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“A more interesting approach would be to tie liquidity and
capital standards together by requiring higher levels of capi-
tal for large firms unless their liquidity position is substantially
stronger than minimum requirements. This approach would
reflect the fact that the market perception of a given firm’s
position as counterparty depends upon the combination of its
funding position and capital levels. ... While there is decidedly
a need for solid minimum requirements for both capital and
liquidity, the relationship between the two also matters. Where
a firm has little need of short-term funding to maintain its ongo-
ing business, it is less susceptible to runs. Where, on the other
hand, a firm is significantly dependent on such funding, it may
need considerable common equity capital to convince market
actors that it is indeed solvent. Similarly, the greater or lesser
use of short-term funding helps define a firm’s relative contribu-
tion to the systemic risk latent in these markets.” Tarullo (2013)

1. Introduction

The main function of banks is to provide liquidity by offering funding
(deposits) that is more liquid than their asset holdings (Diamond and
Dybvig 1983). This liquidity mismatch, part of their business model,
makes banks vulnerable to runs, as creditors can demand immedi-
ate repayment when the bank faces asset shocks. The rationale for
studying the solvency-liquidity nexus of banks is based on the lit-
erature explaining bank runs based on the strength of the bank’s
fundamentals. In Allen and Gale (1998), banking panics are related
to the business cycle where creditors run if they anticipate that the
bank’s asset values will deteriorate. Similarly, Gorton (1988) shows
that bank runs are systematic responses to the perceived risk of banks.

Theoretical models on the two-way interaction between solvency
and liquidity have been more recently developed. Diamond and
Rajan (2005) show that bank runs, by making banks insolvent, exac-
erbate aggregate liquidity shortages. In Rochet and Vives (2004),
there is an intermediate range of the bank assets value for which the
bank is still solvent but can fail if too many of its creditors with-
draw, and the range of the interval decreases with the strength of
the bank’s fundamentals. Then, Morris and Shin (2008) explain that
bank runs come from both the bank’s weak fundamentals and the
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“jitteriness” of its creditors. Therefore, the failure region of the bank
would be smaller if both the bank and its creditors held more cash.

An implication of this literature is that systemic risk is likely to
play a key role in the solvency-liquidity nexus through the liquida-
tion costs caused by fire sales in a crisis. If the firm fails in isolation,
its illiquid assets can be liquidated for a price close to their value in
best use (Shleifer and Vishny 1992) In a systemic crisis, however,
potential buyers will be unable to find funding to buy the assets of
the distressed firm. Creditors will consequently run from banks that
are vulnerable to an aggregate shock, as they anticipate these banks
will not be able to repay them in a crisis.

While the solvency-liquidity nexus has been well studied theo-
retically in the economic literature, the interaction between solvency
and liquidity risks tends to be omitted in the new capital and liquid-
ity regulatory standards. The liquidity coverage ratio (LCR) of Basel
IIT imposes that financial firms hold a sufficient amount of high-
quality liquid assets to cover their liquidity needs over a month of
stressed liquidity scenariol3 However, the liquidity needs according
to this standard are essentially a function of the funding mix of the
bank and do not depend on other bank’s fundamentals—in partic-
ular, on its capital adequacy and asset risks. Similarly, the required
capitalization of a bank is not related to its exposure to funding
liquidity risk

!Other fire-sale papers also relying on the Shleifer and Vishny (1992) insight
include Acharya and Yorulmazer (2008); Acharya and Viswanathan (2011); Allen
and Gale (1998, 2000a, 2000b, 2004); and Diamond and Rajan (2005, 2011).

*Next to the LCR, Basel IIT also introduces a net stable funding ratio (NSFR).
The NSFR is the ratio of available stable funding to required stable funding over
a one-year horizon. The required stable funding is determined based on the insti-
tution’s assets and activities (Basel Committee on Banking Supervision 2011).

3Funding liquidity risk is only likely to play a modest role via the intercon-
nectedness measure used to derive the additional capital requirement for globally
systemically important financial institutions (G-SIFIs). The systemic importance
measure is the equally weighted average of the size, interconnectedness, lack of
substitutes for the institution’s services, global activity, and complexity (Basel
Committee on Banking Supervision 2013b). Interconnectedness is itself based
on three indicator measures: intrafinancial system assets, intrafinancial system
liabilities, and securities outstanding. Alternatively, some supervisory stress-test
models explicitly feature funding liquidity feedbacks from the deterioration of
the banks’ fundamentals as in the risk assessment model for systemic institutions
(RAMSI) of Aikman et al. (2009) used at the Bank of England.
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The solvency-liquidity nexus of banks has also not been the cen-
ter of empirical studies investigating funding liquidity risk of the
financial sectord In this paper, I fill this gap in the literature and
test whether the solvency-liquidity nexus of banks empirically holds
by examining the short-term balance sheet of fifty U.S. bank hold-
ing companies over 2000-13. Short-term debt mainly consists of
federal funds purchased and repurchase agreements (repos), unin-
sured deposits, and other short-term borrowings. Short-term assets
include cash, federal funds sold and reverse repos, and short-term
debt securities.

