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Abstract

We study how monetary policy reallocates bank credit across loan contracts and how
this reallocation affects innovation financing and bank fragility. Using a new firm—bank
branch-loan type—quarter data set constructed from Chinese NEEQ-listed firms, we show
that expansionary monetary shocks increase bank lending primarily by expanding unse-
cured credit. The response is stronger for non-state banks and is concentrated among firms
with recent patenting activity. We develop a two-period general equilibrium model with
heterogeneous banks. Firm innovation reduces pledgeable collateral, and banks choose
between secured and unsecured lending subject to limited liability and a Value-at-Risk con-
straint. Monetary easing compresses unsecured-secured loan spreads, raises demand for
unsecured borrowing, and induces a larger unsecured-loan response by non-state banks
since they are relatively more risk-taking. Quantitatively, easing supports innovation fi-
nancing by expanding unsecured credit, but it also raises default risk, especially among
non-state banks. The results point to a loan composition channel of monetary policy and a

macroprudential trade-off between financing innovation and preserving financial stability.
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1 Introduction

Innovation has become central to China’s new stage of high-quality development: the Outline
of the 15th Five-Year Plan (2026-2030) places high-quality, innovation-led growth at the center
of the national development agenda. At the same time, China’s financial system remains heav-
ily bank dependent, especially for small and medium-sized enterprises. This institutional en-
vironment makes bank credit a key channel through which macroeconomic policy can support
innovative activity. Yet patents, software, and other intangible assets are hard to pledge and
costly for lenders to liquidate. As a result, innovation-intensive firms often need credit that
is backed less by hard collateral. This observation raises a monetary-transmission question:
when monetary policy eases, does bank credit simply expand, or does it also shift towards the
unsecured contracts that are especially relevant for financing innovation?

We study this question using a new loan-level data set from firms listed on the National
Equities Exchange and Quotations (NEEQ). Often viewed as China’s counterpart to NASDAQ,
the NEEQ is designed as an alternative investment market that promotes innovation and en-
trepreneurship among small and medium-sized enterprises. This institutional focus makes
NEEQ firms especially relevant for studying how bank credit finances innovation. NEEQ firms
disclose unusually detailed borrowing information in their annual reports, including lender
names, bank branches, loan amounts, contract dates, loan types, and collateral or guarantee
arrangements. We manually collect these disclosures and construct a panel at the firm-bank
branch-loan-type—quarter level from 2014Q1 to 2024Q4. The granularity of the data allows
us to observe not only how much a firm borrows, but also which bank branch supplies the
credit and whether the contract is collateral-based or unsecured. This structure is crucial for
separating bank-side loan-composition responses from borrower demand.

The empirical evidence reveals a loan composition channel of monetary policy. Expansion-
ary monetary shocks raise both loan amounts and new loan issuance, but the response is not
uniform across contracts or banks. When we split loans into mortgage, pledge, guarantee,
mixed secured, and unsecured credit loans, the strongest response is concentrated in unsecured
credit loans. The response is also systematically stronger for non-state banks than for state-
owned banks. These patterns hold when we compare different bank branches lending to the
same firm in the same quarter, and they become sharper for firms with recent patenting activity.
Monetary easing therefore does more than increase aggregate bank lending: it reallocates credit
toward unsecured loans, especially through non-state banks and toward innovation-intensive
borrowers.

To interpret these facts, we develop a two-period general equilibrium model with hetero-
geneous banks and multiple loan contracts. On the firm side, innovation reduces pledgeable

assets and raises the desired share of unsecured borrowing. On the bank side, secured loans



are supplied competitively, whereas unsecured loans are differentiated and expose banks to
tail-state repayment risk. Banks choose loan allocations under limited liability and a Value-at-
Risk constraint. A policy-rate cut lowers market-funding costs, relaxes the shadow cost of risk-
bearing capacity, and compresses the unsecured-secured loan spread. This spread compression
raises firm demand for unsecured borrowing. The effect is stronger for non-state banks because
they have thinner buffers and operate closer to the risk boundary, so easing produces a larger
relaxation of their constrained unsecured-loan supply.

The model also clarifies the policy implication. Monetary easing supports innovation financ-
ing by expanding unsecured credit, but the same reallocation increases bank fragility, especially
among non-state banks. Quantitatively, a 1 percentage point policy-rate cut raises unsecured
lending more for non-state banks than for state-owned banks and increases the default proba-
bility of non-state banks by more. Counterfactual macroprudential exercises show that policy
instruments affecting tail-risk tolerance or unsecured exposure can dampen fragility, but they
also alter the composition of credit available to innovative firms. We further dicuss the poten-
tial implications on improvements in state-owned banks’ ability to process soft information,
captured by a reduction on marginal cost of unsecured lending. As state-owned banks become
more efficient in supplying unsecured credit, they absorb more risky loans and the default prob-
ability of non-state banks declines; at the same time, non-state banks lose unsecured-loan assets
and lending relationships. This second margin links the model to recent policy concerns about
the consolidation and reorganization of small banks in China, aiming to head off systemic risk.

Related Literature = This paper contributes to three strands of the literature. First, it relates
to work on heterogeneous monetary transmission across loan contract types. Li et al. (2022a)
show that loans backed by different collateral classes respond differently to policy shocks,
while Ivashina et al. (2022) document that cash-flow loans are much more sensitive to bank-
balance-sheet transmission than asset-based lending. Our paper extends this line of research
in two directions. We study a richer set of contract types in China, with particular emphasis
on unsecured credit loans, and we show that contract heterogeneity interacts systematically
with firm innovation intensity. In that sense, our paper also connects to the literature on how
tirm balance-sheet composition and debt structure shape monetary transmission (Caglio et al.,
2021, Chen, 2021, Crouzet, 2021, Lee and Paluszynski, 2022, Lian and Ma, 2021, Oztiirk, 2023,
Zhang and Zhou, 2026), but our focus is not on how monetary policy affects firms’ investment
directly. Instead, we ask how banks reallocate across contract types when lending to firms with
different degrees of collateral scarcity.

Second, our analysis speaks to the growing literature on bank heterogeneity, credit alloca-
tion, and monetary transmission in China using unique loan-level information. Studies such
as Cong et al. (2019), Li et al. (2022b), Huang et al. (2023), Gambacorta et al. (2023), and Gao
et al. (2023) show that Chinese credit markets are shaped by policy distortions, ownership het-



erogeneity, and informational frictions. Luo et al. (2023) emphasize that quantity-based mon-
etary policy can reallocate funds across bank types, and Li et al. (2025) show that prudential
regulation and monetary policy jointly reshape bank risk-taking and credit allocation. Com-
plementing this work, Chen et al. (2025) highlight a macroprudential trade-off between policy
transmission and systemic risk. Our contribution is to bring loan-type choice and borrower
innovation into this discussion. Using NEEQ firms, we show that the differential response of
state and non-state banks is not merely about total lending; it is especially about the alloca-
tion between secured and unsecured credit, and that allocation is strongest precisely for firms
whose borrowing needs are more likely to be backed by future cash flow rather than hard col-
lateral. We differ from this part of literature by using a unique loan-level data set covering
from 2015 to 2024 that allows us to connect the micro allocation of loan contracts to a broader
question about the trade-off between innovation financing and financial stability.

Third, we contribute to the literature on the relationship between credit market frictions and
tirm innovation. Reviews such as Kerr and Nanda (2015) and He and Tian (2020) emphasize
that innovative activity depends crucially on financing conditions and on institutional environ-
ments that shape risk-taking, creditor rights, and the supply of capital. Recent evidence also
shows that monetary policy can have persistent effects on innovation investment (Schmoller
et al., 2025, Zhu and Chen, 2025). Relative to this literature, our paper takes firms” innovation
status as given and studies a different margin: conditional on a firm’s innovation intensity,
what type of credit do banks supply, and which banks are more willing to supply it? This focus
allows us to investigate how financial markets respond to innovation-driven borrowing needs.

The rest of the paper is organized in the following manner. Section 2 explains the empir-
ical specification and presents empirical evidence. Section 3 proposes a simple toy model to
illustrate the mechanism behind firm’s R&D and alternative debt allocation and its potential
impact to bank lending channel. The last Section concludes.

2 Empirical Studies

This section first describes our loan-level data and some stylized facts in the data. Then we
study how bank lending behavior respond different in the transmission of monetary policy
and how those effects vary with borrower innovation conditions. Section 2.1 introduces the
loan-level data and reports basic summary statistics. Section 2.2 presents the baseline evidence
on the bank lending channel and its variation across loan contracts. Section 2.4 then shows how

these patterns become sharper when we condition on firm-level innovation proxies.



2.1 Loan-Level Data

We construct a new loan-level dataset from the annual reports of firms listed on the National
Equities Exchange and Quotations (NEEQ), an over-the-counter market designed mainly for
small and medium-sized enterprises in China. NEEQ firms disclose detailed information on
their borrowing activities, including lender names, bank branches, loan amounts, loan types,
contract dates, and collateral or guarantee arrangements. Comparable borrower-level debt dis-
closures are generally not available for firms listed on the main boards of the Chinese stock
market.! This disclosure environment allows us to construct a unique panel of firm-bank
branch-loan type—-quarter observations and to study how banks reallocate credit across loan
types in response to monetary policy shocks.

The dataset is distinctive in two respects. First, it preserves the identity of the lending
bank branch, which allows us to compare lending decisions across banks serving the same
borrower. Second, it records the loan type, which allows us to distinguish secured lending from
unsecured credit. To the best of our knowledge, this is the first dataset that combines NEEQ
loan disclosures with branch-level lender identities and loan-type classifications at quarterly
frequency.” The final sample contains about 200,000 unique firm-loan pairs from 2014Q1 to
202404.

