummy variable

equal to one if the bank is an SB and zero otherwise (I(SBb)), and their interaction. Columns (3)–(4) also

include interbank funding (Wb,t) and its interactions shown in the table.

Control variables include lagged return on equity (ROEb,t−1), the lagged quarterly change in the share of

interbank liabilities in total liabilities (ILt−1), and the lagged quarterly growth rate of fixed assets (FAb,t−1).

Macro control variables include lagged GDP growth and lagged CPI inflation. Bank, year, and seasonal fixed

effects are included. Robust standard errors clustered at the bank level are reported in parentheses. Asterisks

***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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Table 4. Effects of interbank funding on systemic risk

LBs SBs

(1) (2) (3) (4)

I(t ≥ 2018Q3)× Wb,t−1 : αr -26.52 4.517 6.152∗∗∗ 6.478∗∗∗

(31.51) (50.39) (2.008) (1.539)

I(t ≥ 2018Q3)×gt−1 × Wb,t−1 : βr 4.236 -0.0813 -0.9153∗∗∗ -0.9563∗∗∗

(4.627) (7.486) (0.2904) (0.2202)

I(2018Q1 ≤ t ≤ 2018Q2)× Wb,t−1 : αl -76.20 47.05 -5.741 -9.546

(167.3) (119.4) (5.127) (7.056)

I(2018Q1 ≤ t ≤ 2018Q2)×gt−1 × Wb,t−1 : βl 10.89 -7.024 0.8217 1.383

(24.21) (17.44) (0.7581) (1.040)

gt−1 × Wb,t−1 : β -1.353 -0.1963 0.00979 0.0275

(2.405) (2.277) (0.0851) (0.0722)

Wb,t−1 9.363 0.6299 0.0264 -0.1126

(16.58) (15.45) (0.6535) (0.5611)

gt−1 -3.267 63.33 7.138 29.94∗∗

(53.89) (87.38) (8.706) (13.01)

gt−1 × FAt−1 -3.880

(5.415)

gt−1 × ILt−1 3.093∗∗

(1.403)

Controls NO YES NO YES

MacroControls NO YES NO YES

BankFE YES YES YES YES

Y earFE YES YES YES YES

SeasonalFE YES YES YES YES

N 125 125 318 318

R− square 0.0308 0.0828 0.0413 0.1078

Note: The dependent variable is the SRISK at the bank-quarter level. Explanatory variables include lagged year-over-year

change in interbank funding scaled by total equity (Wb,t−1), lagged real GDP growth (gt−1), and indicator variables for the

slow-growth period (I(t ≥ 2018Q3)) and the regulation-implementation window (I(2018Q1 ≤ t ≤ 2018Q2)). The specifications

include gt−1 ×Wb,t−1 and, for each period indicator, its interaction with Wb,t−1 and its triple interaction with gt−1 ×Wb,t−1.

Control variables include lagged return on equity (ROEb,t−1), the lagged quarterly change in the share of interbank liabilities

in total liabilities (ILt−1), and the lagged quarterly growth rate of fixed assets (FAb,t−1). Macro control variables include

lagged CPI inflation. Columns (1)–(2) report results for LBs, while columns (3)–(4) report results for SBs. Bank, year, and

seasonal fixed effects are included. Robust standard errors clustered at the bank level are reported in parentheses. Asterisks

***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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Figure 1. Endogenous and Exogenous Components of R007

Note: The figure shows the quarterly average level of R007, the estimated systematic component of

monetary policy, and the implied exogenous policy shocks. The difference between the actual R007 rate

and its fitted systematic component represents the series of exogenous monetary policy shocks.

Sources: CEIC.
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Figure 2. Monetary Policy and Interbank Funding Issuance

Note: The four panels are organized as follows: the top-left panel displays the monetary policy rate

(measured by the 7-day repo rate) and the interbank funding cost (measured by the at-issue yield of

3-month AAA-rated NCDs); the top-right panel shows interbank (non-deposit) funding as a share of total

liabilities for LBs and SBs; the bottom-left panel plots total loans issued by LBs and SBs, normalized to

their respective 2012Q4 levels; and the bottom-right panel illustrates systemic risk for each bank type,

normalized to their respective 2012Q4 levels.

Sources: CSMAR and CEIC.
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Figure 3. Dynamic responses of interbank funding to monetary policy easing. The dashed

line shows the response for LBs (−αq); the solid line shows the response for SBs (−(αq+βq)).

Shaded areas represent 90% confidence intervals.
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Figure 4. Monetary policy easing followed by a period-7 negative productivity

shock: the role of interbank funding regulation
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In this appendix, tables, figures, and equations are labeled with the prefix “S” to denote supple-

mental material.

Appendix A. Data Sources

• R007/R001: 7-day/1-day interbank repo rate. Source: CEIC.

• W : Year-over-year change in interbank funding divided by total equity of each bank. Source:

CSMAR.

• D: Year-over-year change in household (personal) demand deposits divided by total equity of

each bank. We collect total personal deposits and personal demand deposits from banks’ financial

reports. Because most banks report total personal deposits quarterly but personal demand deposits

semiannually, we use within-bank log-linear interpolation to fill missing total personal deposit

observations, first within the same calendar quarter and then, when necessary, using all available

observations for the bank. Missing personal demand deposits are imputed using a bank-specific

structural ratio, defined as the 2012–2018 mean of personal demand deposits divided by total

personal deposits, multiplied by the corresponding total personal deposits.

• I(SB): Bank type. Source: WIND.

• STK: Cash flow from stock investment divided by total liability of each bank. Source: CSMAR.

• IL: Quarterly change in the share of interbank liabilities in total liabilities of each bank. Source:

CSMAR.

• LIQ: Growth of cash or cash equivalents of each bank. Source: CSMAR.

• L: Year-over-year change in total loans divided by total equity of each bank. Source: WIND.

• SRISK: Quarterly average of banks’ systemic risk. Source: New York University’s Volatility

Institute website.

• g: Real GDP growth rate. Source: CEIC.

• Annualized spread between interbank bond yield and policy rate: Average daily spread between

3-month NCD with rate “A-” and 3-month interbank offered rate in 2019. Source: WIND and

CEIC.

• LBs’ leverage ratio: Average asset-to-equity ratio of LBs from 2013 to 2018. Source: CSMAR.

• LBs’ deposit to equity ratio: Average deposit-to-equity ratio of LBs from 2013 to 2018. Source:

CSMAR.

• Share of LBs’ capital in total capital: Average share of state-owned enterprises’ fixed asset

investment in the total fixed asset investment of state-owned and private enterprises from 2013 to

2017. Source: CEIC.

• Ratio of capital between LBs and SBs: Average ratio of asset holdings between LBs and SBs

from 2013 to 2018. Source: CSMAR.
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• Ratio of total equity between LBs and SBs: Ratio of total equity between listed LBs and SBs

in 2013. Source: CSMAR.

• SBs’ ratio of total liability to equity: Average ratio of SBs’ total liability to equity from 2013

to 2018. Source: CSMAR.
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Table S1. Summary Statistics

Variables # of Obs Mean Std. Dev. Min Max

Panel A: Bank-level Variables

LBs

InterbankFunding(tn RMB) 110 1.146 0.437 0.423 2.302

∆InterbankFunding/Equity(%) 110 17.907 16.199 -19.034 96.370

∆DemandDeposit/Equity(%) 110 13.710 13.287 -41.700 48.238

∆Loan/Equity(%) 105 64.116 15.450 32.696 103.195

FA(%) 110 4.435 8.439 -4.286 39.332

IL(%) 110 -0.055 1.075 -3.966 3.887

ROE(%) 110 10.050 4.420 2.982 20.568

SRISK(bn RMB) 125 497.973 174.921 -24.904 833.049

SBs

InterbankFunding(tn RMB) 274 0.443 0.367 0.014 1.438

∆InterbankFunding/Equity(%) 274 54.285 61.516 -93.726 265.140

∆DemandDeposit/Equity(%) 274 8.134 11.555 -54.081 61.641

∆Loan/Equity(%) 254 94.966 23.102 24.246 167.395

FA(%) 274 7.362 13.478 -7.292 76.614

IL(%) 274 -0.306 2.251 -7.551 8.790

ROE(%) 274 9.678 4.482 1.869 21.187

SRISK(bn RMB) 318 113.328 80.001 -1.509 292.816

Panel B: Macro Variables

R007 shock(%)(ϵR) 24 0.05 0.57 -1.55 1.40

GDP(%) 24 7.188 0.410 6.7 8.1

CPI(%) 24 100.512 0.704 99.202 101.709

Note: “IL” represents the lagged change in interbank liability share. “FA” is the lagged growth

rate of fixed assets. “ROE” represents the lagged return on equity (Trailing Twelve Months).

“DemandDeposit” refers to household demand deposits. “SRISK” measures the expected capital

shortfall in a financial crisis. “R007 shock” refers to the 7-day repo rate shock, “GDP” is lagged

real GDP growth rate, and “CPI” is lagged CPI inflation rate.
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Table S2. Correlation

FAb,t−1 ILb,t−1 ROEb,t−1

All Banks

I(SBb) 0.1077∗∗ -0.0572 -0.0378

(0.035) (0.264) (0.857)

LBs

Wb,t−1 0.2108∗∗ -0.0975 -0.0544

(0.018) (0.279) (0.547)

SBs

Wb,t−1 0.0124 -0.1326∗∗ -0.0442

(0.825) (0.018) (0.433)

Note: Asterisks ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Appendix B. Additional Empirical Results

This section reports additional results that support the empirical work in Section III. We first

illustrate the decomposition of R001 into its systematic component and the monetary policy shock.

We then estimate the sensitivity of deposit spread to the policy rates across different types of banks.

Lastly, we show that the systemic-risk results are robust to allowing the 2018 regulatory indicator

to remain on from 2018Q1 through the end of the sample.

A. Robustness to the Monetary Policy Estimation

This subsection reports robustness checks for the policy-rule estimation used to construct mon-

etary policy shocks. First, for the baseline R007 specification in Table 1, the Ljung–Box Q test

does not reject the null of no serial correlation in the estimated monetary policy shocks (p-value =

0.48), consistent with the interpretation of ϵR,t as an orthogonal policy innovation.

Second, we re-estimate the rule using the one-day repo rate (R001). Table S3 reports the

corresponding estimates. The coefficients remain statistically significant and qualitatively similar

to the baseline R007 estimates. Figure S1 decomposes R001 into its fitted systematic component

and the estimated policy shock. The top panel displays the actual R001 rate together with the

estimated systematic (endogenous) component implied by the policy rule. The bottom panel reports

the residual component, which we interpret as the monetary policy shock, ϵR,t. By construction,

these residuals are orthogonal to the information set used in the policy rule. A negative shock

corresponds to an unexpected decline in the policy rate, i.e., monetary policy easing. These results

are similar to those when the R007 series is used.
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Table S3. Estimated Monetary Policy Rule Using R001

Coefficient Estimate SE p-value

γR 0.723 0.074 0.000

γπ 0.124 0.063 0.047

γx,a -0.070 0.031 0.022

γx,b 0.265 0.103 0.010

σR,a 0.003 0.000 0.000

σR,b 0.005 0.001 0.000

Note: Estimated results from the endogenously switching monetary policy rule. SE denotes

standard error.

Third, we test the endogenously switching specification in Equation (1) against a constant-

parameter alternative in which γx,t = γx and σR,t = σR for all t. For R007, the likelihood-ratio

test rejects the constant-parameter specification with a p-value of 0.12%. For R001, the constant-

parameter specification is rejected with a p-value below 0.01%. These robustness checks support

the use of the regime-switching policy rule and show that the construction of monetary policy

shocks is not sensitive to using R007 rather than R001.

B. Impacts of Monetary Policy on Deposit Spreads

We next examine how monetary policy affects deposit spreads, defined as the difference between

the policy rate and the deposit rate. Our primary interest is whether the sensitivity of deposit

spreads to policy rates—hereafter, the “deposit beta”—differs systematically between LBs and

SBs.

The simple model delivers a sharp prediction. When policy rates decline, banks facing less

sensitive deposit demand (higher ηj) must compress deposit spreads more aggressively in order to

induce deposit inflows. As a result, even though deposit quantities respond less, the pass-through

from policy rates to deposit spreads is stronger. Absent regulatory constraints, this mechanism

implies that SBs—whose deposit demand is less sensitive to policy rates—should exhibit larger

deposit betas than LBs. However, if deposit rate ceilings are binding, SBs may be unable to lower

deposit spreads to their desired extent, attenuating or eliminating the differential response across

bank types.

To test these predictions, we estimate the following specification:

DepSpreadb,t = α ϵR,t−1 + β ϵR,t−1 × I(SBb) + γxXb,t−1 + γmMacrot−1

+ αb + τy + τs + ϵb,t,
(S1)
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Figure S1. Endogenous and exogenous components of R001

Note: The top panel shows the quarterly level of R001 and the estimated systematic (endogenous)

component implied by the policy rule. The bottom panel shows the residual component, interpreted as

monetary policy shocks. The gap between the actual R001 rate and the systematic component represents

the sequence of exogenous monetary policy shocks.

Source: CEIC.

where DepSpreadb,t denotes the semi-annual deposit spread for bank b at time t, defined as the

monetary policy rate minus the deposit rate. The coefficient α captures the response of deposit
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spreads to monetary policy shocks for LBs, while the interaction coefficient β measures the dif-

ferential response for SBs. The vector Xb,t−1 includes lagged bank-level controls, and Macrot−1

includes standard macroeconomic controls such as GDP growth and CPI inflation. Bank, year, and

seasonal fixed effects (αb, τy, and τs) absorb time-invariant heterogeneity and common shocks.

Table S4 reports the estimation results. Several findings are noteworthy. First, across specifica-

tions, the estimated coefficient α is positive and highly significant, indicating that deposit spreads

at LBs increase with policy rates. Equivalently, when the policy rate declines, LBs reduce deposit

spreads, but less than one-for-one. This positive deposit beta is consistent with existing empiri-

cal evidence documenting incomplete pass-through of monetary policy to deposit rates (Drechsler,

Savov, and Schnabl, 2017; Xiao, 2020).

Second, the interaction coefficient β is economically small and statistically insignificant (0.0410

and−0.0225). This result indicates that SBs do not exhibit a systematically different deposit-spread

response to monetary policy shocks relative to LBs in this price regression. We therefore do not

interpret Table S4 as direct evidence of differential price pass-through across bank types. Instead,

we interpret this result more narrowly. The absence of a significant price interaction is consistent

with constrained deposit pricing in China: deposit-rate ceilings mute differential price adjustment

by preventing SBs’ deposit rates from deviating too far from those of LBs. The household-demand-

deposit quantity response in Table 2 therefore provides more direct evidence of heterogeneous

deposit responses across bank types. Taken together, these findings motivate the incorporation of

deposit-rate ceilings into the quantitative model developed in Section V.

C. Robustness to Interbank Funding Regulation

A potential concern for the empirical results in Sections III.A and III.C is that the tighten-

ing of interbank funding regulation beginning in 2018Q1–2018Q2 may have persistent effects that

contaminate the estimated responses to monetary policy shocks and the relationship between in-

terbank funding and systemic risk. In particular, if regulatory constraints on negotiable certificates

of deposit (NCDs) and other wholesale funding instruments continue to bind beyond the initial

regulatory window, the baseline specifications—which isolate 2018Q1–2018Q2 separately—may un-

derstate the role of regulation in shaping banks’ funding and risk dynamics.