The difference between short-term debt and short-term assets is
used in this paper as a proxy for the exposure of a firm to funding
liquidity risk. Funding liquidity risk arises when a financial firm can-
not roll over its existing short-term debt and/or raise new short-term
debt. When the bank’s short-term funding starts drying up, the firm
needs a sufficient amount of liquid assets that can be converted into
cash to repay creditors. The gap between its short-term debt and
short-term assets is called the liquid asset shortfall. A negative lig-
uid asset shortfall (liquidity excess) represents the amount of liquid
assets that would be left if the bank lost its complete access to short-
term funding (see figure 1 for a simplified view of the balance sheet
of a bank).

I test for the solvency-liquidity nexus using several measures of
solvency risk: regulatory capital ratios, market measures of risk (real-
ized volatility, market beta), and a measure of the expected capital
shortfall (SRISK) of the bank under aggregate stress defined by
Acharya et al. (2010), Acharya, Engle, and Richardson (2012), and
Brownlees and Engle (2011). According to SRISK, a firm is ade-
quately capitalized to survive a crisis if its ratio of market capital-
ization to total assets remains larger than 8 percent when the market

“Related empirical studies include Das and Sy (2012), who document the
trade-off between solvency and liquidity; banks with more stable funding and
more liquid assets do not need as much capital to get the same stock return.
Gorton and Metrick (2012) find that increases in repo rates are correlated to
higher aggregate counterparty risk, whereas increases in repo haircuts are corre-
lated to higher uncertainty about collateral values. Afonso, Kovner, and Schoar
(2011) study the federal funds market and find increased sensitivity to bank-
specific counterparty risk during times of crisis (both in the amounts lent to
borrowers and in the cost of overnight funds).
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Figure 1. Simplified Balance Sheet
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Notes: Liquid asset shortfall;; = ST Debt;s — ST Assets;:. Capital shortfall;; =
kx (ST Assetsiy + LT Assets;i) — Equity;. Expected capital shortfall in a crisis
SRISK;; = Elk«* (STAssetsiiyn + LT Assetsiiyn) — Equityitn|crisisirn] =
k* (LT Debt;y + ST Debtir) — (1 — k) * Equitys * (1 + E(Rii4n|crisisiyn)), where
k is the prudential capital ratio (8 percent).

index falls by 40 percent over the next six months. This measure is
an alternative to the capital shortfall estimates of regulatory stress
tests that is purely based on publicly available market data (and
therefore available at a higher frequency than stress-test outcomes).

I document three important results. First, I find that the bank’s
capital shortfall under stress (SRISK) determines how much short-
term debt it can raise. This result supports the models of Allen and
Gale (1998), Diamond and Rajan (2005), etc. explaining bank runs
based on the strength of the bank’s fundamentals. The consequences
of this solvency-liquidity nexus are particularly severe for banks that
are reliant on private short-term funding, in line with the intro-
ductory quote of D. Tarullo and some previous evidence that firms
with more maturity mismatch have a larger contribution to systemic
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Figure 2. Cross-Sectional Average of Liquid Asset
Shortfall: Capital-Constrained Banks (Black Line) vs.
Adequately Capitalized Banks (Dashed Line)
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risk (Adrian and Brunnermeier 2010). Figure 2 illustrates well the
solvency-liquidity nexus where capital-constrained banks (i.e., banks
with a positive SRISK) had a larger average exposure to liquidity
risk (measured by the difference between short-term debt and short-
term assets) than adequately capitalized banks before the financial
crisis. The average liquidity shortfall of capital-constrained banks
reached a maximum of $133 billion in the third quarter of 2007. This
exposure made them particularly vulnerable to the sudden freeze of
short-term funding markets that followed.

