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ABSTRACT. We study how interbank funding links monetary policy transmission to systemic risk in
a banking system with heterogeneous access to deposit funding. Using bank-level data from China,
we show that monetary policy easing reallocates liquidity through the interbank market: large banks
raise household demand deposits and lend in the interbank market, while small banks expand
loans through interbank borrowing. During economic downturns, greater reliance on interbank
funding is associated with higher systemic risk. To interpret these facts, we build a structural
model with deposit-rich and deposit-poor banks and interbank rollover risk. The model shows
that monetary policy easing reallocates liquidity and boosts lending, but also raises run risk. It
reveals a macroprudential trade-off: a regulatory limit on interbank funding weakens monetary
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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, Peydr6, 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.’

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,

For 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.? Consistent with this practice, the PBC’s 2014 Annual Report
highlights R007 as a headline measure of money-market conditions.®* 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 RO07 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.
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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 I1.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 R0O07 rather than M2 growth as the policy variable. The

monetary policy equation is thus specified as

Ry =% +YRRi—1 +va(me — 7°) + Y2t (gut — G t) + €Rts (1)

where R; denotes the quarterly average of R007, m; is quarterly CPI inflation, and g, ; is quarterly
real GDP growth. We set the inflation target to 7* = 0.875 percent, corresponding to an annualized
rate of 3.5 percent, and let g;, denote the GDP growth target announced in the State Council’s
Annual Report on the Work of Government (RWG). The residual e is the monetary policy shock.
Throughout the paper, a negative eg; 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 (Y, 0rt) = (Vaias ORa) When gzt > g7, and (Vat,0rt) = (Vab5 ORD)
when g, ; < gy ;, where o is the volatility (the standard deviation) of the policy shock eg.

We estimate Equation (1) by maximum likelihood over 2001Q1-2018Q4.* Table 1 reports the
baseline estimates using RO07. 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.% 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 Wy s, Dy, and Ly ;.

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,
SRISK[™%! 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 AlnterbankFunding/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 ADemandDeposit/Equity,
and 64.116% versus 94.966% for ALoan/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.
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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 W, and (ii) the analogous year-over-year change in household demand deposits
scaled by total equity, denoted Dy ;. We allow for persistence by including lags of the dependent

variable and include bank, year, and seasonal fixed effects:
2

Fyy = aery—1+ Peri—1 x I(SBy) + ¢ Z Fyith+v2Xp -1+ ymMacrog1 +ap+ 1y + 75+ €1, (2)
h—1
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where Fj,; represents either the wholesale funding W3, or household demand deposits Dp;. €ry
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(SBy) is an
indicator for SBs. X3 ;1 collects lagged bank characteristics and interactions used as heterogeneity
controls; and Macros;_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, «, is
positive and statistically significant, implying that a negative policy shock lowers W}, ; for LBs. By
contrast, SBs respond in the opposite direction. In both columns (1) and (2), the interaction term
0 is negative and highly significant, and the implied response a+ 3 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 a (—4.327 and —4.398). The interaction coefficient 3, 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 5 offsets the negative
LB response. As a result, the implied response for SBs, a 4 3, 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 W} 144 on the monetary policy shock (and its interaction with bank type), controlling for lagged

values of Wy, bank fixed effects (), year fixed effects (7,), and seasonal fixed effects (75):

2

Whtrq = aqert + Beere X 1(SBy) + ¢q Z Whi—n + Qg + Tyg + Tsq + €b,t1q- (3)
h=1
We estimate this equation for horizons ¢ = 0,1,...,8. Figure 3 reports the resulting dynamic

responses. The dashed line shows —ay, which captures the response of interbank funding at LBs
to monetary policy easing, while the solid line shows —(ay + ), 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 L;; denote the year-over-year change in loans scaled

by total equity. We estimate
Lyt = aceri—1 + Be€rp—1 X 1(SBy) + aw Wyt + BwWh x I(SBy)

2 (4)
+ Z Lyt—p + Y2 Xpp—1 +ymMacrog_1 + ap + 7y + 75 + €44,
h—1

where columns (1)-(2) in Table 3 exclude W}, ; and Wy, x I(SBy) (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 a. + 8. 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 ay + Bw is positive and statistically
significant. Moreover, once interbank funding is included, the coefficient on the monetary policy

shock, a¢ + B, is reduced and, more importantly, becomes statistically insignificant. This result
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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 (¢ > 2018Q3). We control for the 2018Q1-2018Q2 regulatory window to isolate the
effect of this interaction.

SRISKpy; = oWy 1 x I(t > 2018Q3) + Brgi—1 X W1 x I(t > 2018Q3)

+ oW1 x 1(2018Q1 < t < 2018Q2)

(5)
+ B19t—1 X W1 x 1(2018Q1 <t < 2018Q2) + aWp i1 + S gi—1 X Wh i1

+ Y2 Xpt—1 + ymMacror_1 + oy + 7y + 75 + €y,
where g;—1 is real GDP growth and X; ;1 includes various bank controls and their interactions
with GDP growth.

Table 4 shows that, during the slow-growth period (¢ > 2018@3), the effect of interbank funding
on systemic risk shows up for SBs. In particular, the interaction term g;_1 x W1 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.® 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 2019Q]1.
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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.” 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 ¢ operates SBs, while the remaining fraction
1 — ¢ 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 ni and one-period deposits d{ to finance capital and liquid reserves a{, and they trade
one-period interbank bonds zbi 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 K. At the beginning of ¢ = 0, the representative

"While 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
Qo-

Banks employ capital together with nondurable inputs in production. Let ki denote the capital
held after trading at ¢ by an individual type-j bank, and let th denote the corresponding aggregate
holdings. Between ¢ and ¢ + 1, k:g units of capital generate Zt+1k:z units of nondurable output and
leave the capital intact, where Z;;; denotes aggregate productivity. Thus, capital purchased at
t = 0 produces Zlkzé at t = 1, after which the remaining capital can be traded at price Q. Its
value at ¢ = 1 is therefore (Z; + Ql)ké. Capital held after trading at ¢ = 1 produces the terminal
return ng{, with Qo = 0.8

We set Zo = Z, while Z; is stochastic. Thus, aggregate uncertainty arises only at the rollover
date t = 1, when the run decision is made. Agents know the distribution of Z; at ¢ = 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 k:g units of capital at a type-j bank is
Fi(k]; K]) = o/ K]k, (6)
where o/ > 0 is the type-j management-cost parameter. The marginal management cost faced

by an individual bank is therefore o’ Kg , which increases with the aggregate amount of capital

managed by its bank type. We normalize SBs to be the more efficient intermediaries:
a®B =0<alB, (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
B, earn the gross policy rate R between ¢ and ¢ 4 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 D7, normalized by the aggregate net worth of

bank group j, denoted as N7:

: 1 (D’ (N ,
t

Its marginal cost is
o\ -1
aaYi J D g
PO =€ -1 (L) . (9)
Ni
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 ¢ to £ 4+ 1 are one-period bonds that promise to pay the
non-contingent gross rate of return Rgt at t+1.°
The curvature parameter 7/ determines how rapidly the marginal cost of deposits increases as

LB < 5B implying that marginal deposit

deposits expand relative to bank net worth. We assume 7
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 {n5? nf®} are taken as given by individual banks and are
financed by the household through the initial transfer (y 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:
{C4, B, DFB, DJB} fort =0,1,

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

The household maximizes expected utility

2
EyY_ B'u(Ch)

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

co+30+¢0+z(pg+f<pg)) =W + Ty + QoK. (10)
j

9n 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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Att=1,
Cr+Bi+G+ Y (DI+ (D) =W+ RyoBo+ > (Rl DE+T1) + T3, (11)
J J
Att=2,
Co =W+ RoyBr+ Y Ry, D] +113) + T, (12)
J

where j € {LB, SB}, W is the household’s exogenous endowment, and H{ denotes dividends from
type-j bankers rebated to the household in each period.

The variable T; denotes the central bank’s net lump-sum transfer to the household at ¢. 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, T; 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
Co = ssny B 4 s(1 — )nk? = N§B + NEB,

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

with the aggregate startup transfer.
Cl = WlsB + WlLB

The Euler equation for bonds is given by

!/
—1 u'(Cri1)
(Rpt) t [ﬁ W (C) ] ; 0, (13)
The Euler equation for deposits at banks of type j is'®
. - ey
L+ (D)) (R = B, | p\Crr) t=0,1. 14
( +f( t))( d,t) t|:5 U/(Ct) ) ’ ( )
Combining (13) and (14) to eliminate the stochastic discount factor gives
Rflt / j
14+ (D)),  t=0,1, (15)
Ry

)

10gince the only aggregate uncertainty is the realization of Z;, the expectation at t = 0 is taken over Z;. Once
Zy is realized at t = 1, there is no additional uncertainty before ¢ = 2. Thus, the E; 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 schedule!!

R _1
Dg Ril,t — Rpy (. 16
R GCEDL Y (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 (n“? < 7°B) implies that LBs can attract household
demand deposits at lower marginal cost than SBs when the policy rate R;; falls. This implication
is consistent with the empirical finding in Section III. In Table 2, the interaction coefficient 3
is positive and statistically significant for household demand deposits, while « 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 ng is given. At t = 0,1, the
banker chooses capital ki , reserves a{, deposits d{, and an interbank position ib{.12 We refer to
capital investment as “non-financial loans” to distinguish it from interbank credit.

Balance sheets and net worth. The policy rate Ry is set at the beginning of ¢ = 0, while
the productivity shock Z; is realized at the beginning of ¢ = 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 ni evolves according to

n{ = ag,l + (Q: + Zt)ki,l - Rz‘b,t—libgq - Rfj,t—ldi—lv (17)
where @y is the price of capital at ¢, R;¢—1 and Ré ,_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:
(Qu+ o K)K] = n +ib] + d] — a] — x(x]). (18)

Hyg n’ = 1, the deposit-pricing condition reduces to Ri’t = Ry .
12Throughout the paper, our sign convention is ib{ > 0 for interbank borrowing and ib{ < 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 X(:Ei ).
Reserve requirement and reserve-management cost. We represent reserve-management

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

J_ ] J
Ty = TNy + pdy — ay,

where pd] — a] is the expected net reserve gap associated with the reserve requirement and 7n]

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

We focus on the equilibrium region in which :L’i > 0. The associated reserve-management cost is
x(x]) = rp i, o = Ry — 1. (19)

Conditional on xi , the cost increases with the policy rate. Appendix C.A provides a detailed
explanation of this reduced-form cost.'?

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 ¢+ 1, fulfills the corresponding obligations
to creditors, and retains the bank’s franchise value V;j . A banker who diverts is detected at the
end of the period and loses the franchise value. Creditors therefore provide funding only if th is at
least as large as the gain from diversion.

Divertibility depends on the funding source. A banker can divert a fraction # € (0,1) of funds
financed with net worth or retail deposits, but only a fraction fw, with w € (0, 1], of funds financed
through interbank borrowing. The lower diversion rate captures the stronger monitoring capacity

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

0[(Qy + o KDV k! + al + x(a) — ib] + wib]]
The component (Q; + o/ Kkl + al + x(x]) — ib! is the expenditure on capital, reserves, and
the reserve-management cost financed by net worth or deposits; wib{ 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 67, where v € (0, 1], of its interbank loans.

Combining the borrower and lender cases gives the incentive constraint

O] + df +wib] - Lo+ (L= )b} - Ly o] < V! (20)

131 this appendix, the central bank offers reserve-management insurance at the premium X(w{), while uninsured

shortfalls must be covered at the discount window.



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 17

where Iib{>0 and Iib{<0

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

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

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 a®8 < o8

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,
al > kn. (21)

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

the requirement binds in the equilibrium of interest and a{ = kn]. The parameters p and k play

distinct roles. The reserve requirement p is tied to deposits and affects their effective return,
pricing, and response to monetary policy. The liquidity requirement x instead links reserves to net
worth and directly limits leverage and balance-sheet risk taking.'* A higher x therefore reduces
run exposure but also limits capital reallocation through interbank funding, whereas p 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 ¢ = 0 mature at ¢t = 1, before the
capital investment reaches its terminal maturity at ¢ = 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 IB;. Under rollover, IB; > 0, allowing SBs to continue financing their capital
holdings. If LBs do not roll over, I B; = 0; we define this rollover failure as an interbank run. SBs
must then liquidate capital at the fire-sale price Q7 < @1 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.