A central institutional feature of China’s banking system is the division between state-
owned banks and non-state banks, as discussed in Chen et al. (2018, 2025). The top 5 largest
banks are state-owned banks, operate under direct control and protection of the central govern-
ment.® The remaining commercial banks are classified as non-state banks, including joint-stock
banks, city commercial banks, and rural commercial banks, and other non-state-controlled
banks. Non-state banks are generally more market-oriented and more sensitive to funding
conditions and profitability. This ownership distinction is important for our question because
monetary easing may affect not only the quantity of credit but also the type of loan contracts
banks are willing to supply.

Several institutional differences make this ownership distinction central to our analysis.
State-owned banks have nationwide branch networks, and more stable access to household
deposits. Non-state banks, by contrast, usually have a narrower geographic footprint and rely

more heavily on market-based or wholesale funding. They also serve a borrower base that

The main boards of the Chinese stock market do not require firms to disclose complete borrowing activities
at the loan-contract level, so borrower-level debt profiles are not observable.

2Luo et al. (2023) also use loan information from NEEQ firms, but their analysis aggregates the information
to the bank level to study monetary policy transmission across state-owned and non-state banks. Our dataset in-
stead keeps the firm-bank branch-loan type-quarter structure, which is essential for identifying loan-composition
responses within the same borrower and quarter.

3They are: the Industrial and Commercial Bank of China, the Bank of China, the Construction Bank of China,
the Agricultural Bank of China, and the Bank of Communications



contains a larger share of private firms and small and medium-sized enterprises, whose credit
risk is less protected by implicit guarantees (Zhang and An, 2023). As a result, non-state banks
are more sensitive to funding conditions and profitability, and their lending decisions respond
more strongly to changes in monetary policy. This asymmetry is important for our setting
because monetary easing may affect not only the total quantity of credit, but also banks” will-
ingness to shift lending toward riskier, less collateralized loan contracts.

We classify loans into five categories used in Chinese banking practice: mortgage loans,
pledge loans, guarantee loans, mixed secured loans, and unsecured credit loans. Mortgage and
pledge loans are backed by tangible assets or pledgeable claims and are therefore closest to
collateral-based lending. Guarantee and mixed loans occupy an intermediate position because
repayment is supported by third-party guarantees or hybrid collateral arrangements. Unse-
cured credit loans rely most heavily on borrower cash flow, soft information, and the bank’s
willingness to bear downside risk.* This classification maps naturally into our empirical and
theoretical distinction between secured and unsecured lending.

Table 1 summarizes the composition of lending by contract type. Panel A reports both the
value-weighted share of total lending volume and the equally weighted share of loan observa-
tions. Guaranteed loans account for the largest fraction of observations, while mortgage loans
account for the largest fraction of loan volume. Credit loans and mixed secured loans are in-
creasing steadily in both volume and number over time. Panel B shows the summary statistics
of loan size. Pledge loans have the largest mean and the widest upper tail, since firms on this
market typically pledge their stock shares as collateral, and the value of those shares can be
quite large.

Table 2 then reports loan type composition by bank ownership. This table is useful for two
reasons. First, it shows that both state-owned and non-state banks are active in every major
contract category, so the later regressions are not driven by one bank group being absent from
a particular segment. Second, it highlights meaningful compositional differences even before
imposing fixed effects. Within non-state banks, guaranteed loans account for the largest share
of lending value, whereas mortgage loans carry the largest share within state-owned banks.
Credit loans also differ in scale and turnover across ownership groups: they are larger on
average among NSB and exhibit relatively higher new-loan shares. Taken together, these facts
suggest that ownership heterogeneity is likely to operate through how banks reallocate across

contracts rather than through a simple one-to-one specialization in a single loan type.

4Li et al. (2022a) classify unsecured credit loans as earnings-based loans.



Table 1: Descriptive statistics by loan type

Panel A. Prevalence of different loan types

Loan Type % of loan volume % of loan number

(value-weighted) (equally-weighted)

2014 2018 2022 Fullsample 2014 2018 2022 Full sample
Mortgage 37.09 4116 20.11 26.61 36.08 29.40 18.47 22.49
Pledge 729 1196 9.19 10.80 8.06 7.99 5.35 5.36
Guarantee 37.75 2045 21.40 26.33 33.59 29.68 29.35 32.60
Credit 12.30 12.47 25.68 12.43 15.36 16.99 2791 19.80
Mixed Secured 5.57 13.96 23.62 23.83 6.91 15.95 18.92 19.75
Panel B. Loan size (RMB million)
Mean S.D. Median 1stpct. 99th pct.

Mortgage 17.86 49.07 9.75 0.40 139.86
Pledge 28.58 195.46 8.00 0.10 396.00
Guarantee 11.86 43.52 5.00 0.30 102.00
Credit 10.55 73.45 4.00 0.07 100.00
Mixed Secured 17.96 47.43 9.00 0.50 156.00

Notes: Panel A reports each loan type’s share in total loan amount and total number of loan observations in 2014,
2018, 2022, and the full sample. Panel B reports descriptive statistics of loan size by each type, expressed in RMB
million, over the full sample period.

Table 2: Loan-type composition by bank ownership

Loan Type Obs. Value Share Avg. Size New Loan Share = Number of Number of
(%) (mn) (%) Unique Firms Unique Branches
Panel A. Non-state banks (NSB)
Mortgage 8,880 23.78 18.94 16.82 2,264 3,781
Pledge 2,650 11.00 29.37 25.94 871 1,279
Guarantee 15,531 27.48 12.51 23.81 2,671 6,031
Credit 8,820 15.43 12.37 26.19 2,452 3,854
Mixed Secured 8,519 22.30 18.52 20.66 1,882 3,608
Panel B. State-owned banks (SOB)
Mortgage 6,257 31.55 16.31 42.35 1,561 1,946
Pledge 1,142 9.44 26.75 54.12 433 462
Guarantee 6,263 19.80 10.23 56.16 1,755 2,391
Credit 5,961 14.45 7.85 56.79 1,874 2,262
Mixed Secured 4,726 24.76 16.95 46.93 1,259 1,642

Notes: This table reports descriptive statistics for non-state banks (NSB) and state-owned banks (SOB),
respectively. “Value Share” is the loan-type share in total lending amount within a bank-ownership group. “Avg.
Size” is the average loan amount in RMB million. “New Loan Share” equals the fraction of positive
firm-branch-loan-type relationships that appear for the first time in the sample. “Number of Unique Firms” and
“Number of Unique Branches” correspond to the number of unique borrowers and lenders, respectively.



2.2 Loan Heterogeneity and the Bank Lending Channel

In this subsection, we consider the implications of the existence of different loan types for the
transmission of monetary policy shocks. To do so, we test the bank lending channel of mone-
tary policy by incorporating loan types. In spirit of Ivashina et al. (2022), our core insight is that
the bank lending channel operates differentially for separate loan types, and that differences in
risk-taking behavior across loan types play an important role in driving this difference.

To see whether the credit supply substantially differs across loan types. Our identification
is thus based on differences across banks within the same firm and loan type pair. Intuitively,
we compare the same firm which has unsecured credit loans from two (or more) banks that are

differentially exposed to changes in monetary policy. Our baseline specification is
Yt = Pr€r—1+ Pa€r—1 X NSBy + B3 Zt—1 + PaZt—1 X NSBy, + 1411 + efpis, (1)

where f denotes the firm, b the bank branch, ! the loan type, and ¢ the quarter. The dependent
variable Yy is either the log loan amount, which captures the intensive margin, or a new-loan
indicator, which captures the extensive margin. The new-loan indicator equals one when a
firm-branch-loan-type combination appears for the first time in the sample. €;_; is an expan-
sionary monetary-policy shock constructed as the negative of the quarterly change in R007, a
market-determined interbank rate that closely tracks policy conditions and is widely used in
the literature on monetary transmission in China (Li et al., 2022a, Luo et al., 2023). A larger €;_1
therefore corresponds to monetary easing. We also verify that the results are robust to using
an alternative expansionary shock constructed from the negative of the Taylor-rule residuals
following Chen et al. (2025). NSBy, is an indicator for whether the bank is non-state.” The inter-
action between the policy shock and the non-state-bank indicator captures whether non-state
banks respond more strongly than state-owned banks to expansionary policy. Z; 1 denotes
macro controls including lagged GDP growth and inflation rate. 7y corresponds to firm x
loan type x quarter fixed effects, which absorbs borrower-side demand at the firm-loan-type—
quarter level, so identification comes from comparing how different banks lend to the same
firm in the same quarter. Standard errors are clustered at the bank branch level.

Table 3 reports the baseline estimates. Columns (1) through (4) control for firm-quarter fixed
effects and therefore compare lending outcomes across bank branches serving the same firm
in the same quarter. Columns (5) through (8) further control for firm-loan type-quarter fixed
effects to absorb not only borrower-level credit demand at the quarterly frequency, but also any
short-run shift in the firm’s demand across different contract types. Relative to the specifica-

tions with firm-quarter fixed effects only, the explanatory power of differential impacts rises

5Because branch-level balance-sheet variables are not available for the full sample, we proxy intermediary
heterogeneity with bank ownership, distinguishing non-state banks from state-owned banks.