Second, I show that not all solvency risk measures predict the
short-term debt level of banks. The expected capital shortfall SRISK
interacts well with the level of short-term funding of the bank com-
pared with other measures of solvency risk because (i) it is a measure
of the bank’s exposure to aggregate risk, and (ii) it combines both
book and market values. Relating to the model of liquidation costs
of Shleifer and Vishny (1992), result (i) suggests that a bank with
higher solvency risk in isolation does not necessarily get restricted
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access to short-term funding. What matters most for the suppliers
of short-term funding is the vulnerability of the bank to an aggre-
gate crisis. When this crisis occurs, result (ii) suggests that “pure”
solvency risk (measured by the tier 1 leverage ratio), amplified by
market shocks, explains the bank’s access to short-term funding.

Third, the stressed solvency risk measure interacts with the
bank’s profitability (measured by its net income divided by total
assets) in determining its short-term balance sheet. While a more
profitable bank has greater access to short-term funding and does
not hold as much in liquid assets, profitability does not have this
beneficial effect on its short-term balance sheet when the bank is
expected to be capital constrained in a crisis. For example, the pos-
itive net income of $2 billion of Citigroup in the third quarter of
2007 did not prevent the bank from losing 18 percent of its short-
term funding (—$172 billion) the next quarter, as Citigroup was also
highly undercapitalized according to SRISK ($51 billion expected
capital shortfall in 2007:Q3). Therefore, maintaining a certain level
of capitalization of the banking sector reduces systemic risk not
only by addressing solvency risk problems of banks in a crisis but
also by attenuating the solvency-liquidity nexus that makes banks
particularly vulnerable to an aggregate crisis.

Finally, the solvency-liquidity nexus appears to be strong under
many robustness checks (controlling for government interventions
and common factors). Furthermore, out-of-sample forecasting results
during the European sovereign debt crisis show that the solvency-
liquidity interaction helps improve the forecasts of the short-term
balance sheet of banks. Omitting SRISK in the model increases
the forecasting errors of the liquid asset shortfall considerably, and
particularly for capital-constrained banks.

Overall, the results of this paper suggest that the solvency-
liquidity nexus should be accounted for when designing liquidity
and capital requirements. The paper gives empirical support to the
approach advanced by Tarullo (2013) to tie liquidity and capital
requirements together by requiring banks with a large exposure
to short-term funding to hold an additional capital buffer. The
liquid asset buffer of the LCR might be a sufficient requirement
from a microprudential perspective. However, the sudden drop in
short-term funding for a bank that has a perfectly maturity-matched
securities book (including repos and reverse repos) may also result in
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fire sales and increases the risk of contagion by transferring funding
liquidity risk to the bank’s customers. The supplementary capital
buffer is a preemptive measure that would give creditors the con-
fidence to continue to provide funding to the bank in a period of
aggregate stress.

The rest of the paper is structured as follows. In section 2,
I describe the short-term balance sheet of banks and their sol-
vency risk measures. I test the solvency-liquidity nexus in section 3.
I comment on the out-of-sample forecasting results in section 4, and
conclude in section 5.

2. Short-Term Balance Sheet and Solvency Risk
Measures

I define solvency risk and (funding) liquidity risk from the simpli-
fied representation of a bank’s balance sheet in figure 1. A bank will
be considered insolvent if it is not sufficiently capitalized to absorb
future asset shocks. Solvency risk regulation defines the fraction of
assets to be funded with equity such that a bank has a large-enough
equity capital buffer to absorb asset losses when asset values dete-
riorate. As a result, a measure of solvency risk is usually defined as
a measure of the bank’s equity capital relative to a measure of its
assets.

Next to solvency risk, funding liquidity risk is defined in Drehman
and Nikolaou (2013) as “the possibility that over a specific horizon
the bank will become unable to settle obligations with immediacy.”
Funding liquidity risk typically arises when the bank does not hold
enough liquid assets that can be easily converted into cash to repay
short-term creditors when they decide to withdraw. Liquidity reg-
ulation therefore ensures that the bank has a large-enough liquid
asset buffer to cover all funding outflows over a given horizon.

Funding liquidity risk is related to the maturity mismatch of a
bank that invests short-term funding in long-term assets. For the
bank depicted in figure 1, a proxy for its maturity mismatch is the
difference between its short-term debt and its short-term assets. The
gap between the short-term debt and the short-term assets of a bank
is called its liquid asset shortfall throughout, as I expect a bank with
a larger maturity mismatch to be more exposed to funding liquid-
ity risk. On the liability side, short-term creditors will be the first
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creditors to run, as they can simply decide not to roll over their
short-term funding contracts. On the asset side, short-term assets
are potentially the largest source of cash of the balance sheet ]