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 18

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 Z;.

Interbank bonds are traded competitively between SBs (borrowers) and LBs (lenders). At ¢ = 0,
the promised gross rate Rj,o 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 /B is issued at the gross rate Ry, 1, which clears the interbank market at ¢ = 1.

Timeline of events. At ¢t = 0, monetary policy rate Ry = R£ < Ry; from t = 1 onward,
the policy rate equals its steady-state level R;. 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, Z; is realized, capital held from ¢ = 0 produces Z; kg, and the deposits
and interbank claims issued at ¢ = 0 mature. LBs then decide whether to extend new interbank
credit I By. With rollover, capital trades at @J1; bankers of both types exit with probability 1 —o or
survive with probability ¢, and surviving banks choose new one-period positions. Without rollover,
1By =0, SBs liquidate capital at )], 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 ng:{, 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 ¢ = 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.

Banks transfer net
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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 ké, reserves aé, deposits d%, and interbank funding
ib% to maximize expected continuation value. Let P = P(IBy, Ry, 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 i , 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 ¢ = 1 with
probability 1 — ¢ € (0,1) and survives with probability o. Using m; = «/(C1)/u/(Cp), the value

function at ¢ = 0 can be written as
VY = max E, [Bml ((1 — U)TL{ + aVlj)] , (22)

subject to (18), (17), the incentive constraint (20) and the liquidity requirement (21). Note that
VP =0 in the run state.

Similarly, at ¢ = 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 ¢ = 2, so the

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

/
7 j _ u (Cg)
Vi = max ma ny, mo = ()

(23)

At t = 2, bankers distribute their remaining net worth né 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: {Kt] , th , A{ , Dz } are capital, net worth, reserves, and deposits for bank type j, and IB;
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, ¢ € {0,1} unless explicitly stated other-

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

KPP+ KPP = K. (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 o8 = 0 < o'B,
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

Ey[BER (Zisa + Qeg1)] — oPKFP = @ < E [BE:,_Bl(Zt-&-l + Qi+1)] (25)

where Bg 41 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 @, 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.!> 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 Q7.

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

Ti= > [Al-al +x(x)| - 1e, (1 - REEDEE, 1=0,12,  (20)
je{SB,LB}
where th is the aggregate reserve shortfall of type-j banks, u°P is the run-state SB recovery rate
defined in (30), and 1%, equals one if a run is realized at ¢ and zero otherwise. We set A7 1 =0and
1z, =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 Y; is the sum of output from capital and

household endowment, net of capital management and deposit transaction costs:'6

Vi=ZK+W— 3 [ad(K])?+ f(D) (27)
je{SB,LB}

15gee Appendix C.E for details.

16We set Zo = 0 as a timing convention because capital chosen at t = 0 first generates the return Z; at ¢t = 1.
Initial bank net worth n% is taken as given, so the model does not include a capital return inherited from a period

before t = 0. Besides, because Kg = D% = 0, the aggregate output is Yo = Zo K + W.
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The consolidated resource constraint is'?
Ct + Bt - Y;f + Rb,tlet—l‘ (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 Ry, which affects SB balance-sheet
choices through reserve-management costs. For a fixed capital price Qo, the following proposi-
tion shows that SB interbank borrowing is decreasing in the initial policy rate R, when n°B 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 Ry for a given capital price Q) if 38 is

sufficiently large:
Qib3B _ k5B
ORp0lQe 7 ORpolQo

< 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 n°F 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 ¢ = 0 affects bank fragility at ¢t = 1. We

first characterize the recovery rate and run probability as functions of I By and Z;. We then show

1T\We set B_, = 0, since there are no inherited bond holdings before ¢ = 0, and B2 = 0, since no bonds are carried

beyond the terminal date. The corresponding resource constraints are therefore Co + By = Yy and C2 = Y2 + Rp,1 B1.
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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 Z;.18

If an interbank run occurs at ¢ = 1, SBs must liquidate capital at the fire-sale price Q7 < Q1.
Let u®? denote the recovery rate on SB liabilities in the run state, defined as the ratio of their

liquidation value to promised repayments:

sn_ Qi+ Z0KSP + ag”

_ ’ 30
Rayib® + RIEdS" (30)
and following Gertler and Kiyotaki (2015), we specify the run risk by
é
P = P(IBy, Ryo, Z1) = |1 = min(uSP (I By, Ryo, 1), 1)| (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 u5B. The
parameter ¢, > 0 governs the curvature of the run-probability function.

Equations (30)—(31) summarize the fragility mechanism. Let IBj denote aggregate interbank
borrowing by SBs at t = 0. A larger I By raises the short-term claims that must be rolled over at ¢t =
1, while a higher Z; raises productive income and the fire-sale price @)7. 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 R; ; clears the interbank
market and prices this risk through expected recovery; Appendix C.F provides the detailed run-
equilibrium and pricing conditions. Formally,

8USB 8USB
<0,
01 By 071

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

>0, (32)

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 ibg B 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

18 A]1 technical details in this subsection can be found in Appendix C.F.
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Vi(N1) and V{*(N7) denote household continuation utility from ¢ = 1 onward in the no-run and
run allocations:
Vi(N1) = u(C1(N1)) + Bu(Ca(N1)),
VI (V1) = uw(CT(NY)) + Bu(C3 (NY))-
Here N7 = (N8, N{PB) is the vector of bank net worths at ¢ = 1 in the no-run allocation, and
Ni = ((NEB)*, (N{B)*) is its run-state counterpart. Because SBs default and do not continue
after a run, (N7B)* = 0.

The planner chooses (Cy, I Bp) to maximize

(33)

Jnax u(Co) + BEo[P Vi (NT) + (1 — P)Vi(IN1)]; (34)

Conditional on (Cy, IBy), the resource constraint at ¢ = 0, household optimality, bank balance
sheets, market clearing, and the bank constraints determine KOLB , KOSB , D(’}B, DgB, 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 1By is

0= 6B | (1= Py p + Paléo} —' (Cy) MBO[aLB(KoLB)QJrEj: f(Dé)} +BE0[(V1 - Vl)alBo] :
(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, Vi*(N7) — Vi(IN1) < 0, and P is weakly
increasing in I By, 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 Ry = le and Ry =
Ry. For any object Xy and any allocation or regulatory rule m considered below, define the

difference between these cases as
AXY = X' g — X3, (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 R, o = Ry, case, whereas the Ryo = RbL < Ry 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:

AIBPE > AIBSST. (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 I By 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 Ry o = Ry, the planner’s
lower borrowing level when the externality is active at Ry o = R{; implies AT Bg SP < AT Béj) B

From the monotonicity of P in 1By, we then have
cs
P(IB(?E\Rg ,RbL,Zl) > P(IBO Plpe ,R,f,Zl>, (38)

which means that following an adverse realization of Z; 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 Z.

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
IBy < ¢ IBYE, (39)

where ¢ € (0, 1] is chosen by the regulator. Setting
s=g =10

0
implements the planner’s interbank borrowing level 1B§”. The regulation (39) is nonbinding
when the recovery rate satisfies u5® > 1 and run risk is inactive, but it binds when Ry = Rf 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 (¢ = ¢' = 1)
to a tighter regime (¢ = ¢* < 1).

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

policy transmission via capital reallocation.
! *
A(QokEP)” > A(QukEE)” (40)

A[(Qo + PP KEP) KEP]? < A[(Qo + o B KEP) KEE]Y . (41)
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The superscripts ¢! and ¢* indicate the difference AX under the looser and tighter regulatory
rules, respectively.

The intuition is simple: compared with the R, = Ry case, the Ryo = R{;J 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 (¢ = ¢*), SB interbank borrowing is constrained. As a result, the
increase in I By, 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 Ry 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 Ry o = RbL case, which leads to higher output. Consequently, a higher ¢
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 ¢ leads

to higher systemic risk at ¢ = 1 when Z; is small.

Proposition 4. Given all other prices other than Q)], for realizations of Z; sufficiently low that run
risk is active under the looser regime, run risk is strictly higher under the looser interbank-borrowing
limit:

P > p?. (42)

Intuitively, for sufficiently low realizations of Z;, a looser interbank-borrowing limit (a higher
@) 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 (¢ = ¢'),
the tighter regime (¢ = ¢*) 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 Ry is lower, but it also raises run risk when adverse shocks materialize. A
tighter limit (¢ = ¢*) 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 o7, following Gertler, Kiyotaki, and Prestipino (2016). We specialize deposit-funding
heterogeneity by setting n°% > B = 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 (a°f = 0 < oB < oh),
and we set aggregate capital to K = 1. Household bond holdings are subject to the quadratic
adjustment cost g(B;) = %BE, which captures China’s strict capital controls.

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

RIB <Ry=ARYE.  A>1,
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which provides a reduced-form representation of limited deposit-rate competition for SBs.'® 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
SRISK"0%! = p,NSB (43)

where P, is the run probability evaluated in period ¢, and N5B 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.2’

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 8 = 0.99, a standard
value in the literature. The household endowment W is set to be 2.5 times the size of capital income
Z in the steady state. The steady-state policy net interest rate r; targets the average three-month
interbank offered rate during 2013Q4-2018Q4. The reserve requirement p is set to 0.2, consistent
with China’s required reserve ratio in 2013. The liquidity constraint parameter r is set to 1.4,
matching the median ratio of reserves to equity for all banks in our sample. The deposit rate
ceiling multiplier A is set to 1.0008, consistent with the regulated spread between the upper bounds
of deposit rates for LBs and SBs. We adopt p, = 0.95 and pgr, = 0.95 as the serial correlations
for the productivity and policy rate shocks, following standard values in the literature. For SBs,

SB — () and set w = 1. The net-worth component of reserve-management needs,

we normalize «
7 = 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,

19A ppendix 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.
2OAppendix 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 7°? and v using households’ non-

2l Using bank-level

arbitrage conditions across deposit types and between deposits and bonds.
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 8 = 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 v = 0.03.

The remaining eight parameters are jointly calibrated to eight empirical steady-state moments:?
(1) o"B, the capital management cost for LBs; (2) o, the capital management cost for households;
(3) 7, the share of interbank bond holdings that is divertible for LBs; (4) 6, the bank asset seizure
rate; (5) 0B, the survival probability of LBs; (6) ¢, the survival probability of SBs; (7) &, 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:
ib] < ®ibl, if ib] > 0,
218ee Appendix D.A.4.

22Appendix A describes the sources of the empirical moments.
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where ® denotes the regulatory ceiling multiplier in the quantitative model, and ibls denotes the
steady-state level of interbank borrowing.

The optimal ceiling ® 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 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 C; and Cf denote consumption paths under the benchmark and
regulated cases, and V' the household’s lifetime utility under regulation. Then the welfare measure
A¢ solves:

0o 0o
Eo ) B'log[Ci(1+ Ag) = Eo Y _ B'log CY = V.

t=0 t=0
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: b 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 ®* = 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
YR 0.773 0.072  0.000
Y 0.210 0.085 0.014
Vz,a -0.070 0.041  0.089
Vz.b 0.277 0.114  0.015
OR.a 0.004 0.000  0.000
ORb 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 Optimal Regulation
Economy * =1.06
Run Frequenc
aneney 0.28% 0.03%
in Period 7
Output on Impact of Monetary Ease
P P Y 0 -0.35%
A from Benchmark Economy
Output in Period 7
P 0 2.36%
A from Benchmark Economy
Unconditional Welfare Gain
0 0.10%
A Consumption

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

deposits

Household demand
Interbank funding

deposits

(1) 2) (3) (4)
€1t a 6.938"*  5.672°  -4.327"** -4.398"**
(2.978)  (2.886)  (1.325)  (1.344)
€1 x I(SBy): B -16.94"** -17.65***  3.252**  3.019**
(3.400)  (3.499)  (1.398)  (1.376)

€—1 X FAp 1 0.0203 0.0546
(0.2239) (0.0805)
a+ 3 -9.998"**  -11.98***  -1.075 -1.380
Controls NO YES NO YES
MacroControls NO YES NO YES
BankFFE YES YES YES YES
YearFE YES YES YES YES
Seasonal FE 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 (e;—1),
the dummy variable equal to one for SBs and zero otherwise (I(SBjy)), and their interaction terms.

