Monetary Tightening and U.S. Bank Fragility in 2023:
Mark-to-Market Losses and Uninsured Depositor Runs?

Erica Jiang Gregor Matvos Tomasz Piskorski Amit Seru

USC Northwestern and Columbia and Stanford and
NBER NBER NBER




Recent Monetary Tightening

= 1983 1988 = 1994 == 2004 = 2015 == 2022

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Manths after first rate hike

Source: U.S. Federal Reserve



Interest Rate Exposure of Banks

 Banks engage in maturity transformation

1 Bank health & interest rate risk?

O Bank’s asset value declines
O What about non-equity liabilities?
» “Deposit franchise” as a hedge?

1 Bank failures during monetary tightening
O Savings & loan crisis
O Ongoing bank failures: SVB, Signature, First Republic...
» Very liquid assets



U.S. bank failures in each year, sized by total assets and
adjusted for inflation

Recent Banking Fallures -
O Recent bank failures historically large m
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O Jointly bigger than 25 banks failed in 2008 _ e
[ Discretionary policy interventions ~
O Bank Term Funding Program (BTFP) .
O Senate Finance Committee hearing on March 21 |
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Response: It's Liquidity & Outlier

O Liquidity
O Fed report on SVB “liquidity” appears 318 times, “solvency” once!

O But liquidity issues have been addressed, and banks kept failing!
O Data says banks have LOTS of liquid assts (Cash 14% + Securities 25 %)
O Regulatory and other liquidity interventions
O Banks kept failing!

O Bad management!
O “SVB was an outlier”



This Paper (March 13)

O Self-fulfilling solvency runs
O Predicted more failures
» SVB not special
» Liquidity is not the issue
O Main drivers of failures
» Where are self-fulfilling solvency runs possible?

d Measurement of asset declines

O Model to draw implication for bank health
O Model of self-fulfilling solvency runs
O No liquidity discount to sell assets

O Measure the potential for such runs in data



Main Findings

A $2.2 trillion asset value decline during the recent monetary tightening
O In the order of pre-existing aggregate bank capitalization
O Largely unhedged

O Critical role of uninsured leverage for solvency runs given these asset declines

O Model of self-fulling solvency runs
» Key: sufficient increase in interest rate, limited capital, awake uninsured depositors
» Insured deposits look similar to equity

O Empirical assessment of run potential
» 186 banks in US could not survive withdrawal of half of uninsured deposits
> If all uninsured depositors withdraw, +1,600 banks at risk with assets of $4.9 trillion



Bank Assets:
Rise In Interest Rate and Mark-to-Market Losses



Declines in Long-Duration Assets

1 Assets with longer maturity are more affected by interest rate changes
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Data

O Call reports of 4844 FDIC-insured banks in 2022Q1

O Mark to market all securities and loans according to their maturity and repricing structure
O ~80% of banks’ total assets

2. Maturity and repricing data for debt securities (excluding those in nonaccrual status): 2. Maturity and repricing data for loans and leases (excluding those in nonaccrual status):
a.|Securities issued by the U.S. Treasury, U.S. Government agencies, and states and political a. Closed-end loans secured by first liens on 1—4 family residential properties jn domestic
subdivisions in the U.S.; other non-mortgage debt securities; and mortgage pass-through offices (reported in Schedule RC-C, Part |, item 1.c.(2)(a), column B) with a remaining
securities other than those backed by closed-end first lien 1-4family residential mortgages maturity or next repricing date of:" 2
with a remaining maturity or next repricing date of:% 2 (1) Three months or less L.
(1) TRrEE OIS O S5 .ttt ettt ettt ettt e e e e et e ans (2) Over three months through 12 months ..
(2) Owver three months through 12 months ... (3) Over one year through three years. ...
(3) Over one year through three years ... {4) Over three years through five Years......... e
(4) Owver three years through five years ... (5) Over five years through 15 WBars ... ...
(5) Over five years through 15 ¥ears ... (B OWEE A5 WBBAIS ...
(B BT 1D P B aI S L ittt e ettt ettt e et e ean bf All loans and leases (reported in Schedule RC-C, Part |, items 1 through 10, cqlumn A)
b.[Mortgage pass-through securities backed by closed-end first lien 1-4 family residential EXCLUDING closed-end loans secured by first liens on 1-4 family residentialiruperﬁes
mortgages with a remaining maturity or next repricing date of:*>* in domestic offices (reported in Schedule RC-C, Part |, item 1.c.(2)(a), column B) with a
(1) Three Months OF BESS ... e aa e aanaas rernaining maturity or next repricing date of:*.2
{2) Over three months through 12 months ... (1) Three months or [8SS5 ..o
(3) Over one year through e Years ... (2) Over three months through 12 months ...
(4) Over three years through five years ... (3) Over one year through three Years. ...
(5) Over five years through 15 Years ... (4) Over three years through five Years.. ...
(B OWET 10 PBEIS Lttt e ettt ettt et aaean (5) Over five years I,hruugh 15 WIS L o e e e a e aaas
¢.|Other mortgage-backed securities |(include CMOs, REMICs, and stripped MBS; exclude mort- (B OVEE A5 WBAIS ...
gage pass-through securities) with an expected average life of:® : o ‘ C T me s e T et o
(1) Three years o Iess e