2.1 Long-Term vs. Short-Term Balance Sheet and the Liquid
Asset Shortfall

The sample considered in this paper is a panel of forty-nine pub-
licly traded U.S. bank holding companies (BHCs) reporting their
regulatory accounting data over thirteen years from 2000:Q1 until
2013:Q1 (i.e., fifty-three quarters). This sample of banks corre-
sponds to the intersection between the New York University Volatil-
ity Laboratory (V-Lab) sample for its global systemic risk analy-
sis (that will be introduced in the next section), and the bank
holding companies reporting under the FR Y-9C schedule (equiv-
alent to the Call Reports of Condition and Income of commercial
banks). The names of the BHCs and their market capitalizations are
reported in the online appendix (appendix 5) on the IJCB website
(http://www.ijcb.org).

I construct the short-term debt and short-term asset variables of
these BHCs based on items extracted from their FR Y-9C reports
from the SNL Financial database. The short-term debt is made up
of uninsured time deposits of remaining maturity of less than a
year, securities sold under agreements to repurchase (repos), federal
funds purchased, and other borrowed money of remaining maturity
of less than a year. The short-term assets include debt securities of
remaining maturity of less than a year, interest-bearing bank bal-
ances (cash), securities purchased under agreements to resell (reverse
repos), and federal funds sold. The components of short-term debt
and short-term assets are described in appendix 1.

5Short-term assets will serve in this chapter as a proxy for liquid assets due
to the lack of historical data for the assets included in the high-quality liquid
assets (HQLA) definition of Basel ITI. High-quality liquid assets include cash,
reserves at central banks, Treasury bonds, and non-financial corporate bonds
and covered bonds with the highest ratings. Additional assets like highly rated
residential mortgage-backed securities, non-financial corporate bonds and cov-
ered bonds with [A+, BBB-] rating, and common equity shares can be included
in the HQLA stock with the appropriate haircuts specified in the LCR revision
of 2013 (Basel Committee on Banking Supervision 2013a).
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As the panel data set is unbalanced, I will restrict the following
analyses to a smaller sample of forty-four banks for which the time-
series dimension is larger than thirty observations[d I test the station-
arity of the balance sheet quantities (in logarithms) in appendix 2,
using the panel unit-root test robust to cross-sectional dependence
of Pesaran (2007). This test indicates that the permanent impact
of a shock on the size (measured by total assets) of a bank comes
from shocks in the long-term balance sheet (where the unit-root
hypothesis is not rejected), whereas the short-term balance sheet
shocks revert to a trend level[] This result is consistent with the
long-term balance sheet being the core business of the traditional
bank that invests insured deposits (part of the long-term debt) in
loans (long-term assets)|

The evolution of the average balance sheet of banks is shown in
figure 3. The average size of the balance sheet (total assets) triples
(from $85 billion to $280 billion) over the sample period and follows
an increasing trend in the long-term balance sheet. Over this period,
and particularly during the financial crisis, salient events include
the acquisition of out-of-sample banks by in-sample banks (Golden
West Financial sold to Wachovia in May 2006, Bear Stearns sold to
JPMorgan in March 2008, Countrywide sold to Bank of America in
July 2008, Washington Mutual sold to JPMorgan and Merrill Lynch
sold to Bank of America in September 2008) and the acquisition of
in-sample banks by other in-sample banks (National City Corp. sold
to PNC and Wachovia sold to Wells Fargo in the last quarter of
2008).

For the purpose of testing the solvency-liquidity nexus, this
paper focuses on the short-term part of the balance sheet. The
acquisition of two major investment banks (Bear Stearns and Mer-
rill Lynch) in 2008 brought a considerable amount of short-term

5This restriction excludes Goldman Sachs and Morgan Stanley from the sam-
ple, as they obtained the status of bank holding company at the end of 2008. The
restriction also excludes American Express, CIT Group, and Discover Financial
Services.

"The trend stationarity of the short-term balance sheet allows for estimat-
ing a dynamic panel data model directly on the levels in section 3, by applying
standard estimation and inference techniques.

8The long-term debt (respectively, assets) is the difference between total lia-
bilities (respectively, assets) and short-term debt (respectively, assets).
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Figure 3. Cross-Sectional Averages of the Balance Sheet
(in $million)
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debt and short-term assets into the banking sector. The increase
in the average short-term balance sheet is considerable with the
purchase of Bear Stearns (visible on JPMorgan’s balance sheet in
2008:Q3). In comparison, the impact of the acquisition of Merrill
Lynch (visible on Bank of America’s balance sheet in 2009:Q1) on
the average short-term balance sheet is attenuated, as several large
banks were losing a significant amount of short-term funding at that
time.