Control variables include lagged return on equity (ROE} ;—1), the lagged quarterly change in the share of
interbank liabilities in total liabilities (I L¢_1 ), and the lagged quarterly growth rate of fixed assets (F Apt—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)
€t—1: Qe 3.4227*  2.936™** 2.717* 2.542™*
(1.136)  (1.033)  (1.141)  (1.073)
€i—1 X I(SBp): e -6.025""" -6.349"** -4.868""*  -4.946™*"
(1.575)  (1.530)  (1.475)  (1.458)
Whpe: aw 0.0613 0.0662
(0.0778) (0.0802)
Wyt X 1(SBy): fw -0.0177 -0.0113
(0.0776) (0.0778)
€—1 X FAp -1 0.0389 -0.0255
(0.1164) (0.1093)
Wee X FApi—1 -0.00158™*
(0.000576)
Qe + fe -2.603"  -3.413*" -2.150 -2.404
aw + Bw 0.0437* 0.0550"*
Controls NO YES NO YES
MacroControls NO YES NO YES
BankFFE YES YES YES YES
YearFE YES YES YES YES
Seasonal FE YES YES YES YES
N 359 359 359 359
R — square 0.2592 0.2699 0.2687 0.2823

include interbank funding (W} +) and its interactions shown in the table.

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 (e;—1), a dummy variable

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

Control variables include lagged return on equity (ROEp;—1), the lagged quarterly change in the share of
interbank liabilities in total liabilities (IL;_1), and the lagged quarterly growth rate of fixed assets (F Ay —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
n @ 3) (4)

I(t>2018Q3)x Wpy 1 : o -26.52 4.517 6.152%** 6.478***

(31.51)  (50.39) (2.008) (1.539)
I(t>2018Q3)xgt—1 X Wy t—1 : Br 4.236  -0.0813 -0.9153*** -0.9563***

(4.627)  (7.486) (0.2904) (0.2202)
I(2018Q1 <t <2018Q2)x Wy i1 : oy -76.20 47.05 -5.741 -9.546

(167.3) (119.4) (5.127) (7.056)
I(2018Q1 <t < 2018Q2)xgt—1 X Wy—1 : 3 10.89 -7.024 0.8217 1.383

(24.21) (17.44)  (0.7581) (1.040)
gt—1 X Wy 1 : 8 -1.353  -0.1963 0.00979 0.0275

(2.405)  (2.277) (0.0851) (0.0722)
Wht—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 X FAt1 -3.880

(5.415)
gi—1 X IL; 1 3.003**
(1.403)

Controls NO YES NO YES
MacroControls NO YES NO YES
BankFE YES YES YES YES
YearFE YES YES YES YES
Seasonal FE 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 (W ¢—1), lagged real GDP growth (g¢—1), and indicator variables for the
slow-growth period (I(¢t > 2018Q3)) and the regulation-implementation window (7(2018Q1 < t < 2018Q2)). The specifications
include g¢—1 X W}, ;1 and, for each period indicator, its interaction with W}, ;_; and its triple interaction with g¢—1 X W, ;1.

Control variables include lagged return on equity (ROEp ;1 ), the lagged quarterly change in the share of interbank liabilities
in total liabilities (IL;_1), and the lagged quarterly growth rate of fixed assets (F'Ap—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

Rk ** 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 RO07 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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Response of interbank funding change (% of equity)

Quarters

FIGURE 3. Dynamic responses of interbank funding to monetary policy easing. The dashed
line shows the response for LBs (—ay); the solid line shows the response for SBs (—(ay+5,))-

Shaded areas represent 90% confidence intervals.
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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

e R007/R001: 7-day/1-day interbank repo rate. Source: CEIC.

e W: Year-over-year change in interbank funding divided by total equity of each bank. Source:
CSMAR.

e 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.

e [(SB): Bank type. Source: WIND.

e STK: Cash flow from stock investment divided by total liability of each bank. Source: CSMAR.

e IL.: Quarterly change in the share of interbank liabilities in total liabilities of each bank. Source:
CSMAR.

e LIQ: Growth of cash or cash equivalents of each bank. Source: CSMAR.

e [.: Year-over-year change in total loans divided by total equity of each bank. Source: WIND.

e SRISK: Quarterly average of banks’ systemic risk. Source: New York University’s Volatility
Institute website.

e g: Real GDP growth rate. Source: CEIC.

e 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.

e [LBs’ leverage ratio: Average asset-to-equity ratio of LBs from 2013 to 2018. Source: CSMAR.

e [LBs’ deposit to equity ratio: Average deposit-to-equity ratio of LBs from 2013 to 2018. Source:
CSMAR.

e 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.

e 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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e Ratio of total equity between LBs and SBs: Ratio of total equity between listed LBs and SBs
in 2013. Source: CSMAR.

e 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

43

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
AlnterbankFunding/Equity (%) 110 17.907  16.199 -19.034 96.370
ADemandDeposit/Equity (%) 110 13.710  13.287 -41.700 48.238
ALoan/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
AlnterbankFunding/Equity (%) 274 54.285  61.516 -93.726  265.140
ADemandDeposit/Equity (%) 274 8.134 11.555 -54.081 61.641
ALoan/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(%)(exr) 24 0.05 0.57 2155 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

FApt—1  ILpi-1 ROFEpi

All Banks

I(SBy) 0.1077**  -0.0572 -0.0378
(0.035) (0.264) (0.857)

LBs

We -1 0.2108"*  -0.0975 -0.0544
(0.018) (0.279) (0.547)

SBs

Wht—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 R0O01 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 R0O07 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 €g; 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 R0O01 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, €r;. 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 R0O07 series is used.
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TABLE S3. Estimated Monetary Policy Rule Using R001

Coefficient Estimate SE p-value

YR 0.723 0.074  0.000
Y 0.124 0.063  0.047
Ya,a -0.070 0.031  0.022
Ya.,b 0.265 0.103  0.010
OR.a 0.003 0.000  0.000
ORpb 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 7, = v, and or; = op 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 RO07 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 77) 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:

DepSpready; = aepy—1 + Beri—1 X I(SBy) + 72 Xp1—1 + ymMacros_q
(S1)
+ap+ Ty +Ts + €y,
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Note: The top panel shows the quarterly level of R0O01 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 RO01 rate and the systematic component represents
the sequence of exogenous monetary policy shocks.

Source: CEIC.

where DepSpready; denotes the semi-annual deposit spread for bank b at time ¢, defined as the

monetary policy rate minus the deposit rate. The coefficient o captures the response of deposit
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spreads to monetary policy shocks for LBs, while the interaction coefficient 5 measures the dif-
ferential response for SBs. The vector Xj;_1 includes lagged bank-level controls, and Macros_;
includes standard macroeconomic controls such as GDP growth and CPI inflation. Bank, year, and
seasonal fixed effects (ap, 7y, and 7,) absorb time-invariant heterogeneity and common shocks.

Table S4 reports the estimation results. Several findings are noteworthy. First, across specifica-
tions, the estimated coefficient « 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 3 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(¢ > 2018Q1) X
I(SBy).
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TABLE S4. Effect of Monetary Policy Interest Rates on Deposit Rate Spread

(1) (2)
€r-1: @ 0.5025**  0.3174***
(0.0322)  (0.0296)
€1 x I(SBy): 8 0.0410  -0.0225
(0.0406)  (0.0389)

€—1 X FAp 11 0.00777**
(0.00331)
a+f3 0.5435""  0.2948"**
Controls NO YES
MacroControls NO YES
BankFE YES YES
YearFE YES YES
Seasonal FE 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 (&—1), a dummy variable equal to one if the bank is an SB and zero
otherwise (I(SBy)), and their interaction. Control variables include lagged return on equity (ROEp—1),
the lagged quarterly change in the share of interbank liabilities in total liabilities (IL;—1), and the lagged
quarterly growth rate of fixed assets (F'Ap;—1). Macro control variables include lagged GDP growth and
lagged CPI inflation. Bank, year, and seasonal fixed effects are included. Robust standard errors clustered

KKk Kok
’

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 (a+ ) 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 (o = —4.433 and —4.499),
while the interaction coefficient /5 is positive and significant (3.420 and 3.187). The sign of 3 is
opposite to that of «, leaving the implied SB response a + 8 small and statistically insignificant
(—1.013 and —1.312). This confirms that the key heterogeneity emphasized in Section ITI.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) x I(SBy) 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 ITI.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

1(2018Q1 < t < 2018Q2) in Equation (5) with I(¢ > 2018Q1) and estimate:
SRISK(M = ;W1 X I(t > 2018@Q3) + Brgi—1 X Whi—1 % I(t > 2018Q3)

+ oqWpi—1 x I(t > 2018Q1) + [igi—1 X Wp—1 x I(t > 2018Q1) g
+aWpi 1+ Bgi-1 X Wy 52
+ Y2 Xp -1 + YmMacro_1 + o + Ty + Ts + €4,

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 > 2018@Q3)), 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

Household demand
Interbank funding

deposits
(1) (2) ®3) (4)
€—1: 7.609*" 6.204™"  -4.433*"*  -4.499***
(3.013) (2.858) (1.352) (1.369)
€t—1 X I(SBy): B8 -17.84***  -18.52***  3.420™* 3.187
(3.287) (3.372) (1.473) (1.443)
I(t >2018Q1)x I(SBy) -17.99*** -17.73** 4.291 4.215
(5.388) (6.742) (3.663) (3.605)
€—1 X FAy i1 0.0297 0.0538
(0.2287) (0.0813)
a+p -10.23***  -12.32*** -1.013 -1.312
Controls NO YES NO YES
MacroControls NO YES NO YES
BankFE YES YES YES YES
YearFE YES YES YES YES
Seasonal FE 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 (e;—1),
the dummy variable equal to one for SBs and zero otherwise (I(SBy)), and their interaction terms. (I(¢t >
2018Q1)) is the indicator variable for the regulation-onward period.

Control variables include lagged return on equity (ROEp;—1), the lagged quarterly change in the share of
interbank liabilities in total liabilities (IL,_1), and the lagged quarterly growth rate of fixed assets (F Ay —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)x Wiy 1 : ar 49.68  -42.53  11.89*  16.02*
(166.2) (131.0)  (6.300)  (7.696)
I(t>2018Q3)xgi—1 X Wye_1 : Br -6.654  6.943  -1.737*  -2.339*
(24.33)  (19.50) (0.9159)  (1.122)
I(t>2018Q1)X Wy 1 : oy 7620  47.05  -5.741  -9.546
(167.3) (119.4) (5.127)  (7.056)
I(t>2018Q1)xgs—1 x Wy, 1 : 3  10.89  -7.024 08217  1.383
(24.21) (17.44) (0.7581)  (1.040)

gt—1 X Wy i1 : B -1.353  -0.1963 0.00979  0.0275
(2.405) (2.277) (0.0851) (0.0722)
W 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)
gi—1 X FA; -3.880
(5.415)
gt—1 X ILy—q 3.093**
(1.403)
Controls NO YES NO YES
MacroControls NO YES NO YES
BankFE YES YES YES YES
YearFE YES YES YES YES
Seasonal FE 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 (W3 ¢—1), lagged real GDP growth (g¢—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 (ROE} ;1 ), the lagged quarterly change in the share of interbank liabilities
in total liabilities (/L¢—1), and the lagged quarterly growth rate of fixed assets (F'Ap—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

*ak *% and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

ante. Under this arrangement, the reserve-management cost function x(-) 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
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realized, the central bank posts the premium schedule X(:Eg ) 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 Vd{, where v ~ U[—1, 1] has mean zero. The shock redistributes
deposits within the banking system rather than generating an aggregate outflow. Given the reserve

requirement p, the realized reserve funding gap of a type-j bank is
wl(v) = ol + p(1 — v)d] — (a{ - Vd{)
4 4 . (S3)
=7l +{p+(1-pr}d —al,
where Tn{ captures an additional component of reserve-management needs proportional to bank

net worth, 7 (v) > 0 indicates a reserve shortfall, and a7 () < 0 indicates a reserve surplus. Define

the expected net reserve funding gap as

. . . (S4)
=7n] + pd] — al.
We focus on the parameter region in which the expected net reserve gap satisfies 1:% > 0. If bank

j € {SB, LB} purchases insurance, the administratively specified premium is

x(x]) =y
. o (S5)
— rpa(rid + ol — af),
where 754 is the net policy rate. If the bank does not purchase insurance, when :pi(u) > 0,
the bank covers the realized shortfall by borrowing from the central bank discount window at

the net policy rate plus a penalty spread, r,; + ¢, where ¢ > 0. Denote the expected amount of

discount-window borrowing by Itj :