() O B YEaI S e aa



Methodology

MTM Loss = Z Treasury and Other Securities and Loans; X ATreasuryPrice;
t

+ z RMBS multiplier X (RMBS; + Mortgage;) X ATreasuryPrice;
t

O ATreasuryPrice;: Price changes of traded indexes of treasuries by maturity from 2022Q1-
2023Q1

1 RMBS and residential mortgages have additional risk due to prepayment risk:

AiShare MBS ETF

RMBS multiplier =
MULHPAET = AP Treasury Bond Index




Mark-to-Market Losses: Aggregate Statistics

U Aggregate loss: 2.2 T

O 10% of bank assets, close to pre-tightening aggregate bank capitalization

Residential
Total RMBS Non-RMBS Mortgage | Other Loans
Security
MTM Loss 218 0.99 0.28 0.57 0.33
(2023Q1)
2023Q3 2.47 1.26 0.26 0.71 0.24




Mark-to-Market Losses: Distribution

d Largest for smaller and mid-sized banks BA”k o 31238';5) ( '—agselB) Gl
adnkKs , 1. non
(non-GSIB banks) 11,3848, )
Loss/Asset (%) 9.2 9.1 10.0 4.6

O 10% of banks have worse MTM losses
than SVB (16%)

-2 if SVB failed because of losses alone,
more than 500 other banks should also have

failed
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Did Banks Hedge their Rate Exposure?

1 Two complementary data sources: call
reports (assets above 5B) and 10K === S—
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Table 14.1: Notional or Contractual Amounts and Fair Values of Derivatives
December 31, 2022 December 31, 2021
Fair value Fair value

Noti Notional

d Over 3 quarters of re PO rting banks: no (o i S R T A

material use of interest rate swaps

Commodity contracts 1,681 9 25 1,739
Foreign exchange contracts 15,544 161 1,015 24,949 281 669
Total derivatives designated as qualifying hedging instruments 840 1,619 2,519 999
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Bank Liabillities:
Model of Solvency Runs and Sleepy Depositors



Where was SVB Special?

d SVB NOT special on asset side
O More than 500 other banks with larger losses

O Uninsured leverage is the key
O Only less than 1% banks have higher uninsured leverage ratio than SVB
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Why Model

4 Runs in US banks with lots of liquid assets
O Cash 14% + Securities 25 %

O Self-fulfilling solvency runs
O No liquidity discount to sell assets

O Interaction with monetary policy
O Show critical role of uninsured leverage, capitalization, sleepy insured deposits

O Model + data: does a run equilibrium exist given fundamentals?



Model Ingredients

] Assets

O Liquid: can be sold at market value
O Value declines with interest rate

d Liabilities
O Depositors love banks
» Do not switch based on interest rates
- Franchise value insensitive to interest rates in absence of run
O Insured depositors (asleep)
O Uninsured depositors:
» Some are awake (sensitive to default)
O Rest is equity



Numerical Example

A A bank holds $10B in cash and $90B in T-bonds w/ infinite maturity
O Risk-free perpetuities paying 3% annual coupon

d $45B insured deposits and $45B uninsured deposits
O Deposit cost of 3%
O No rents on the liability side prior to monetary tightening

d Risk-free rate is 3%
O market value = face value of deposit

a Market value of equity: $10B



Interest Rate and Uninsured Depositor Belief

O When interest rate is low & awake uninsured depositors believe bank is solvent ...
O Good, no-run equilibrium: no incentive to withdraw, given beliefs

