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Credit Lines, Aggregate Stress, and Banks
• A form of liquidity insurance for firms, provided by banks; firms use as ``last resort“ 

- Idiosyncratic problems OR Aggregate stress such as market freeze (COVID) vs banking crisis (GFC)

• Once drawn down, credit lines switch from being an off-balance-sheet liability of banks to 
being a term loan on asset-side of banks

- Meeting a drawdown requires liquidity; post-drawdown term loan requires capital

• Aggregate stress -> High illiquidity -> Adverse impact of drawdowns on banks (GFC)

• Aggregate stress -> High shadow cost of capital -> Adverse impact on banks (COVID)

• Firms also have the option to repay as markets normalize

- Banks repaid but shadow cost of capital low... So banks lose if credit lines are drawn and repaid early



Massive buildup of (aggregate) drawdown risk
on bank balance-sheets (2009 – 2019)

Credit line exposure: 

0.7% GDP (2009) -> 5.7% (GDP) (2019)



Drawdown risk materialized in March 2020 amid COVID-19 outbreak

Bond market freeze -> aggregate drawdowns & stock price underperformance 
of banks vis-a-vis the corporate sector and non-bank financial firms



This paper

• Does credit line exposure help us understand bank stock price performance during
the COVID-19 pandemic?

• What are the possible transmission channels through which the drawdowns affect 
bank stock returns and ultimately banks’ intermediation functions for the real 
economy? 

- Capital vs Liquidity

- Do these channels relate to the changing nature of bank regulatory standards between the global 
financial crisis and the pandemic?  

• How can regulation incorporate such AGGREGATE RISK to safeguard against them in 
future?



Key results

• We show that balance sheet liquidity risk of banks episodically explains banks’ 
stock returns (cross-section and time-series)

• We find evidence consistent with a “capital” rather than “funding” channel that 
adversely impacts the intermediation function of banks

• We confirm that the episodic co-movement of balance-sheet liquidity risk and bank 
stock returns was also a feature of the global financial crisis (GFC, 2007-2008)

• Liquidity risk during COVID explained through unused C&I credit lines, during GFC explained mainly 
through wholesale funding.

• We demonstrate how the episodic nature of credit line drawdowns and re-pricing of 
balance-sheet liquidity risk can be incorporated into stress tests (SRISKC).



Data

• All publicly listed BHC in the U.S., total assets > USD 100 million, 
match to CRSP/Compustat (147 banks, 99% of credit lines)

• Bank balance-sheet variables (on the holding company level, FR-Y9C) 
are obtained from call reports

• Dealscan loan exposures to COVID-affected industries

• SRISK from NYU vlab

• Bloomberg: stock returns, VIX, S&P 500 market return



• Liquidity risk because of unused commitments

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑅𝑅𝐿𝐿𝑅𝑅𝑅𝑅 =
𝑈𝑈𝑈𝑈𝐿𝐿𝑅𝑅𝑈𝑈𝐿𝐿 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐿𝐿𝐿𝐿𝑐𝑐𝑈𝑈𝑈𝑈𝐿𝐿𝑅𝑅 + 𝑊𝑊𝑊𝑐𝑐𝑊𝑊𝑈𝑈𝑅𝑅𝑊𝑊𝑊𝑊𝑈𝑈 𝐹𝐹𝐿𝐿𝑈𝑈𝐿𝐿𝐿𝐿𝑈𝑈𝐹𝐹 − 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿

𝑇𝑇𝑐𝑐𝐿𝐿𝑊𝑊𝑊𝑊 𝐴𝐴𝑅𝑅𝑅𝑅𝑈𝑈𝐿𝐿𝑅𝑅



Bank stock return crash explained by ex-ante liquidity risk 

• Banks with high liquidity risk perform worse compared to other banks.