Table 3: Baseline bank lending channel estimates

Firm-quarter FE Firm-loan type-quarter FE
Loan Amount New Loan Loan Amount New Loan
@ 2) ©) 4 ®) (6) 7) 8
€11 0.793*** 0.052*** 0.729*** 0.048***
(0.058) (0.004) (0.059) (0.004)
AGDP;_4 -0.046*** -0.003*** -0.046*** -0.003***
(0.006) (0.000) (0.006) (0.000)
€11 xI(NSBy) 0.608*** 0.037*** 0.681*** 0.041***
(0.190) (0.012) (0.216) (0.013)
AGDP;_1 x I(NSBy) -0.030* -0.002* -0.032* -0.002*
(0.016) (0.001) (0.019) (0.001)
Observations 154,354 116,918 154,354 116,918 153,819 92,092 153,819 92,092
R? 0.077 0.566 0.076 0.571 0.112 0.594 0.112 0.598
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes - Yes - - - - -
Firm-loan type FE - - - - Yes - Yes -
Firm-quarter FE - Yes - Yes - - - -
Firm-loan type-quarter FE - - - - - Yes - Yes

Notes: The unit of observation is a firm—bank branch-loan-type-quarter. The dependent variable is either log
loan amount or a new-loan indicator. €;_ is the lagged expansionary shock defined as the negative of the
quarterly change in R007, so larger values correspond to monetary easing. Columns (1)-(4) include firm or
firm-quarter fixed effects; columns (5)—(8) include firm-loan-type or firm-loan-type—quarter fixed effects. All
columns include macro controls. Standard errors clustered at bank branch level are reported in parentheses. *
p < 0.10, ** p < 0.05,*** p < 0.01.



once loan-type-specific demand is absorbed, while the magnitude of the coefficients remains
broadly stable. This pattern suggests that the baseline ownership differential is not driven by
changes in firms’ desired loan mix. Instead, the estimates point to bank-side contract alloca-
tion as the key source of variation. In that sense, the coefficients in columns (1) through (4)
can be interpreted as weighted averages of the loan-type-specific responses, with the weights
determined by the number of observations in each contract category.

Specifically, according to the estimates in column (1) of Table 3, a one standard deviation
(SD) cut in interest rates results in an increase in log of loan amount by 0.266 (= 0.793 x 0.335),
corresponding to roughly a 30% increase in loan size.® The interaction term in column (2)
is positive and statistically significant, indicating that non-state banks expand lending more
aggressively than state-owned banks in response to monetary easing. Column (2) indicates that
a one SD reduction in interest rates for non-state banks results in an additional increase in loan
amount by approximately 22.6% (= 0.608 x 0.335 in log amount). The estimates in columns
(3) and (4) show a similar pattern for the extensive margin: the new loan issuance increases
significantly on average, and the increase is stronger for non-state banks. These results are
consistent with the existence of a bank lending channel in which monetary policy affects credit
supply, and they also suggest that the channel operates more strongly through non-state banks
than through state-owned banks.

Table 4 further drills down to the loan-type dimension and asks which contracts drive
the baseline ownership differential. This decomposition is important because the same total
lending response could in principle arise from very different reallocations across different loan
types. If the bank lending channel in this setting operates through risk-taking incentives, the
strongest ownership heterogeneity should appear precisely in the contract type with the weak-
est collateral protection.

In this table, all specifications include firm-quarter fixed effects with standard errors clus-
tered at bank branch level. Therefore, the variation is entirely cross-bank within the same
borrower and quarter. Panel A reports the average response to an interest rate cut, while Panel
B reports the differential response using interactions with the non-state-bank indicator. The
tirst five columns use loan amount as the dependent variable, while the last five columns use
the new loan indicator. The results show that the average easing effect is visible for all loan
categories, but the ownership interaction is not evenly distributed across them. In particular,
the non-state-bank interaction is economically and statistically strongest for unsecured credit
loans: the coefficient is positive for both loan amount and new loan issuance, while the corre-
sponding ownership interactions for mortgage, pledge, guarantee, and mixed loans are much
smaller and generally insignificant. The evidence therefore suggests that the ownership dif-
ferential in Table 3 is mainly a credit-loan phenomenon rather than a broad-based difference

®The descriptive statistics of the main regression variables can be found in Appendix Table A.1.
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across all loan types.

Table 4: Loan-type heterogeneity in the bank lending channel

Dependent Variable: Loan Amount New Loan
Panel A: Mortgage Pledge Guaranteed Credit Mixed Mortgage Pledge Guaranteed Credit Mixed
1 2 3) 4) ®) (6) @) (8 ) (10)
€1 0.698*** 0.719* 0.452%** 1.507***  0.524**  0.045*** 0.043* 0.030*** 0.100***  0.034***
(0.158) (0.394) (0.148) (0.203)  (0.209) (0.010) (0.024) (0.009) (0.013) (0.013)
AGDP;_4 -0.065*** -0.041 -0.038***  -0.060*** -0.019  -0.004*** -0.003 -0.002***  -0.004***  -0.001
(0.014) (0.028) (0.013) (0.016)  (0.016) (0.001) (0.002) (0.001) (0.001) (0.001)
Observations 23,661 4,699 30,639 17,407 18,593 23,661 4,699 30,639 17,407 18,593
R? 0.138 0.155 0.088 0.130 0.119 0.140 0.159 0.087 0.128 0.119
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Dependent Variable: Loan Amount New Loan
Panel B: Mortgage Pledge Guaranteed Credit Mixed Mortgage Pledge Guaranteed Credit  Mixed
1 2 3) 4 ) (6) @) (8 ) (10)
€;—1 xI(NSBy) 0.234 0.873 -0.529 2.108***  -0.302 0.026 0.067 -0.027 0.135***  -0.025
(0.580) (1.947) (0.624) (0.812)  (0.760) (0.035) (0.115) (0.039) (0.052) (0.047)
AGDP;_1 x I(NSBy,) -0.050 -0.395*** -0.031 -0.033 0.052 -0.003 -0.024*** -0.002 -0.002 0.003
(0.050) (0.109) (0.048) (0.063)  (0.047) (0.003) (0.007) (0.003) (0.004) (0.003)
Observations 10,893 1,862 19,537 8,465 10,789 10,893 1,862 19,537 8,465 10,789
R? 0.653 0.617 0.574 0.629 0.607 0.660 0.626 0.577 0.634 0.611
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm-Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table estimates the baseline specification separately by loan type. Columns (1)-(5) use log loan
amount; columns (6)—(10) use the new-loan indicator. Panel A reports the average response to the expansionary
shock €;_1. Panel B reports the interaction between €;_; and the non-state-bank indicator. All columns include
macro controls. Standard errors are in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

This pattern is economically meaningful because credit loans are the contract type that de-
pends least on hard collateral and most on the lender’s willingness to bear cash-flow risk. Mort-
gage and pledge loans also respond to monetary policy, but the ownership split is much weaker
there. The heterogeneity is concentrated exactly where risk-taking considerations should mat-
ter most since unsecured credit loans are in nature riskier than other secured loans. Therefore,
when interest rates are lower, smaller banks will increase risk, which is equivalent to making
more credit loans. This is consistent with the idea that the underlying mechanism driving our
results being related to the type of the underlying collateral and associated default risk of the
different loan types. In addition, it is also consistent with the facts that non-state banks are
more responsive to monetary policy because they have stronger incentives to take risk, and
that the risk-taking channel operates most strongly through the contract type that depends
most on lender discretion and least on collateral.

2.3 Innovation Heterogeneity

The baseline results establish that the ownership differential in monetary transmission is con-

centrated in unsecured credit loans. A natural question is whether this differential becomes
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stronger for innovative-intensive firms whose financing needs are more likely to be connected
with credit loans due to their larger share of R&D investment. We study this issue by augment-
ing the baseline specifications with a further triple interaction between the policy shock, bank
ownership, and a lagged firm-level patent-application dummy (¢;1 x NSBy, x Patent; 1). The
purpose of this exercise is not to claim that NEEQ firms split neatly into innovative and non-
innovative groups; if anything, the NEEQ already contains a relatively innovation-intensive set
of borrowers. Instead, the lagged patent indicator helps identify sharper within-sample varia-
tion in firms’ recent innovation activity and asks whether banks allocate credit loans differently
when such signals are present.

This specification is useful because it keeps the empirical focus on bank-side loan type al-
location. By conditioning on firm-quarter fixed effects, we compare how different banks lend
to the same firm in the same quarter. The coefficient on the baseline interaction, €;_; x NSBy,
captures whether non-state banks react differently from state-owned banks on average. The co-
efficient on the triple interaction, €;-1 X NSB;, x Patent;; 1, then asks whether this ownership
differential itself varies with an observable innovation signal. In other words, the triple interac-
tion does not measure whether innovative firms borrow more in general; it measures whether,
for the same firm and quarter, the cross-bank reallocation induced by monetary policy is more

pronounced when the borrower has recently displayed innovative activity.

Table 5: Innovation heterogeneity in loan-type responses

Dependent Variable: Loan Amount New Loan

Mortgage Pledge Guaranteed Credit Mixed Mortgage Pledge Guaranteed Credit Mixed
@ @ ® @ G ©) @ ® © (10)
€t-1 xI(NSBy) x Patents; 4 0.853 -3.677 0.043 5.429**  0.386 0.035 -0.210 0.020 0.301***  0.031

(1.302) (3.372) (1.213) (1.684) (1.551)  (0.079) (0.201) (0.075) (0.107)  (0.095)
Observations 10,893 1,862 19,537 8,465 10,789 10,893 1,862 19,537 8,465 10,789
R? 0.654 0.619 0.574 0.629 0.607 0.660 0.628 0.577 0.634 0.611
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm-Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table adds heterogeneity by firm innovation. Patenty; 1 equals one if the firm filed a patent
application in the previous period. Columns (1)—(5) use log loan amount; columns (6)—(10) use the new-loan
indicator. The coefficient of interest is the triple interaction between €;_1, the non-state-bank indicator I(NSBy),
and the patent dummy Patents; ;. All columns include firm-quarter fixed effects, lower-order interactions, and
macro controls. Standard errors clustered at bank branch level are in parentheses. * p < 0.10, ** p < 0.05, ***

p < 0.01.