I =E, Hx{(u)] J

1 1 . . .
— / g {Tng +{p+ (1 —p}d — a‘g] dv,
2 {_17 t t—P t}

max i
(I—p)dy

(S6)

where [y]; = max{y,0}. The expected reserve-management cost without insurance is therefore
O) = (g + 0] (S7)
The bank prefers to purchase insurance if y(z?) < (xJ)N, that is, if

Tht (Tn{ + pd{ — a{) < (7pt + L)Ig. (S8)



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 53

For Itj > (, rearranging (S8) gives the following sufficient condition:

L>Tht (89)

Tn{—kpd{—a{ 1
I '

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 att =0 andt =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 ni , it is conve-
I =2l /n, and

nient to work with ratios to net worth. For any variable :c{ € {a{, d{, zb{} define ¢, =

let 1/)? = th / ni 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

al = kn — @Dg’t = K. (S10)
Using (S10), the banker’s balance sheet (18) at t = 0 or 1 can be written as
(Q¢ + ang)k:z = [1 — Kk — Ty (T — Ii)]ni + (1 — prbi)d{ + zbi (S11)

Let the gross return on one unit of banker j’s capital purchased at ¢t = 0 and t = 1 be Ry =
(Q1+ Z1)/(Qo + ozng) and R0 = Zo/(Q1 + ajK{) (conditional on no run).
Combining (17) with (S11) and dividing by n/ yields

J
L =+ Rypsr[1 =k —rp (7 = #)] + [Repra(1— prog) — RZi,t] ¢zl,t + (Brpe1 — Ribg) wzj'b,t’
N ——

J
U

vV
=A, =Aipe

EAZZ’ ‘
(S12)
where A;, Ag ¢» and A ¢ are the net returns to equity, deposit funding for banker j, and interbank

funding, respectively. Define the t = 0 and ¢ = 1 marginal value of net worth as
O = Bmi((1—0?) +ol9), (S13)

and Q) = Bmy, with le > 0 and Qé > 0. In the expressions below, E; is used only as compact
notation for the two-period derivation. For ¢ = 0, it is the expectation over the distribution of Z;.

For t =1, Z; has already been realized and there is no further aggregate uncertainty before t = 2,
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so the E; operator is degenerate and the expressions reduce to their realized-state values. Then

homogeneity implies 1 = E; [Qg . (n] / n )] Substituting (S12) gives
ol = B[ (A + A, + A, )] (S14)

Denote ,ug’t =k [Q{HAt] ,,uit = [QtHA } , and ,ugb,t = Lk [QtJrlAzb 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 @}, |, while an interbank claim on SBs pays the recovery-adjusted return
uSB Ry ¢ 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
B =001+ 957 +wiih). (S15)

Combining (S14) and (S15) yields the closed-form expression
P —0— (0 uiP) viP

wlb t - ew lU/zb 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), 6w — uzbt, is positive for both t =0
and t = 1. Moreover, it is sensible to assume that ,ugf — 0 < 0. Otherwise, the bankers can use
deposit issuance to relax the incentive constraint. For the active borrowing region used below, we
maintain the ordering u B>0> ,udt , 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 k7 for t = 0,1 is:

max ¢ = //Ji,t + :uzl,twgl,t + Mgb,twgb,t’ (S17)
Gl
0L+, +wily ) < pdy + 10 0+ 103 Wl s

zthO

U (1= prog) + ¥ + 1= K —ro4(T = K)] > 0
Let @y, wip ¢, and @y, ¢ denote the Lagrange multipliers on the incentive constraint, the interbank-
funding sign constraint, and the capital non-negativity constraint, respectively. The Lagrangian
is . o o A A
=1+ wt)(ﬂit + M{i,twgl,t + ugb,thj‘b,t) — @[l + wé,t + wwgb,t}

+ @in Wy, + T U, (L= prog) + Uy, + [L— & — rya(7 — 1))}
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The first-order conditions for wgt and @ngt are

0L ; ;
EYE sy — @e(0 = pig,) + wra(1 = prog) =0
dt
0.7 i j
Y = iy, — @i(0w — iy ) + @ing + wry =0
bt

For a potential borrower in the interbank market, capital investment must be positive, thus
Wkt = 0.
Therefore, the no-arbitrage condition for a potential borrower in the interbank market is given

by

J J
/‘;i,t > 0 — :“df '
Hip ¢ Ow — iyt
Similarly, we could derive the first-order conditions for bank j to be a potential lender in the

interbank market ( th <0):

0L :
=ty — @0 — ) + wea(l— prog) =0
Mgy
0.7 ;
— =ty — @01 =) =y ) — @i + @y =0
iy

We will show later that under Assumption 1 (w + vy > 1), capital investment must be positive,
so wg, = 0. Therefore, the no-arbitrage condition becomes
J J
Mt < 0 — gt

e 01 =) = 1y

Therefore, for SBs (LBs) to be ex ante borrowers (lenders), the equilibrium is characterized by the

following two no-arbitrage conditions:

LB LB
Hat _ 0 — 1y (S18)
pih o 0 =) — nhh
SB SB
Har 0 — gy
SB T g SB (S19)
Hibt W= Hipt
These conditions can be equivalently expressed as
LB LB SB SB
Hipt = (1- V)Hd,t y Mipt — WHqy - (520)

Assumption 1. w+~v > 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 Rg? > Rcfzf, with at least one strict inequality.
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Lemma S1. If Assumption 1 does not hold, i.e., if w+v < 1, then LBs cannot simultaneously have

positive interbank lending and positive capital investment in an active interbank equilibrium.

Equivalently, w + v > 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 x(-). The complete state-contingent transfer rule is
given in (26). In a normal outcome, 1%, = 0, so for ¢t = 0,1, 2 it reduces to

= > [A-al+nx)] t=012 (S21)
je{SB,LB}
where A7 | = A} = 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

* J\ % j * * j B B B
= Y [ - (Al ()| - (- uSP) REE DEE, (822)
j€{SB,LB}
where ©5P is the recovery rate defined in (30) and, in the run outcome, (A75)* = (A5P)* =

(Az%)" =0.

D. Aggregation and net worth dynamics

Let s € (0,1) denote the measure of bankers and let ¢ € (0,1) denote the share of SBs among
bankers at ¢ = 0 and in the no-run continuation. For any representative-bank variable E{ of type

j € {SB, LB}, define the corresponding aggregate at t = 0, or at t = 1 conditional on no run, by

sc 7B, j =SB,

s(1—¢) kB, j=LB.

In particular, KB = s¢ kP and K}P = s(1 — <) kFP, and similarly for net worth, deposits, and
reserves. In the run continuation at ¢ = 1, the SB sector defaults and has no new entrants, whereas

the LB mass remains s(1 —¢). 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

I By as total SB borrowing (equivalently, total LB lending), so market clearing implies
IB; = scz’be =—-5(1—%) z'be.
Using these mappings yields sector-level aggregates (examples):
ASB _ N SB, ALB _ NI,
DB = scd?P, DEB = s(1 —¢)dlB,

Aggregating the bank’s balance sheet (18) requires keeping the sign of the LB interbank position

explicit. Hence
(@i + aSPKSP)KSP 1 AP 4 \(XSP) = NP+ DSP 4 15,
(Qu+a P KEPVRE? + AE 4 X(XEP) + 1B = N + DI
In the no-run equilibrium, aggregate net-worth dynamics follow from (17) for ¢t = 1, 2:
NSB = 55B [Afﬂ +(Zi + QKB — Ryyy 1IB;1 — Rds’f_lDfE] + W5,
NEB = LB [Af_Bl +(Zi+ Q)KEB + Ripy 1 1By — Ri?,lpf_ﬂ +WEB, (S23)

Here a{ = o and ag = 1, reflecting exit/entry at ¢t = 1 only in the no-run branch. The term Wf
is the aggregate startup fund of entering bankers of type j at ¢ = 1. In the no-run equilibrium,
exiting bankers of both types are replaced. We set Wi = 0; the initial net worth Ng is instead
financed through (o and treated as an initial condition. In the run equilibrium, (N7B)* = 0 and
the SB entry term WlsB is zero, while only the LB entry term WILB 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
1-0

M = —— (M =),

o

and the total startup fund for the entering banks is given by
G o= Wi+ WP,

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 (; = WEB.
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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

SB = 0 < B, but their capital investment is limited by their incentive and balance-

because «
sheet constraints.

Let Sg > (0 denote the type-j bank’s shadow value of balance-sheet resources at ¢, and )\fﬁ >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
E QB (Zi + Qui1)] = SPP (Qe+ 235 (S24)
Here, fol is the marginal continuation value of SB net worth at ¢ + 1. Dividing by SP'P gives
Ey[B25(Zip1 + Qun)] = Qe+ AR (525)

is SB’s stochastic discount factor at ¢ + 1. The left-hand side is the shadow

SB
QtJrl
557

present value of the expected marginal return of capital. Hence the SB willingness to pay for capital

where 875 =

is
pr PV = Q4 038 > Q. (S26)
Here, pf BWTP 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

E[BEA (Zesn + Qe)] — P KP = @y, (S27)
where 315 is LB’s stochastic discount factor at ¢ + 1. It follows that

LB,WTP SB,WTP
Dy ? = Qt < Dy ’ . (828)

Here, ptLB’WTP 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 Q.

The same conclusion is particularly transparent in the run allocation. SBs liquidate their capital

and cease to be buyers, so that

(KPP =0,  (K{P) =K. (529)
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LBs therefore absorb the entire capital stock and are the unique marginal buyers at the fire-sale

price Q)]. 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 IB5;.

RSB(IB1)*Rb,
uSB(IBy) — 0 — (9 — /Lde(IBl)> (5(:;53—1)1%“1

Ow — pi (1B1)

>n531
IB{ = nyB(IB)) = 2(IBy).  (S30)

Here 2(-) denotes aggregate interbank demand.

When LB creditors roll over, equilibrium aggregate interbank credit is a positive fixed point
of Equation (S30), IB; = Z(IB;) > 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 (I By = 0), and a no-run equilibrium in which LB creditors roll over and interbank credit
remains positive (IB; > 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 iby = 0 and I By = 0. SBs must then fire-sell their capital at the low
price Q7. 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 IB; = Z(1B;) > 0, and the higher capital price Q1 keeps SBs solvent.

In a run outcome at ¢ = 1, SBs liquidate capital at the fire-sale price 7 < 1 and repay creditors
out of liquidation proceeds. The recovery rate is defined in (30):

4B — (@ + Z)k5" + %93.
Ripoibg P + Rigng

Lemma S2. Given all prices other than )], a negative productivity shock strictly reduces the SB
recovery rate u°? and weakly increases the run probability P. Equivalently,

auSB
074

> 0,

and P is weakly decreasing in Z;.
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iby

FiGure S2. Equilibria: Run and No-Run

Lemma S3. Given all prices other than )], an increase in aggregate interbank funding strictly
reduces the SB recovery rate u°B and weakly increases the run probability P:

auSB
oI By

<0. (S31)

We next show how run risk P is priced into the equilibrium promised interbank rate R, ;. Here,
E: denotes the conditional expectation relevant to the two-period pricing condition. At ¢ = 0, the
expectation is taken over the distribution of Z;. At t = 1, Z; 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
LB [pLB LB
Et{QtH [Rk,t+1(1 - PTb,t) - Rd,t ] }

1
- L st )

_ Rib,tEt |:(1 — P)Qf_ﬁ + PQ;‘_EFUSB} }

The interbank claim pays the promised gross rate R;; in the no-run state and the recovery-

adjusted rate uSBRib,t in the run state. Therefore, the term multiplying R, in (S32) is the



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 61

expected marginal-value-weighted repayment factor. Equivalently, (S32) can be written as
Rib’tEt[( = YO + PPy SB] E{Qrh (RiY + Riiproe) }

= vEAQLE [RiZ — (RGP + RiZapmes)] -

The left-hand side is the effective net return on (—ib“?), and the right-hand side is the effective

kLB Q*LB

net return on , where ﬁthl and Q77 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

Et{Qt+1 ['YRk tr1t (1-=7) (R[Iif + Rk £4+1PTD, t)}}

Ei[(1 - P) QI + POiEp us?]