To address this concern, we re-estimate both the interbank funding / household-demand-deposit

regressions and the SRISK regressions using alternative specifications that allow regulatory effects

to persist from 2018Q1 through the end of the sample. We first revisit the funding regressions in

Section III.A by augmenting Equation (2) with an additional interaction term I(t ≥ 2018Q1) ×
I(SBb).



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 48

Table S4. Effect of Monetary Policy Interest Rates on Deposit Rate Spread

(1) (2)

ϵt−1: α 0.5025∗∗∗ 0.3174∗∗∗

(0.0322) (0.0296)

ϵt−1 × I(SBb): β 0.0410 -0.0225

(0.0406) (0.0389)

ϵt−1 × FAb,t−1 0.00777∗∗

(0.00331)

α+ β 0.5435∗∗∗ 0.2948∗∗∗

Controls NO YES

MacroControls NO YES

BankFE YES YES

Y earFE YES YES

SeasonalFE YES YES

N 234 226

R− square 0.3348 0.6991

Note: This table reports regression results in which the dependent variable is a bank-semiannual observation

of the deposit rate spread, defined as the policy rate minus the deposit rate. The right-hand-side variables

include the monetary policy shock (ϵt−1), a dummy variable equal to one if the bank is an SB and zero

otherwise (I(SBb)), and their interaction. Control variables include lagged return on equity (ROEb,t−1),

the lagged quarterly change in the share of interbank liabilities in total liabilities (ILt−1), and the lagged

quarterly growth rate of fixed assets (FAb,t−1). Macro control variables include lagged GDP growth and

lagged CPI inflation. Bank, year, and seasonal fixed effects are included. Robust standard errors clustered

at the bank level are reported in parentheses. Asterisks ***, **, and * denote statistical significance at the

1%, 5%, and 10% levels, respectively.

Table S5 reports the estimates. Three points are worth emphasizing. First, consistent with the

baseline results in Table 2, monetary policy easing continues to induce opposite interbank funding

responses across bank types. LBs reduce interbank funding following an easing shock, while SBs

expand interbank borrowing. The implied response for SBs (α+β) remains negative and statistically

significant for interbank funding, even after allowing for persistent regulatory effects. Second, the

household-demand-deposit results also mirror the baseline evidence. LBs experience a significant

increase in household demand deposits following monetary policy easing (α = −4.433 and −4.499),

while the interaction coefficient β is positive and significant (3.420 and 3.187). The sign of β is

opposite to that of α, leaving the implied SB response α + β small and statistically insignificant

(−1.013 and −1.312). This confirms that the key heterogeneity emphasized in Section III.A—

a stronger household-demand-deposit response at LBs than at SBs—is not driven by how the
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post-2018 regulatory period is dated. The coefficient on I(t ≥ 2018Q1) × I(SBb) is negative and

significant in the interbank funding regressions, indicating that tighter regulation lowers the level

of interbank funding at SBs. Importantly, however, this term does not overturn the differential

marginal response to monetary policy shocks. Thus, regulation affects the scale of interbank activity

but does not alter the qualitative reallocation mechanism documented in Section III.A.

We next examine whether the relationship between interbank funding and systemic risk docu-

mented in Section III.C is sensitive to how regulatory tightening is modeled. Specifically, we replace

I(2018Q1 ≤ t ≤ 2018Q2) in Equation (5) with I(t ≥ 2018Q1) and estimate:

SRISKb,t = αrWb,t−1 × I(t ≥ 2018Q3) + βrgt−1 ×Wb,t−1 × I(t ≥ 2018Q3)

+ αlWb,t−1 × I(t ≥ 2018Q1) + βlgt−1 ×Wb,t−1 × I(t ≥ 2018Q1)

+ αWb,t−1 + β gt−1 ×Wb,t−1

+ γxXb,t−1 + γmMacrot−1 + αb + τy + τs + ϵb,t,

(S2)

with the same variable definitions and fixed effects as in the baseline SRISK specification.

Table S6 reports the corresponding SRISK regressions. The results closely mirror those in Ta-

ble 4. In particular, during the slow-growth period (I(t ≥ 2018Q3)), the interaction between

interbank funding and GDP growth remains negative and statistically significant for SBs. This

implies that when macroeconomic conditions deteriorate, greater reliance on interbank funding

continues to raise systemic risk exposure, as measured by SRISK. Moreover, as in the baseline re-

sults, the same interaction terms are statistically insignificant for LBs, reinforcing the asymmetric

role of interbank funding across bank types.

Overall, Tables S5 and S6 demonstrate that the main empirical findings in Sections III.A

and III.C are robust to alternative treatments of interbank funding regulation. While tighter

regulation after 2018Q1 affects the level of interbank activity, it does not overturn the central

mechanisms identified in the data: monetary policy easing reallocates funding through interbank

markets toward SBs, amplifying credit expansion in normal times, and this same reliance on inter-

bank funding increases systemic risk exposure when macroeconomic conditions deteriorate.

Appendix C. Technical Details of the Simple Model

This appendix provides derivations and supporting results for the three-period simple model in

Section IV. Sections C.A to C.G provide details on the simple model, and Section C.H gives proofs

of all lemmas and propositions in Section IV and this Appendix section.
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Table S5. Monetary-policy effects on bank funding: robustness to interbank-

funding regulation

Interbank funding
Household demand

deposits

(1) (2) (3) (4)

ϵt−1: α 7.609∗∗ 6.204∗∗ -4.433∗∗∗ -4.499∗∗∗

(3.013) (2.858) (1.352) (1.369)

ϵt−1 × I(SBb): β -17.84∗∗∗ -18.52∗∗∗ 3.420∗∗ 3.187∗∗

(3.287) (3.372) (1.473) (1.443)

I(t ≥ 2018Q1)× I(SBb) -17.99∗∗∗ -17.73∗∗ 4.291 4.215

(5.388) (6.742) (3.663) (3.605)

ϵt−1 × FAb,t−1 0.0297 0.0538

(0.2287) (0.0813)

α+ β -10.23∗∗∗ -12.32∗∗∗ -1.013 -1.312

Controls NO YES NO YES

MacroControls NO YES NO YES

BankFE YES YES YES YES

Y earFE YES YES YES YES

SeasonalFE YES YES YES YES

N 384 384 384 384

R− square 0.3799 0.4039 0.1125 0.1227

Note: The dependent variables are the year-over-year changes in interbank funding and household demand

deposits, each scaled by total equity. The main explanatory variables are the monetary policy shock (ϵt−1),

the dummy variable equal to one for SBs and zero otherwise (I(SBb)), and their interaction terms. (I(t ≥
2018Q1)) is the indicator variable for the regulation-onward period.

Control variables include lagged return on equity (ROEb,t−1), the lagged quarterly change in the share of

interbank liabilities in total liabilities (ILt−1), and the lagged quarterly growth rate of fixed assets (FAb,t−1).

Macro control variables include lagged quarterly GDP growth and lagged CPI inflation. Bank, year, and

seasonal fixed effects are included. Robust standard errors clustered at the bank level are reported in paren-

theses. Asterisks ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

A. An analysis of the reserve-management cost

This subsection provides a detailed analysis of the reserve-management cost. Because banks face

an idiosyncratic deposit-withdrawal shock, they may experience a reserve shortfall. They have two

choices: borrowing from the discount window ex post or purchasing reserve-management insurance

ex ante. We provide a sufficient condition under which banks optimally purchase insurance ex
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Table S6. Interbank funding and systemic risk: robustness to alternative treat-

ments of regulation

LBs SBs

(1) (2) (3) (4)

I(t ≥ 2018Q3)× Wb,t−1 : αr 49.68 -42.53 11.89∗ 16.02∗

(166.2) (131.0) (6.300) (7.696)

I(t ≥ 2018Q3)×gt−1 × Wb,t−1 : βr -6.654 6.943 -1.737∗ -2.339∗

(24.33) (19.50) (0.9159) (1.122)

I(t ≥ 2018Q1)× Wb,t−1 : αl -76.20 47.05 -5.741 -9.546

(167.3) (119.4) (5.127) (7.056)

I(t ≥ 2018Q1)×gt−1 × Wb,t−1 : βl 10.89 -7.024 0.8217 1.383

(24.21) (17.44) (0.7581) (1.040)

gt−1 × Wb,t−1 : β -1.353 -0.1963 0.00979 0.0275

(2.405) (2.277) (0.0851) (0.0722)

Wb,t−1 9.363 0.6299 0.0264 -0.1126

(16.58) (15.45) (0.6535) (0.5611)

gt−1 -3.267 63.33 7.138 29.94∗∗

(53.89) (87.38) (8.706) (13.01)

gt−1 × FAt−1 -3.880

(5.415)

gt−1 × ILt−1 3.093∗∗

(1.403)

Controls NO YES NO YES

MacroControls NO YES NO YES

BankFE YES YES YES YES

Y earFE YES YES YES YES

SeasonalFE YES YES YES YES

N 125 125 318 318

R− square 0.0308 0.0828 0.0413 0.1078

Note: The dependent variable is the SRISK at the bank-quarter level. Explanatory variables include lagged year-over-year

change in interbank funding scaled by total equity (Wb,t−1), lagged real GDP growth (gt−1), and indicator variables for the

slow-growth period (I(t ≥ 2018Q3)) and the regulation-onward period (I(t ≥ 2018Q1)). The specifications include interactions

between interbank funding and GDP growth, as well as interactions that vary across these periods.

Control variables include lagged return on equity (ROEb,t−1), the lagged quarterly change in the share of interbank liabilities

in total liabilities (ILt−1), and the lagged quarterly growth rate of fixed assets (FAb,t−1). Macro control variables include

lagged CPI inflation. Columns (1)–(2) report results for LBs, while columns (3)–(4) report results for SBs. Bank, year, and

seasonal fixed effects are included. Robust standard errors clustered at the bank level are reported in parentheses. Asterisks

***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

ante. Under this arrangement, the reserve-management cost function χ(·) can be interpreted as an

administratively specified insurance premium.

The insurance contract is a stylized central-bank facility rather than a competitively priced,

actuarially fair contract. At the beginning of period t, before the idiosyncratic deposit outflow is



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 52

realized, the central bank posts the premium schedule χ(xjt ) defined below. An insured bank pays

this premium ex ante. If its realized reserve gap is positive, the central bank supplies exactly the

liquidity needed to cover the shortfall, with no additional state-contingent payment by the bank;

if the bank has a reserve surplus, neither party makes an additional payment. This arrangement

leaves banks of each type homogeneous ex post.

Following Bianchi and Bigio (2017), after banks choose their portfolios, each bank experiences an

idiosyncratic deposit withdrawal νdjt , where ν ∼ U [−1, 1] has mean zero. The shock redistributes

deposits within the banking system rather than generating an aggregate outflow. Given the reserve

requirement ρ, the realized reserve funding gap of a type-j bank is

xjt (ν) = τnjt + ρ(1− ν)djt −
(
ajt − νdjt

)
= τnjt +

{
ρ+ (1− ρ)ν

}
djt − ajt ,

(S3)

where τnjt captures an additional component of reserve-management needs proportional to bank

net worth, xjt (ν) > 0 indicates a reserve shortfall, and xjt (ν) ≤ 0 indicates a reserve surplus. Define

the expected net reserve funding gap as

xjt ≡ Eν

[
xjt (ν)

]
= τnjt + ρdjt − ajt .

(S4)

We focus on the parameter region in which the expected net reserve gap satisfies xjt > 0. If bank

j ∈ {SB,LB} purchases insurance, the administratively specified premium is

χ(xjt ) = rb,tx
j
t

= rb,t
(
τnjt + ρdjt − ajt

)
,

(S5)

where rb,t is the net policy rate. If the bank does not purchase insurance, when xjt (ν) > 0,

the bank covers the realized shortfall by borrowing from the central bank discount window at

the net policy rate plus a penalty spread, rb,t + ι, where ι > 0. Denote the expected amount of

discount-window borrowing by Ijt :

Ijt ≡ Eν

[[
xjt (ν)

]
+

]
=

1

2

∫ 1

max

{
−1,

a
j
t−τn

j
t−ρd

j
t

(1−ρ)d
j
t

} [τnjt + {ρ+ (1− ρ)ν
}
djt − ajt

]
dν,

(S6)

where [y]+ ≡ max{y, 0}. The expected reserve-management cost without insurance is therefore

(χjt )
NI = (rb,t + ι)Ijt . (S7)

The bank prefers to purchase insurance if χ(xjt ) < (χjt )
NI , that is, if

rb,t
(
τnjt + ρdjt − ajt

)
< (rb,t + ι)Ijt . (S8)
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For Ijt > 0, rearranging (S8) gives the following sufficient condition:

ι > rb,t

[
τnjt + ρdjt − ajt

Ijt
− 1

]
. (S9)

We assume that the penalty spread satisfies (S9) at the equilibrium allocation. Hence, all banks

purchase reserve-management insurance in equilibrium, while discount-window borrowing remains

an off-equilibrium outside option.

B. Solving bankers’ problem at t = 0 and t = 1

This subsection describes the optimization problem of bankers of type j and provides the com-

parative statics reported in Proposition 1.

Because the banker’s problem is homogeneous of degree one in current net worth njt , it is conve-

nient to work with ratios to net worth. For any variable xjt ∈ {ajt , d
j
t , ib

j
t} define ψjx,t ≡ xjt/n

j
t , and

let ψjt ≡ V j
t /n

j
t denote the normalized value.

With reserve insurance premium (19), and when holding excess reserves is costly in the relevant

equilibrium, the liquidity requirement binds, so

ajt = κnjt ⇐⇒ ψja,t = κ. (S10)

Using (S10), the banker’s balance sheet (18) at t = 0 or 1 can be written as

(Qt + αjKj
t )k

j
t =

[
1− κ− rb,t(τ − κ)

]
njt +

(
1− ρrb,t

)
djt + ibjt . (S11)

Let the gross return on one unit of banker j’s capital purchased at t = 0 and t = 1 be Rk,1 ≡
(Q1 + Z1)/(Q0 + αjKj

0) and Rk,2 ≡ Z2/(Q1 + αjKj
1) (conditional on no run).

Combining (17) with (S11) and dividing by njt yields

njt+1

njt
= κ+Rk,t+1

[
1− κ− rb,t(τ − κ)

]︸ ︷︷ ︸
≡At

+
[
Rk,t+1(1− ρrb,t)−Rjd,t

]︸ ︷︷ ︸
≡Aj

d,t

ψjd,t + (Rk,t+1 −Rib,t)︸ ︷︷ ︸
≡Aib,t

ψjib,t,

(S12)

where At, A
j
d,t, and Aib,t are the net returns to equity, deposit funding for banker j, and interbank

funding, respectively. Define the t = 0 and t = 1 marginal value of net worth as

Ωj1 ≡ βm1

(
(1− σj) + σjψj1

)
, (S13)

and Ωj2 ≡ βm2, with Ωj1 > 0 and Ωj2 > 0. In the expressions below, Et is used only as compact

notation for the two-period derivation. For t = 0, it is the expectation over the distribution of Z1.

For t = 1, Z1 has already been realized and there is no further aggregate uncertainty before t = 2,
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so the E1 operator is degenerate and the expressions reduce to their realized-state values. Then

homogeneity implies ψjt = Et

[
Ωjt+1 (n

j
t+1/n

j
t )
]
. Substituting (S12) gives

ψjt = Et

[
Ωjt+1

(
At +Ajd,t ψ

j
d,t +Aib,t ψ

j
ib,t

)]
. (S14)

Denote µje,t ≡ Et

[
Ωjt+1At

]
, µjd,t ≡ Et

[
Ωjt+1A

j
d,t

]
, and µjib,t ≡ Et

[
Ωjt+1A

j
ib,t

]
as the expected mar-

ginal values of equity, deposit and interbank credit. These definitions characterize the no-run

continuation. In the run continuation, both relevant returns change: the capital return is evalu-

ated at the fire-sale price Q∗
t+1, while an interbank claim on SBs pays the recovery-adjusted return

uSBRib,t. The corresponding run-state objects are introduced below.