Uninsured Depositors’ Belief

[Good] Bank is solvent

[Bad] Bank is insolvent

Low Interest
Rate (3%)

Asset:

10B + 90B X % — 100B

Debt:
(45B + 45B) X % = 90B
Equity:
100B — 90B = 10B

High

Interest
Rate (4%)




Interest Rate and Uninsured Depositor Belief

O When interest rate is low & uninsured depositors believe bank is insolvent ...
O Not sustainable

Uninsured Depositors’ Belief

[Good] Bank is solvent [Bad] Bank is insolvent

Asset: Debt: Asset: Debt:
108 + 90B X 2 = 100B | (45B +45B) X 5. = 90B 10B + 90B X B X2 =458
Low Interest 100% X 45B = 5
Rate (3%) Equity: Equity:
100B—-90B =10B B —45B = 10B

High
Interest
Rate (4%)



Interest Rate and Uninsured Depositor Belief

O When interest rate is high & uninsured depositors believe bank is solvent ...
O Sustainable
O Good, no-run equilibrium

Uninsured Depositors’ Belief

[Good] Bank is solvent [Bad] Bank is insolvent

Asset: Debt: Asset: Debt:
10B + 90B x 3. = 100B | (45B + 45B) x 5.. = 90B 10B + 90B B X< =458
Low Interest 100% X 45B =
Rate (3%) Equity: Equity:
100B—-90B =10B B —45B = 10B

Asset: Debt:

3%_ 3%_
High 10B +90B X 2=77.5B | (458 + 45B) x =..=67.5B

Interest :
Rate (4%) Equity:
77.5B — 67.5B = 10B




Interest Rate and Uninsured Depositor Belief

O When interest rate is high & all uninsured depositors believe bank is insolvent ...
O Self-fulling solvency run
O Bank is insolvent because a run reprices bank liabilities - increase value of liabilities

Uninsured Depositors’ Belief

[Good] Bank is solvent [Bad] Bank is insolvent

Asset: Debt: Asset: Debt:
10B + 90B x 3. = 100B | (45B + 45B) x 5.. = 90B 10B + 90B B X< =458
Low Interest ’ ’ 100% X 45B = ’
Rate (3%) Equity: Equity:
100B—90B = 10B B — 45B = 10B
Asset: Debt: Asset: Debt:
3%_ 3%_ 3% _ 3% _
T 10B + 90B X 4—%-77.53 (45B + 45B) % o 67.5B 10B + 90B x 0 45B X 0 33.75B
Interest 100% x 45B = 32.5B
Rate (4%) Equity: Equity:
77.5B — 67.5B = 10B 32.5B — 33.75B = —1.25B




Interest Rate and Uninsured Depositor Belief

[Good] Bank is solvent [Bad] Bank is insolvent

Asset: Debt: Asset: Debt:
'—%W WEESS 105 + 90B x .- = 100B | (45B + 45B) x 5.. = 90B 10B + 90B x X 3. =45B
I 100% X 458 = 5
Equity: Equity:
100B—-—90B =10B B — 45B = 10B
Asset: Debt: Asset: Debt:
Hiah 3%_ 3% _ 3% 3%
I tg : 10B + 90B % 5-77.53 (45B + 45B) X 5—67.53 10B + 90B % o7 45B X i 33.75B
é‘a‘f;es 100% x 45B = 32.5B
Equity: Equity:
77.5B — 67.5B = 10B 32.5B — 33.75B = —1.25B

Arun is possible when ...

i i
10B +90B X — — 100% X 45B < 45B X —

Ty Iy

Asset Debt

=Asset—Equity—Awake Uninsured Deposit



\What makes runs easier to sustain

Arun is possible when ...

i Ty
10B +90B X — — 100% X 45B < 45B X —

T'f Tf

Asset Debt

=Asset—Equity—Awake Uninsured Deposit

Equity+(Awake Uningured Deposits—Cash)
rf’ 90B — 45B _ Equity
rg 100% % 45B — 10B Awake uninsured depositors — Cash

Awake uninsured depositors  Cash

+1

O When interest rate increases sufficiently, a solvency run is possible
U Riskier banks:

O Lower initial capitalization

O Higher uninsured leverage

O More awake uninsured depositors



Bank Liabilities:
How Many Banks Are at Risk of Solvency Runs?