Table 5 shows that the additional heterogeneity is concentrated precisely where the risk-
taking interpretation would predict it to be. The triple interaction is economically large and
statistically significant for credit loans in both the loan amount and new loan issuance, while
it is small and imprecisely estimated for other loan types. Because the policy shock is defined
so that a larger value corresponds to monetary easing, these estimates imply that, conditional
on recent patenting activity, non-state banks expand unsecured credit more aggressively than

state-owned banks when policy loosens. Put differently, recent innovation signals amplify the
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ownership differential, but mainly in the loan category that depends least on collateral and
most on lender willingness to bear risk.

This pattern strengthens the interpretation of the earlier reduced-form evidence. The key re-
sult is not simply that innovative firms borrow more, nor that non-state banks lend more in the
aggregate. Rather, when firms display recent innovation activity, the cross-bank composition
of lending shifts further toward unsecured credit in easing episodes, and that shift is dispropor-
tionately driven by non-state banks. This is consistent with the idea that innovation-intensive
firms are harder to finance through hard-asset-based contracts and therefore benefit more from
banks willing to extend cash-flow-based credit.

At the same time, the estimates should be interpreted carefully. Our design is centered
on bank lending behavior, not on the causal effect of debt structure on subsequent innovation
outcomes. We therefore treat firm-level innovative activity as an observable borrower char-
acteristic that changes the desirability of different contract types from the bank’s perspective.
Under this interpretation, Table 5 provides an important bridge to the model developed in the
next section: when monetary easing raises incentives to take risk, non-state banks respond by
expanding the form of lending that is most useful for innovation-oriented firms, namely un-
secured credit loans. This also points to the broader trade-off explored later in the paper: the
same mechanism that relaxes financing constraints for innovative firms may simultaneously

raise risk on bank balance sheets.

2.4 Robustness Checks

We conduct two sets of robustness checks. First, following Chen et al. (2025), we replace the
baseline expansionary R007 shock with an alternative expansionary shock constructed as the
negative of Taylor-rule residuals. Tables A.2—A .4 show that the main patterns are qualitatively
unchanged under this alternative measure: monetary easing still raises lending on average,
non-state banks still expand more strongly, and the ownership differential remains concen-
trated in unsecured credit loans.

Second, Appendix Table A.5 provides an additional robustness check from branch-level ex-
tensive margin. There, we aggregate the data to the firm-branch—quarter level, construct the
share of credit loans in each branch’s lending to a firm, and regress that share on the expan-
sionary shock interacted with the non-state-bank indicator. The interaction term is positive
under both the baseline R007-based shock and the alternative Taylor-residual shock, confirm-
ing that monetary easing raises the credit-loan share more strongly for non-state banks than for

state-owned banks.

13



3 Model

Motivated by the empirical evidence, this section develops a two-period structural general
equilibrium model with heterogeneous banks. Time is indexed by t € {0,1}. The economy
consists of a representative household, a representative firm, and a continuum of banks with
unit measure.

Banks raise deposits and market funding in period 0 and lend to the firm through secured
and unsecured contracts. Secured loans are backed by pledgeable assets, whereas unsecured
loans are repaid only when the firm succeeds. The model has two central ingredients. First,
innovation reduces pledgeable collateral and shifts firm borrowing toward unsecured credit.
Second, banks choose loan allocations under limited liability, VaR discipline, and ownership-
specific funding conditions. These frictions generate a risk-taking channel of monetary policy:
easing lowers banks’ funding costs, compresses the relative price of unsecured credit, and in-
duces a stronger unsecured-loan response among non-state banks. The same mechanism that
supports innovative firms therefore also raises bank fragility.

We describe the household, firm, and bank blocks in turn.

3.1 Households

A representative household is risk neutral and has preferences
Co + BCy, B e (0,1). (2)

The household owns all firms and banks, supplies deposits to banks in period 0, and receives
profits and transfers in period 1. To allow ownership-specific funding costs, the household
allocates savings across two deposit instruments, Dsop and Dysp, issued by state-owned and
non-state banks. Following Chen et al. (2025), we assume that deposits at non-state banks
carry an additional liquidity cost. If this cost is linear with slope tTp > 0, the household Euler
equations are

B(1+7508) =1, 3)
B(1+rRsp) =1+, 4

which implies
NsB > TS0B- (5)

When a bank fails, deposit insurance repays depositors and is financed by lump-sum transfers

from the household sector. This assumption keeps depositors fully insured while leaving bank
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shareholders exposed to limited liability.

3.2 Firms

The representative firm undertakes total investment K in period 0. A fraction ¢ € [0,1] of
this investment is R&D or other intangible expenditure, while the remaining fraction 1 —
is tangible and pledgeable. We treat i as exogenous, consistent with the empirical design
in which recent patent applications proxy for a firm’s innovation activity. The firm finances

investment with secured and unsecured composite loans:
K=L°+L" (6)

Secured loan amount depends on the level of tangible capital investment that can be pledged as
collateral (L° = 6(1 — 1)K, where 6 € (0,1)). In period 1, the project succeeds with probability
x € (0,1) and earns gross revenue [1 + A(y)]g(K), where ¢'(K) > 0, " (K) < 0, and A(y)
captures project total factor productivity. With probability 1 — x, the project fails, the firm
produces only ¢(K), and unsecured debt is not repaid. The two state payoffs are

= [+ A@p)]g(K) = (1+7)L° = (14 LY, 7)
rt = g(K) - (1+1))L". (8)

Using (6) together with the collateral borrowing amount, the firm’s optimality condition

can be written as

[14+xA@W)]g'(K) =0(1 =) (L +7) + x[1—0(1 = )] (1 + 7). ©)

This firm block implies a simple composition force. A higher innovative investment share
reduces pledgeable collateral and lowers the amount of secured borrowing. The residual fi-
nancing need must be met with unsecured credit, so a higher ¥ shifts loan demand toward
unsecured loans.

Since the unsecured loan market is monopolistic competitive, we introduce a loan-packing
intermediary that aggregates bank loans before lending to the firm. The intermediary combines
loans supplied by state-owned and non-state banks through a CES aggregator:

o

1 o—1 1 =17 -1
L* = [“’56%( soB) ” +wN/SUB( NsB) © } ,
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with aggregate price index

1
1t = |wso (ron) '™ +wnss (riss)' 7|

The corresponding type-level loan demands are

réoss\ rsee)

u _ 7 u u _ 7 u

Lsop = wsos ( il ) L", LNsp = wNsB ( Sl ) L".
t £

Within each ownership type, unsecured loans are differentiated across retail banks. The

e—1 %
Lt — [/ﬁﬁ(i)sdil ,
1
1
u __ u\l—e g+ e
Frp = {/i(”it) dl} ’

which implies individual unsecured-loan demand

within-type CES aggregator is

with price index

ri\ ¢
0 = (r—;f> LY. (10)

Tt

combining with the sectoral CES demand, we can have:

u —& u —0
T r

04 = (—J) wWr (—;ut) LY
Tt t

3.3 Banks

The banking sector consists of a continuum of two-period banks indexed by i € I. Banks dif-
fer by ownership type 7(i) € {SOB, NSB}, where SOB denotes state-owned banks and NSB
denotes non-state banks. Banks finance lending activities through equity, deposits, and whole-
sale market funding. Banks are risk neutral agents who maximize expected second period prot
subject to a Value-at-Risk (VaR) constraint. They also benet from limited liability.

The balance sheet of bank i at the end of period t is given by:

Uiy + Uy = eir + bir + Gig, (11)

where [}, and /3, denote the unsecured and secured loan assets held by bank i, respectively.
bi; the deposit amount contracted at interest rate r5, and e;; the initial equity. For simplicity,

we assume e;; and b;; are randomly drawn from a joint distribution. G;; denote the market
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funding, following Wang et al. (2022), the policy rate f; is the marginal cost of this market
funding. Thus monetary policy affects the bank directly through its liability side rather than
through an exogenous shift in loan demand.

At the beginning of period ¢, bank i banks allocate available funding across secured and
unsecured lending. Equity e; and deposits b;; are predetermined and heterogeneously dis-
tributed across banks. Market funding G;; is elastically supplied at marginal cost f;, which
coincides with the policy rate. Monetary policy therefore affects banks directly through the
liability side of their balance sheets.

Secured loans are collateralized by pledgeable assets and are supplied in a competitive mar-
ket. Banks therefore take the secured lending rate r} as given. Unsecured loans are differenti-
ated across banks according to the CES demand system described in (10). As a result, banks
possess monopolistic power in unsecured lending and optimally choose the unsecured lending
rate r7;.

On the l1ab1hty side, banks raise deposits at ownership-specific funding costs 2, where
r%SB,t > rSOB’t. Let ¢ s and ¢, denote the marginal operating costs associated with secured
and unsecured lending, respectively, and let cr denote a fixed operating cost.

The loan project outcomes are realized in the second period, with probability y, the econ-
omy enters a good state H, in which all loans are fully repaid. With probability 1 — x, the
economy enters a bad state L. Secured loans are fully recoverable in both states because they
are backed by pledgeable collateral. Unsecured loans, however, are subject to repayment risk.