We now focus on the equilibrium where incentive constraint (20) binds. A binding IC constraint

for SBs implies

ψSBt = θ(1 + ψSBd,t + ωψSBib,t ). (S15)

Combining (S14) and (S15) yields the closed-form expression

ψSBib,t =
µSBe,t − θ −

(
θ − µSBd,t

)
ψSBd,t

θω − µSBib,t
. (S16)

For SBs, which borrow in equilibrium in the interbank market, we assume that the agency friction

is sufficiently strong that the denominator of Equation (S16), θω − µSBib,t , is positive for both t = 0

and t = 1. Moreover, it is sensible to assume that µSBd,t − θ < 0. Otherwise, the bankers can use

deposit issuance to relax the incentive constraint. For the active borrowing region used below, we

maintain the ordering µSBe,t > θ > µSBd,t , so that the equity-value term relaxes the IC while deposit

funding is costly at the margin. These assumptions ensure that the incentive constraint binds.

We now discuss the conditions for SBs (LBs) to be borrowers (lenders) in the interbank market.

To this end, we derive the FOCs of the bank’s problem. The normalized problem for bank j with

non-negative ib and non-negative capital investment kj for t = 0, 1 is:

max
ψj
ib,t,ψ

j
d,t

ψjt = µje,t + µjd,tψ
j
d,t + µjib,tψ

j
ib,t, (S17)

θ(1 + ψjd,t + ωψjib,t) ≤ µje,t + µjd,tψ
j
d,t + µjib,tψ

j
ib,t

ψjib,t ≥ 0

ψjd,t(1− ρrb,t) + ψjib,t + [1− κ− rb,t(τ − κ)] ≥ 0

Letϖt, ϖib,t, andϖk,t denote the Lagrange multipliers on the incentive constraint, the interbank-

funding sign constraint, and the capital non-negativity constraint, respectively. The Lagrangian

is
L = (1 +ϖt)(µ

j
e,t + µjd,tψ

j
d,t + µjib,tψ

j
ib,t)−ϖtθ[1 + ψjd,t + ωψjib,t]

+ϖib,tψ
j
ib,t +ϖk,t{ψjd,t(1− ρrb,t) + ψjib,t + [1− κ− rb,t(τ − κ)]}
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The first-order conditions for ψjd,t and ψ
j
ib,t are

∂L

∂ψjd,t
= µjd,t −ϖt(θ − µjd,t) +ϖk,t(1− ρrb,t) = 0

∂L

∂ψjib,t
= µjib,t −ϖt(θω − µjib,t) +ϖib,t +ϖk,t = 0

For a potential borrower in the interbank market, capital investment must be positive, thus

ϖk,t = 0.

Therefore, the no-arbitrage condition for a potential borrower in the interbank market is given

by

µjd,t

µjib,t
≥

θ − µjd,t

θω − µjib,t
.

Similarly, we could derive the first-order conditions for bank j to be a potential lender in the

interbank market (ψjib,t ≤ 0):

∂L

∂ψjd,t
= µjd,t −ϖt(θ − µjd,t) +ϖk,t(1− ρrb,t) = 0

∂L

∂ψjib,t
= µjib,t −ϖt(θ(1− γ)− µjib,t)−ϖib,t +ϖk,t = 0

We will show later that under Assumption 1 (ω + γ > 1), capital investment must be positive,

so ϖk,t = 0. Therefore, the no-arbitrage condition becomes

µjd,t

µjib,t
≤

θ − µjd,t

θ(1− γ)− µjib,t
.

Therefore, for SBs (LBs) to be ex ante borrowers (lenders), the equilibrium is characterized by the

following two no-arbitrage conditions:

µLBd,t

µLBib,t
=

θ − µLBd,t

θ(1− γ)− µLBib,t
(S18)

µSBd,t

µSBib,t
=

θ − µSBd,t

θω − µSBib,t
(S19)

These conditions can be equivalently expressed as

µLBib,t = (1− γ)µLBd,t , µ
SB
ib,t = ωµSBd,t . (S20)

Assumption 1. ω + γ > 1.

The following lemma establishes the necessity of Assumption 1 for LB portfolio choices under

the maintained active-region orderings that the marginal-value-weighted expected capital return of

SBs is weakly higher than that of LBs and that RSBd,t ≥ RLBd,t , with at least one strict inequality.
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Lemma S1. If Assumption 1 does not hold, i.e., if ω+ γ ≤ 1, then LBs cannot simultaneously have

positive interbank lending and positive capital investment in an active interbank equilibrium.

Equivalently, ω + γ > 1 is necessary for an active imperfect-specialization equilibrium in which

LBs both lend in the interbank market and make non-financial loans directly. Since in practice LBs

usually lend to firms to fund their capital investment, we think it reasonable to restrict attention

to this case.

C. Central bank

The central bank is owned by the household. In each period it issues reserves to banks and

receives reserve-management insurance premia χ(·). The complete state-contingent transfer rule is

given in (26). In a normal outcome, 1Rt = 0, so for t = 0, 1, 2 it reduces to

Tt =
∑

j∈{SB,LB}

[
Ajt −Ajt−1 + χ(Xj

t )
]
, t = 0, 1, 2, (S21)

where Aj−1 = Aj2 = 0.

In a run outcome, SBs default on deposits and interbank liabilities and the central bank (or

government) covers the shortfall between promised deposit repayments and liquidation proceeds.

This is financed by an additional tax on the household. Let (·)∗ denote run-state objects. The

corresponding transfer is

T ∗
t =

∑
j∈{SB,LB}

[
(Ajt )

∗ − (Ajt−1)
∗ + χ∗(Xj

t )
]
−
(
1− uSB

)
RSBd,t−1D

SB
t−1, (S22)

where uSB is the recovery rate defined in (30) and, in the run outcome, (ASB1 )∗ = (ASB2 )∗ =

(ALB2 )∗ = 0.

D. Aggregation and net worth dynamics

Let s ∈ (0, 1) denote the measure of bankers and let ς ∈ (0, 1) denote the share of SBs among

bankers at t = 0 and in the no-run continuation. For any representative-bank variable ℓjt of type

j ∈ {SB,LB}, define the corresponding aggregate at t = 0, or at t = 1 conditional on no run, by

Ljt =

sς ℓSBt , j = SB,

s(1− ς) ℓLBt , j = LB.

In particular, KSB
t = sς kSBt and KLB

t = s(1 − ς) kLBt , and similarly for net worth, deposits, and

reserves. In the run continuation at t = 1, the SB sector defaults and has no new entrants, whereas

the LB mass remains s(1 − ς). The run-state equations therefore set SB continuation objects to
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zero and aggregate LB choices using the unchanged LB mass. We define aggregate interbank credit

IBt as total SB borrowing (equivalently, total LB lending), so market clearing implies

IBt ≡ sς ibSBt = −s(1− ς) ibLBt .

Using these mappings yields sector-level aggregates (examples):

ASBt = κNSB
t , ALBt = κNLB

t ,

DSB
t = sς dSBt , DLB

t = s(1− ς) dLBt .

Aggregating the bank’s balance sheet (18) requires keeping the sign of the LB interbank position

explicit. Hence

(Qt + αSBKSB
t )KSB

t +ASBt + χ(XSB
t ) = NSB

t +DSB
t + IBt,

(Qt + αLBKLB
t )KLB

t +ALBt + χ(XLB
t ) + IBt = NLB

t +DLB
t .

In the no-run equilibrium, aggregate net-worth dynamics follow from (17) for t = 1, 2:

NSB
t = σSBt

[
ASBt−1 + (Zt +Qt)K

SB
t−1 −Rib,t−1IBt−1 −RSBd,t−1D

SB
t−1

]
+WSB

t ,

NLB
t = σLBt

[
ALBt−1 + (Zt +Qt)K

LB
t−1 +Rib,t−1IBt−1 −RLBd,t−1D

LB
t−1

]
+WLB

t . (S23)

Here σj1 = σ and σj2 = 1, reflecting exit/entry at t = 1 only in the no-run branch. The term W j
1

is the aggregate startup fund of entering bankers of type j at t = 1. In the no-run equilibrium,

exiting bankers of both types are replaced. We set W j
2 = 0; the initial net worth N j

0 is instead

financed through ζ0 and treated as an initial condition. In the run equilibrium, (NSB
1 )∗ = 0 and

the SB entry term WSB
1 is zero, while only the LB entry term WLB

1 remains.

If all incumbent SB or LB bankers have the same net worth, then the dividend paid to the

household by exiting type-j bankers in the no-run equilibrium at t = 1 is

Πj1 =
1− σ

σ

(
N j

1 −W j
1

)
,

and the total startup fund for the entering banks is given by

ζ1 =WLB
1 +WSB

1 ,

which is the object that enters the household budget constraint (11) at t = 1. In the run equilibrium,

failed SB bankers have zero residual net worth and pay no dividend, while the startup transfer

reduces to ζ∗1 =WLB
1 .
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E. Marginal buyer of capital

To characterize the equilibrium capital price, it remains to determine which bank type absorbs

the marginal unit of this fixed capital supply. SBs have a higher underlying return on capital

because αSB = 0 < αLB, but their capital investment is limited by their incentive and balance-

sheet constraints.

Let Sjt > 0 denote the type-j bank’s shadow value of balance-sheet resources at t, and λSBK,t > 0

denote the shadow value of relaxing the binding SB capital-funding limit normalized by balance-

sheet resources. Then the SB capital first-order condition is

Et
[
ΩSBt+1(Zt+1 +Qt+1)

]
= SSBt

(
Qt + λSBK,t

)
. (S24)

Here, ΩSBt+1 is the marginal continuation value of SB net worth at t+ 1. Dividing by SSBt gives

Et
[
βSBt+1(Zt+1 +Qt+1)

]
= Qt + λSBK,t. (S25)

where βSBt+1 =
ΩSB

t+1

SSB
t

is SB’s stochastic discount factor at t + 1. The left-hand side is the shadow

present value of the expected marginal return of capital. Hence the SB willingness to pay for capital

is

pSB,WTP
t = Qt + λSBK,t > Qt. (S26)

Here, pSB,WTP
t denotes the SB willingness to pay for capital. Thus, SBs would purchase more capital

if their funding limit were relaxed, but they cannot absorb the marginal unit at the equilibrium

allocation.

LBs, by contrast, hold both capital and interbank claims and can finance an additional unit of

capital by reducing interbank lending. Therefore, no capital-funding upper bound binds for LBs,

and their capital first-order condition is

Et
[
βLBt+1(Zt+1 +Qt+1)

]
− αLBKLB

t = Qt, (S27)

where βLBt+1 is LB’s stochastic discount factor at t+ 1. It follows that

pLB,WTP
t = Qt < pSB,WTP

t . (S28)

Here, pLB,WTP
t denotes the LB willingness to pay for capital. SBs are therefore constrained buyers,

whereas LBs absorb the residual capital supply and are the marginal buyers in the no-run allocation.

Although the equilibrium price is jointly determined by bank optimality conditions and market

clearing, the LB marginal condition equates its willingness to pay to Qt.

The same conclusion is particularly transparent in the run allocation. SBs liquidate their capital

and cease to be buyers, so that

(KSB
1 )∗ = 0, (KLB

1 )∗ = K̄. (S29)
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LBs therefore absorb the entire capital stock and are the unique marginal buyers at the fire-sale

price Q∗
1. Thus, LBs are the marginal buyers of capital in both the no-run and run allocations.

F. Run, Recovery Rate, and Run Risk

We now turn to t = 1 to analyze the possibility of runs. The rollover decision is made by

interbank creditors: LBs holding maturing claims on SBs decide whether to extend new interbank

credit.

Equation (S16), together with (16), implies that desired aggregate interbank borrowing is an

increasing function of aggregate interbank credit, denoted by IB1.

IBd
1 =

µSBe,1 (IB1)− θ −
(
θ − µSBd,1 (IB1)

) (
RSB

d,1 (IB1)−Rb,1

ξ(ηSB−1)Rb,1

) 1

ηSB−1

θω − µSBib,1(IB1)
nSB1 (IB1) ≡ D(IB1). (S30)

Here D(·) denotes aggregate interbank demand.

When LB creditors roll over, equilibrium aggregate interbank credit is a positive fixed point

of Equation (S30), IB1 = D(IB1) > 0. We focus on the two self-fulfilling equilibria shown in

Figure S2: a run equilibrium in which LB creditors do not roll over and interbank credit to SBs

collapses (IB1 = 0), and a no-run equilibrium in which LB creditors roll over and interbank credit

remains positive (IB1 > 0).

In the run equilibrium, each SB expects other SBs also to be unable to refinance because their

LB creditors do not roll over. Given this system-wide refusal by lenders, feasible new interbank

credit is zero for every SB, so ib1 = 0 and IB1 = 0. SBs must then fire-sell their capital at the low

price Q∗
1. By contrast, in the no-run equilibrium, each SB expects LB creditors to roll over across

the sector. Rollover credit is therefore available, desired aggregate borrowing is consistent with the

positive fixed point IB1 = D(IB1) > 0, and the higher capital price Q1 keeps SBs solvent.

In a run outcome at t = 1, SBs liquidate capital at the fire-sale price Q∗
1 < Q1 and repay creditors

out of liquidation proceeds. The recovery rate is defined in (30):

uSB =
(Q∗

1 + Z1)k
SB
0 + aSB0

Rib,0ib
SB
0 +RSBd,0 d

SB
0

.

Lemma S2. Given all prices other than Q∗
1, a negative productivity shock strictly reduces the SB

recovery rate uSB and weakly increases the run probability P . Equivalently,

∂uSB

∂Z1
> 0,

and P is weakly decreasing in Z1.
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Figure S2. Equilibria: Run and No-Run

Lemma S3. Given all prices other than Q∗
1, an increase in aggregate interbank funding strictly

reduces the SB recovery rate uSB and weakly increases the run probability P :

∂uSB

∂IB0
< 0. (S31)

We next show how run risk P is priced into the equilibrium promised interbank rate Rib,t. Here,

Et denotes the conditional expectation relevant to the two-period pricing condition. At t = 0, the

expectation is taken over the distribution of Z1. At t = 1, Z1 has already been realized and there is

no further aggregate uncertainty, so the expectation is degenerate. The LB non-arbitrage condition

between capital investment and interbank lending is

Et
{
ΩLBt+1

[
RLBk,t+1(1− ρrb,t)−RLBd,t

]}
=

1

1− γ

{
Et
[
ΩLBt+1R

LB
k,t+1

]
−Rib,tEt

[
(1− P )Ω̃LBt+1 + PΩ∗LB

t+1 u
SB
]}

.

(S32)

The interbank claim pays the promised gross rate Rib,t in the no-run state and the recovery-

adjusted rate uSBRib,t in the run state. Therefore, the term multiplying Rib,t in (S32) is the
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expected marginal-value-weighted repayment factor. Equivalently, (S32) can be written as

Rib,tEt

[
(1− P )Ω̃LBt+1 + PΩ∗LB

t+1 u
SB
]
− Et

{
ΩLBt+1

(
RLBd,t +RLBk,t+1ρrb,t

)}
= γEt

{
ΩLBt+1

[
RLBk,t+1 −

(
RLBd,t +RLBk,t+1ρrb,t

)]}
.