How Many Banks are at Risk of Such Run

4 Given fundamentals, we assess the uninsured depositors run risk for each US
bank

1 Note that banks with the following characteristics are more at risk
O Lower initial capitalization
O More exposure to asset value declines
O Higher uninsured leverage

 What is the default threshold in practice?



Insured Deposit Coverage

d FDIC steps in to protect insured depositors when a bank is put into receivership

Q Empirical solvency condition: insured depositors being impaired is the lower bar for FDIC
intervention

Mark—-to—Market Assets — s X Uninsured Deposits — Insured Deposits
Insured Deposits

Insured Deposit Coverage ratio =



Where are self-fulfilling solvency runs possible?
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0 50% withdrawal: 186 banks insolvent with assets of $300 billion
[ 100% withdrawal: +1,600 banks insolvent with assets of $4.9 trillion




Distribution of Insured Deposit Coverage Ratio

O 50% uninsured depositors run (i.e., s = 0.5)
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I 2022Q1, Median=36.5
B Mark-to-Market 2023Q1, Median=21.3

Density
.02

.01

0 50 100

150 200
Insured Deposit Coverage



Distribution of Insured Deposit Coverage Ratio

O All uninsured depositors run (i.e., s = 1)
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Bank Capitalization (Extreme Insolvency)

O If all depositors & debtholders withdrew their funding, could banks repay their debts?
O Assuming no deposit franchise value, akin to full withdrawal by ALL depositors
O 2,315 banks insolvent with $11 trillion of assets

[ 202201, Median=9.4
I Vark-to-Market 2023Q1, Median=.4
[

.15

Density
1

.05

-20 20

-10 0 10
Equity/Asset (Reference Line: Silicon Valley Bank)



Conclusion

O Self-fulfilling solvency & monetary policy
O Connection between run risk and interest rate risk

d Measurement: $2.2 trillion asset value decline
O Critical role of uninsured leverage for solvency runs given these asset declines

O Empirical assessment of the run risk
O Where self-fulfilling solvency runs are possible
O 186 banks in US could not survive withdrawal of half of uninsured deposits



Implications

 Monetary tightening significantly increased bank risk of insolvency runs
O Higher bank risk in low income, higher minority areas
O Eroded bank ability to withstand adverse credit events

1 Connection between run risk and interest rate risk

 Other interesting findings:
O Gambling for resurrection
O Credit risk
O Regional exposure



Other Topics Covered



Gambling for Resurrection: 2022 edition

O Several banks significantly decreased hedging
 Average duration increased

Change in Hedge/Asset Since 2021Q4 (%)

| I
| I [ 2021Q4, Mean=4.6
: : B 2022Q4, Mean=5.1
© | |
|
|
« |
|
[ap]
2
e 2oy
[
a)

— Hedge Growth Quartile 1

Hedge Growth Quartile 2
Hedge Growth Quartile 4

m— Hedge Growth Quartile 3
----- SVB

1 |
Qi Q2 Q3 Q4 2.00 4.00 6.00 8.00 10.00 12.00
Duration (Reference Line: Silicon Valley Bank)



VWhat About
Credit Risk?



Physical Office Attendance (Kastle)

100% W
90%
80%
70%
60%
50%
40%
20%
| | 10%
o o o o o o — — - — — — o~ ~N ~N o~ ~N ~N on
u Y g g g g g g dqg o o o o o d
855583883538 583528¢8°¢
Office REIT Equity Values
Delinquency Rates by Major Property Type 10% q y
Delinquency Trends
7% 0%
6% 3.62%
. -10%
ox Overall Delinquency
Rate (May 2023)
22 -20%
0,
. 4.02% o
Office Delinquency Rate
2% (May 2023)
-40%
1%
-50%
0
3% ) 0% O ) 3% ) 2 5 > % ) ]
v a a v 2 v o 9 v V v e v
. ¥ . ; X R . < ¢ < & ¢ -60%
\“'5\5\) ¥ °q‘9§°°\\°<)"’°5§<<§@° W@ S 0 0 O 0 O - - = = - = & & 4 N N N O O
g agagagagqaagaggqagagaaqgqaqaqqgqgaqda
: : ) . . ' Trepp § 8 3 3358333 8558883835548
Overall Delinquency @ Industrial Lodging Multifamily @ Office @ Retail 5 =S s pnpz-oS5=s=s"npz-5=s5"0nz-=



What About Credit Risk?