• 1 std dev increase in Liquidity Risk -> 8.5% lower returns (12.5% of 
uncond. mean return)

𝑟𝑟𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛾𝛾𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑅𝑅𝐿𝐿𝑅𝑅𝑅𝑅𝑖𝑖 + �𝛽𝛽 𝑋𝑋𝑖𝑖 + 𝜀𝜀𝑖𝑖



Robustness
1. Portfolio risk: Liquidity risk appears to be orthogonal to traditional measures of 

bank exposures (COVID-affected sectors) and systemic risk  

2. Aggregate risk: Liquidity risk of banks episodically (3/1-3/23/20) explains 
banks’ stock returns (cross-section and time-series)

3. Components: Undrawn credit lines (but not wholesale funding risk) negatively 
impacts bank stock returns during COVID

4. Fed intervention:  Reduction of aggregate drawdown risk post-Fed intervention

5. Recovery: Banks only recovered about 35% of market value losses (repayments 
imply loss of margins for banks as firms exercise interest-rate optionality)



Exposure to COVID-19-affected industries

• Liquidity risk is orthogonal to bank portfolio risk.



Comparing GFC and COVID-19

• Wholesale funding
important liquidity risk for
banks during the GFC

• Increase liquidity
regulation and reduction
in wholesale funding
exposure post-GFC…

• …but not for credit line
exposure



Understanding the mechanisms: 
”Funding Channel” versus “Capital Channel”

• Deposit inflows > drawdowns -> funding likely not the binding constraint

Gross drawdowns (△Unused Commitments as % Assets)
-> leads to bank capital charge against term loans

Net drawdowns (△Unused Commitments – △Deposits, 
both as % Assets) 



Bank capital appears to be the binding constraint
𝑟𝑟𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛾𝛾 𝐷𝐷𝐷𝐷𝑖𝑖 + 𝜃𝜃 𝐷𝐷𝐷𝐷𝑖𝑖 × 𝐶𝐶𝑊𝑊𝐶𝐶𝐿𝐿𝑊𝑊𝑊𝑊 𝐵𝐵𝐿𝐿𝐵𝐵𝐵𝐵𝑈𝑈𝑟𝑟𝑖𝑖 + �𝛽𝛽 𝑋𝑋𝑖𝑖 + 𝜀𝜀𝑖𝑖



Methodology – Khwaja and Mian (2008) estimator 
(within syndicate)

• Yi,b,m,t: loan amount (number of loans) issued to firm i by bank b as loan-
type m in month t. 

• 𝐷𝐷𝐷𝐷𝑏𝑏: Gross or net drawdowns by bank b

• 𝜂𝜂𝑖𝑖 × 𝜂𝜂𝑡𝑡 × 𝜂𝜂𝑚𝑚 ∶ firm x time x loan type fixed effect -> loan demand
• (𝜂𝜂𝑖𝑖 × 𝜂𝜂𝑏𝑏 ): firm x bank fixed effects -> composition

𝑌𝑌𝑖𝑖,𝑏𝑏,𝑚𝑚,𝑡𝑡
= 𝛽𝛽1 × 𝐷𝐷𝐷𝐷𝑏𝑏 × 𝑃𝑃𝑐𝑐𝑅𝑅𝐿𝐿 + 𝜂𝜂𝑖𝑖 × 𝜂𝜂𝑡𝑡 × 𝜂𝜂𝑚𝑚 + 𝜂𝜂𝑖𝑖 × 𝜂𝜂𝑏𝑏 + 𝑋𝑋𝑏𝑏,𝑡𝑡−1 + 𝜀𝜀𝑖𝑖,𝑏𝑏,𝑚𝑚,𝑡𝑡



Results: (1) Lending and (2) Real effects

1. Lending: 𝛽𝛽1 < 0 for banks that experience high gross drawdowns: 
Capital constrained banks reduce supply of new loans

2. Real Effects: Firms borrowing from banks with high gross drawdowns
• Reduce investments in working capital
• Cut R&D spending four times more
• Cut dividends



Incorporating aggregate drawdown risk in stress tests

• Even if banks price aggregate drawdown risk, they may not factor in 
the real-sector spillovers such as constrained lending upon drawdowns

• Existing measures of stress tests do not account for the impact of 
banks’ contingent liabilities in times of stress.