The left-hand side is the effective net return on (−ibLB), and the right-hand side is the effective

net return on kLB, where Ω̃LBt+1 and Ω∗LB
t+1 denote the marginal values of net worth in the no-run

and run states, respectively.

Equation (S32) prices the run probability into the expected returns for IB. To see this point,

we rewrite (S32) as

Rib,t =
Et{ΩLBt+1

[
γRLBk,t+1 + (1− γ) (RLBd,t +RLBk,t+1ρrb,t)

]
}

Et

[
(1− P ) Ω̃LBt+1 + PΩ∗LB

t+1 u
SB
] (S33)

Since Ω∗LB
t+1 < Ω̃LBt+1 and u

SB < 1 in the event of a run, a higher run probability lowers the expected

repayment factor in the denominator. Holding the numerator and the other state-contingent objects

fixed, Rib,t therefore increases with P .

G. Constrained social planner’s problem

This subsection derives the planner’s first-order condition and highlights the externality em-

phasized in the main text. The constrained social planner chooses C0 and IB0, while household

optimality, bank balance sheets, market clearing, and the same incentive and liquidity constraints

as in the decentralized equilibrium determine the remaining date-0 quantities, prices, and state-

contingent continuation allocations. At date 0, the planner solves

max
C0,IB0

u(C0) + βE0[(1− P )V1(N1) + PV ∗
1 (N

∗
1 )] (S34)

subject to the following implementability conditions:

C0 +B0 =W − αLB(KLB
0 )2 −

∑
j∈{SB,LB}

f(Dj
0). (S35)

Aj0 = κN j
0 , j ∈ {SB,LB}, (S36)

χ(Xj
0) = rb,0(τN

j
0 + ρDj

0 −Aj0), j ∈ {SB,LB}. (S37)

Q0K
SB
0 = NSB

0 + IB0 +DSB
0 −ASB0 − χ(XSB

0 ), (S38)

(Q0 + αLBKLB
0 )KLB

0 = NLB
0 − IB0 +DLB

0 −ALB0 − χ(XLB
0 ). (S39)

Dj
0 = N j

0

(
Rjd,0 −Rb,0

ξ(ηj − 1)Rb,0

) 1

ηj−1

, j ∈ {SB,LB}. (S40)
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KSB
0 +KLB

0 = K̄, (S41)

IB0 = sς ibSB0 = −s(1− ς) ibLB0 > 0. (S42)

J SB
0 = 0, J LB

0 = 0. (S43)

P =

[
1−min

(
(Q∗

1 + Z1)K
SB
0 + κNSB

0

Rib,0IB0 +RSBd,0D
SB
0

, 1

)]δp
, (S44)

(Q∗
1 + αLBK̄)K̄ = (NLB

1 )∗ + (DLB
1 )∗ − κ(NLB

1 )∗ − χ∗(XLB
1 ), (S45)

θ
[
(NLB

1 )∗ + (DLB
1 )∗

]
= (µLBe,1 )

∗(NLB
1 )∗ + (µLBd,1 )

∗(DLB
1 )∗. (S46)

For each bank type j, J j
0 = 0 compactly denotes equilibrium conditions characterizing the bank’s

date-0 optimization problem, including its first-order conditions, and incentive constraint. The last

two conditions above display the run-state equations that pin down Q∗
1.

By Equations (S35)–(S46), the variables
{
Kj

0 , D
j
0, R

j
d,0

}
j∈{LB,SB}

, Q0, Q1, Rib,0, and P can be

written as functions of (C0, IB0;Rb,0, Z1) for each realized productivity state. Equivalently, one

may formulate the reduced problem in (B0, IB0) and recover C0 from (S35).

Using the resource constraint to substitute out C0, applying the envelope conditions for the

induced continuation equilibria, and differentiating the reduced objective with respect to IB0 yields

0 = βE0

[
(1− P )

∂V1
∂IB0

+ P
∂V ∗

1

∂IB0

]

− u′(C0)
∂

∂IB0

αLB(KLB
0 )2 +

∑
j

f(Dj
0)


+ βE0

[
(V ∗

1 − V1)
∂P

∂IB0

]
.

(S47)

The first line is the same price-taking marginal trade-off faced in the decentralized equilibrium. The

endogenous response of Q∗
1 is retained in the reduced-form derivative ∂P/∂IB0. The decentralized

equilibrium omits only the last term because an individual SB takes the aggregate run-probability

schedule as given when choosing its own interbank borrowing.

To illustrate the externality, Figure S3 compares interbank credit under Rb,0 = R̄b and Rb,0 =

RLb . Since aggregate and individual SB interbank borrowing satisfy IB0 = sς ibSB0 , the aggregate

comparison in Proposition 2 maps one-for-one into the individual borrowing comparison shown in

the figure. The individual SB borrowing choice implied by the planner’s condition can be expressed

as the following ex-ante borrowing rule.

ibSB,CSP0 = Ξ(P (IB0(Rb,0), Rb,0, Z1);Rb,0, Z1) . (S48)

The planner chooses ibSB,CSP0 at t = 0 by evaluating the state-contingent run probabilities and

continuation values under E0 over the distribution of Z1. The solid lines correspond to Rb,0 = R̄b,
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where P = 0 and uSB > 1, so that ibSB,CSP0 = ibSB,DE0 . The horizontal axis reports individual SB

interbank borrowing at t = 0, denoted by ibSB0 , while the vertical axis reports the borrowing level

implied by the relevant optimality condition, denoted by Ξ(·). In the decentralized equilibrium,

each individual SB takes the aggregate run probability P as given, so its borrowing condition does

not respond to the effect of aggregate interbank borrowing on P . This yields the flat borrowing

rule ΞDE . By contrast, the constrained social planner recognizes that higher ibSB0 raises aggregate

interbank borrowing IB0 = sςibSB0 , which increases run risk in adverse states and lowers the social

value of additional borrowing. This internalization produces the downward-sloping borrowing rule

ΞCSP . Equilibrium borrowing is the fixed point at which the relevant borrowing rule intersects the

45◦ line. Relative to the solid rules for Rb,0 = R̄b, the dashed rules for Rb,0 = RLb shift upward. Once

the run-risk externality becomes active, the dashed CSP rule lies below the corresponding dashed

DE rule. Because borrowing is the same under the two allocations when Rb,0 = R̄b, the increase

in interbank borrowing is larger in the decentralized equilibrium than under the constrained social

planner. Hence, ∆IBDE
0 > ∆IBCSP

0 , or equivalently, ∆ibSB,DE0 > ∆ibSB,CSP0 .

H. Proofs of Lemmas and Propositions in the Simple Model

Proof of Lemma S1. Suppose, toward a contradiction, that Assumption 1 does not hold, so that

ω + γ ≤ 1, but LBs simultaneously lend in the interbank market and hold positive capital in

an active interbank equilibrium. SBs borrow in the interbank market and hold positive capital

in this equilibrium. Under the maintained interior active-region conditions, both types of banks

have positive deposits, their incentive constraints bind with strictly positive multipliers, and the

multipliers on the capital non-negativity and interbank sign constraints are zero. Let the multipliers

on the SB and LB incentive constraints be ϖSB
t > 0 and ϖLB

t > 0, respectively.

For SBs, the first-order conditions for deposits and interbank borrowing are

(1 +ϖSB
t )µSBd,t = ϖSB

t θ, (S49)

(1 +ϖSB
t )µSBib,t = ϖSB

t θω. (S50)

Dividing (S50) by (S49) gives

µSBib,t = ωµSBd,t . (S51)

Moreover, (S49) implies

µSBd,t =
ϖSB
t

1 +ϖSB
t

θ > 0. (S52)
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Figure S3. Decentralized equilibrium vs. planner: interbank borrowing under alternative

values of the initial policy rate Rb,0. The curves plot the borrowing rule Ξ(·) against individ-
ual SB interbank borrowing ibSB

0 (horizontal axis). Because IB0 = sςibSB
0 , the individual

and aggregate comparisons are equivalent. Equilibrium borrowing is a fixed point where

the relevant curve intersects the 45◦ line. In the decentralized equilibrium (DE), each SB

takes the aggregate run probability P as given, yielding the flat rule ΞDE . The constrained

social planner (CSP) internalizes how higher aggregate interbank borrowing increases run

risk and lowers the social value of additional borrowing (Appendix C.G), producing the

downward-sloping rule ΞCSP . The solid lines correspond to Rb,0 = R̄b, and the dashed lines

correspond to Rb,0 = RL
b . Once the run-risk externality is active, the difference in borrowing

between the two initial-policy-rate cases is larger in the DE than under the CSP; the figure

does not impose a sign on the CSP borrowing response.

For LBs, interbank lending enters the incentive constraint with coefficient 1−γ. Their first-order
conditions for deposits and interbank lending are therefore

(1 +ϖLB
t )µLBd,t = ϖLB

t θ, (S53)

(1 +ϖLB
t )µLBib,t = ϖLB

t θ(1− γ). (S54)

Hence,

µLBib,t = (1− γ)µLBd,t . (S55)

From the definitions of the expected marginal values of deposits and interbank credit,

µjd,t = Et

[
Ωjt+1

(
(1− ρrb,t)R

j
k,t+1 −Rjd,t

)]
, (S56)

µjib,t = Et

[
Ωjt+1

(
Rjk,t+1 −Rib,t

)]
. (S57)
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Because Rib,t, R
j
d,t, and rb,t are known at date t, substituting (S56) and (S57) into (S51) and

dividing by Et[Ω
SB
t+1] > 0 gives

Rib,t =
Et

[
ΩSBt+1R

SB
k,t+1

]
Et
[
ΩSBt+1

]
− ω

(1− ρrb,t)
Et

[
ΩSBt+1R

SB
k,t+1

]
Et
[
ΩSBt+1

] −RSBd,t

 . (S58)

Similarly, substituting the same definitions into (S55) and dividing by Et[Ω
LB
t+1] > 0 yields

Rib,t =
Et

[
ΩLBt+1R

LB
k,t+1

]
Et
[
ΩLBt+1

]
− (1− γ)

(1− ρrb,t)
Et

[
ΩLBt+1R

LB
k,t+1

]
Et
[
ΩLBt+1

] −RLBd,t

 . (S59)

Equating the two expressions for Rib,t in (S58) and (S59), and collecting terms, gives

(ω + γ − 1)

(1− ρrb,t)
Et

[
ΩSBt+1R

SB
k,t+1

]
Et
[
ΩSBt+1

] −RSBd,t


= [1− (1− γ)(1− ρrb,t)]

Et
[
ΩSBt+1R

SB
k,t+1

]
Et
[
ΩSBt+1

] −
Et

[
ΩLBt+1R

LB
k,t+1

]
Et
[
ΩLBt+1

]


+ (1− γ)
(
RSBd,t −RLBd,t

)
. (S60)

By (S52), (S56), and Et[Ω
SB
t+1] > 0,

(1− ρrb,t)
Et

[
ΩSBt+1R

SB
k,t+1

]
Et
[
ΩSBt+1

] −RSBd,t > 0. (S61)

In addition, since 0 < γ ≤ 1, ρ ≥ 0, and rb,t ≥ 0,

1− (1− γ)(1− ρrb,t) = γ + (1− γ)ρrb,t > 0. (S62)

Under the maintained active-region return orderings,

Et

[
ΩSBt+1R

SB
k,t+1

]
Et
[
ΩSBt+1

] ≥
Et

[
ΩLBt+1R

LB
k,t+1

]
Et
[
ΩLBt+1

] , (S63)

RSBd,t ≥ RLBd,t , (S64)

with at least one of these inequalities being strict. At t = 1, the expectation operator is degenerate

and ΩSB2 = ΩLB2 = βm2, so (S63) reduces to the realized-return ordering RSBk,2 ≥ RLBk,2 . At t = 0,

(S63) is the expectation-consistent form of the maintained return ordering.
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Equations (S62)–(S64) imply that the right-hand side of (S60) is strictly positive. Since the

bracket multiplying ω + γ − 1 on the left-hand side is strictly positive by (S61), it follows that

ω + γ − 1 > 0, (S65)

or equivalently, ω + γ > 1. This contradicts the supposition that ω + γ ≤ 1. Therefore, if As-

sumption 1 does not hold, LBs cannot simultaneously have positive interbank lending and positive

capital investment in an active interbank equilibrium. □

Proof of Proposition 1. Throughout the proof, all derivatives are evaluated holding all other prices

and continuation values fixed. Because nSB0 is given, changes in normalized and level interbank

borrowing have the same sign. From the binding incentive constraint (S15) and the interior no-

arbitrage condition µSBib,0 = ωµSBd,0 , we obtain

ψSBib,0 = − 1

ω
ψSBd,0 +

µSBe,0 − θ

ω
(
θ − µSBd,0

) . (S66)

Differentiating (S66) with respect to Rb,0 gives

∂ψSBib,0
∂Rb,0

= − 1

ω

∂ψSBd,0
∂Rb,0

+
∂

∂Rb,0

 µSBe,0 − θ

ω
(
θ − µSBd,0

)
 . (S67)

We first establish the sign of the second term in (S67). From the definitions of µSBe,0 and µSBd,0 ,

and using rb,0 = Rb,0 − 1, we have

∂µSBe,0
∂Rb,0

= −(τ − κ)E0

[
ΩSB1 RSBk,1

]
, (S68)

∂µSBd,0
∂Rb,0

= −ρE0

[
ΩSB1 RSBk,1

]
. (S69)

Consequently,

∂

∂Rb,0

 µSBe,0 − θ

ω
(
θ − µSBd,0

)


=
1

ω

∂µSBe,0 /∂Rb,0
θ − µSBd,0

+
(µSBe,0 − θ)

(
∂µSBd,0 /∂Rb,0

)
(
θ − µSBd,0

)2


= −
E0

[
ΩSB1 RSBk,1

]
ω
(
θ − µSBd,0

)2 [(τ − κ)
(
θ − µSBd,0

)
+ ρ

(
µSBe,0 − θ

)]
. (S70)
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To determine the sign of the expression in brackets, combine the normalized value equation

ψSB0 = µSBe,0 + µSBd,0ψ
SB
d,0 + µSBib,0ψ

SB
ib,0

with the binding incentive constraint

ψSB0 = θ
(
1 + ψSBd,0 + ωψSBib,0

)
and the no-arbitrage condition µSBib,0 = ωµSBd,0 . These equations imply

µSBe,0 − θ =
(
θ − µSBd,0

) (
ψSBd,0 + ωψSBib,0

)
. (S71)

Substituting (S71) into (S70) yields

∂

∂Rb,0

 µSBe,0 − θ

ω
(
θ − µSBd,0

)


= −
E0

[
ΩSB1 RSBk,1

]
ω
(
θ − µSBd,0

) [τ − κ+ ρψSBd,0 + ρωψSBib,0
]
. (S72)

Because the liquidity constraint binds, aSB0 = κnSB0 , and we assume the expected reserve shortfall

is positive, hence
xSB0
nSB0

= τ − κ+ ρψSBd,0 ≥ 0. (S73)

Therefore,

∂

∂Rb,0

 µSBe,0 − θ

ω
(
θ − µSBd,0

)
 < 0. (S74)

We next consider the deposit response. The household deposit-demand condition gives

ψSBd,0 =

[
RSBd,0 −Rb,0

ξ(ηSB − 1)Rb,0

] 1

ηSB−1

. (S75)

Given RSBd,0 , differentiating (S75) yields

∂ψSBd,0
∂Rb,0

= −
RSBd,0

ξ(ηSB − 1)2R2
b,0

×

[
RSBd,0 −Rb,0

ξ(ηSB − 1)Rb,0

] 1

ηSB−1
−1

< 0. (S76)