Rip1 = (S33)
Since £} le < QtL+1 and ©5P < 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, R 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 Cy and By, 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

Jnax. u(Co) + BE[(1 — P)Vi(N1) + PVI*(NT)] (S34)
subject to the following implementability conditions:

Co+By=W —oB(KEP? = Y f(D)). (S35)

je{SB,LB}
Al =kN],  je{SB,LB}, (S36)
X(X3) = roo(tNg +pDf — A, j €{SB,LB}. (S37)
QuE5” = NP + 1By + D§P — A5P — x(X5P), (538)
(Qo + P K¢P)KgP = N§P — 1By + Dy — AFP — x(X¢P). (S39)

D} — NI Rio = Boo \ ™7 i c {SB.LB sS4
0 =M\ ey — D Ros , J€{SB,LB}. (540)
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K$B + KEB =K, (541)
IBy = sciby? = —s(1 — <) ibk® > 0. (S42)
JB=0,  JfP=o. (S43)
o
P=|1—-min ( (Cﬁi; féi[f;g%ggf , 1)] : (S44)
(QF + "PR)K = (N{P)* + (DIP)" — w(N{P)* = x*(X{P), (545)
0 [(NTP)* + (DEP)] = (uef) (NEP)* + (g7 ) (DEP)*. (546)

For each bank type j, jg = 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 Q7.

By Equations (S35)—(S46), the variables {Kg’Dg’Ré’O}je{LB,SB}’ Qo, Q1, Ripp, and P can be
written as functions of (Co, IBy; Ry, Z1) for each realized productivity state. Equivalently, one
may formulate the reduced problem in (By, IBy) and recover Cy from (S35).

Using the resource constraint to substitute out Cy, applying the envelope conditions for the

induced continuation equilibria, and differentiating the reduced objective with respect to I By yields

0= BEQ[(l—P) oV +P8V1*}

01 By 01 By

aB(KEP? +3 (D)) (S47)

80|V = ) |
The first line is the same price-taking marginal trade-off faced in the decentralized equilibrium. The
endogenous response of Q7 is retained in the reduced-form derivative 0P/JIBy. 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 Ry o = R, and Ryo =
Rf. Since aggregate and individual SB interbank borrowing satisfy 1By = s¢ ibOSB, 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.
iby PO = 2(P(IBy(Ry ), Roo. Z1); Ry, Z1) - (S48)

The planner chooses ibOSB’CSP at t = 0 by evaluating the state-contingent run probabilities and

continuation values under Ey over the distribution of Z;. The solid lines correspond to Ry o = Ry,
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where P = 0 and v°B > 1, so that ibOS B.OSP ibg B.PE " The horizontal axis reports individual SB
interbank borrowing at ¢ = 0, denoted by ibgB, while the vertical axis reports the borrowing level
implied by the relevant optimality condition, denoted by Z(-). 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 ZPF. By contrast, the constrained social planner recognizes that higher ibgB raises aggregate
interbank borrowing I By = scibOSB , which increases run risk in adverse states and lowers the social
value of additional borrowing. This internalization produces the downward-sloping borrowing rule
2C¢SP  Equilibrium borrowing is the fixed point at which the relevant borrowing rule intersects the
45° line. Relative to the solid rules for R, o = Ry, the dashed rules for Ryo = R{; 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 Ro = Ry, the increase
in interbank borrowing is larger in the decentralized equilibrium than under the constrained social

planner. Hence, AIBODE > AIBOCSP, or equivalently, AibOSB’DE > A@'bgB’CSP,

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
w + v < 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 wy? > 0 and @w/? > 0, respectively.

For SBs, the first-order conditions for deposits and interbank borrowing are

(1 + =P = w50, (519)
(1 —|—wa)”;§£ = w; Bow. (S50)
Dividing (S50) by (S49) gives
Hibg = whir (851)
Moreover, (S49) implies
SB wp”
Hat = 6> 0. (S52)

1+wf3
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. =CSP’

=CSP

: >
< ipSBOF ibgB'CSP, ibgB'DE

ibbS‘B,CSP = ibgB,DE ib§E'CSP

FIGURE S3. Decentralized equilibrium vs. planner: interbank borrowing under alternative
values of the initial policy rate Ry 9. The curves plot the borrowing rule Z(-) against individ-
ual SB interbank borrowing ib5? (horizontal axis). Because By = scibi?, 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 ZPF. 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 2“7, The solid lines correspond to Ry = Ry, and the dashed lines
correspond to Ry g = RE. 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.

64

For LBs, interbank lending enters the incentive constraint with coefficient 1 —~. Their first-order

conditions for deposits and interbank lending are therefore

Hence,

(1+ @ gy = =70,

(L+ @ Py = w701 — ).

pigh = (L= y)uk?.

From the definitions of the expected marginal values of deposits and interbank credit,

Hay = Bt [Qiﬂ <(1 —oroe) By — Rﬁl,tﬂ ,

“gb,t = E; [Q{Jrl (Ri,t-i-l - Rib,t)} :

(S53)
(S54)

(S55)

(S56)

(S57)
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Because Rj,;, R, and ry; are known at date ¢, substituting (S56) and (S57) into (S51) and
dividing by E;[Q7F] > 0 gives

Ey [Qfﬁ lefﬂ]

Ry =

E[0FF]
E[Q$BRET,, |
—w [ (1= proy) — —Ri7|. (S58)
E[2FF] |

Similarly, substituting the same definitions into (S55) and dividing by Ey[QF] > 0 yields

L E|oHARLD
ib,t —
AR
Eq[QFE RES, |
—(1=9) [ (1= prog) — —Ri7|. (S59)
E[0Ff] !

Equating the two expressions for R;,; in (S58) and (S59), and collecting terms, gives

SB pSB
Eq Qt+1Rk7t+1} SB

Blofp]

Wy =1) [ (L= prog)

EOFRREE] B [OHRED ]

E[QfR]  E[oH]

=1 =1 =7 = prog)]

+(1-9) (Rgf ~- Ri7). (S60)

By (S52), (S56), and E,[Q75] > 0,

By [Qfﬁ R?Z—l}
(1= pros) — — Rif >0. (S61)
E[Q75] ’
In addition, since 0 <y <1, p >0, and rp; > 0,
1= (=) =proe) =7+ (1 —7)pree > 0. (S62)

Under the maintained active-region return orderings,
B |QFBREY,|  Bi|QHARER,|
E[QFR] T BloA]
R77 > Ry, (S64)

(S63)

with at least one of these inequalities being strict. At ¢ = 1, the expectation operator is degenerate
and Q*;B = Q%B = fma, so (S63) reduces to the realized-return ordering ng > Rﬁg. 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 w + v — 1 on the left-hand side is strictly positive by (S61), it follows that

w+Hvy—1>0, (S65)

or equivalently, w + v > 1. This contradicts the supposition that w + v < 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 n3?

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 uzb 0= de 0, We obtain

SB
1 peo — 0
bibo = UJ¢§€'+“‘:L“?i;*- (S66)
w (9 — F‘d,o)
Differentiating (S66) with respect to R gives

wzbO _ l aﬂ)gg
8Rb70 w 8Rb70

9 peo — 0

(S67)

+ ORpo | (9 _ uiﬁ’)
We first establish the sign of the second term in (S67). From the definitions of u;i and Mdo’
and using 7,0 = R0 — 1, we have
s
ORy
8uiB

o _ _ SB pSB

(- W) B0 [5PRED), (56%)

Consequently,
9 pep — 0
OB |4 (0 - u%)

1 |0uSE /0Ry (uiﬁ-—9>(8ui€/8f%p)

w | 6—uSE (0 ns2)’
Bo|Qf 2 Ry%|
=5 [T =R (0= pic) +p (25 — 0)] - (S70)

w <0 — uiﬁ)
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To determine the sign of the expression in brackets, combine the normalized value equation

SB __ , SB SB,, SB SB,,SB
0 = Heo + HaoYao + HiboVibo
with the binding incentive constraint

08 =0 (1+v38 +wiil)

and the no-arbitrage condition uf‘;)% = w,ugg . These equations imply
SB SB SB SB
peo —0=(0—pag) (Yo +wiing) - (S71)

Substituting (S71) into (S70) yields

o | mig-0
oo | w (6 - p5h)
Eo [ REF sp_ o
=TT s\ [7' — K+ p¥qo + Pw¢ib,0] . (S72)
w (0 —u d’0>
Because the liquidity constraint binds, agB = ﬁngB , and we assume the expected reserve shortfall

is positive, hence

%:T—/@—i—p@bigZO. (S73)
1
Therefore,
SB __ 0
0| e <0. (S74)

aR(ho w (9 _ Ndsf)?)

We next consider the deposit response. The household deposit-demand condition gives

!
WSE — Rig —Roo |77 (S75)
0 EMSE — 1Ry
Given Rg,]g , differentiating (S75) yields
osst
IRy EmSB —1)2R3,
L 1
RiG — Rpp |7
e < 0. S76
En°F = 1) Ry (576)
Furthermore,
Oig
li — : = 0. ST7
nSBHLloo ( 8Rb70 ( )

Thus, the first term on the right-hand side of (S67) is positive but converges to zero as 738

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 8. Therefore, there exists a sufficiently large value of %2 such that

3B
87’2:72 <0. (S78)

Since ib§ P = n(‘?Bz/JiSb% and n§? > 0 is given,

DibSE G OUk
= = < 0. S79
ORp 0 "o ORyp (579)

Finally, since the SB balance-sheet condition is

ong’B =[1—Kk—71p0(T — K)] ngB + (1 — pryp) dOSB + ibgB. (S80)

we have .
adSB 0
0 _ pSB iy _ (S81)
ORp0 IRy
Using 58 >0, 1 — pryg > 0, dd5B /ORy, o < 0, and (S79), equation (S80) implies

9(Qoks"”)
——— 2 <0. S82
DRy (S82)
Since Qg > 0 is held fixed, it follows that
SB
Ok < 0. (S83)
ORy 0o

Therefore, when nSP is sufficiently large, a marginal decrease in the policy rate increases both SB

interbank borrowing and SB capital demand. g

Proof of Lemma S2. In the run equilibrium, the interbank market collapses, IB; = 0, and SBs

liquidate their capital. LBs therefore absorb the entire capital stock, so each LB purchases

K

kP =k = : S84
( 1 ) 8(1 —§) ( )

The LB balance-sheet condition and binding incentive constraint in the run state are
(@1 + P K) ({7)" = (n{®)" + ()" = k(ni®)* = x*((@17)"), (S85)
0 (n7)* + (d?)") = (ued)* (nt®)* + (ug?) (dr”)*. (S86)

Solving (S86) for LB deposits gives
0 — (ui?)

(d7)" = g () (S87)

(kB -0
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Substituting (S87) into (S85), we obtain

(@1 + o"PR) (k{?)* = F(Q})(n{?)", (S88)
0 — LB\x*
P =1+ o0 =) k) (59

Because Zo = Z is fixed and all other prices and continuation values are held fixed, F' has no
direct dependence on Z;. It may nevertheless depend on @7 through the LB continuation returns.