In the bad state, the recovery value of unsecured lending is
wltgztl

where wj; is the idiosyncratic recovery shock drawn from the distribution Fr(w).
Limited liability implies that shareholders receive

max {7z, 0},

and therefore do not internalize losses beyond bank equity.
The resulting state-contingent profits are:

S u S u D
T =130, + iyl — oo sl — coull — cp — rRbi — fiGit, (12)

_7t£zt+wzt£zt crsliy — cruliy — — rBbi — fiGi. (13)

The difference between (12) and (13) highlights the risk-taking margin: unsecured lending
earns a higher payoff in the good state but exposes the bank to larger losses in the bad state.
Following Coimbra and Rey (2017), we introduce a regulatory VaR constraint which limits
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bank exposure to tail losses. Specifically, the probability that bad-state losses exceed the bank’s
equity buffer must remain below a regulatory threshold a:

Pr(rcl-Lt Yy < 0) <&, (14)

where & is the common regulatory tolerance for VaR violations. Equity relaxes the constraint by
increasing the buffer available in the bad state, whereas unsecured lending tightens it because

a larger /}; raises exposure to the tail recovery shock.

3.4 Bank’s Problem and Equilibrium Condition

At the beginning of period ¢, after observing the policy rate f; and taking as given the deposit
u
it/

and market funding G;;. Since the good state is solvent by

rate 5, and the competitive secured-loan rate r{, bank i chooses unsecured loan rate r!, unse-

u S
it/ it/
construction, limited liability matters only in the bad state. Let II;; denote the bad-state survival

cured lending /%, secured lending ¢

indicator, with I;; = 1 if the bank survives and I;; = 0 otherwise. The bank solves

Vir = Eo {r}@,ﬁ?ﬁici,}{nitlo}’ (15)
subject to the balance-sheet identity (11), the individual unsecured-loan demand curve (10),
nonnegativity of loans, and the VaR constraint (14).
We define equilibrium in this economy as follows.
An equilibrium consists of firm investment K;, aggregate secured and unsecured lending
(L, L}), loan rates (r{,r{, {r%}ic), bank allocations {£3, £}, G }ic;, VaR multipliers {}icy,
and survival indicators {I;; };c; such that:

(i) each bank solves the optimization problem given by (15);

(ii) the representative firm chooses investment and loan composition subject to its financing

constraints;
(iii) the representative household maximizes utility and supplies deposits to banks;

(iv) secured and unsecured loan markets clear:

a

c—1
c—1

= [Ga =] L elramT|
I 7€{SOB,NSB}

with LY, generated by the within-type CES aggregator.
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(v) Let total initial bank assets be
At = /[ [eit + bit] di.

In the numerical exercises, aggregate quantities can be scaled by A;.

3.5 Loan Composition Channel in the Monetary Policy Transmission

This subsection links monetary policy to loan composition through the unsecured-secured
spread. A lower policy rate reduces the cost of liability-side market funding. It also improves
bad-state solvency and relaxes the VaR constraint, thereby lowering the shadow cost of supply-
ing unsecured credit. Because unsecured loans carry tail-state repayment risk while secured
loans do not, the decline in this shadow cost enters unsecured pricing more strongly than
secured pricing. The spread compression raises firm demand for unsecured borrowing and
reallocates credit toward banks whose risk-bearing capacity is most sensitive to monetary eas-
ing. This effect is larger for non-state banks because they have thinner equity buffers, higher
deposit costs, and greater reliance on market funding. The following proposition summarizes
the pricing and allocation effects.

Proposition 1. A cut in the policy rate f;:

(i) compresses the unsecured-secured spread;
(ii) raises firm demand for unsecured loans; and
(iii) raises unsecured loan supply more strongly for non-state banks.

Proof. Let Aj; denote the multiplier on the balance-sheet constraint (11) and let y;; denote the

multiplier on the VaR constraint (14). Define S;; = x + (1 — x)I;;. Appendix B solves the bank’s
optimization problem in detail.
Following a policy-rate cut, the change in the unsecured-secured spread is given by:

0 u s\ e Si+ Uit 1 € ft + Cru — War al/lit 16
—(ry—-r)= ——— -1+ . (16)
oft e—1 x e—1 X oft

direct fundi;lrg—cost effect VaR shado\vg—cost effect

The first term captures direct pass-through from market funding costs into unsecured pric-
ing relative to competitive secured pricing. The second term captures the endogenous response
of the VaR shadow value. A lower policy rate improves bad-state solvency by reducing the cost
of market funding. Hence the VaR constraint becomes less costly to satisfy and y;; falls when
ft falls, or equivalently du;;/df; > 0 around the binding region. Under the calibrated parame-
ter region in which unsecured exposure is risky in the lower tail, (16) is positive. Therefore a

3 u S
policy-rate cut compresses rj; — r}.
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For part (ii), the firm optimality condition implies

dK; _ 9(1 — l/Jt) ari/df +X[1 — 9(1 — Ebt)] dr?/dft <0
dfi 14+ xA(r)] 8" (Ky) '

because g (K;) < 0 and loan rates rise with the policy rate. Thus a policy-rate cut raises

equilibrium investment K;. Since unsecured demand is
L = [1=06(1 = 1)]Ks,

the cut also raises firm demand for unsecured loans.
For part (iii), the individual demand curve gives

dlogl  dlogry n dlog L?t.

af ofi of;

Since dr%,/dft > 0, a policy-rate cut raises individual unsecured lending. The response is

stronger for banks whose VaR multiplier is more sensitive to the policy rate. Non-state banks
have smaller equity buffers and higher funding costs, so they operate closer to the VaR bound-

ary. Formally, in the binding region,

it i
aft aff -

Therefore a reduction in f; lowers the unsecured rate quoted by non-state banks by more, shift-
ing a larger share of unsecured lending toward them under the CES demand system.

The innovation interaction follows from the same pricing equation. Differentiating the
unsecured-pricing equation in Appendix (B.7) with respect to f; and y; gives

Pry e 1 [ou
oft oYy  e—1x [ Yy

+ (ft + Cou — War) (17)
A higher ¢; reduces pledgeable collateral and increases the required unsecured share L} /K;.
This tightens the VaR constraint for banks with thin buffers, implying du;;/0y; > 0. More-
over, when 1; is high, a given policy-rate cut produces a larger relaxation of tail-state funding
pressure, so 0°u;;/df;01; > 0 in the binding region. Equation (17) is therefore positive for con-
strained non-state banks. Since the demand elasticity maps lower unsecured rates into higher
quantities, monetary easing raises non-state-bank unsecured supply most strongly when in-
novation intensity is high. This is the model counterpart of the empirical triple interaction

between monetary easing, non-state banks, and firm innovation. g
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3.6 Quantitative Implications

We use the model to quantify the risk-taking channel generated by loan-type heterogeneity. The
calibration, described in Appendix C, combines standard banking parameters with moments
from Chinese micro data. The exercise focuses on three implications: innovation raises reliance
on unsecured credit; monetary easing reallocates unsecured lending toward non-state banks;
and macro-prudential policy trades off credit expansion against bank fragility.

In each simulation, banks choose secured and unsecured lending endogenously, allowing
the VaR constraint to be either binding or slack. Aggregate investment is pinned down by the
firm’s optimality condition and loan-market clearing. We then compute bank default probabil-

ities, gross revenue, and loan allocations in equilibrium.

0.15 T T T T

State-owned banks
Non-state banks

0.1

Default probability

0.05 -

0 L | ! L | ! L | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

TFP, A(v)

Figure 1: Default probability and project TFP
Notes: This figure plots the correlation between TFP and bank default probability. The horizontal axis is
innovation-dependent TFP A(y) = ¢*°. For each ¢ and bank type, we solve the economy and compute the
simulated default probability from bad-state solvency after applying the VaR-implied unsecured tail exposure
associated with the innovation state.

Figure 1 shows a stark asymmetry. State-owned banks rely less on market funding, hold
larger equity buffers, and face milder unsecured-exposure haircuts. Their default probability
therefore remains low across the full range of innovation levels, increasing only modestly when
1y becomes large. By contrast, default probabilities for non-state banks are higher and rise more
sharply with A(¢). The mechanism is direct: a higher innovation share lowers pledgeable col-
lateral and increases equilibrium reliance on unsecured credit. Since unsecured loans recover
only partially in the bad state, the projects most closely associated with innovation also expose
smaller banks to greater fragility.
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Table 6: Response of unsecured lending to a 1 percentage point policy-rate cut

Bank type % change in /* Change in default prob. (p.p.) % change in gross revenue
State-owned banks 11.17 0.02 7.70
Non-state banks 16.88 0.16 7.70

Notes: This table reports percentage changes in equilibrium unsecured lending, changes in default probability in
percentage points, and the percentage change in aggregate gross revenue after a 1 percentage point policy-rate
cut. We report percentage changes rather than loan levels because the model is normalized by the initial scale of
bank balance sheets.

Table 6 shows that a 1 percentage point cut in the policy rate raises unsecured lending
for both ownership groups and increases firm gross revenue. The unsecured-loan response is
similar across bank ownership types, while the increase in default probability is larger for non-
state banks. This pattern mirrors the empirical evidence and follows directly from Proposition
1: easing compresses the unsecured-secured spread, raises firm demand for unsecured borrow-
ing, and generates a larger fragility response among banks whose tail-state funding pressure is
more sensitive to the policy rate.