Furthermore,

lim
ηSB→∞

(
−
∂ψSBd,0
∂Rb,0

)
= 0. (S77)

Thus, the first term on the right-hand side of (S67) is positive but converges to zero as ηSB

becomes large. By contrast, the second term is strictly negative by (S74). Because all other prices
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and continuation values are held fixed in this partial-equilibrium exercise, this negative term does

not vary with ηSB. Therefore, there exists a sufficiently large value of ηSB such that

∂ψSBib,0
∂Rb,0

< 0. (S78)

Since ibSB0 = nSB0 ψSBib,0 and nSB0 > 0 is given,

∂ibSB0
∂Rb,0

= nSB0
∂ψSBib,0
∂Rb,0

< 0. (S79)

Finally, since the SB balance-sheet condition is

Q0k
SB
0 = [1− κ− rb,0(τ − κ)]nSB0 + (1− ρrb,0) d

SB
0 + ibSB0 . (S80)

we have
∂dSB0
∂Rb,0

= nSB0
∂ψSBd,0
∂Rb,0

< 0. (S81)

Using xSB0 ≥ 0, 1− ρrb,0 > 0, ∂dSB0 /∂Rb,0 < 0, and (S79), equation (S80) implies

∂(Q0k
SB
0 )

∂Rb,0
< 0. (S82)

Since Q0 > 0 is held fixed, it follows that

∂kSB0
∂Rb,0

∣∣∣∣
Q0

< 0. (S83)

Therefore, when ηSB is sufficiently large, a marginal decrease in the policy rate increases both SB

interbank borrowing and SB capital demand. □

Proof of Lemma S2. In the run equilibrium, the interbank market collapses, IB1 = 0, and SBs

liquidate their capital. LBs therefore absorb the entire capital stock, so each LB purchases

(kLB1 )∗ = k̄ ≡ K̄

s(1− ς)
. (S84)

The LB balance-sheet condition and binding incentive constraint in the run state are(
Q∗

1 + αLBK̄
)
(kLB1 )∗ = (nLB1 )∗ + (dLB1 )∗ − κ(nLB1 )∗ − χ∗((xLB1 )∗

)
, (S85)

θ
(
(nLB1 )∗ + (dLB1 )∗

)
= (µLBe,1 )

∗(nLB1 )∗ + (µLBd,1 )
∗(dLB1 )∗. (S86)

Solving (S86) for LB deposits gives

(dLB1 )∗ =
θ − (µLBe,1 )

∗

(µLBd,1 )
∗ − θ

(nLB1 )∗. (S87)
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Substituting (S87) into (S85), we obtain(
Q∗

1 + αLBK̄
)
(kLB1 )∗ = F (Q∗

1)(n
LB
1 )∗, (S88)

F (Q∗
1) ≡ 1 +

θ − (µLBe,1 )
∗

(µLBd,1 )
∗ − θ

(1− ρrb,1)− κ− rb,1(τ − κ). (S89)

Because Z2 = Z̄ is fixed and all other prices and continuation values are held fixed, F has no

direct dependence on Z1. It may nevertheless depend on Q∗
1 through the LB continuation returns.

At the fire-sale equilibrium, (S84) and (S88) imply(
Q∗

1 + αLBK̄
)
k̄ = F (Q∗

1)(n
LB
1 )∗. (S90)

Since Q∗
1 + αLBK̄ > 0, k̄ > 0, and (nLB1 )∗ > 0, equation (S90) also implies

F (Q∗
1) > 0. (S91)

The SB recovery rate is

uSB =
(Z1 +Q∗

1)k
SB
0 + aSB0

Rib,0ib
SB
0 +RSBd,0 d

SB
0

. (S92)

Holding the other argument fixed, (S92) gives

∂uSB

∂Z1

∣∣∣∣
Q∗

1

=
∂uSB

∂Q∗
1

∣∣∣∣
Z1

=
kSB0

Rib,0ib
SB
0 +RSBd,0 d

SB
0

> 0. (S93)

The run-state net worth of an LB is

(nLB1 )∗ = aLB0 + (Z1 +Q∗
1)k

LB
0 − uSBRib,0ib

LB
0 −RLBd,0 d

LB
0 . (S94)

Using (S93), we obtain

∂(nLB1 )∗

∂Z1

∣∣∣∣
Q∗

1

=
∂(nLB1 )∗

∂Q∗
1

∣∣∣∣
Z1

= kLB0 −
Rib,0ib

LB
0 kSB0

Rib,0ib
SB
0 +RSBd,0 d

SB
0

> 0. (S95)

The last inequality follows from ibLB0 < 0.

Equation (S88) implies that LB capital demand satisfies

(kLB1 )∗ =
F (Q∗

1)(n
LB
1 )∗

Q∗
1 + αLBK̄

. (S96)

Differentiating (S96) with respect to Q∗
1, holding Z1 fixed, gives

∂(kLB1 )∗

∂Q∗
1

∣∣∣∣
Z1

=

F
∂(nLB1 )∗

∂Q∗
1

∣∣∣∣
Z1

+ FQ(n
LB
1 )∗ − (kLB1 )∗

Q∗
1 + αLBK̄

, (S97)
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where FQ ≡ ∂F/∂Q∗
1. Under the uniform local regularity condition, LB residual capital demand

is strictly downward sloping at the local interior equilibrium. Therefore, using (kLB1 )∗ = k̄,

F
∂(nLB1 )∗

∂Q∗
1

∣∣∣∣
Z1

+ FQ(n
LB
1 )∗ − k̄ < 0. (S98)

We now differentiate the fire-sale equilibrium condition (S90) with respect to Z1. Because F has

no direct dependence on Z1,

k̄
dQ∗

1

dZ1
= FQ(n

LB
1 )∗

dQ∗
1

dZ1

+ F

[
∂(nLB1 )∗

∂Z1

∣∣∣∣
Q∗

1

+
∂(nLB1 )∗

∂Q∗
1

∣∣∣∣
Z1

dQ∗
1

dZ1

]
. (S99)

Collecting the terms involving dQ∗
1/dZ1 gives

dQ∗
1

dZ1
=

F
∂(nLB1 )∗

∂Z1

∣∣∣∣
Q∗

1

k̄ − F
∂(nLB1 )∗

∂Q∗
1

∣∣∣∣
Z1

− FQ(nLB1 )∗
> 0. (S100)

The inequality follows from (S91), (S95), and (S98). Thus, a higher Z1 increases the fire-sale price

Q∗
1.

Taking the total derivative of (S92) with respect to Z1, and using (S93) and (S100), gives

duSB

dZ1
=
∂uSB

∂Z1

∣∣∣∣
Q∗

1

+
∂uSB

∂Q∗
1

∣∣∣∣
Z1

dQ∗
1

dZ1

=
kSB0

Rib,0ib
SB
0 +RSBd,0 d

SB
0

(
1 +

dQ∗
1

dZ1

)
> 0. (S101)

Hence P is weakly decreasing in Z1, with a strictly negative derivative whenever run risk is

active.

□

Proof of Lemma S3. The SB recovery rate can be written as

uSB =
RSB,∗k HSB + κ

L
, (S102)

where

RSB,∗k =
Z1 +Q∗

1

Q0
, (S103)

HSB = 1 + ψSBib,0 + (1− ρrb,0)ψ
SB
d − κ− rb,0(τ − κ), (S104)

L = Rib,0ψ
SB
ib,0 +RSBd,0ψ

SB
d . (S105)
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We first derive the direct balance-sheet effect. Holding Q∗
1 fixed and differentiating (S102) with

respect to ψSBib,0 gives

∂uSB

∂ψSBib,0

∣∣∣∣∣
Q∗

1

=
RSB,∗k L −Rib,0

(
RSB,∗k HSB + κ

)
L2

= − B

L2
, (S106)

where

B ≡ Rib,0A∗ − ψSBd RSB,∗k

[
RSBd,0 −Rib,0(1− ρrb,0)

]
, (S107)

and

A∗ ≡ κ+RSB,∗k [1− κ− rb,0(τ − κ)] . (S108)

The funding-cost inequality used below follows directly from the SB no-arbitrage condition µSBib,0 =

ωµSBd,0 . In particular, evaluating the equivalent return condition (S58) at t = 0 and using (S56)

gives

Rib,0(1− ρrb,0)−RSBd,0

= [1− ω(1− ρrb,0)]

(1− ρrb,0)
E0

[
ΩSB1 RSBk,1

]
E0

[
ΩSB1

] −RSBd,0


= [1− ω(1− ρrb,0)]

µSBd,0

E0[ΩSB1 ]
≥ 0. (S109)

The last inequality uses 0 < ω ≤ 1. Hence, RSBd,0 ≤ Rib,0(1− ρrb,0). Together with the maintained

run-state condition A∗ > 0, this implies B > 0 and therefore ∂uSB/∂ψSBib,0

∣∣∣
Q∗

1

< 0.

We next derive the endogenous fire-sale-price response. LB run-state net worth is

NLB,∗ = ALB0 + (Z1 +Q∗
1)K

LB
0 + uSBRib,0ψ

SB
ib,0N

SB
0 −RLBd,0D

LB
0 . (S110)

Run-state capital-market clearing requires(
Q∗

1 + αLBK̄
)
K̄ = FLB,∗NLB,∗, (S111)

where

FLB,∗ = 1 + (1− ρrb,1)ψ
LB,∗
d − κ− rb,1(τ − κ). (S112)

Differentiating (S111) with respect to ψSBib,0 gives[
K̄ − FLB,∗

∂NLB,∗

∂Q∗
1

− FLB,∗Q NLB,∗
]
dQ∗

1

dψSBib,0

= FLB,∗
∂NLB,∗

∂ψSBib,0

∣∣∣∣∣
Q∗

1

. (S113)
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Holding ψSBib,0 fixed and using the SB balance sheet Q0K
SB
0 = NSB

0 HSB, equations (S102)–(S105)

imply
∂uSB

∂Q∗
1

=
HSB

Q0L
=

KSB
0

NSB
0 L

> 0. (S114)

Differentiating (S110) with respect to Q∗
1, holding ψ

SB
ib,0 fixed, and using (S114) gives

∂NLB,∗

∂Q∗
1

= KLB
0 +Rib,0ψ

SB
ib,0N

SB
0

∂uSB

∂Q∗
1

= KLB
0 +

Rib,0ψ
SB
ib,0

L
KSB

0 . (S115)

Differentiating the same SB balance sheet and KSB
0 +KLB

0 = K̄ with respect to ψSBib,0 gives

∂KSB
0

∂ψSBib,0
=
NSB

0

Q0
,

∂KLB
0

∂ψSBib,0
= −N

SB
0

Q0
. (S116)

The LB balance-sheet condition gives

ψLBd,0 =

(Q0 + αLBKLB
0 )KLB

0

NLB
0

− [1− κ− rb,0(τ − κ)] +
NSB

0

NLB
0

ψSBib,0

1− ρrb,0
. (S117)

Differentiating (S117) and using (S116) yields

∂DLB
0

∂ψSBib,0
= NLB

0

∂ψLBd,0

∂ψSBib,0

= −2αLBKLB
0 NSB

0

Q0(1− ρrb,0)
< 0. (S118)

Equations (S102)–(S107) imply

Rib,0u
SB −RSB,∗k =

B

L
. (S119)

Differentiating (S110) with respect to ψSBib,0, holding Q
∗
1 fixed, and using (S106), (S116), (S118),

(S119), and Z1 +Q∗
1 = Q0R

SB,∗
k , gives

∂NLB,∗

∂ψSBib,0

∣∣∣∣∣
Q∗

1

=
NSB

0 RSBd,0ψ
SB
d B

L2
+

2αLBKLB
0 RLBd,0N

SB
0

Q0(1− ρrb,0)
> 0. (S120)

The strict regularity condition maintained in the proof of Lemma S2 is

FLB,∗
∂NLB,∗

∂Q∗
1

+ FLB,∗Q NLB,∗ − K̄ < 0. (S121)

For the present comparative static, maintain the following uniform local regularity condition, which

incorporates the deposit adjustment required by the LB balance sheet:

K̄(FLB,∗ − 1) + FLB,∗Q NLB,∗ +
2αLBKLB

0 KSB
0 RLBd,0 F

LB,∗L
Q0(1− ρrb,0)B

< 0. (S122)
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Equations (S113), (S120), and (S121) imply

dQ∗
1

dψSBib,0
=

FLB,∗ ∂NLB,∗

∂ψSB
ib,0

∣∣∣∣
Q∗

1

K̄ − FLB,∗ ∂N
LB,∗

∂Q∗
1

− FLB,∗Q NLB,∗
> 0. (S123)

The total effect on recovery is

duSB

dψSBib,0
=
∂uSB

∂Q∗
1

dQ∗
1

dψSBib,0
+
∂uSB

∂ψSBib,0

∣∣∣∣∣
Q∗

1

. (S124)

Substituting (S106), (S114), (S115), (S120), and (S123) into (S124), and using KSB
0 +KLB

0 = K̄

and L = Rib,0ψ
SB
ib,0 +RSBd,0ψ

SB
d , yields

duSB

dψSBib,0
=

B
[
K̄(FLB,∗ − 1) + FLB,∗Q NLB,∗

]
+

2αLBKLB
0 KSB

0 RLBd,0 F
LB,∗L

Q0(1− ρrb,0)

L2
[
K̄ − FLB,∗ ∂N

LB,∗

∂Q∗
1

− FLB,∗Q NLB,∗
] . (S125)

The denominator in (S125) is strictly positive by (S121). Since B > 0, (S122) makes the

numerator strictly negative. Equation (S125) therefore gives

duSB

dψSBib,0
< 0. (S126)

Because
∂ψSBib,0
∂IB0

=
1

NSB
0

> 0,

we obtain
∂uSB

∂IB0
=
duSB

dψSBib,0

∂ψSBib,0
∂IB0

< 0,

which proves (S31).

Finally,

P (uSB) =
[
1−min{uSB, 1}

]δp
is weakly decreasing in uSB. Together with ∂uSB/∂IB0 < 0, this implies that P is weakly increasing

in IB0, and strictly increasing wherever run risk is active.

□

Proof of Proposition 2. Consistent with the conditional comparative statics in the simple model,

the private marginal conditions in this proof hold fixed the other date-0 and continuation prices.