• E.g., Acharya et al. (2012), Acharya et al. (2016), Brownlees and Engle (2017)

• Impact of aggregate drawdown risk can be decomposed:
1. Off-balance-sheet liabilities enter banks’ balance sheets as loans
2. Account for the impact of liquidity risk on stock prices



“Contingent” capital shortfall in a systemic crisis (SRISKCL)

i. 𝐼𝐼𝑈𝑈𝑐𝑐𝑟𝑟𝑈𝑈𝑐𝑐𝑈𝑈𝑈𝑈𝐿𝐿𝑊𝑊𝑊𝑊 𝑆𝑆𝑅𝑅𝐼𝐼𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡𝐶𝐶𝐶𝐶 recognizes that drawdowns of credit lines 
in crisis states represent contingent liabilities of banks 
(𝐷𝐷𝑈𝑈𝐷𝐷𝐿𝐿𝑖𝑖,𝑡𝑡+ℎ|𝐶𝐶𝑟𝑟𝐿𝐿𝑅𝑅𝐿𝐿𝑅𝑅 ≠ 𝐷𝐷𝑈𝑈𝐷𝐷𝐿𝐿𝑖𝑖,𝑡𝑡 ):

• 𝐸𝐸 𝐷𝐷𝑟𝑟𝑊𝑊𝐷𝐷𝐿𝐿𝑐𝑐𝐷𝐷𝑈𝑈 𝑟𝑟𝑊𝑊𝐿𝐿𝑈𝑈 | 𝐶𝐶𝑟𝑟𝐿𝐿𝑅𝑅𝐿𝐿𝑅𝑅 is estimated using past drawdown rates 
extrapolated for a market index fall of 40%

𝐼𝐼𝑈𝑈𝑐𝑐𝑟𝑟𝑈𝑈𝑐𝑐𝑈𝑈𝑈𝑈𝐿𝐿𝑊𝑊𝑊𝑊 𝑆𝑆𝑅𝑅𝐼𝐼𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡𝐶𝐶𝐶𝐶 = 𝑆𝑆 𝐸𝐸 𝐷𝐷𝑈𝑈𝐷𝐷𝐿𝐿𝑖𝑖,𝑡𝑡+ℎ|𝐶𝐶𝑟𝑟𝐿𝐿𝑅𝑅𝐿𝐿𝑅𝑅 − 𝐷𝐷𝑈𝑈𝐷𝐷𝐿𝐿𝑖𝑖,𝑡𝑡

= 𝑆𝑆 × 𝐸𝐸 𝐷𝐷𝑟𝑟𝑊𝑊𝐷𝐷𝐿𝐿𝑐𝑐𝐷𝐷𝑈𝑈 𝑟𝑟𝑊𝑊𝐿𝐿𝑈𝑈 | 𝐶𝐶𝑟𝑟𝐿𝐿𝑅𝑅𝐿𝐿𝑅𝑅
× 𝑈𝑈𝑈𝑈𝐿𝐿𝑟𝑟𝑊𝑊𝐷𝐷𝑈𝑈 𝐶𝐶𝑟𝑟𝑈𝑈𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝑈𝑈𝑈𝑈𝑅𝑅𝑖𝑖,𝑡𝑡



Drawdown
rateCOVID = 22.91%

Drawdown rateGFC

= 10.82%

• SRISKCL is between $12bn and $27bn

“Contingent” capital shortfall in a systemic crisis (SRISKCL)



“Contingent” capital shortfall in a systemic crisis

ii. 𝐼𝐼𝑈𝑈𝑐𝑐𝑟𝑟𝑈𝑈𝑐𝑐𝑈𝑈𝑈𝑈𝐿𝐿𝑊𝑊𝑊𝑊 𝑆𝑆𝑅𝑅𝐼𝐼𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
𝐶𝐶

recognizes that LRMES does not 
account for the episodic effect of balance-sheet liquidity risk of 
banks on stock returns: 

• where   ∆𝐿𝐿𝑅𝑅𝐿𝐿𝐸𝐸𝑆𝑆𝐶𝐶𝑖𝑖,𝑡𝑡 = �𝛾𝛾 × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑅𝑅𝐿𝐿𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 and �𝛾𝛾 is the estimated 
coefficient from our tests on balance-sheet liquidity risk.  

𝐼𝐼𝑈𝑈𝑐𝑐𝑟𝑟𝑈𝑈𝑐𝑐𝑈𝑈𝑈𝑈𝐿𝐿𝑊𝑊𝑊𝑊 𝑆𝑆𝑅𝑅𝐼𝐼𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
𝐶𝐶

= 1 − 𝑆𝑆 × ∆𝐿𝐿𝑅𝑅𝐿𝐿𝐸𝐸𝑆𝑆𝐶𝐶𝑖𝑖,𝑡𝑡 × 𝐸𝐸𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖,𝑡𝑡



Incremental SRISKLRMESC

Re-pricing of balance-sheet liquidity risk

• Overall, incremental SRISK as of Dec 31, 2019 is over $341bn.