Figure 2 studies two macro-prudential policy exercises conducted together with a 1 percent-
age point policy-rate cut. In each panel, the horizontal axis varies one common VaR instrument
that applies to both bank types. The left axis reports default probabilities for non-state and
state-owned banks, while the right axis reports the change in aggregate gross revenue relative
to the pre-cut baseline. Panel A raises the VaR probability threshold &, loosening the tail-risk
requirement. Panel B lowers the VaR haircut on unsecured exposures, w,. Both policies ex-
pand unsecured lending and raise output, but they also increase default risk, especially among
non-state banks.

Further Discussion. The preceding exercises point to an important policy-relevant mecha-
nism. In recent years, Chinese policymakers have increasingly encouraged banks to expand
credit support for technology-oriented and innovative firms. State-owned banks have responded
by investing in financial technology, establishing technology-finance branches, accumulating
data and patent-related capabilities, and improving their ability to process soft information.
These changes can be interpreted as lowering the marginal cost of issuing unsecured loans
to innovative firms. Existing studies also suggest that information-technology investment by
large banks can reduce loan origination and screening costs, thereby strengthening their com-
petitive advantage in relationship-based and information-intensive lending (Vives and Ye, 2021,
Wang et al., 2023).

In the model, we capture such environment by reducing the marginal cost of unsecured
lending for state-owned banks (csop ;). When state-owned banks become more efficient in un-

secured lending, they quote lower unsecured-loan rates and attract a larger share of innovative

22



Panel A. Higher common VaR threshold Panel B. Lower common unsecured haircut
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Figure 2: Policy trade-offs after a 1 percentage point policy-rate cut
Notes: This figure compares the outcomes of two macro-prudential policy exercises conducted jointly with
expansionary monetary policy. Relative to the baseline economy with a 3.68% policy rate, each panel jointly
imposes a 1 percentage point policy-rate cut to 2.68% and varies one macro-prudential instrument for both bank
types. Panel A raises the VaR probability threshold &. Panel B lowers the VaR haircut on unsecured exposures,
denoted by wy,. The red and blue lines report the simulated default probabilities of non-state and state-owned
banks, read against the left vertical axis. The orange line reports the change in aggregate gross revenue relative to
the pre-cut baseline and is read against the right vertical axis.

tirms” unsecured borrowing. As a result, part of the existing unsecured-loan assets previously
intermediated by non-state banks is reallocated toward state-owned banks.

This reallocation has two distinct implications for non-state banks. On the one hand, los-
ing risky unsecured exposures reduces their default probability because their balance sheets
become less exposed to low-recovery states. On the other hand, the same process shrinks their
loan assets and weakens their lending franchise. Therefore, a decline in default probability
should not be interpreted as an unambiguous improvement in financial stability. If non-state
banks lose too much of their loan base, their intermediation capacity, relationship capital, and
local credit supply may deteriorate.

Figure 3 reports the two primitive outcomes directly, without imposing a reduced-form
policy concern function. The horizontal axis measures the reduction in the state-owned-bank
unsecured marginal cost. As state-owned banks become more efficient in unsecured lending,
non-state banks lose part of their risky unsecured-loan assets. Their default probability de-
clines because risky exposure is transferred away from them, but their unsecured-loan asset
loss increases because the same process crowds out their lending relationships. The figure
therefore highlights a policy trade-off without requiring arbitrary weights between default risk
and franchise loss.
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Figure 3: Non-state-bank risk transfer and asset loss under lower state-owned-bank unsecured

marginal costs

Notes: This figure varies the reduction in the state-owned-bank unsecured marginal cost after the 1 percentage
point policy-rate cut. The red line reports the default probability of non-state banks, read against the left axis.
The blue line reports the percentage loss of non-state-bank unsecured-loan assets relative to the post-cut baseline,
read against the right axis. Lower state-owned-bank unsecured marginal costs transfer risky unsecured exposure
away from non-state banks, reducing their default probability, but also crowd out their unsecured-loan assets.

24



4 Concluding Remarks

This paper studies how monetary policy affects not only the quantity of bank credit, but also its
contractual composition. This margin is especially important in China, where innovation-led
growth has become a central policy objective and where small and medium-sized innovative
tirms continue to rely heavily on bank financing. Because innovative activity creates intangible
assets that are difficult to pledge, the relevant credit margin is often unsecured lending rather
than collateralized lending.

Using a new firm-bank branch-loan type—quarter data set from NEEQ-listed firms, we doc-
ument a loan-composition channel of monetary policy. Expansionary shocks increase loan
amounts and new loan issuance, but the response is concentrated in unsecured credit loans.
This response is stronger for non-state banks than for state-owned banks and is amplified
among firms with recent patenting activity. These patterns indicate that monetary easing re-
allocates credit toward contracts that depend more on borrower cash flow, soft information,
and bank risk bearing.

The model rationalizes these facts through the interaction between innovation, collateral
scarcity, and bank risk taking. A higher innovation share reduces pledgeable assets and shifts
firm demand toward unsecured credit. A policy-rate cut lowers banks’ funding costs, relaxes
the shadow cost of risk-bearing capacity, and compresses the unsecured-secured spread. Since
non-state banks have thinner buffers and operate closer to the VaR boundary, they respond
more strongly by expanding unsecured lending. The same mechanism, however, increases
their exposure to bad-state recovery risk.

The quantitative exercises highlight the policy trade-off. A one percentage point policy-rate
cut raises unsecured lending more for non-state banks and increases aggregate gross revenue,
but it also raises non-state-bank default probability. Macroprudential tools that relax or tighten
tail-risk constraints affect not only bank fragility but also the composition of credit available
to innovative firms. A further exercise shows that improving state-owned banks’ ability to
supply unsecured credit can lower non-state-bank default risk by transferring risky exposure
toward state-owned banks, while at the same time crowding out non-state-bank loan assets
and lending relationships. This second margin is relevant for recent policy concerns about
small-bank consolidation and local financial stability.

The broader implication is that the bank lending channel should be viewed as a composi-
tion channel as well as a quantity channel. Policies that support innovation through bank credit
can change which banks take risk and which loan contracts expand. Understanding this alloca-
tion is essential for designing monetary and macroprudential policies that support innovation

without creating excessive fragility in the banking system.
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Appendix

Appendix A Robustness Checks

Table A.1: Descriptive statistics of the main regression variables

Mean SD Min Max Obs.

Dependent variables:

Loan amount (All loans) 8.013 7.897 0.000 19.383 207,985
Loan amount (Mortgage loans) 7961 8.043 0.000 19.383 30,555
Loan amount (Pledge loans) 8774 7950 0.000 19.383 6,867

Loan amount (Guaranteed loans) 7.830 7.810 0.000 19.383 43,328
Loan amount (Credit loans) 8528 7,586 0.000 19.383 26,299
Loan amount (Mixed secured loans) 8.393 8.027 0.000 19.383 25,252
New loan (All loans) 0.510 0.500 0.000 1.000 207,985
New loan (Mortgage loans) 0.497 0.500 0.000 1.000 30,555
New loan (Pledge loans) 0.553 0.497 0.000 1.000 6,867

New loan (Guaranteed loans) 0.504 0.500 0.000 1.000 43,328
New loan (Credit loans) 0.562 0.496 0.000 1.000 26,299

New loan (Mixed secured loans) 0.525 0.499 0.000 1.000 25,252

Independent variables:
Macroeconomic conditions:

€11 -0.042 0335 -1.862 1.343 207,979

€11 -0.004 0.348 -1.779 1.275 205,987

AGDP;_4 1361 3.144 -10.175 11.363 205,987
Bank characteristics:

I(NSBy) 0.820 0.384 0.000 1.000 207,985

Notes: This table reports descriptive statistics for the main variables used in the empirical analysis. Loan amount
is measured by InLoanAmtl, and new loan is measured by the indicator Ext_Loan. The first block reports these
two dependent variables for the full sample and separately by loan type: mortgage, pledge, guaranteed, credit,
and mixed secured loans. The second block reports the macroeconomic and bank-type variables used in the
baseline and supporting regressions. The non-state-bank indicator I(NSBy,) equals one when type_SOB # 1 and
zero otherwise.
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Table A.2: Baseline bank lending channel estimates under alternative monetary shock

Firm-quarter FE Firm-loan type-quarter FE
Loan Amount New Loan Loan Amount New Loan
M 2 ) 4 ©) (6) @) ®)
€11 0.664*** 0.044*** 0.591*** 0.039***
(0.057) (0.004) (0.059) (0.004)
AGDP;_4 -0.030%** -0.002*** -0.031*** -0.002***
(0.006) (0.006)

€11 xI(NSBy) 0.473** 0.032*** 0.554*** 0.036***

(0.186) (0.011) (0.213) (0.013)
I(NSBy,) -10.777** -0.678"** -10.623*** -0.665***

(0.106) (0.006) (0.117) (0.007)
AGDP;_1 x I(NSBy) -0.019 -0.001 -0.019 -0.001

(0.016) (0.001) (0.019) (0.001)
Observations 154,358 116,918 154,358 116,918 153,823 92,092 153,823 92,092
R? 0.077 0.566 0.076 0.571 0.111 0.594 0.111 0.598
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes - Yes - - - - -
Firm-loan type FE - - - - Yes - Yes -
Firm-quarter FE - Yes - Yes - - - -
Firm-loan type-quarter FE - - - - - Yes - Yes

Notes: This table reproduces Table 3 using the alternative monetary policy shock €;_1 constructed from
Taylor-type policy-rule residuals following Chen et al. (2025). The dependent variables, fixed effects, controls,
and sample construction are otherwise identical to those in Table 3. Standard errors are reported in parentheses.
Statistical significance is denoted by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table A.3: Loan-type heterogeneity under alternative monetary shock