When computing the aggregate run-probability response, however, the run-state fire-sale price Q∗
1

adjusts endogenously through run-state capital-market clearing. Because bankers are owned by

households, the planner’s objective is household utility. The relevant continuation values are

V1(N1) = u(C1(N1)) + βu(C2(N1)), V ∗
1 (N

∗
1 ) = u(C∗

1 (N
∗
1 )) + βu(C∗

2 (N
∗
1 )).
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We restrict attention to a parameter region in which the relevant interior DE and CSP solutions

are unique for each policy rate considered. Write P = P (IB0, Rb,0, Z1), where the reduced-form

run probability incorporates the endogenous response of Q∗
1. All objects below are evaluated at the

allocations implied by (IB0, Rb,0, Z1). After substituting the equilibrium constraints, applying the

relevant envelope conditions, and using market clearing, equilibrium-price feedback terms outside P

cancel in aggregate household welfare. The partial derivatives entering G are therefore the common

price-taking marginal derivatives, holding the run-probability schedule and equilibrium prices fixed;

the endogenous Q∗
1 response remains included in ∂P/∂IB0. Define this common marginal condition

as

G(IB0, Rb,0) ≡ βE0

[
(1− P )

∂V1
∂IB0

+ P
∂V ∗

1

∂IB0

]

− u′(C0)
∂

∂IB0

αLB(KLB
0 )2 +

∑
j

f(Dj
0)

 . (S127)

This expression contains the direct effects of interbank borrowing on continuation values and date-0

resource costs. An individual SB accounts for these effects but takes the aggregate run-probability

schedule as given. Hence, after aggregating the symmetric SB first-order conditions, the decentral-

ized equilibrium satisfies

G(IBDE
0 , Rb,0) = 0. (S128)

By contrast, the constrained social planner internalizes the effect of aggregate interbank borrowing

on the run probability. The planner’s first-order condition (S47) can be written as

G(IBCSP
0 , Rb,0)−M(IBCSP

0 , Rb,0) = 0, (S129)

where the externality wedge is

M(IB0, Rb,0) ≡ −βE0

[
(V ∗

1 − V1)
∂P

∂IB0

]
. (S130)

The sign of M follows from the economics of the run state. A run weakly lowers household

continuation utility, so V ∗
1 ≤ V1. Lemma S3 shows that uSB is strictly decreasing in aggregate

interbank borrowing and that P is therefore weakly increasing in IB0. In active states with uSB < 1,

P is differentiable and ∂P/∂IB0 > 0; in interior inactive states with uSB > 1, P = 0 locally and

∂P/∂IB0 = 0. Threshold realizations satisfying uSB = 1 are assumed to have zero probability, and

the derivative entering the expectation is understood almost surely. Therefore

M(IB0, Rb,0) ≥ 0. (S131)

The inequality is strict whenever V ∗
1 < V1 and ∂P/∂IB0 > 0 jointly hold on a positive-probability

set of adverse states. This is the nondegenerate run-risk externality invoked in Proposition 2.

It remains to compare the borrowing levels. A second-order condition imposed only at each

optimum is not sufficient for this comparison. We therefore use the following common-neighborhood
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version of the local curvature condition: for policy rates in a common neighborhood containing R̄b

and RLb , and for every IB0 between the DE and CSP choices,

∂

∂IB0
[G(IB0, Rb,0)−M(IB0, Rb,0)] < 0. (S132)

Evaluating the planner’s marginal condition at the decentralized choice and using (S128) gives

G(IBDE
0 , Rb,0)−M(IBDE

0 , Rb,0)

= −M(IBDE
0 , Rb,0) ≤ 0. (S133)

At IBCSP
0 , by contrast, the same expression equals zero by (S129). Since (S132) makes the

expression strictly decreasing in IB0 throughout the common neighborhood, (S133) implies

IBCSP
0 |Rb,0

≤ IBDE
0 |Rb,0

, (S134)

with strict inequality whenever M(IBDE
0 , Rb,0) > 0. This comparison is ex ante: IB0 is selected

before Z1 is realized, while M integrates the state-contingent run externality over the distribution

of Z1.

We now turn to the finite comparison between the two initial-policy-rate cases in Proposition 2.

When Rb,0 = R̄b, run risk is inactive, so P = 0. It follows that M = 0. Under the maintained

uniqueness of the relevant interior solutions, the DE and CSP marginal conditions therefore coincide

and imply

IBDE
0 |R̄b

= IBCSP
0 |R̄b

. (S135)

Consider instead the case Rb,0 = RLb < R̄b. By assumption, both endpoint allocations remain

in the common neighborhood used in (S132), and this initial low-policy-rate case places a positive-

probability set of sufficiently adverse realizations of Z1 in the active region uSB < 1. Hence M > 0

in the Rb,0 = RLb case, so the strict level comparison in (S134) applies and gives

IBDE
0 |RL

b
> IBCSP

0 |RL
b
. (S136)

Using the definition in (36), subtracting the common allocation at Rb,0 = R̄b in (S135) from the

comparison at Rb,0 = RLb in (S136) gives

∆IBDE
0 −∆IBCSP

0 =
[
IBDE

0 |RL
b
− IBCSP

0 |RL
b

]
−
[
IBDE

0 |R̄b
− IBCSP

0 |R̄b

]
= IBDE

0 |RL
b
− IBCSP

0 |RL
b
> 0. (S137)

Therefore,

∆IBDE
0 > ∆IBCSP

0 . (S138)

No sign restriction on ∆IBCSP
0 is required. This proves Proposition 2. □



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 76

Proof of Proposition 3. We compare the two initial-policy-rate cases Rb,0 = R̄b and Rb,0 = RLb < R̄b

defined in Proposition 2. Initial net worth is given. At each fixed endpoint R ∈ {R̄b, RLb }, hold
fixed the other prices and continuation marginal values. The maintained interior active-region

conditions used below hold throughout the interval between the two regulated borrowing levels at

the Rb,0 = RLb endpoint. Under the proportional limit (39), actual aggregate interbank borrowing

under the two rules is

IBϕl

0 |R = ϕl(R)IBDE
0 |R = IBDE

0 |R,

IBϕ∗

0 |R = ϕ∗(R)IBDE
0 |R = IBCSP

0 |R. (S139)

It follows from (36) that

∆IBϕl

0 −∆IBϕ∗

0 = ∆IBDE
0 −∆IBCSP

0 > 0, (S140)

where the strict inequality is Proposition 2.

We next establish how SB capital expenditure varies with interbank borrowing when deposits

are endogenous. Interbank market clearing, symmetry, and the fact that nSB0 is given imply

IB0 = sς ibSB0 = sςnSB0 ψSBib,0. (S141)

At a fixed policy rate R, the household deposit-demand schedule (16) can be inverted as

RSBd,0 = R
[
1 + ξ(ηSB − 1)(ψSBd,0 )

ηSB−1
]
,

∂RSBd,0

∂ψSBd,0
= Rξ(ηSB − 1)2(ψSBd,0 )

ηSB−2 > 0. (S142)

From the definition of the expected marginal value of deposits, holding the other prices and con-

tinuation marginal values fixed,

∂µSBd,0

∂ψSBd,0
= −E0

[
ΩSB1

] ∂RSBd,0
∂ψSBd,0

< 0. (S143)

In the active region, the SB incentive constraint binds. Allowing µSBd,0 to vary with the endogenous

deposit rate, it is

µSBe,0 + µSBd,0 (ψ
SB
d,0 )ψ

SB
d,0 + µSBib,0ψ

SB
ib,0 = θ

(
1 + ψSBd,0 + ωψSBib,0

)
. (S144)

Let ϖSB
0 > 0 be the multiplier on this incentive constraint and let ϖSB

ϕ,0 ≥ 0 be the multiplier on

the upper limit on SB interbank borrowing. The price-taking first-order conditions for deposits

and interbank borrowing are

(1 +ϖSB
0 )µSBd,0 = ϖSB

0 θ, (S145)

(1 +ϖSB
0 )µSBib,0 = ϖSB

0 θω +ϖSB
ϕ,0 . (S146)

Consequently,

µSBib,0 = ωµSBd,0 +
ϖSB
ϕ,0

1 +ϖSB
0

≥ ωµSBd,0 , (S147)
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with equality when the limit is slack. Differentiating (S144) with respect to ψSBib,0, while holding the

other prices and continuation marginal values fixed, gives[
θ − µSBd,0 − ψSBd,0

∂µSBd,0

∂ψSBd,0

]
∂ψSBd,0

∂ψSBib,0
= −

(
θω − µSBib,0

)
. (S148)

The maintained active-region conditions imply θ > µSBd,0 and θω > µSBib,0. Together with (S143), the

denominator in (S148) is strictly positive. Moreover,

ω

[
θ − µSBd,0 − ψSBd,0

∂µSBd,0

∂ψSBd,0

]
−
(
θω − µSBib,0

)
= µSBib,0 − ωµSBd,0 − ωψSBd,0

∂µSBd,0

∂ψSBd,0
> 0, (S149)

where the last inequality follows from (S147), ψSBd,0 > 0, and (S143). Therefore,

0 < −
∂ψSBd,0

∂ψSBib,0
=

θω − µSBib,0

θ − µSBd,0 − ψSBd,0 (∂µ
SB
d,0 /∂ψ

SB
d,0 )

< ω. (S150)

Dividing the SB balance sheet by given net worth yields

Q0k
SB
0

nSB0
= 1− κ− rb,0(τ − κ) + (1− ρrb,0)ψ

SB
d,0 + ψSBib,0. (S151)

Using (S150), 0 < ω ≤ 1, and 0 ≤ ρrb,0 < 1,

∂

∂ψSBib,0

(
Q0k

SB
0

nSB0

)
= 1 + (1− ρrb,0)

∂ψSBd,0

∂ψSBib,0

> 1− ω(1− ρrb,0) ≥ 0. (S152)

Thus SB capital expenditure is strictly increasing in individual and aggregate interbank borrowing,

even though additional interbank borrowing partially crowds out deposits.

When Rb,0 = R̄b, Proposition 2 gives the common allocation IBϕl

0 |R̄b
= IBϕ∗

0 |R̄b
. In the

Rb,0 = RLb case, the same proposition and (S140) give IBϕl

0 |RL
b
> IBϕ∗

0 |RL
b
. Applying the strict

monotonicity in (S152) at Rb,0 = RLb , while noting equality at Rb,0 = R̄b, yields

∆
(
Q0k

SB
0

)ϕl
> ∆

(
Q0k

SB
0

)ϕ∗
. (S153)

This proves (40).

It remains to establish the LB comparison. Since aggregate capital supply is fixed and the simple

model has no direct household capital holdings,

KLB
0 = K̄ −KSB

0 . (S154)

The strict SB expenditure ordering in the Rb,0 = RLb case implies KSB,ϕl

0 > KSB,ϕ∗

0 , and therefore

KLB,ϕl

0 < KLB,ϕ∗

0 . For a representative LB, symmetry gives kLB0 = KLB
0 /[s(1− ς)], and its capital
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expenditure is strictly increasing in aggregate LB capital because

∂

∂KLB
0

[
(Q0 + αLBKLB

0 )kLB0
]
=
Q0 + 2αLBKLB

0

s(1− ς)
> 0. (S155)

The two regulatory rules coincide when Rb,0 = R̄b, whereas the looser rule leaves LBs with strictly

less capital when Rb,0 = RLb . Hence,

∆
[
(Q0 + αLBKLB

0 )kLB0
]ϕl

< ∆
[
(Q0 + αLBKLB

0 )kLB0
]ϕ∗

. (S156)

□

Proof of Proposition 4. By the definitions of the two regulatory rules in (39),

IBϕl

0 = IBDE
0 |RL

b
, IBϕ∗

0 = IBCSP
0 |RL

b
. (S157)

When Rb,0 = R̄b, decentralized and planner borrowing coincide. Hence Proposition 2 implies

IBϕl

0 − IBϕ∗

0 =
[
IBDE

0 |RL
b
− IBDE

0 |R̄b

]
−
[
IBCSP

0 |RL
b
− IBCSP

0 |R̄b

]
= ∆IBDE

0 −∆IBCSP
0 > 0. (S158)

Lemma S3 incorporates the endogenous response of Q∗
1 and, under the strict uniform regularity

condition maintained there, establishes
duSB

dIB0
< 0 (S159)

throughout the interval between the two borrowing levels in (S157). Combining (S158) and (S159)

gives

uSB,ϕ
l − uSB,ϕ

∗
=

∫ IBϕl

0

IBϕ∗
0

duSB

dIB0
dIB0 < 0. (S160)

For the sufficiently low realizations of Z1 specified in the proposition, run risk is active under

the looser regime, so

uSB,ϕ
l
< 1. (S161)

Recall that

P (uSB) =
[
1−min{uSB, 1}

]δp
(S162)

is weakly decreasing in uSB and strictly decreasing whenever uSB < 1. Therefore,

P ϕ
l
> P ϕ

∗
. (S163)

□
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Appendix D. Technical Details of the Quantitative Model

A. Additional details for the environment in Section V

Section V in the main text provides a high-level description of the rich quantitative model and

emphasizes the key frictions. This appendix collects the formal definitions and derivations that

underpin that discussion (reserve-management timing, the household problem, and the bankers’

recursive formulation), using the same notation as in Section V.

A.1. Aggregate shock processes. Productivity follows a mean-reverting process driven by the one-

time adverse innovation specified below, while the gross policy rate follows a stationary AR(1)

process:

Zt+1 − Z = ρz (Zt − Z) + ϵz,t+1, (S164)

Rb,t+1 −Rssb = ρRb
(Rb,t −Rssb ) + ϵRb,t+1, (S165)

where Z and Rssb denote their steady-state levels. In the policy experiment, ϵRb,t is the one-time

unexpected policy innovation at the impact date. The impact innovation lowers the net policy

rate rb,t = Rb,t − 1 by 50%, from 1.15% to 0.575%, which is a decline of 0.575 percentage points,

or approximately 0.58 percentage points (58 basis points). Until the adverse productivity shock

arrives, the policy rate follows its mean-reverting path. Conditional on no previous productivity

shock, a one-time innovation ϵz,TZ = −0.025Z arrives from period 7 onward with probability

h = 0.081 in each period and can occur only once; before and after that first arrival, ϵz,t = 0. Once

the productivity shock arrives, the conditional path sets the policy rate at Rssb , and productivity

subsequently mean-reverts according to ρz. Accordingly, the model does not separately calibrate a

continuous-innovation volatility. The variable Zt+1 is the exogenous per-unit return component of

capital; the total gross capital return remains the endogenous object in (S169).

A.2. Technology and heterogeneous intermediation efficiency. There are two goods: a nondurable

consumption good and capital. Each agent of type j—where j ∈ {LB, SB, h} denotes an LB, an

SB, or the household—uses both goods as inputs to produce output and new capital. If kjt units of

capital are employed in period t+ 1, the agent receives Zt+1k
j
t units of output in period t+ 1 plus

undepreciated capital, where Zt+1 is an aggregate productivity shock.

To capture heterogeneity in screening and credit allocation efficiency, we assume that each type

faces a different capital-management cost when allocating capital. This cost is paid directly by the

agent and is not rebated to the household. The cost function is

F j(kjt ;K
j
t ) = αjKj

t k
j
t , (S166)
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where αj ≥ 0 and Kj
t is aggregate capital managed by type j. Each atomistic agent takes aggregate

Kj
t as given, so the marginal management cost entering its capital decision is αjKj

t , and its expen-

diture per unit of capital is Qt + αjKj
t . We normalize SBs to be the most efficient and households

to be the least efficient:

αSB = 0 < αLB < αh. (S167)

For simplicity, capital does not depreciate, and aggregate capital is fixed at K̄ = 1:

KLB +KSB +Kh = K̄ = 1, (S168)

where KLB, KSB, and Kh denote aggregate capital held by LBs, SBs, and households. The (gross)

return to capital for a type-j agent is

Rjk,t+1 =
Qt+1 + Zt+1

Qt + αjKj
t

, (S169)

where Qt is the relative price of capital.

A.3. Reserve requirement and reserve-management cost. As in the simple model, we represent

reserve-management costs in reduced form. For a bank of type j ∈ {LB, SB}, the expected net

reserve-management need is

xjt = τnjt + ρdjt − ajt , (S170)

where ρdjt − ajt is the expected net reserve gap associated with the reserve requirement and τnjt

captures an additional component of reserve-management needs proportional to bank net worth.

The associated reserve-management cost is

χ(xjt ) = rb,tx
j
t = rb,t

(
τnjt + ρdjt − ajt

)
, rb,t = Rb,t − 1, (S171)

which corresponds to (19). Appendix C.A provides a detailed analysis of this reduced-form cost

and its insurance interpretation.

A.4. The Household’s Problem. There is a representative household with a unit measure of mem-

bers. A fraction s are bankers and 1 − s are workers. Among bankers, a fraction ς manages SBs

and 1 − ς manages LBs. The household receives an endowment W each period, and there is full

consumption insurance within the household. Each banker of type j survives to the next period

with probability σj and exits with probability 1− σj . Upon exit, the banker transfers residual net

worth to the household as dividends. Exiting bankers are replaced by workers so that the measure

of bankers of each type is constant.