At the fire-sale equilibrium, (S84) and (S88) imply
(@i +a P K) k= F(Q])(nfP)" (390)
Since Q% + aPK >0, k > 0, and (n¥5)* > 0, equation (S90) also implies
F(Q7) > 0. (S91)

The SB recovery rate is
s _ (L1 +QDKG + ag”

= , . (S92
Rip0ibg? + RGP )
Holding the other argument fixed, (S92) gives
o SB o SB kSB
= = - — >0 (S93)
(9Z1 Qx 6Q1 7 Rib,Olb() + Rd,O dO
The run-state net worth of an LB is
(nt?)* = ag® + (21 + QDkg® — u™P Ry oiby® — REGdF. (S94)
Using (S93), we obtain
i) | _ an{”)*
071 . Q7 |z
R: ~bLBkSB
R L A ) (595)
Rib,(ﬂbo + Rd,O dO
The last inequality follows from ib}® < 0.
Equation (S88) implies that LB capital demand satisfies
F * LB\*
Q7 +alPK
Differentiating (S96) with respect to 7, holding Z; fixed, gives
a(ni”)*
F + F, 7’LLB * k‘LB *
a(k‘f‘B)* 8@? 2 Q( 1 ) ( 1 )
= , (S97)

Q7 Z Q1+ alBK
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where Fg = 0F/0Q7. Under the uniform local regularity condition, LB residual capital demand

is strictly downward sloping at the local interior equilibrium. Therefore, using (k{%)* = k,

a(ni”)*
Q7

We now differentiate the fire-sale equilibrium condition (S90) with respect to Z;. Because F' has

F + Fo(nfP)* —k <. (S98)

VAl

no direct dependence on 727,

_dQT LB *dQT
—F 1
o LByx* o LB\x* dO*
0Z1 g 0Q7 |z, dZy
Collecting the terms involving dQ7/dZ; gives
L OniP)
9i_ — < >0, (S100)
dZy P d(ny”)* Fo(ntB)*
P T | T AeUd
Q1 |z
The inequality follows from (S91), (S95), and (S98). Thus, a higher Z; increases the fire-sale price
Q1
Taking the total derivative of (S92) with respect to Z1, and using (S93) and (S100), gives
du®B B ouSB 4 ouSB|  dQx
Az, 073 o 0Q7 |z d2
kg ( dQ’f)
= 1+ > 0. S101
Rip0ibg? + RG§ 3P dZ, (5101)

Hence P is weakly decreasing in Z7, with a strictly negative derivative whenever run risk is

active.
0
Proof of Lemma S3. The SB recovery rate can be written as
RSB’*HSB
wSB e R (S102)
L
where
Z1 + Qf
RYP = L $103
F Qo (510)
HB =1+ @/;Z%% +(1- prb@)@bgB — Kk —1p0(T — K), (S104)

L = Ry ot + RiGw3". (S105)
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We first derive the direct balance-sheet effect. Holding @7 fixed and differentiating (S102) with

respect to djzbo gives

ust|  BTL— Rino (B 152 + k)
Uil o L2
- —g, (S106)
where
B = Ry A" — 93P RIP* [RIE — R o(1 — proo)] (S107)
and
A =k + RP 1=k —rpo(r — K)]. (S108)

The funding-cost inequality used below follows directly from the SB no-arbitrage condition uzb 0=
w/‘d,O' In particular, evaluating the equivalent return condition (S58) at ¢ = 0 and using (S56)

gives

Ripo(1 — proo) — R3S

Bo|Qf 2 Ry%|
— ’ SB
= [1 - w(l - prb@)] (1 - PT‘b,O) Eo [QfB] - Rd,O
Fio
=|1—w(l- — = > 0. S109

The last inequality uses 0 < w < 1. Hence, RSB < Ripo(1 — pryp). Together with the maintained
run-state condition A* > 0, this implies B > 0 and therefore du®B/ 81&11)0 o <0.
1

We next derive the endogenous fire-sale-price response. LB run-state net worth is
NEB* = AP + (20 + Q) KEP + uSP Ry o0 ANGP — RESDEP. (S110)
Run-state capital-market clearing requires
(Qf + o"PK) K = FLB*NLB>, (S111)

where
FEB* =14+ (1= pry )y ™ — k5 = 11 (7 — k). (5112)

Differentiating (S111) with respect to 1/15 b0 8ives

K _ pLBx ONEE _ FCSB,*NLB,* dQy
90 Ayl
NLB *
_ o9 (S113)

djzb 0

*
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Holding wzb 3 fixed and using the SB balance sheet QoK5? = NJBH P, equations (S102)-(S105)
lmply SB SB SB
%um _ goﬁ _ ]fSOBE > 0. (S114)
Differentiating (S110) with respect to @7, holding 1/% o fixed, and using (S114) gives

8NLB’* auSB
* + Rlb 0¢zb 0 SB *
b0V
LB 1 OE“’OK (S115)
Differentiating the same SB balance sheet and K SB 4 KOLB K with respect to 58 b0 8ives
OK§B  NgB
wzb() Qo
aKLB NSB
—_-0 (S116)
qu)zb 0 QO

The LB balance-sheet condition gives

5 (Qo + aj\ZLf;()LB)KoLB — 1=k —ryo(r — K)] + NiBw’bO
Yio = T . (S117)
Differentiating (S117) and using (S116) yields

ODEB L OuLB

dag g
_ 2URSON (s11)

Qo(1 — pro0)
Equations (S102)—(S107) imply

Ripous? — ROP™ = % (S119)

Differentiating (S110) with respect to wzbO’ holding Q7 fixed, and using (S106), (S116), (S118)

(S119), and Z; + Q% = QoR; ™, gives
aNLB * NSBRSB SBB 2aLBKLBRLBNSB
0 R0 0 1%304Vo 0. (S120)

+
Ll o L2 Qo(1 — prep)

The strict regularity condition maintained in the proof of Lemma S2 is

LB*aNLB’* LB,x nrLB % =
F ’7+FQ TNEEE - K <. (S121)

Q7
For the present comparative static, maintain the following uniform local regularity condition, which

incorporates the deposit adjustment required by the LB balance sheet:
LByLB1-SB pLB LB,
LB 20°° KyP Ky P Ry G F=2 L

K(FEB* 1 NLBx 0. S122
( )+ F, * Qo(1 — pryo)B < ( )
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Equations (S113), (S120), and (S121) imply

[LB* 8NLB *
ol
dQT _ 1b,0 Q»{
T ONLB.* LB x
dwzbo K — FLB,x 5oF — FQ NLB,x*

1

> 0. (S123)

The total effect on recovery is
du SB 8USB dQ* SB

— " _|_
1/1117 o 097 1/%1; 0 wzb 0

Substituting (S106), (S114), (S115), (S120), and (S123) into (s124), and using K58 + KB = K
and L = Ry 03 + REG0GP, yields

(S124)

S *
20" P KB KGPRIGFIP*L
du>” Qo(1 — pryp)
wzbo r2lig— FLB,*(?JVTL_;v* B FCSB,*NLB,*}

[ * LB, * *
op  BR(FLET —1)+ F5PoNEB| 4

(S125)

The denominator in (S125) is strictly positive by (S121). Since B > 0, (S122) makes the

numerator strictly negative. Equation (S125) therefore gives

duSB
d¢5){% < 0. (5126)
Because
gl 1
1B, ~ Ng?
we obtain

ouSB B duSB 311,5‘){(3)
OIBy  dyy 9180

which proves (S31).
Finally,
P(u3B) = [1- min{u”5, 1}]6’7
is weakly decreasing in u”®. Together with Ou’? /0I By < 0, this implies that P is weakly increasing

in I By, and strictly increasing wherever run risk is active.
0

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 Q7
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

Vi(N1) = w(C1(N1)) + Bu(C2(N1)),  VI'(NT) = u(CT(NY)) + Bu(C3 (NT)).
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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(IBy, Ry, Z1), where the reduced-form
run probability incorporates the endogenous response of Q7. All objects below are evaluated at the
allocations implied by (I By, Ry, 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) response remains included in 9P/0I By. Define this common marginal condition

as
B o, oV
G(I By, Ryo) = BEy | (1 — P)WBO +P8[Bo]
) (S127)
LB/ o LB\2 j
_UI(CO)E)IBO a7 (Ky™) +;f(D6)

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(IBP¥ Ryp) = 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(IBS®F, Ryp) — M(IBF®F, Ry ) =0, (S129)

where the externality wedge is
oP
IB = —pE V) —|.
MUIBo, Ra) = ~8Ea (V= Vi) 0]

The sign of M follows from the economics of the run state. A run weakly lowers household

(S130)

continuation utility, so V;* < V;. Lemma S3 shows that uSB is strictly decreasing in aggregate
interbank borrowing and that P is therefore weakly increasing in I By. In active states with v°8 < 1,
P is differentiable and OP/0IBjy > 0; in interior inactive states with uSB > 1, P = 0 locally and
OP/0IBy = 0. Threshold realizations satisfying uSB =1 are assumed to have zero probability, and

the derivative entering the expectation is understood almost surely. Therefore
M(IBy, Rpp) > 0. (S131)

The inequality is strict whenever V;* < V; and 0P/9dI B, > 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 Ry,
and Rf , and for every I By between the DE and CSP choices,

0
9B,

Evaluating the planner’s marginal condition at the decentralized choice and using (S128) gives

[G(IBo, Ry0) — M(IBy, Rp,0)] < 0. (5132)

GUIBPF, Ryo) — M(IBPF, Ry )
= —M(IBODE, Ryp) < 0. (5133)

At IB§SP, by contrast, the same expression equals zero by (S129). Since (S132) makes the

expression strictly decreasing in I By throughout the common neighborhood, (S133) implies
IB(?SP‘Rb,o < IBODE’Rb,ov <8134)

with strict inequality whenever M (I Béj B Ry ) > 0. This comparison is ex ante: 1By is selected
before Z; is realized, while M integrates the state-contingent run externality over the distribution
of 7.

We now turn to the finite comparison between the two initial-policy-rate cases in Proposition 2.
When Ry = Ry, 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

IBY®|g, = 1B |5, (S135)

Consider instead the case R,g = R£ < Rp. 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 Z; in the active region u5? < 1. Hence M > 0

in the Ry = le case, so the strict level comparison in (S134) applies and gives
IB"|pp > IB§™ | e (S136)

Using the definition in (36), subtracting the common allocation at Ry o = R, in (S135) from the

comparison at R0 = R in (S136) gives
AIBPE _ ATBSSP = [IBODE gy — 1BGST| Rg]

— [IBY®|g, — I1B§"|5,]

= IBy"|pe — IB§ | > 0. (S137)

Therefore,
AIBPE > AIB§ST. (S138)
No sign restriction on Al BOC SP is required. This proves Proposition 2. ([l
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Proof of Proposition 3. We compare the two initial-policy-rate cases Ry o = Ry and Ry = RbL < Ry
defined in Proposition 2. Initial net worth is given. At each fixed endpoint R € {R,, RF}, 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 Ry = R{; endpoint. Under the proportional limit (39), actual aggregate interbank borrowing

under the two rules is
1] |r = ¢' (R)IBY"|r = 15" s,
1B | = ¢*(R)IBJ"|r = 1B§S"|p. (S139)
It follows from (36) that
AIBS — AIBY = AIBPE — AIBSS? > 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 nOSB is given imply

IBy = ssib3? = senf %bo (S141)
At a fixed policy rate R, the household deposit-demand schedule (16) can be inverted as
OR3E
0ig

From the definition of the expected marginal value of deposits, holding the other prices and con-

R = R[1+ €05 - 1))y = REM®P - 1)°(wdf)" 7 > 0. (S142)

tinuation marginal values fixed,

Ous’s OR3H
D= [0 < 0. S143

In the active region, the SB incentive constraint binds. Allowmg ,ud to vary with the endogenous

deposit rate, it is

uss 0 T Mdo (w Vit o T 13 owzbo =01+ wi + wily o) (S144)

Let wbgB > 0 be the multiplier on this incentive constraint and let w? y 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

(14w )Ndo = w359, (S145)

(1+ 3 )iy = o5 P 0w + w35 (5146)
Consequently, sz

,uzb 0= Wﬂgjg # Md 05 (5147)

l+@ SB—



MONETARY POLICY TRANSMISSION AND SYSTEMIC RISK 7

with equality when the limit is slack. Differentiating (S144) with respect to wzb 0» While holding the

other prices and continuation marginal values fixed, gives

SB 1/}5’
[9 I ¢doaw ] wmo— — (0w — ) - (5148)

The maintained active-region conditions imply 6 > ,ud and Ow > ,uw o- Together with (S143), the

denominator in (S148) is strictly positive. Moreover,

SB a/“‘gg SB
0 — pgt — 30 9058 — (0w — i)

o SB
— B0 (S149)