Dependent Variable: Loan Amount New Loan
Panel A: Mortgage Pledge Guaranteed Credit Mixed Mortgage Pledge Guaranteed Credit Mixed
(1) 2 3) 4 ®) (6) ) (8) ) (10)
€1 0.524*** 0.510 0.467*** 1.342*** 0.450**  0.034*** 0.031 0.031%** 0.089***  0.030**
(0.155) (0.387) (0.141) (0.193)  (0.198) (0.010) (0.024) (0.009) (0.013)  (0.012)
AGDP;_4 -0.052*** -0.028 -0.027** -0.027  -0.007  -0.003*** -0.002 -0.002** -0.002  -0.000
(0.015) (0.029) (0.013) (0.017)  (0.017) (0.001) (0.002) (0.001) (0.001)  (0.001)
Observations 23,661 4,699 30,639 17,407 18,593 23,661 4,699 30,639 17,407 18,593
R? 0.138 0.154 0.088 0.129 0.119 0.140 0.159 0.087 0.127 0.118
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Dependent Variable: Loan Amount New Loan
Panel B: Mortgage Pledge Guaranteed Credit Mixed Mortgage Pledge Guaranteed Credit Mixed
1) (2) 3 4 ) (6) 7) 8) ) (10)
€1 xI(NSBy) 0.030 0.766 -0.751 1.800**  -0.131 0.014 0.052 -0.040 0.117**  -0.014
(0.586) (1.855) (0.598) (0.777)  (0.734) (0.035) (0.110) (0.037) (0.050)  (0.045)
AGDP;_1 x I(NSBy) -0.049 -0.375%** -0.048 0.009 0.049 -0.003 -0.023*** -0.003 0.001 0.002
(0.051) (0.118) (0.051) (0.067)  (0.050) (0.003) (0.007) (0.003) (0.004) (0.003)
Observations 10,893 1,862 19,537 8,465 10,789 10,893 1,862 19,537 8,465 10,789
R? 0.653 0.617 0.574 0.628 0.607 0.660 0.626 0.577 0.634 0.611
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm-Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table reproduces Table 4 using the alternative policy shock €;_1. Panel A reports the average
response of each loan type to the alternative shock, and Panel B reports the interaction between the alternative
shock and the state-owned-bank indicator within each loan-type sample. All specifications include the same
macro controls as in the baseline regressions, and standard errors are reported in parentheses. Statistical
significance is denoted by * p < 0.10, ** p < 0.05, and ** p < 0.01.

Table A.4: Patent-based innovation heterogeneity under alternative monetary shock

Dependent Variable: Loan Amount New Loan

Mortgage Pledge Guaranteed Credit Mixed Mortgage Pledge Guaranteed Credit Mixed
M @ ® @ ©®) 6 @) ® © (10)

&1 xI(NSBy) x Patentr,_; 0652  -2.261 0.438 4812 0041 0021  -0.105 0.039 0.277**  -0.006
(1.166)  (3.679)  (1.120) (1.441) (1413) (0.070) (0.219)  (0.070) (0.091)  (0.086)

Observations 10,893 1,862 19,537 8,465 10,789 10,893 1,862 19,537 8,465 10,789
R? 0.654 0.619 0.574 0.629 0.607 0.660 0.628 0.577 0.634 0.611
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm-Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table reproduces Table 5 using the alternative policy shock €;_1. PatentDummy; ;1 equals one if the
firm filed a patent application in the previous period, and the coefficient of interest is the triple interaction
between the alternative shock, the state-owned-bank indicator, and the patent dummy. All columns include
firm-quarter fixed effects, lower-order interactions, macro controls, and standard errors in parentheses. Statistical
significance is denoted by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table A.5: Credit-loan-share robustness under alternative expansionary shocks

Credit Loan Share

Baseline shock Alternative shock

(1) (2)

€;_1 X I(INSBy) 0.034*** 0.036***
(0.011) (0.011)
AGDP;_1 x I(NSBy) -0.040 0.054
(0.094) (0.099)
Observations 64,800 64,013
R? 0.656 0.656
Controls Yes Yes
Firm-Quarter FE Yes Yes

Notes: The dependent variable is the share of credit loans in a branch’s lending to a firm in a quarter. Each
column reports a pooled firm-branch—quarter regression with firm-quarter fixed effects. Column (1) uses the
baseline expansionary R007 shock, while column (2) uses the alternative expansionary shock constructed from
Taylor-rule residuals. The reported coefficients of interest are the interactions between the policy shock and the
non-state-bank indicator, together with the corresponding interaction between lagged GDP growth and the
non-state-bank indicator. Standard errors are clustered at the bank-branch level. Statistical significance is
denoted by * p < 0.10, ** p < 0.05, and *** p < 0.01.

Supporting Evidence on Loan Spread.

The model’s pricing mechanism implies that a monetary tightening should widen the spread
between unsecured and secured loan rates. To provide supporting evidence on this price mar-
gin, we construct an unsecured-secured spread from the loan-level interest-rate variable IR.
Since the spread is only defined when unsecured and secured contracts coexist within the same
aggregation unit, firm-branch-quarter cells are often sparse. We therefore aggregate the data
to the branch-firm-quarter level used in the updated supporting regressions and compute the
average interest-rate spread between credit loans and secured loans. The baseline supporting
regressions use the quarterly change in R007 and the contemporaneous alternative policy shock
mpshock_r7, together with lagged GDP growth and the interaction with the state-owned-bank
indicator.

31



Table A.6: Monetary tightening and the unsecured-secured loan-rate spread

Dependent Variable: Loan Spread

(1) (2) 3) (4)
€11 -0.134*** -0.134***

(0.020) (0.019)
€;—1 X I(NSBy) -0.328*** -0.254***
(0.057) (0.053)

Observations 146,989 146,978 146,059 146,048
R? 0.189 0.221 0.300 0.340
Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Time FE - Yes - Yes
Branch FE - - Yes Yes

Notes: The dependent variable is the average interest-rate spread between unsecured credit loans and secured
loans. Column (1)-(2) uses the quarterly change in R007, and column (3)-(4) uses the contemporaneous
alternative policy shock mpshock_r7. All specifications include the controls embedded in the updated supporting
regressions and the fixed effects listed in the table. Standard errors are reported in parentheses. Statistical
significance is denoted by * p < 0.10, ** p < 0.05, and *** p < 0.01.

Table A.6 provides price-side evidence consistent with the model. In the baseline speci-
fications, an expansionary monetary-policy shock compresses the unsecured-secured spread,
meaning that unsecured credit becomes relatively more expensive when policy tightens. This
is the price-side counterpart of the composition channel emphasized by the main quantity re-
gressions: when easing lowers banks’ effective funding cost, the relative price of unsecured
credit compresses and firms rely more heavily on that loan type. The interaction with the state-
owned-bank indicator is negative, which is consistent with the idea that state-owned banks
adjust this spread less aggressively than non-state banks. We interpret this appendix table as
supporting rather than stand-alone evidence, leaving the quantity-based composition results
as the paper’s primary empirical findings.

Appendix B Details on Model Derivation

Since bank under the good state is always solvent, we can rewrite the expected profit in Equa-
tion (15) as the following form:

Vi = max { a4+ (1 - ]I'fc-L},
it (00 65 Gy} X7t ( X) it/

it it it

where fciLt replaces wj; in (13) with the expected recovery value @r = E¢[wjy).

Proposition 2. Let F; denote the recovery-shock distribution for banks of type 7, and define the
lower-tail recovery quantile w, ; = F; '(&). The VaR constraint in Equation (14) is equivalent
to the deterministic solvency condition

(7} — o) + (war — Co )l — cp — rBby — fiGiy + ei > 0. (B.1)
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Unlike a standard capital-adequacy constraint, Equation (B.1) depends on bad-state cash flow.
Equity relaxes the constraint through the buffer term e;;, while unsecured credit tightens the
constraint when the lower-tail recovery value wy  is low relative to the unsecured lending
cost.

Proof. Write the bad-state profit as the sum of a deterministic component and the stochastic
unsecured recovery term:

L _ u
i = Xit + wirly,

where
— S S u
Xip = (rf — CT,S)git — crulyy — CF 'rtblt ftGit.

Since only the bad state can trigger insolvency, Equation (14) becomes
PI'(XZ't + a)itaflt +e;p < O) <.

For £ > 0, this is equivalent to

IN

X.