New bankers receive a one-time individual startup transfer wj from the household, where

wj =
ζ

(1− σj)s
.
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Deposits in both LBs and SBs are fully guaranteed by the government. To capture the segmented

deposit market, households incur a convex cost when depositing into SBs:

f(DSB
t ) =

ξ(ηSB − 1)

ηSB

(
DSB
t

NSB
t

)ηSB

NSB
t , ηSB > 1, ξ > 0,

where DSB
t and NSB

t denote aggregate SB deposits and net worth.

The household chooses consumption and saving, and portfolio allocation among bank deposits,

direct capital holdings, and foreign government bonds. Let Ct denote consumption, Bt foreign

bond holdings, and Kh
t household capital, and let R denote the gross return on foreign bonds. The

household chooses {Ct, DLB
t , DSB

t , Bt,K
h
t }t≥0 to maximize

E0

∞∑
t=0

βt logCt

subject to the budget constraint

Ct +
∑

j∈{SB,LB}

Dj
t + f(DSB

t ) + ζ +Bt + g(Bt) + (Qt + αhKh
t )K

h
t

=W +
∑

j∈{SB,LB}

Rjd,t−1D
j
t−1 + (Zt +Qt)K

h
t−1 +Πt +RBt−1 + Tt,

where g(Bt) ≡ υ
2B

2
t is a convex adjustment cost for foreign bond holdings, Πt are dividends from

exiting bankers, and Tt is the transfer from the public sector. The household takes aggregate Kh
t

as given when choosing its own capital holdings, so the marginal capital expenditure entering its

Euler equation is Qt + αhKh
t .

The household first-order conditions are

(RLBd,t )
−1 = EtΛt,t+1, (S172)(

1 + f ′(DSB
t )

)
(RSBd,t )

−1 = EtΛt,t+1, (S173)(
1 + g′(Bt)

)
R−1 = EtΛt,t+1, (S174)

1 = Et

(
Λt,t+1R

h
k,t+1

)
, (S175)

where the household stochastic discount factor is Λt,t+1 ≡ β Ct
Ct+1

. The function f(DSB
t ), the

transaction cost of depositing into SBs, follows the same functional form as in (8). Πt is the total

dividend payout from the exiting bankers, Bt denotes foreign bond holdings, and g(Bt) ≡ υ
2B

2
t is a

reduced-form adjustment cost.

Combining the deposit first-order conditions (S172)–(S173) with the bond first-order condition

(S174), we obtain the household’s non-arbitrage conditions between SB and LB deposits and be-

tween LB deposits and foreign bonds

RSBd,t −RLBd,t

RLBd,t
= ξ(ηSB − 1)

(
DSB
t

NSB
t

)ηSB−1

(S176)
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and

RLBd,t =
R

1 + g′(Bt)
, (S177)

To allow for anticipated (but potentially unrealized) systemic events, agents at t know the law

governing next-period productivity and run risk. Let Pt+1 denote the state-contingent run proba-

bility evaluated after Zt+1 and the other period-t+1 state variables are realized. It is a conditional

probability, not the zero-one realization of the run itself. Agents integrate Pt+1 over the next-

period state distribution when making decisions at t. Let asterisks denote allocations when the run

is realized. The household capital Euler equation (S175) can then be written as

1 = ERb,Z

[
(1− Pt+1)Λt,t+1

(
Qt+1 + Zt+1

Qt + αhKh
t

)
+ Pt+1Λ

∗
t,t+1

(
Q∗
t+1 + Zt+1

Qt + αhKh
t

)]
. (S178)

A.5. Bankers: value functions and net worth dynamics under run risk. Bankers act on behalf of

the household and face an exit probability 1 − σj . Since bankers are financially constrained, they

optimally delay dividend payouts until exit. Let V j
t denote the value of a continuing banker of type

j at the end of period t. The recursive formulation is

V j
t = maxEt

[
Λt,t+1

(
(1− σj)njt+1 + σjV j

t+1

)]
= maxEt

[
Ωjt+1n

j
t+1

]
, (S179)

where

Ωjt+1 = Λt,t+1

(
1− σj + σj

V j
t+1

njt+1

)
(S180)

is the banker stochastic discount factor.

We focus on runs on SBs only. The value function can be written as a weighted average of no-run

and run values:

V j
t = maxERb,Z

[
(1− Pt+1)Ω

j
t+1n

j
t+1 + Pt+1Ω

j∗
t+1n

j∗
t+1

]
, (S181)

where Ωj∗t+1 = Λ∗
t,t+1

(
1− σj + σj

V j∗
t+1

nj∗
t+1

)
. The evolution of the banker’s net worth is

njt = ajt−1 +Rjk,t(Qt−1 + αjKj
t−1)k

j
t−1 −Rib,t−1ib

j
t−1 −Rjd,t−1d

j
t−1. (S182)

The flow-of-funds constraint is

(Qt + αjKj
t )k

j
t = njt + ibjt + djt − ajt − χ(xjt ). (S183)

In the interbank market, creditors restrict funding so that the banker’s diversion payoff does not

exceed franchise value, with the pledgeability of interbank positions captured by ω and γ in the

following incentive constraint:

θ
[
(Qt + αjKj

t )k
j
t + ajt + χ(xjt )− (1− ω)ibjt

]
≤ V j

t , if ib
j
t > 0,

θ
[
(Qt + αjKj

t )k
j
t + ajt + χ(xjt ) + γ(−ibjt )

]
≤ V j

t , if ib
j
t < 0,

(S184)
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where V j
t is the banker’s franchise value. We also impose a liquidity constraint

ajt ≥ κnjt , (S185)

where κ > 0. This liquidity requirement, proportional to bank net worth, binds in equilibrium.

The banker solves (S181) by choosing (ajt , k
j
t , ib

j
t , d

j
t ) subject to the budget constraint (S183), the

incentive constraint (S184), and the liquidity constraint (S185).

A.6. Central bank transfers and deposit guarantees. The central bank is owned by the household.

It issues reserves to both types of banks and makes interest and principal payments on previously

issued reserves. It also collects insurance premiums from banks to cover reserve shortfalls. In the

absence of bank runs, it rebates its net receipts to the household as a lump-sum transfer

Tt =
∑

j∈{LB,SB}

[
ajt − ajt−1 + χ(xjt )

]
.

In the event of an SB run, the government additionally taxes households to honor deposit guaran-

tees. The transfer becomes

T ∗
t =

∑
j∈{LB,SB}

[
ajt − ajt−1 + χ(xjt )

]
− (1− uSBt )RSBd,t−1D

SB
t−1,

where uSBt is the recovery rate during a run (defined in Appendix D.C). This expression records

the fiscal cost of the run-state deposit guarantee. It is distinct from the SRISK measure defined in

Section V.A, which is the expected SB net worth shortfall.

B. Characterization of Banks’ Problem

From (19), (S183), (S181), (S180) and (S182), we get

V j
t

njt
= Et(Ω

j
t+1

njt+1

njt
)

= Et{Ωjt+1[
(
1−Rjk,t+1(1− rb,t)

)ajt
njt

+ (Rjk,t+1(1− ρrb,t)−Rjd,t)
djt

njt

+ (Rjk,t+1 −Rib,t)
ibjt

njt
+Rjk,t+1(1− rb,tτ)]}

(S186)

Rjk,t+1, R
j
d,t, and Rib,t are the return on capital and the costs of deposits and interbank borrowing,

respectively. The term Rjk,t+1(1− rb,tτ) is the effective return to non-financial loans funded by net

worth, net of the fixed reserve-insurance cost. The coefficient 1 − Rjk,t+1(1 − rb,t) is the effective

marginal return from holding reserves, and Rjk,t+1(1− ρrb,t)−Rjd,t is the effective net return from

deposit funding. Finally, Rjk,t+1 −Rib,t is the effective net return from interbank borrowing. Since

interbank borrowing is not subject to reserve requirements, unlike deposits, it does not carry the

reserve cost.
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We can express the value per unit of net worth as

V j
t

njt
= µje,t + µjd,tψ

j
d,t + µjib,tψ

j
ib,t,

where

µje,t = Et{Ωjt+1[κ+Rjk,t+1(1− κ− rb,t(τ − κ))]} (S187)

µjd,t = Et{Ωjt+1[R
j
k,t+1(1− ρrb,t)−Rjd,t]} (S188)

µjib,t = Et{Ωjt+1[R
j
k,t+1 −Rib,t]} (S189)

[ψjib,t, ψ
j
d,t] =

[ibjt , d
j
t ]

njt
(S190)

ψjd,t and ψ
j
ib,t are deposits and interbank funding per unit of net worth. It is easy to see that

V j
t

nj
t

depends only on aggregate variables for each bank type and not on individual bank variables (such

as net worth).

The incentive constraint in Equation (S184) can be written as

V j
t ≥ θ[njt + djt + ωibjt · Iibjt>0

+ (1− γ)ibjt · Iibjt<0
] (S191)

where I
ibjt>0

= 1 if ibjt > 0 and I
ibjt>0

= 0 otherwise (and I
ibjt<0

= 1 if ibjt < 0 and I
ibjt<0

= 0

otherwise).

Then, a bank’s problem becomes

Ψ = max
ψd,t,ψib,t

(µe,t + µd,tψd,t + µib,tψib,t) (S192)

subject to

θ[1 + ψd,t + ωψib,t · Iibt>0 + (1− γ)ψib,t · Iibt<0] ≤ µe,t + µd,tψd,t + µib,tψib,t

0 ≤ψd,t ≤ ψd,t

(1− ρrb,t)ψd,t + ψib,t + [1− κ− rb,t(τ − κ)] ≥ 0

where ψd,t is the maximum deposit-to-net-worth ratio implied by the deposit-rate ceiling:

ψd,t ≡

(
Rd,t −RLBd,t

ξ(ηSB − 1)RLBd,t

) 1

ηSB−1

Let ϖt, ϖk,t, and ϖd,t denote the Lagrange multipliers on the incentive constraint, the capital

non-negativity constraint, and the deposit-rate ceiling constraint, respectively. The Lagrangian is
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L = (1 +ϖt)(µe,t + µd,tψd,t + µib,tψib,t)

−ϖtθ[1 + ψd,t + ωψib,t · Iibt>0 + (1− γ)ψib,t · Iibt<0]

+ϖk,t

[
(1− ρrb,t)ψd,t + ψib,t + 1− κ− rb,t(τ − κ)

]
−ϖd,t(ψd,t − ψd,t)

For the case of ψib,t ≥ 0, it is easy to check that capital investment is positive, so ϖk,t = 0.

Intuitively, SBs get funds from deposits and interbank borrowing in order to invest in capital and

earn the return spread. If capital is not profitable, then SBs will not operate actively.

The first-order conditions are

(1 +ϖt)µib,t ≤ ϖtθω

where = holds if ψib,t > 0,and < implies ψib,t = 0.
(S193)

(1 +ϖt)µd,t ≤ ϖtθ +ϖd,t

where = holds if ψd,t > 0,and < implies ψd,t = 0.
(S194)

Thus, for the case of ψd,t > 0, we learn

ψib,t > 0, if µib,t = ω

(
µd,t −

ϖd,t

1 +ϖt

)
,

ψib,t = 0, if µib,t < ω

(
µd,t −

ϖd,t

1 +ϖt

)
.

(S195)

In the special case in which the deposit rate ceiling is not binding (or in the absence of a deposit

rate ceiling), the above conditions become

ψib,t > 0, if
µib,t
µd,t

= ω;

ψib,t = 0, if
µib,t
µd,t

< ω.

Therefore, when µib,t = ω
(
µd,t −

ϖd,t

1+ϖt

)
< ωµd,t, ψib,t > 0 when the deposit rate ceiling is binding,

but ψib,t = 0 without deposit rate ceiling.

For the case of ib ≤ 0 and ϖd,t = 0,23 the first-order conditions are

(1 +ϖt)µib,t +ϖk,t ≥ ϖtθ(1− γ)

where = holds if ψib,t < 0,and > implies ψib,t = 0.
(S196)

(1 +ϖt)µd,t +ϖk,t(1− rb,tρ) ≤ ϖtθ

where = holds if ψd,t > 0,and < implies ψd,t = 0.
(S197)

23For LBs, the deposit rate ceiling is always nonbinding. Thus, we only consider the case ϖd,t = 0.
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Thus for the case of ψd,t > 0 and ψib,t < 0, we learn

ψk,t > 0, if
µib,t
µd,t

= 1− γ;

ψk,t = 0 and ϖk,t > 0, if
µib,t
µd,t

< 1− γ.
(S198)

where ψk,t =
(Qt+αKt)kt

nt
.

Based on market clearing for interbank loans and the assumption that banks operate actively24,

we have only the following possible patterns of equilibrium in the neighborhood of the steady state:

(A) Perfect specialization with active interbank market: ψLBk,t = 0, ψSBd,t = 0, ψSBib,t > 0 > ψLBib,t

(B) Perfect specialization by LBs with an active interbank market: ψLBk,t = 0, ψSBd,t > 0, ψSBib,t >

0 > ψLBib,t

(C) Perfect specialization by SBs with an active interbank market: ψLBk,t > 0, ψSBd,t = 0, ψSBib,t >

0 > ψLBib,t

(D) Imperfect specialization with an active interbank market: ψLBk,t > 0, ψSBd,t > 0, ψSBib,t > 0 >

ψLBib,t

(E) Inactive interbank market: ψLBk,t > 0, ψSBd,t > 0, ψSBib,t = 0 = ψLBib,t .

C. Conditions for a Bank Run Equilibrium

We model SB runs as a rollover panic. A self-fulfilling bank run equilibrium exists if an individual

lender correctly believes that when all other lenders do not roll over their lending, the lender would

lose money by rolling over. In our model, if one LB believes that all other LBs will not roll over

their interbank lending because SBs cannot fulfill their debt obligations, then there may be a run

on interbank funding. This condition is met if SBs’ net worth goes to zero in the event of a run.

In a normal equilibrium where a run does not occur, SBs have sufficient assets to pay their

promised obligations; in the run equilibrium, SBs are forced to liquidate, and the value of assets

is below their promised obligations. Suppose the liquidation price of capital is Q∗, which is lower

than the price Q at which capital trades normally, because of LBs’ and the household’s limited

ability to absorb capital. Therefore, a run on the SB sector is possible if the liquidation value,

(Zt+1+Q
∗
t+1)K

SB
t +ASBt , is smaller than their outstanding liabilities to interbank creditors, Rib,tIBt,

and to depositors, RSBd,t D
SB
t . In this instance, the recovery rate in the event of an SB run, uSBt+1,

is the ratio of (Zt+1 +Q∗
t+1)K

SB
t + ASBt to Rib,tIBt + RSBd,t D

SB
t , and the condition for an SB run

equilibrium to exist is that the recovery rate is less than unity, i.e.,

uSBt+1 =
(Zt+1 +Q∗

t+1)K
SB
t +ASBt

Rib,tIBt +RSBd,t D
SB
t

< 1.