U The decline in banks’ asset values has eroded their ability to withstand adverse credit events
O lllustrate through banks’ resilience to distress on commercial real estate (CRE) loans

O CRE loans constitute a substantial share of bank assets ($2.7 trillion)
O Especially for smaller and mid-size banks (25-30% of their assets)

O Most of CRE loans mature in the next few years and require refinance - increased default risk
O Deteriorating CRE fundamentals (especially in the office sector)

(1) 2) 3) 4

All Assets Assets Assets
Banks <1.384B [1.384B,250B] >250B
Agoregate Assets 24T 14T 9.0T 13.5T

Aggregate Commercial Real Estate Loans
Commercial Real Estate Loans/Asset (%)

Mean .
P50 25.1 23.9 31.7 3.7
P95 49.9 48.8 53.8 10.2

Number of banks 4,844 4,096 735 13




Change in Equity with 10% CRE Distress

O Prior tightening all the banks have sufficient capital buffer to withstand the CRE distress

Q Post tightening median US bank’s MTM capitalization becomes close to zero

O With 10% CRE distress, median US bank has negative capitalization (-0.5% of MTM assets)
O Most pronounced for mid-sized banks

D
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202201
I Wi rate increase, Median=.4 w/ rate increase
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Impact of CRE Distress

d

4
4

“Negative equity”: mark-to-market value of assets including losses due to CRE distress is
below the face value of its non-equity liabilities.

10% CRE distress: additional 285 banks with assets worth $700 billion have negative equity
20% CRE distress, additional 579 banks with assets worth $1.26 trillion have negative equity

Number of Banks w/ Negative Equity Equity Shortfall (in $BN)

600
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400
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Number of Banks
Equity Deficit (Billion)
40
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o 2 4 6 8 10 12 14 16 18 20

2 4 6 8 10 12 14 16 18 20 Percentage of CRE Default (%)
Percentage of CRE Default (%)



Number of Insolvent Banks

Additional Insolvent
Banks due to CRE

Distress
(50% Uninsured Depositors Withdraw)

60

40

Number of Banks

20

| |II“I”

Percentage ef CRE Defeult %

1 Prior to rate increases all banks could survive our CRE distress scenarios
- Now: Up to 60 of additional banks subject to insolvency run (in addition to 186)



Regional Exposure to Bank Risk

1 The most exposed counties have up to 13% deposits at the risk of impairment

Share of Deposits at Risk of Impairment (%)

(1.3,13.1]
(4,13]
(0,.4]
[0,0]



Regional Exposure to Bank Risk

1 More exposed regions to bank risk are those with
O More minority population
O Lower income
O Lower share of college educated
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Implications: What to do?



What to Do?

Arun is possible when ...

i Ty
10B +90B X — — 100% X 45B < 45B X —

Tf Tf

Asset Debt

=Asset—Equity—Awake Uninsured Deposit

Equity+(Awake Uningured Deposits—Cash)
rf’ 90B — 45B Equity

Awake uninsured depositors  Cash

rg 100% % 45B —10B _ Awake uninsured depositors — Cash

+1

O Increase equity (cut dividends)




What next in
the short

Link to Current Draft

Resolving the Banking Crisis

ru n " Peter DeMarzo (Stanford), Erica Jiang (USC), Arvind Krishnamurthy (Stanford),
Gregor Matvos (Northwestern), Tomasz Piskorski (Columbia), Amit Seru (Stanford and Hoover)

Summary

1. New economic conditions have led to insolvency concerns across the banking system.

“ N N . . N _ .
Market_based ban k 2. There are too many banks in this situation to resolve with one-off solutions.

3. Government backstops and regulatory forbearance risk a repeat of the S&L crisis.
: : : 7 4. Requiring banks to promptly raise equity capital will both reduce fragility and provide a
reca pltal Izatlon needed market test to identify truly insolvent banks.
5. The amount of private capital needed is in the range of $190 to $400 billion.

=




Longer-term response

O Higher capital ratios (Jiang et al. 2020)?
O Non-bank lenders have twice as high capital buffers
O Small shadow banks have much higher equity

Equity/ Assets Equity/ Assets
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Longer-term response

 More regulations?
O Asset/risk restrictions
O More stress testing also for potential of higher rates
O Better risk disclosures, risk management practices



Appendix



Distribution of Insured Deposit Coverage Ratio

O 50% uninsured depositors run (i.e., s = 0.5)
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Distribution of Insured Deposit Coverage Ratio

O All uninsured depositors run (i.e., s = 1)
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