_ . SB SB
= Hipo — WHG0 d,0 ('MSB
d,0

where the last inequality follows from (S147), ¢§€ > 0, and (S143). Therefore,

31/153 Ow — s bO
0<— = . <w. (S150)
MG 0 —p3f — it 0uig/0vET)
Dividing the SB balance sheet by given net worth yields
kSB
Q;,ZS(I)B =1—Kk—rpo(T—K)+ (l—prbo)w +wzbo (S151)
0
Using (S150), 0 <w < 1, and 0 < pryp < 1,
) k§P 0vis
(Qog% ) =1+ (1 - pruo)
6@%0 "o 8%1;0
>1—-w(l—pryo) > 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 R,o = R, Proposition 2 gives the common allocation IBg)l|Rb = IBg*|Rb. In the
Ryo = R{;J case, the same proposition and (S140) give IBébl|R£, > IBS’*|R£. Applying the strict
monotonicity in (S152) at R0 = RbL , while noting equality at Ry o = Ry, yields

A(QukSEY” > A(QukSE)” . (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,
KPP = K — K5P. (S154)

. . . . L . . SB,¢t SB,¢*
The strict SB expenditure ordering in the Ry o = R,  case implies K| > K, , and therefore

1 *
KOLB’¢ < KOLB’d) . For a representative LB, symmetry gives ki® = KFP /[s(1 — )], and its capital
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expenditure is strictly increasing in aggregate LB capital because

0 LB -LB\ LB Qo + 2aPK}P
9 KEBYELB) =
8KOLB [(Q0+O‘ 0 ) 0 ] S(l—()

The two regulatory rules coincide when Ry, o = Ry, whereas the looser rule leaves LBs with strictly

> 0. (S155)

less capital when R = R{; . Hence,
! .
A[(Qo+ " BEEPIEEP) < A[(Qo + o PEEP)REP)” . (S156)
O
Proof of Proposition 4. By the definitions of the two regulatory rules in (39),
! *
IB§ =IBy"|ge,  IB§ =BG g (S157)
When Ry, = Ry, decentralized and planner borrowing coincide. Hence Proposition 2 implies
1B —1Bf = [IBODE|RI7L _IB(?E|RJ - [IBSJSPIRg —IBOCSPIRb]
= AIBPE — AIB§SF > 0. (S158)

Lemma S3 incorporates the endogenous response of ()7 and, under the strict uniform regularity
condition maintained there, establishes

duSB

dI By

throughout the interval between the two borrowing levels in (S157). Combining (S158) and (S159)

<0 (S159)

gives

B, sB
0 du

uSB _ SBo — / dIBy < 0. (5160)

1Bg" dIBy
For the sufficiently low realizations of Z; specified in the proposition, run risk is active under
the looser regime, so
uSBY <1, (S161)
Recall that
P(uSP) = [1 — min{u5? 1}]” (S162)

SB and strictly decreasing whenever u®B < 1. Therefore,

is weakly decreasing in w
p¥ > p. (S163)

0
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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 — 7 = Pz (Zt - Z) + €z t+1, (8164)
Ryiv1 — Ry = pr, (Rpt — By°) + €Ry 41, (S165)

where Z and R;® denote their steady-state levels. In the policy experiment, €g, ; is the one-time
unexpected policy innovation at the impact date. The impact innovation lowers the net policy
rate rp; = Rpy — 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 e, 7, = —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, €, ; = 0. Once
the productivity shock arrives, the conditional path sets the policy rate at R;*, and productivity
subsequently mean-reverts according to p,. Accordingly, the model does not separately calibrate a

continuous-innovation volatility. The variable Z;; 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 k:i units of
capital are employed in period t + 1, the agent receives Z;11 k‘i units of output in period ¢ + 1 plus
undepreciated capital, where Z; ;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

Fi(k]; K]) = o/ K]k, (S166)
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where o/ > 0 and Ktj is aggregate capital managed by type j. Each atomistic agent takes aggregate
KtJ as given, so the marginal management cost entering its capital decision is Kg , and its expen-
diture per unit of capital is Q; + o/ Ktj . We normalize SBs to be the most efficient and households
to be the least efficient:
B =0 <al® <ol (S167)
For simplicity, capital does not depreciate, and aggregate capital is fixed at K = 1:
KB 4L K98 L Kh = K =1, (S168)

where KB, K5B and K" denote aggregate capital held by LBs, SBs, and households. The (gross)
return to capital for a type-j agent is

R Qi1+ Zi11

_ 1 $169
kt+1 Qt + O{]K't] ( )

where @, 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

w] = 1nd + pdl —al, (S170)
where pd{ — a{ is the expected net reserve gap associated with the reserve requirement and Tng
captures an additional component of reserve-management needs proportional to bank net worth.

The associated reserve-management cost is

x(@1) = rogwy = rou (0] +pdi =), oy =Ry~ 1, (8171)

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 ¢ manages SBs
and 1 — ¢ 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 ¢/ and exits with probability 1 — ¢7. 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 w/ from the household, where

¢

VS -
v (1—0l)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:

SB
g(nSB _ 1) DSB n
IO ==y (s ) N% w150

where DfB and NtSB 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 C; denote consumption, B; foreign
bond holdings, and K} household capital, and let R denote the gross return on foreign bonds. The

household chooses {Cy, DFZ, DyB | By, K['}1>0 to maximize

EyY B'logC,

t=0
subject to the budget constraint
Cr + Z D} + f(DJB) + ¢+ By + g(By) + (Q1 + oK) K}

j€{SB,LB}

=W+ > Ry, \Dl +(Z+Q)K! +1+RB 1+ T,
je{SB,LB}

where g(B;) =
exiting bankers, and T} is the transfer from the public sector. The household takes aggregate K[!

= 2Bt is a convex adjustment cost for foreign bond holdings, II; are dividends from
as given when choosing its own capital holdings, so the marginal capital expenditure entering its
Euler equation is Q; + o K}*.

The household first-order conditions are

(RiP) ™ = Bt pia, (S172)

(1+ (DtSB))( D)= By, (S173)
(14 (B))R™ = EyAyy4, (S174)
1=E (At,tHRZ,t +1) , (S175)

The function f(D{B), the

transaction cost of depositing into SBs, follows the same functional form as in (8). II; is the total

where the household stochastic discount factor is A1 = 3 C?frl'

dividend payout from the exiting bankers, By denotes foreign bond holdings, and g(B;) = “BQ 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

RSB — RLB psB\ 7Pl
’tRLB . = g(nSB - 1) (NESB> (8176)
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and
LB R

RLB— %
d,t 1 + g/(Bt) 9
To allow for anticipated (but potentially unrealized) systemic events, agents at ¢t know the law

(S177)

governing next-period productivity and run risk. Let P11 denote the state-contingent run proba-
bility evaluated after Z; 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 P,y1 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

Qi1+ Zi41 4P AR Qis1 + Zit1
Q: + oK} A Qt+alK] )|

A.5.  Bankers: value functions and net worth dynamics under run risk. Bankers act on behalf of

1=FRr,z (1= P1)A 41 ( (S178)

the household and face an exit probability 1 — 7. Since bankers are financially constrained, they
optimally delay dividend payouts until exit. Let th denote the value of a continuing banker of type

7 at the end of period t. The recursive formulation is

th = maxFE} [At,t—s—l ((1 — Jj)ngJrl + Uth];H)} = maxFE,; [Q{Hngﬂ] , (S179)
where ,
. . -V] 1
Q= A <1 — o) + 0/ —?r ) (S180)
i1

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:
Vi = max B,z | (1= Pey) vy + Piaf3inii | (S181)
where Qgil =Ain <1 —ol+o7 ‘%) The evolution of the banker’s net worth is

Nyl

”i = ai—l + Ri,t(Qt—l + ajKtj—l)kg—l - Rib,tflibz—l - 2,t—1d§—1- (5182)

The flow-of-funds constraint is
(Qi + o/ K )k = nj +ib] + d] — a] — x(x7). (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 w and ~ in the

following incentive constraint:

9[(@1& + ang)k:z + a{ + X(:Ui) - (1- w)zbﬂ < th, if ib{ > 0,
R . . . . (S184)
0[(Qr + o’ K}k +af + x(x]) +~y(=ib])] < V7, if ibj <0,
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where V/ is the banker’s franchise value. We also impose a liquidity constraint
al > kni, (S185)

where x > 0. This liquidity requirement, proportional to bank net worth, binds in equilibrium.
The banker solves (S181) by choosing (a{, K ib{, dg) 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
Ti= > [a—al, +x@)].
je{LB,SB}
In the event of an SB run, the government additionally taxes households to honor deposit guaran-

tees. The transfer becomes

. A A . SB
I = Z {ai_ai—1+X($i)} —(1—uf )Rdt 1D,
je{LB,SB}
where uSB 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] ] 1
ﬁ _Et(Qi-&-l nj )
t t
. aj d]
_Et{Qt—H[( Rgc,t—&—l(l rbt))n (R‘ijctﬂ( = prog) — Rfit> nl (5186)
t i

; 1177
+ (R?c,tJrl - Rib,t) ) -t Rk t+1( —1p47)]}
t

Ri L1 Rfl ¢» and Ry, ; are the return on capital and the costs of deposits and interbank borrowing,
respectively. The term Rk + 41 (1 —1pe7) is the effective return to non-financial loans funded by net
worth, net of the fixed reserve-insurance cost. The coefficient 1 — R{;t 41 (1 =7py) is the effective
marginal return from holding reserves, and Ri,t (= prpe) — Rg,t is the effective net return from
deposit funding. Finally, Ri?t 41 — Ripy 1s 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

VI ) o ) )

Vi Y i
T Pt F Ha 1 Va s + Hip Vip o
t

where
il = B [k + RY (1= 5 — mo(r — 5))]} (S187)
lué,t = Et{Q{-f-l[Ri;’t_y.ﬂl — Prog) — Rit]} (S188)
IUng,t = Et{Q{H[R{C,tH — Ript} (S189)
) . [ibj, dj]
[ z]‘b,t71/}¢]i,t] = % (S190)

t

. . j

@bil’t and ¢fb,t are deposits and interbank funding per unit of net worth. It is easy to see that Z—%
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

Vi 2 0ln + dj +wib] - Ly + (1= 7)ibi - Ty ] (S191)
where Iib{>0 = 1if ib{ > 0 and Iib{>0 = 0 otherwise (and Iib{<0 = 1if ib{ < 0 and Iib{<0 =0
otherwise).

Then, a bank’s problem becomes
U = max (e + pa¥ds + v, Viv) (S192)

Yd,t,Pib,t
subject to

011 4+ as + wibip e - Liv,>0 + (L — 7)Vivst - Lin,<0] < et + td,tVdt + ivtWib e
0 <thap < by,
(1= prog)as + Vs +[1 —k —rp (T — )] >0

where @d,t is the maximum deposit-to-net-worth ratio implied by the deposit-rate ceiling;:

_ Ry — REB \ 70
Vg = : :
T \EWP - DREY

Let w;, @y, and wg 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 = (14 @) (et + tdtVdr + LibtPivt)
— @[l + Yar +wine - Lin>0 + (1 — 7)¢ivt - Lin,<0]
+ @kt [(1— pro)Var + Yy + 1 — & — 1o (7 — k)| — @a(Yay — Pay)

For the case of 1;,; > 0, it is easy to check that capital investment is positive, so @ = 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 + @) pips < wibw

(S193)
where = holds if Py, > 0,and < implies Py, = 0.
(1 + @) pa < @il + wqy
(S194)
where = holds if g4 > 0,and < implies g4 = 0.
Thus, for the case of 14 > 0, we learn
. wd,
Yive > 0, if pipe = w <Md,t - 1t> )
+ Tt
(S195)

. Wd,t
Vi = 0, if prip < w <,Ud,t 1t > .
+ wy

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

. bt
wib,t > 07 Zf 0 = w;

Hd.t
VYipt =0, if Hibt < o,
Hdt
Therefore, when pi;,; = w (ud,t — 1id’l;t) < Whdt, Vit > 0 when the deposit rate ceiling is binding,

but ;¢ = 0 without deposit rate ceiling.
For the case of ib < 0 and wg; = 0,23 the first-order conditions are
(1 + @) pivt + @it > wiB(1 — )

(5196)
where = holds if 1, < 0,and > implies Py = 0.