24Active operation means that banks have at least one liability or one asset other than reserves. For example,

when ibSB = 0, dSB must be positive; otherwise, SBs do not operate actively.
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D. Aggregation and Equilibrium in the No-Run State with Anticipated Run Risk

Given that the ratio of assets and liabilities to net worth is independent of individual bank-

specific factors, we can aggregate across banks to obtain relations between total assets or liabilities

and net worth for both LBs and SBs. For each individual variable of the two types of banks, we use

the corresponding capital letter to denote its aggregate variable. Accordingly, for any individual

variable ljt , the corresponding aggregate variable Ljt is

Ljt =

{
sςljt if j = SB

s (1− ς) ljt if j = LB

Let ASBt and ALBt be total reserves, DSB
t and DLB

t be total deposits, χ
(
XSB
t

)
and χ

(
XLB
t

)
be total reserve insurance costs, and QtK

SB
t and QtK

LB
t be total non-financial loans held by SBs

and LBs, IBt be total interbank funding, and NSB
t and NLB

t be total net worth in each respective

banking sector. Then we have:

ASBt = κNSB
t , (S199)

ALBt = κNLB
t , (S200)

DSB
t = ψSBd,t N

SB
t , (S201)

RLBd,t =
R

1 + υBt
(S202)

RSBd,t = λRLBd,t (S203)

QtK
SB
t = NSB

t + IBt +DSB
t −ASBt − χ

(
XSB
t

)
, (S204)

(Qt + αLBKLB
t )KLB

t = NLB
t − IBt +DLB

t −ALBt − χ
(
XLB
t

)
, (S205)

KLB
t +KSB

t +Kh
t = 1, (S206)

EtΩt+1[R
LB
k,t+1 −Rib,t] = (1− γ)EtΩt+1[R

LB
k,t+1(1− rb,tρ)−RLBd,t ] (S207)

Summing across both surviving and entering bankers yields the following expression for the

evolution of Nt:

NSB
t = σSB[ASBt−1 + (Zt +Qt)K

SB
t−1 −Rib,t−1IBt−1 −RSBd,t−1D

SB
t−1] +WSB, (S208)

NLB
t = σLB[ALBt−1 + (Zt +Qt)K

LB
t−1 +Rib,t−1IBt−1 −RLBd,t−1D

LB
t−1] +WLB, (S209)

where WSB = (1− σSB)sςwSB (WLB = (1− σLB)s(1− ς)wLB) is the total endowment of entering

SB (LB) bankers. The first term is the accumulated net worth of bankers that operated at t − 1

and survived to t, which is equal to the product of the survival rate σj and the net earnings on

bank assets. The total dividend to the household for exiting bankers at time t is given by

Πt =
NLB
t −WLB

σLB
(
1− σLB

)
+
NSB
t −WSB

σSB
(
1− σSB

)
,
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and the total startup fund for the entering bankers is given by

ζ =WLB +WSB.

We calculate net aggregate output, including the household endowment, as

Yt = ZtK̄ +W − αLB
(
KLB
t

)2 − αh
(
Kh
t

)2
− f

(
DSB
t

)
− g(Bt). (S210)

As in the simple model, the household endowment is part of Yt rather than a separate term in the

aggregate resource constraint. Finally, the resource constraint is given by

Ct +Bt −Bt−1 = Yt + (R− 1)Bt−1. (S211)

where Bt −Bt−1 is the current account balance, and Yt + (R− 1)Bt−1 is gross national product.

The recursive competitive equilibrium in the no-run state with anticipated run risk consists of

aggregate quantities,

(ASBt , ALBt , DSB
t , DLB

t , χ(XSB
t ), χ(XLB

t ),KSB
t ,KLB

t , NSB
t , NLB

t , IBt, Yt,K
h
t , Ct, Bt)

prices

(Qt, R
SB
d,t , R

LB
d,t , Rib,t)

as a function of the state variables (Ajt−1, D
j
t−1,K

j
t−1, IBt−1, Bt−1, Zt)j=LB,SB, which satisfy Equa-

tions (S199)-(S211), (S171)j=LB,SB, (S174), (S178), and (S184)j=LB,SB.

E. Algorithms for a numerical solution

We use the productivity shock Z with the deposit rate ceiling as an example; the computation

for the policy-rate shock Rb is similar.

We define the ex-ante optimal values of surviving banks at time t:

V̄ SB
t = [1− σSB + σSBθ(1 + ψSBd,t + ωψSBib,t )]

NSB
t −WSB

σSB

= ΩSBt
NSB
t −WSB

σSB

V̄ LB
t = [1− σLB + σLBθ(1 + ψLBd,t + (1− γ)ψLBib,t )]

NLB
t −WLB

σLB

= ΩLBt
NLB
t −WLB

σLB

Let the state of the economy if a run has not happened be denoted by x = (NSB, NLB, Z,B),

and the state in case a run has happened be denoted by x∗ = (0, NLB, Z,B). We use iteration to

approximate the functions

{Q(x), C(x), V̄ SB(x), V̄ LB(x),Γ(x)}
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and

{Q∗(x∗), C∗(x∗), V̄ ∗LB(x∗),Γ∗(x∗)}

where Γ(x) and Γ∗(x∗) are the laws determining the stochastic evolution of the state (see later).

The computational algorithm proceeds as follows:

(1) Determine a functional space to use for approximating equilibrium functions (we use piece-

wise linear approximation).

(2) Fix a grid of values for the states in the no-run case, G, and for the states in the run case,

G∗.

(3) Set i = 0 and guess initial values for

NRFt,i = {Q(x), C(x), V̄ SB(x), V̄ LB(x),Γ(x)}x∈G,

RFt,i = {Q∗(x∗), C∗(x∗), V̄ ∗LB(x∗),Γ∗(x∗)}x∗∈G∗ .

The guess of Γ(x) involves guessing {Pt,i(x), NSB′
t,i (x), NLB′

t,i (x), N∗LB′
t,i (x), Z ′(Z), B′(x)},

which implies

Γt,i(x) =

x
NR′
t,i (x) = (NSB′

t,i (x), NLB′
t,i (x), Z ′(Z), B′(x)) w.p. 1− Pt,i(x)

xR
′

t,i (x) = (0, N∗LB′
t,i (x), Z ′(Z), B′(x)) w.p. Pt,i(x)

Similarly, the guess for Γ∗(x∗) involves guessing { ˆNLB′
t,i (x∗), Z ′(Z), B̂′(x∗)}, which implies

Γ∗
t,i(x

∗) = ((1 + σSB)WSB, ˆNLB′
t,i (x∗), Z ′(Z), B̂′(x∗))

(4) Iterate to find NRFt,i+1 and RFt,i+1 (0 ≤ i < M = 10000) as follows:

• NO RUN SYSTEM At any point x = (NSB
t , NLB

t , Zt, Bt) ∈ G, the system determining

{ψSBa,t , ψSBd,t , ψSBib,t , ψSBk,t , ψSBχ,t , ψLBa,t , ψLBd,t , ψLBib,t , ψLBk,t , ψLBχ,t , Qt, RSBd,t , RLBd,t ,KSB
t ,KLB

t ,
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Kh
t , Ct, IBt, D

SB
t , DLB

t , ASBt , ALBt , Yt} is given by

1

RLBd,t
= β[(1− Pi(x))

Ct

Ci(x
′NR
i (x))

+ Pi(x)
Ct

C∗
i (x

′R
i (x))

]

1 = β[(1− Pi(x))
Ct

Ci(x
′NR
i (x))

Qi(x
′NR
i (x)) + Zt+1

Qt + αhKh
t

+ Pi(x)
Ct

C∗
i (x

′R
i (x))

Q∗
i (x

′R
i (x)) + Zt+1

Qt + αhKh
t

]

ψSBa,t = κ

ASBt = κNSB
t

ψLBa,t = κ

ALBt = κNLB
t

RLBd,t =
R

1 + υB′(x)

RSBd,t = λRLBd,t

ψSBd,t =

(
RSBd,t −RLBd,t

ξ(ηSB − 1)RLBd,t

) 1

ηSB−1

DSB
t = ψSBd,t N

SB
t

θ(1 + ψSBd,t + ωψSBib,t )N
SB
t = β(1− Pi(x))V̄i

SB
(x

′NR
i (x))

IBt = ψSBib,tN
SB
t

ψSBχ,t = rb,t(τ + ρψSBd,t − ψSBa,t )

ψSBk,t = 1 + ψSBib,t + ψSBd,t − ψSBa,t − ψSBχ,t

QtK
SB
t = ψSBk,t N

SB
t

θ(1 + ψLBd,t + (1− γ)ψLBib,t )N
LB
t = β[(1− Pi(x))V̄i

LB
(x

′NR
i (x)) + Pi(x)V̄i

∗LB
(x

′R
i (x))]

(ψLBd,t + (1− γ)ψLBib,t )N
LB
t = DLB

t − (1− γ)IBt

IBt = −ψLBib,tNLB
t > 0

ψLBχ,t = rb,t(τ + ρψLBd,t − ψLBa,t )

(Qt + αLBKLB
t )KLB

t = NLB
t +DLB

t − IBt −ALBt − ψLBχ,t N
LB
t

ψLBk,t =
(Qt + αLBKLB

t )KLB
t

NLB
t

KSB
t +KLB

t +Kh
t = 1

Yt = Zt +W − αLB(KLB
t )2 − αh(Kh

t )
2 − f(DSB

t )− g(B′(x))
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One can find Rib,t from

Rib,t =
Ei{Ω̃LB(Γi(x))[γR̃LBk,t+1 + (1− γ)(RLBd,t + rb,tρR̃

LB
k,t+1)]}

Ei{(1− Pi(x))ΩLB(x
′NR
i (x)) + Pi(x)Ω∗LB(x

′R
i (x))u(x)}

=
Ei{Ω̃LB(Γi(x))[γ Z

′(Zt)+Q̃(Γi(x))

Qt+αLBKLB
t

+ (1− γ)(RLBd,t + rb,tρ
Z′(Zt)+Q̃(Γi(x))

Qt+αLBKLB
t

)]}

Ei{(1− Pi(x))ΩLB(x
′NR
i (x)) + Pi(x)Ω∗LB(x

′R
i (x))u(x)}

where

Ω̃LB(Γi(x)) =


σLB

V̄ LB
i (x

′NR
i (x))

N
′LB
i −WLB

w.p. 1− Pi(x)

σLB
V̄ ∗LB
i (x

′R
i (x))

N∗′LB
i −WLB

w.p. Pi(x)

and B′(x) from:

B′(x)−RB(x) + C(x)− Y (x) = 0

and, finally, {V̄ SB
t , V̄ LB

t } are given by

V̄ SB
t = [1− σSB + θσSB(1 + ψSBd,t + ωψSBib,t )]

NSB
t −WSB

σSB

V̄ LB
t = [1− σLB + θσLB(1 + ψLBd,t + (1− γ)ψLBib,t )]

NLB
t −WLB

σLB

where

N
′SB
t = σSB[ASBt + (Z ′(Zt) +Q(x

′NR
i (x)))KSB

t −Rib,tIBt −RSBd,t D
SB
t ] +WSB

N
′LB
t = σLB[ALBt + (Z ′(Zt) +Q(x

′NR
i (x)))KLB

t +Rib,tIBt −RLBd,t D
LB
t ] +WLB

N∗′LB
t = σLB[ALBt + (Z ′(Zt) +Q∗(x

′R
i (x)))KLB

t + u(x)Rib,tIBt −RLBd,t D
LB
t ] +WLB

Pt(x) = [1−min{1, (Z
′(Zt) +Q∗(x

′R
i (x)))KSB

t +ASBt
Rib,tIBt +RSBd,t D

SB
t

}]δp

• RUN SYSTEM Analogously, at a point x∗ = (0, NLB
t , Zt, Bt) ∈ G∗, the system deter-

mining {ψ∗LB
a,t , ψ∗LB

d,t , ψ∗LB
k,t , ψ∗LB

χ,t , Q
∗
t ,K

∗LB
t ,K∗h

t , D∗LB
t , A∗LB

t , C∗
t , R

∗LB
d,t , Y ∗

t } is given

by
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R∗LB
d,t =

R

1 + υB̂′

1 = β

[
C∗
t

Ci(x∗i )

Qi(x
∗
i ) + Zt+1

Q∗
t + αhK∗h

t

]
ψ∗LB
a,t = κ

A∗LB
t = κNLB

t

θ(1 + ψ∗LB
d,t )NLB

t = βV̄i
LB

(x∗i )

D∗LB
t = ψ∗LB

d,t NLB
t

ψ∗LB
χ,t = rb,t(τ + ρψ∗LB

d,t − ψ∗LB
a,t )

(Q∗
t + αLBK∗LB

t )K∗LB
t = NLB

t +D∗LB
t −A∗LB

t − ψ∗LB
χ,t N

LB
t

ψ∗LB
k,t =

(Q∗
t + αLBK∗LB

t )K∗LB
t

NLB
t

K∗LB
t +K∗h

t = 1

Y ∗
t = Zt +W − αLB(K∗LB

t )2 − αh(K∗h
t )2 − g(B̂′)

and {V̄ ∗LB
t , N̂

′LB, B̂′} is given by

V̄ ∗LB
t = [1− σLB + θσLB(1 + ψ∗LB

d,t )]
NLB
t −WLB

σLB

N̂
′LB = σLB[ALBt + (Z ′(Zt) +Q(Γ∗

t,i(x
∗)))K∗LB

t −R∗LB
d,t D∗LB

t ] +WLB

B̂′ −RBt + C∗
t − Y ∗

t = 0

(5) Let N̂RF t,i+1 and R̂F t,i+1 denote the undamped functions newly obtained from the no-run

and run systems. Define the difference between the (i + 1)th candidate functions and the

ith functions as ∆t,i+1. Iterate until ∆t,i+1 < 1e-6; otherwise, set

NRFt,i+1 = (1− α)NRFt,i + αN̂RF t,i+1,

RFt,i+1 = (1− α)RFt,i + αR̂F t,i+1

where α ∈ (0, 1).
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Table S7. Parameter Values

Parameter Interpretation Internal Value

Households:

β Impatience N 0.99

αh Households’ capital management cost Y 0.033

W Household endowment N 0.04

R Quarterly foreign bond return N 1.0101

υ Households’ foreign bond convex cost N 0.03

LBs:

κ Liquidity constraint parameter N 1.4

τ Net-worth component of reserve-management needs N 1.3

αLB LBs’ capital management cost Y 0.0058

σLB LB bankers’ survival probability Y 0.98

θ Bankers seizure rate Y 0.15

WLB LB bankers’ endowment N 0.0003

γ LB bankers’ divertible proportion of interbank funding Y 0.667

ηLB Parameter for deposit transaction costs for LBs N 1

SBs:

ω SB bankers’ divertible proportion of interbank funding N 1

ξ Parameter for deposit demand function for SBs Y 0.00035

σSB SB bankers’ survival probability Y 0.93

WSB SB bankers’ endowment N 0.0003

αSB SBs’ capital management cost N 0

ηSB Parameter for deposit transaction costs for SBs N 1.5

Policy:

rb Steady state policy net interest rate N 0.0115

ρRb
Serial correlation of Rb N 0.95

λ Annualized deposit rate ceiling ratio N 1.0008

ρ Required reserve ratio N 0.2

Others:

Z Steady state productivity Y 0.0161

δp Power of the run probability function N 0.5

h Quarterly first-arrival hazard of the adverse productivity shock N 0.081

ρz Serial correlation of Z N 0.95

Table S8. Targeted Moments in the Calibration

Moment Empirical Value Model Value

Annualized SBs’ capital returns (%) 7.3 7.0

Annualized LBs’ capital returns (%) 6.4 6.0

Annualized spread between interbank bond yield and policy rate (%) 0.8 1.0

Share of household’s capital investment to non-financial institutions 0.2 0.2

LBs’ ratio of deposit to total equity 9.7 9.9

Ratio of total assets between LBs and SBs 1.2 1.1

Ratio of total equity between LBs and SBs 2.8 3.8

SBs’ ratio of total liability to equity 14.8 17.7