Conclusion

• Balance-sheet liquidity risk of banks -> underperformance of bank stocks
during periods of aggregate risk

• COVID: driven by unused loan commitments
• GFC: driven by wholesale funding and rollover risk

• Bank stock returns react adversely to gross drawdowns -> lead to bank
capital charge against term loans

• Implications for (1) loan supply and (2) firm investments

• Implications: bank capital requirement should account for aggregate
drawdown risk due to credit line exposure



Appendix



COVID-19 and lockdowns caused bond 
markets to freeze

• Firms benefited from having access to credit lines during the 
pandemic when capital market funding froze 

• E.g., Acharya and Steffen, 2020a; Chodorow-Reich et al., 2021; Greenwald et 
al., 2021

• Banks faced unprecedented aggregate demand for credit-line 
drawdowns; banks’ share prices have persistently underperformed 

• This paper: central role played by bank credit line drawdowns in 
understanding the crash of bank stock prices. 



• Unused Commitments: The sum of credit lines secured by 1-4 family homes, secured and 
unsecured commercial real estate credit lines, commitments related to securities 
underwriting, commercial letter of credit, and other credit lines (which includes 
commitments to extend credit through overdraft facilities or commercial lines of credit).

• Wholesale Funding: The sum of large time deposits, deposited booked in foreign offices, 
subordinated debt and debentures, gross federal funds purchased, repos and other 
borrowed money.

• Liquidity: The sum of cash, federal funds sold & reverse repos, and securities excluding 
MBS/ABS securities 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑅𝑅𝐿𝐿𝑅𝑅𝑅𝑅 =
𝑈𝑈𝑈𝑈𝐿𝐿𝑅𝑅𝑈𝑈𝐿𝐿 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐿𝐿𝐿𝐿𝑐𝑐𝑈𝑈𝑈𝑈𝐿𝐿𝑅𝑅 + 𝑊𝑊𝑊𝑐𝑐𝑊𝑊𝑈𝑈𝑅𝑅𝑊𝑊𝑊𝑊𝑈𝑈 𝐹𝐹𝐿𝐿𝑈𝑈𝐿𝐿𝐿𝐿𝑈𝑈𝐹𝐹 − 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿

𝑇𝑇𝑐𝑐𝐿𝐿𝑊𝑊𝑊𝑊 𝐴𝐴𝑅𝑅𝑅𝑅𝑈𝑈𝐿𝐿𝑅𝑅

Measuring balance-sheet liquidity



Methodology – Baseline tests (cross-section)

• 𝑟𝑟𝑖𝑖 is the excess return of bank i
• X: control variables (market beta, balance-sheet characteristics)

• Key bank performance measures as to capitalization, asset quality, profitability, 
liquidity and investments (e.g., Fahlenbrach et al., 2012; Beltratti and Stulz, 2012)

• Sample period: Jan 1 – March 23 2020 (before Fed interventions)
• p-values reported in all tables

𝑟𝑟𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛾𝛾𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑅𝑅𝐿𝐿𝑅𝑅𝑅𝑅𝑖𝑖 + �𝛽𝛽 𝑋𝑋𝑖𝑖 + 𝜀𝜀𝑖𝑖



Balance-sheet liquidity risk ignites in March 2020

• Balance-sheet liquidity risk economically most important in March 
2020 (sign increase in R2)



Undrawn credit lines negatively impact banks
stock returns…

• … but not wholesale funding (which has been subject to regulation
post GFC)



Bank portfolio composition

• Identification challenge: Liquidity risk through credit line drawdowns 
is correlated with bank portfolio composition

• Who draws down credit lines? Riskier borrowers

• Banks with large drawdowns may thus be engaged with riskier 
borrowers

• Need to control for bank portfolio composition (-> omitted variable 
bias)



Bank portfolio composition: Exposure to 
COVID-affected industries



Methodology



Exposure to COVID-19-affected industries

𝛽𝛽𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶



Exposure to COVID-19-affected industries

• Liquidity risk is orthogonal to bank portfolio risk.