(1 + @) pas + wre(1 — roep) < wib
(S197)
where = holds if 14 > 0,and < implies g4 = 0.

23For LBs, the deposit rate ceiling is always nonbinding. Thus, we only consider the case wq+ = 0.
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Thus for the case of g > 0 and ¥, < 0, we learn

bt
Yy >0, if —= .
Hd.t

wkt—Oandwkt>0 f

=1l-m

ibt (S198)

Hd.t

<1l—n.

(Qt +04Kt)kt

where 1y, 4 =

Based on market clearing for interbank loans and the assumption that banks operate actively?*
we have only the following possible patterns of equilibrium in the neighborhood of the steady state:

(A) Perfect specialization with active interbank market: @Z),ﬁf =0, 1/)22 =0, ¢th >0 > dJm

(B) Perfect specialization by LBs with an active interbank market: wkt = O,zpdt > O,wgft} >

0> 77ijbt
(C) Perfect specialization by SBs with an active interbank market: 1/1,%5 > 0,1/15, =0, ¢zbt >

0> wzbt
(D) Imperfect specialization with an active interbank market: 1/1,%7? > 0,1/)2 . >0, wzbt >0 >

LB
ib,t
(E) Inactive interbank market: 1/),’;47? > 0,1/157 > 0, wlbt = Z.Lbﬁ.

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 @*, which is lower
than the price ) 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,
(Z141+Q; 1) KB+ AP | is smaller than their outstanding liabilities to interbank creditors, Ry, I By,
and to depositors, RitB DfB . In this instance, the recovery rate in the event of an SB run, utsfl,
is the ratio of (Zi1 + Q1) KPP + APP to Ry IB; + Rngqu, and the condition for an SB run
equilibrium to exist is that the recovery rate is less than unity, i.e.,

uff - G e
Riyp I By + RV D

24 A ctive operation means that banks have at least one liability or one asset other than reserves. For example,

when b°8 = 0, d° 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 li, the corresponding aggregate variable L{ is
L{:{ sld if j =SB

s(l—9)l] ifj=LB

Let A?B and AFP be total reserves, DB and DFP be total deposits, x (X,ggB) and x (X/P)
be total reserve insurance costs, and Q;K;” and Q;K}” be total non-financial loans held by SBs
and LBs, IB; be total interbank funding, and N2 and N/? be total net worth in each respective

banking sector. Then we have:

A7P = kNPP, (S199)

ALB = kNEP, (S200)

DPP = yiP NPP, (S201)

Rip =1 fz 5 (5202)

R3B = \RLB (S203)

QKPP = NP + IB, + DYP — 478 — x (X7P), (S204)

Q1+ o"BKIP)KEP = NEP — 1B, + DFE — AFB — x (X[P), (S205)
KB+ KPP+ K] =1, (S206)

EQu 1 [RET ) — Rivg] = (1= ) EeQua[RE 7 (1= rogp) — RET (5207)

Summing across both surviving and entering bankers yields the following expression for the

evolution of NV;:
NP = o®PIAPE + (Z + Qi) K2R — Ry IBia — R DB+ WPP, (5208)
NP = o"PLAE + (20 + QKA + Riyy 1 IBi—1 — Rip  DER]+ WP, (5209)

where W58 = (1 — 098)squw™B (WLB = (1 — ¢B)s(1 — ¢)w”P) 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 ¢, which is equal to the product of the survival rate ¢/ and the net earnings on
bank assets. The total dividend to the household for exiting bankers at time ¢ is given by

NtLB _ WLB NtSB _ WSB

m = M oty M

oLB (1 - USB) )
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and the total startup fund for the entering bankers is given by
C — WLB + WSB.
We calculate net aggregate output, including the household endowment, as
_ 2
Y = ZK + W — o8 (KFB)? — of (Kth) — £ (DSB) — g(By). (S210)

As in the simple model, the household endowment is part of Y; rather than a separate term in the

aggregate resource constraint. Finally, the resource constraint is given by
Ci+Bi—Bi_1=Y; + (R — 1) Bi_1. (8211)

where B, — B;_1 is the current account balance, and Y; + (R — 1) B;_1 is gross national product.
The recursive competitive equilibrium in the no-run state with anticipated run risk consists of

aggregate quantities,

prices
SB pLB
(Qta Rdﬂf y Rd7t ’ Rib,t)

as a function of the state variables (A{_l, Dg_l, K} |, I1B;_1,Bi_1,Z)j=1B,sB, which satisfy Equa-
tions (S199)-(S211), (Sl?l)j:LB7SB, (S174), (S178), and (8184)]‘:LB,5’B'

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 Ry is similar.

We define the ex-ante optimal values of surviving banks at time ¢:

5B SB , _SB SB spy NP — WP
V;t = [1 -0 +o 9(1+¢d,t +w¢ib,t)] O’SB
B QSB NtSB _ WSB
M oSB
NtLB o WLB

VEE = 1= ot 1 o Bo(1 + gk + (1 - o) =75

_ QLB NtLB _ WLB
t LB
Let the state of the economy if a run has not happened be denoted by x = (NSB, NLB 7. B),
and the state in case a run has happened be denoted by z* = (0, N“B, Z, B). We use iteration to

approximate the functions

{Q(2),C(), V¥ (x), VP (2), T (2)}
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and
{Q ("), C*(a*), VB (27), T (2")}
where I'(xz) and I'*(2*) 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

NRFy; = {Q(x),C(x), V5F(x), VE¥(2),T(2) }sec,

RFy; = {Q*(z*),C*(a*), VP (%), T*(2*) }ar e
The guess of T'(z) involves guessing {Pm(a:),NEZB/(x),N,fZ-B/(x),NtfiLB/(:z:),Z’(Z),B/(x)},
which implies

Fe) = {0 @ = M @NF @, 22, B @) wp 1= Pul)

2l (0) = (0, NP (2), 2'(2), B'(w)) w.p. Pyi(z)
Similarly, the guess for I'*(z*) involves guessing {N%iB' (z*), Z'(Z), B'(2*)}, which implies
Ii(2%) = (1 + 0B )WB, NEF (%), 2/(2), B! (a7))
(4) Iterate to find NRF} ;41 and RF; ;41 (0 <7 < M =10000) as follows:
e NO RUN SYSTEM At any point x = (N8, NP, Z,, B,) € G, the system determining

SB pLB p~SB LB
‘W’atv dtv¢zbta¢kta¢ watv dt7w1bt>wkt7th’Qt7Rdt’Rdt’K K
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Kth,Ct,IBt,DtSB,DtLB,AfB,AtLB,Yt} is given by
1 C C;
Al = B e v ) Cr (@)

(2

C  QixNE(2))+ Zi

+ Pi(z)

+ Py(x)

Cy Q (xR(2)) + Zia

Ci(zN () Qi+ oK Ci(zf(x)) Qi+ olK]

SB
wa,t =k
APB = kNP
LB __
a,t Kk

R
LB __

HRai = 1+vB'(x)

RSP = AR}?

1
W38 R7P — Ry \ "7
d, =
"\ &P - 1)RED

D,‘?B ¢ NSB

01+ 957 + W NSE = B(1 — Pi(2) Vi (2N (2))

1B, = Y3 iNSP

URE = o (T4 pUi P — Ui t)

¢kt —1+¢zbt+¢ wff—w;ff

QKB = ¢kt SNSE

O(L+ 5P + (1 — kNP = 811 = Pi@)Vi"P (VB (@) + Pi(2) Vi (a7 ()]
W5 + (1= eEHNEE = DFP — (1 - 4)1B;

IBy = —iiN/P >0

OEE = roi(m 4+ pi? — vEP)

(Qt + aLBKtLB)KtLB _ NtLB + DtLB _ IBt ALB _ wLBNLB
(@ + oK) KL

LB
wk,t =
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One can find Ry, ; from

Ros— EA{QB(Ti(2)) [y Rkt+1+( )(RstB+Tbtkat+1)]}
T E{(1 - Pi@) QLB (VB (2)) + P(2) LB (2 (2))ulz)}
(
)

L—7)(R t+7“ Pw)]}

_Ei{QLB(ri(x))[fyZ(gﬁg—gW '(2)+Q(Ls(a)
N E{(1 = Pi(x))QLB (2N (2)) + Py(2)Q LB (3 () ju(a) }

where

LB M w.p. 1— Py(x)

i NIB LB
Qi) = LB ('R
LB Vi (z;*(z)) w Pi(z)
N*LB _ye P g

and B'(z) from:
B'(z) = RB(z) + C(x) = Y(z) =0

and, finally, {V,5B V,LB} are given by
3 NS _ WSB
VP = (1= 0P + 80P (L 037 +wdi g

= LB LB LB LB Loy NEP —wiB
Vil =l =07 + 007 (1 + 97 + (1 - ’7)1/1¢b,t)]0L—B

where

N{SB = 0SBIASE + (2/(Z) + QN R(@)) KFP — RuaI B — RIFDS®)+ W

Q(zNF(2)) KB + Ry IB; — RyP D[P+ WEB

/

Ny'EB = gLBIALB |

+(Z'(
NIB — EBALB 4 (7/(2,) +
(Z'(Z) +
(Z'(

)+
) + )

) + Q" (2(2))) K[P + w(x) Ry I B, — RYPDEP) + WP
Z'(Z) + Q" (xf(2))) K2 + AFP

Rip IBy + R§P DY

i

P,(z) = [1 — min{1,

e RUN SYSTEM Analogously, at a point z* = (0, N*B, Z;, B;) € G*, the system deter-

s *L B *L B *L B *L B *L B *h *L. B *L B * *L. B *\ 1 .
mining {¢3%", wi Yk UNE QF KT KT, DT APRR OF RGP Y, } is given

by
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R
*LB __
R 14 vB
_ 3 Cf  Qi(zi) + Zin
Ci(z}) Qf + ahKp"
s

01+ v3EP)NEE = Vit (a))
Dt = it NEE

PP =y (7 + puh? — wihP)

(Q: + aLBK:LB)K:LB — NtLB + D:LB _ A;‘LB _ LZJ*LBNtLB

X5t
LB jr+LB)\ o+ LB
7szB ~(QF + " KT K
t= LB
N{

KB K =1
Y =+ W — aB(KE)R — b (KM — g(B)
and {VLB N'LB B’} is given by

NtLB - WLB
oLB

‘ZE*LB — [1 o O’LB + GO'LB(l + w;ﬁ/B)]
N'EB = " BIALP +(Z'(Z) + QU () K7 — RGP DyHP) + WP
B —RB;+C; —Y} =0
(5) Let ]TR\Ft,Hl and E]\?t,iﬂ 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 Az ;1. Iterate until A; ;11 < 1e-6; otherwise, set
NRFyii1 = (1 - a)NRFy; + aNRFy 41,
RFt7i+1 = (1 — a)RFm- + CYRFt’H_l

where a € (0,1).
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TABLE S7. Parameter Values

Parameter Interpretation Internal Value
Households:
B Impatience N 0.99
ah Households’ capital management cost Y 0.033
w Household endowment N 0.04
R Quarterly foreign bond return N 1.0101
v Households’ foreign bond convex cost N 0.03
LBs:
K Liquidity constraint parameter N 1.4
T Net-worth component of reserve-management needs N 1.3
aotB LBs’ capital management cost Y 0.0058
olB LB bankers’ survival probability Y 0.98
6 Bankers seizure rate Y 0.15
wkB LB bankers’ endowment N 0.0003
0% LB bankers’ divertible proportion of interbank funding Y 0.667
ntB Parameter for deposit transaction costs for LBs N 1
SBs:
SB bankers’ divertible proportion of interbank funding N 1
£ Parameter for deposit demand function for SBs Y 0.00035
oSB SB bankers’ survival probability Y 0.93
wSE SB bankers’ endowment N 0.0003
aSB SBs’ capital management cost N 0
nSB Parameter for deposit transaction costs for SBs N 1.5
Policy:
Th Steady state policy net interest rate N 0.0115
PRy Serial correlation of Ry N 0.95
A Annualized deposit rate ceiling ratio N 1.0008
P Required reserve ratio N 0.2
Others:
Z Steady state productivity Y 0.0161
Op Power of the run probability function N 0.5
h Quarterly first-arrival hazard of the adverse productivity shock N 0.081
Pz 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