X. .
Pr(wit < — L +ezt>

u
git

Because F; is continuous and strictly increasing on the relevant support, the probability condi-
tion holds if and only if

X: .
— lt;’ Cit < P;l(ﬁc) = Wy .
Multiplying by £}, > 0 and rearranging gives (B.1). If £}, = 0, the VaR condition reduces to the
deterministic requlrement Xit + ejy > 0, which is the hmltmg case of (B.1). [

Given above Proposition, we write down the Lagrangian of bank’s problem in (15):
Liy =x7tff + (1= )Wty + Air (eie + bi + Gie — £ — €4)
+ Uit [( —Ct s)élt + (woc T CT,M)KZL'; —Cr — rml?tbit - ftGit + et ,

The first-order conditions with respect to market funding Gj;, secured loan £, and unse-
cured loan /%, are:

(Gt Ait = fi (Sit + Mit) (B.2)
[63]- (Sit + pit) (ri — cx,8) = Aig (B.3)
o(ri
[ém {% - CT,M} + (1 - X)Hit(wr - CT,u) + }uit(wlx,T — CT,u) — Ay =0. (B.4)
it

Combining the first order conditions (B.2) and (B.3) gives the competitive secured-loan pric-
ing equation
1P = crs + fi (B.5)

For unsecured lending, the bank internalizes the downward-sloping demand curve. From

33



(10), the inverse demand curve implies

u —1/8
r =¥ &
it — 't L ’

so the marginal revenue from unsecured lending is

a(riply)  e—1

u
oL~ e it
Plugging above results into (B.4) yields:
e—1
X [ p rit — CT,u] + (1 = x)it (0 — cru) + pit(wWa,r — cru) — Aig = 0. (B.6)

Substituting (B.2) into (B.6) yields

, ) — (1 — ) (Dr — - _
ri = € [Cr,u + fe(Sit + pir) — ( it (0r — cru) — pit(War CT,u):| . (B.7)
e—1 X
Subtracting (B.5) from (B.7) gives the unsecured-secured spread:
u s_ € [ ft(sit + ,uit) - (1 — X)Hit(a)"r - CT,u) - ,”it(wa,r - Cr,u)}
Tip —Tf = Cru +
e—1 X (B.8)
— (cos + f1).
Therefore, we obtain the response of the spread to the policy rate shown in (16):
0w s € Sit+ pit € ft+ Cru — W It
= (r; —17) = — 1 - : . B.
aft(rlf rt) e—1 X +S—1 X aft ( 9)
direct fundi;g—cost effect VaR shado\vg—cost effect

Appendix C Details on Numerical Computation

In the quantitative implementation, we discipline this distribution by specifying the joint law
of equity and leverage:

loge; ~ N (1,02), log Levy = pe,1 log e + v, vig ~ N (p, o1),

where Lev;; = e;;/ (ejs + bj;). Given (ej;, Levy; ), deposits are pinned down by

1 — Lev;
bir = eit (ﬁ) :
1

This specification generates heterogeneity in both bank size and funding structure while pre-
serving the empirical fact that smaller banks tend to operate with thinner buffers.

Calibration. The numerical exercise combines parameters calibrated from Chinese bank-
level, loan-level, and aggregate data with standard values from the banking literature. The

34



initial distribution of each bank’s equity and deposits, {e(i),b(7)}, is exogenously given. We
discipline this distribution by calibrating the joint distribution of equity e(i) and leverage
Lev(i) = e(i)/(e(i) + b(i)). Specifically, we assume

log(e(i)) ~ N'(1,07),  log(Lev(i)) = pe.log(e(i)) + N (ur, o).

Following Wang et al. (2023), we set 0, = 1.415, p, 1 = —0.253, u;, = —2.170, and o7, = 0.427.
The firm’s innovation-dependent productivity follows a parsimonious concave mapping,

A(p) = ¢°°. (C.10)

This specification preserves the key assumption that the productivity gain from innovation is
increasing but concave in the R&D share. We set the discount factor to f = 0.99, a standard
quarterly value. The success probability is x = 0.95, consistent with the low non-performing
loan ratios reported for SME and unsecured-loan portfolios by listed banks. The capital share
in production is « = 0.5, following Liu et al. (2021). We set the collateral parameter to 8 = 0.55,
equal to the average debt-to-asset ratio of Chinese A-listed firms over 2014Q1-2024Q4.

We calibrate loan-pricing parameters from loan-level interest rates. The gross policy-rate
factor is f = 1+ 3.68%, where 3.68% is the average LPR during the sample period. The average
secured-loan rate is 5.20%. Under the competitive secured-loan pricing condition 1 + p°® =
cs + f, this implies

cs = (14 0.0520) — (1 + 0.0368) = 0.0152.

The average unsecured credit-loan rate is 4.92%.” We therefore set
Cu = CS - AC == 0.0124,

where A is pinned down by the observed spread between average secured and unsecured
loan rates. The fact that ¢, < ¢; should not be interpreted as unsecured loans being safer. In the
model, the risk premium on unsecured credit also depends on the project success probability,
the default state, and the tightness of the VaR constraint.

The within-type elasticity of substitution across individual banks is ¢ = 4.961, following
Wang et al. (2023). The fixed operating cost is cr = 0.027, following Wang et al. (2022). The
elasticity of substitution across bank ownership types in the unsecured-loan aggregator is 0, =
2.5, consistent with standard values used in the banking literature. According to the average
deposit rates in our sample period, we set r2,, = 0.018 and r{ ¢, = 0.0215. Finally, we set the
baseline VaR probability threshold to & = 0.05, so that the regulatory constraint corresponds to
a 5% lower-tail violation probability in the recovery-shock distribution.

"The average credit-loan rate is 4.22% for state-owned banks and 5.39% for non-state banks.
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Table C.7: Baseline calibration for the numerical algorithm

Parameter Value Interpretation

B 0.99 Discount factor

X 0.95 Project success probability

o 0.50 Capital share in production

0 0.55 Pledgeable share of tangible capital

A(yp) 0o Concave productivity mapping

f 1+ 3.68% Average gross LPR during the sample period

Cs 0.0152 Secured-loan marginal cost wedge

Cu 0.0124 Unsecured-loan marginal cost wedge

Cr 0.027 Fixed operating cost

re 0.018 SOB deposit cost

r 0.0215 NSB deposit cost

Tu 2.5 CES elasticity across bank types for unsecured loans
€ 4.961 Within-type CES elasticity across individual banks
X 0.05 Common VaR lower-tail probability threshold

o 1.415 Dispersion of log equity

Qe —0.253 Equity-leverage correlation in the initial distribution
ML, 0L —2.170, 0.427 Mean and dispersion of log leverage

Notes: This table reports the structural and data-calibrated parameters used in the baseline quantitative exercise.
Purely numerical implementation choices, such as grid sizes and auxiliary smoothing parameters, are not
reported. The loan-cost parameters are expressed as marginal cost wedges under the gross-rate pricing
convention 1+ p™ = ¢, + f.

Throughout the numerical exercise, the exogenous objects are the firm innovation state 1,
project TFP A(¢), policy and regulatory parameters, bank-type-specific cost parameters, and
bank capital. The endogenous objects are firm capital K, secured and unsecured borrowing
£%, 0%, loan prices p° and p"(i), the unsecured-secured spread, the VaR shadow value y;, and
the implied default probabilities and gross revenue.

Numerical Algorithm.

1. Given K, compute: L5 = 0(1 — ¢)K, L* = [1 — 6(1 — ¢)]K.
2. Since secured loan market is competitive, we have 1 + p* = ¢; + f
3. Use firm FOC to solve aggregate p":
[1+xA@)['(K) =01 —y)(1+p ) +x[1-0(1—9)](1+p").  (C1D)

where we have:

1+ xAW)Ig"(K) —6(1 —¢) (14 p°)
x[1=0(1—y)] '

4. Guess pg,p, and plug into the CES price-index equation:

1+ p" =

. __11/(1—-0w)
P = |wu (Plos)' ™ + (1= wu) (plss) ] .
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to back out pjg5-

5. Compute type-level unsecured demand:

u\ —Ou

6. For each bank i, solve both VaR cases: slack y; = 0, binding y; > 0. Keep feasible
candidates and choose the one with highest limited-liability value.

e For each bank i with endowment (e(i), b(i)), solve the bank problem. Given initial
equity and deposits, for each G(i) on a grid, evaluate candidate loan pairs (¢* (i), °(i)<).

e compute loan prices from demand curve p* (i), = p%(1%(i) /L") ~1/¢

e compute bad-state profit: 7% (i)

e Determine survival indicator 1(7)

* VaR binding case, 1i(i) > 0 by plugging the FOC of bank secured loan supply con-
dition, bank balance sheet, we solve ["(i):

l (i) 4 e(i) — we " (i) = 0
— (14 p° —ces)l°(i) — (cou + wr)" (i) — cp — (1+2)b(i) — FG(i) +e(i) = 0

fle() +b(i)) —cr — (1+r2)b(i) +e(i)

— [4(i) =
() Cru+ Wry +f

Then [5(7) is obtained from the balance sheet condition.

Next, we keep the loan pairs such that the bank unsecured loan supply condition
indeed holds for p (i) > 0.

X[+ Ept = o] = (1= W)licwu - fA;
f + Cru + Wru .

Hi =

e slack case j(i) = 0. Then the unsecured loan FOC implies:

(1= x)liceu +fAz}
X

. S
) = 5 [eou =1+

Then we obtain ¢*(i) from the individual demand curve:
0'(i) = L (P”(i)r> h
T p¥

Then, I°(i) = e(i) + b(i) + G(i) — ¢"(i). Next, we keep this slack solution only if
ml (i) +e(i) — weul (i) >0

* compute expected profit:

Vr = xmax{r,0} + (1 — x) max{rt,0},
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and keep the highest one as the optimal choice of (I*(i),1°(i), G(i)).

7. Aggregate individual unsecured supply:

8. Iterate on pg,; until individual-bank aggregation equals type-level demand.

To endogenize aggregate capital, we add the firm’s first-order condition and unsecured-
loan market-clearing conditions. The unknowns become (K, p¥,z, pXsp)- Given a trial triple,
we compute the aggregate unsecured price index, implied firm demand for K, type-level un-
secured loan demand, individual-bank optimal supplies under the two VaR regimes, and the
resulting aggregate unsecured supply by ownership. We then update (K, p¢,z, pX;gp) until

u _JUu u _JUu
SOB,s — LSOB,d' LNSB,S - LNSB,d’

and

[1+xA@)]'(K) =01 —¢)(1+p°) —x[1 - 6(1 —9)](1+p*) = 0.
At the converged fixed point, aggregate capital is endogenous, while bank default probabilities
are computed as the share of grid banks for which 7% (i) < 0.
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