Balance-sheet liquidity risk
post Fed interventions

• Again: balance-sheet liquidity risk only periodically explains bank stock 
returns (Q3 2020 uncertainty regarding 2nd wave and lockdowns)



Understanding the mechanisms: ”funding 
channel” versus “capital channel”

• Balance-sheet liquidity risk can explain stock returns in periods of 
aggregate risk. 

• What are the mechanisms? 
• “Funding channel” vs. “capital channel”

• Gross Drawdowns: % change of unused C&I credit lines Q4’19 –Q1’20

• Net Drawdowns: Change in unused C&I commitments minus the change 
in deposits (all relative to total assets)



Capital constrained banks reduce new loan originations



Real effects

• Implications on investment and financing policies of firms borrowing
from banks with high gross drawdowns

• Reduce investments in working capital
• R&D spending cut four times more
• Dividends cut

• Compared to firms borrowing from banks with low gross drawdowns.



Discussion

1. Comparison to the GFC: Wholesale funding and rollover risk was a substantially
larger risk for banks during the GFC compared to the COVID-19 pandemic.

2. Alternative liquidity measures: Berger and Bouwman (2009) and Bai et al. 
(2018) liquidity measure explain bank stock returns, our measure remains sign
in horse race

3. Contract terms: Neither credit line pricing nor covenants account for aggregate
drawdown risk!

4. Stress tests: Current Fed stress tests do not account for aggregate drawdown
risk



Discussion I: Comparison to GFC

• Wholesale funding was a substantially larger risk for banks during
the GFC compared to the COVID-19 pandemic.



Dicussion II: Liquidity measures

• Berger and Bouwman (2009) liquidity measure and Bai et al. 
(2018) frequently used measures

• Both explain bank stock returns, our measures remains sign in 
horse race -> additional information in our measure



Discussion III: Accounting for aggregate
drawdown risk in loan contract terms
• Do banks account for aggregate drawdown risk, e.g., through loan 

contract terms that might limit the extent of correlated drawdowns 
during episodes of aggregate risk. 

• We investigate two possible ways banks might do that: (1) the pricing 
of credit lines, and (2) loan covenants.

• Bottom line: none of these contract terms do account for aggregate
drawdown risk!



Do banks or regulators account for aggregate
drawdown risk?

• Do banks recognize correlated drawdown risk? 
• Banks account for idiosyncratic and systematic drawdown risk when pricing

loans (Acharya et al., 2013; Berg et al., 2016)



Pricing of newly originated loans



Do banks or regulators account for aggregate
drawdown risk?

• Do banks recognize correlated drawdown risk? No!
• Banks account for idiosyncratic and systematic drawdown risk when pricing

loans (Acharya et al., 2013; Berg et al.,2016)

• Covenants also did not constrain firms‘ credit line drawdowns

• Current Fed stress tests do not account for aggregate drawdown risk

• Can regulators address aggregate drawdown risk in an ex-ante manner?



Discussion IV: Accounting for aggregate
drawdown risk in current Fed Stress Tests
• Do banks account for aggregate drawdown risk, e.g., through loan 

contract terms that might limit the extent of correlated drawdowns 
during episodes of aggregate risk. 

• We investigate two possible ways banks might do that: (1) the pricing 
of credit lines, and (2) loan covenants.

• Bottom line: none of these contract terms do account for aggregate
drawdown risk!



Conclusion

• Balance-sheet liquidity risk of banks episodically explains banks‘ stock 
returns.

• This occurs during an aggregate economic downturn when firms’ 
liquidity demand through credit line drawdowns becomes highly 
correlated.

• Firms with pre-arranged credit lines, however, are rewarded...



Firms with pre-arranged credit lines 
are rewarded



Conclusion (continued)

• Bank stock returns during the pandemic also co-move heavily with
bank-level loan exposure to the oil sector & other affected sectors
− Liquidity risk of banks’ balance sheet remains a key factor in explaining bank

stock prices

• Bank capital (rather than funding) appears to be the binding 
constraint.

• The episodic nature of credit line drawdowns and balance-sheet 
liquidity risk can be incorporated tractably into bank capital stress 
tests. 
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