In contrast to an overall increasing trend in short-term assets,
the average short-term debt slowed down in 2007:Q3 with the first
signs of a “run on repo” in August 2007 (Gorton and Metrick 2012),
visible on the short-term balance sheet of several large banks, includ-
ing Citigroup, which lost $172 billion (18 percent) of short-term debt
from 2007:Q3 to 2007:Q4. The average short-term debt of U.S. BHCs
reached a peak in the third quarter of 2008 (with the acquisition of
Bear Stearns) and declined afterwards.
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The average liquid asset shortfall of the banking sector (the aver-
age of the difference between short-term debt and short-term assets)
was the largest at the end of 2007 (also shown in figure 3), mak-
ing banks particularly vulnerable to the sudden freeze in short-term
funding markets. The short-term funding freeze was further accentu-
ated by credit risk concerns at the end of 2008 with Lehman Broth-
ers’ bankruptcy and the most negative average net income of banks
over the sample period (—$850 million).

Since the financial crisis, the average liquid asset shortfall of
banks has declined, becoming negative in 2011 (i.e., banks now hold
more short-term assets than short-term debt). Several circumstances
explain the increase of banks’ stock of short-term assets. A first
explanation is linked to the persistent effect of the financial crisis
on the real economy where the demand for loans has been slowly
recovering and has been outpaced by deposit growth. As a result,
banks have been investing in securities and (profitable) Treasury
productsE In order to obtain secured short-term funding, banks also
need to hold more short-term liquid assets than before due to stricter
collateral requirements (higher haircuts). Then, higher liquid asset
holdings by banks respond to precautionary concerns by banks (pro-
tecting against anticipated interest rate increase) and the regulator.
Banks are encouraged by regulation to hold more short-term liquid
assets to comply with both liquidity requirements (Basel III liquid-
ity coverage ratio) and capital requirements (as holding short-term
assets usually involves low regulatory capital requirements).

2.2 Solvency Risk Measures
2.2.1 Regulatory Capital Ratios

The regulator usually employs capital ratios to assess the solvency
risk of a bank. Figure 4 displays the average regulatory capital ratios:
the tier 1 common capital ratio (T'1C'R) and the tier 1 leverage ratio
(T1LVGR). The tier 1 common capital ratio is the ratio of tier 1
common equity capital to risk-weighted assets, whereas the tier 1
leverage ratio is the ratio of tier 1 capital to total assets. The upward

9See “U.S. Banks Brace for Interest Rate Rises,” Financial Times, February
24, 2011, and “Excess Deposits Demand Novel Responses,” Financial Times,
May 30, 2012.
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Figure 4. Cross-Sectional Averages of Solvency Risk
Measures
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shift in regulatory capital ratios in the fourth quarter of 2008 indi-
cates a healthier banking system and coincides with the launch on
October 14, 2008 of the Capital Purchase Program (CPP) and the
Temporary Liquidity Guarantee Program (TLGP) under the Trou-
bled Asset Relief Program (TARP). By purchasing assets and equity
from troubled banks from October 2008 on, the TARP led to a sig-
nificant increase in the average capital ratios. For example, Treasury
bought $25 billion of preferred shares of Citigroup in October 2008
and another $20 billion in November 2008 under the CPP[19

2.2.2 FEaxpected Capital Shortfalls in a Crisis

Acharya, Engle, and Richardson (2012) define the systemic risk con-
tribution of a firm ¢ to the real economy at time t as “the real social

%See  http://www.treasury.gov/initiatives/financial-stability /reports/Pages/
TARP-Tracker.aspx.
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costs of a crisis per dollar of capital shortage(t)x Probability of a
crisis(t) x SRISK;;,” where SRISK;; represents the expected cap-
ital shortfall of the firm in a crisis, i.e., when the market equity
index drops by 40 percent over the next six months. In these mar-
ket conditions, SRISK is based on the assumption that the book
value of the (long-term) debt D;; of the bank will remain constant
over the six-month horizon, while its market capitalization M V;; will
decrease by its six-month return in a crisis, called the long-run mar-
ginal expected shortfall (LRMES). The expected capital shortfall in
a crisis of bank ¢ at time t is defined by

SRISK;; = Ei[k(Djpn + MVigypn) — MVigin | Rogsn, < —40%]
=kDy — (1 — k) * MVy x (1 — LRMES), (1)

where R,,t1p is the return of the market index from period t to
period t + h (h = six months), k is the prudential capital ratio (8 per-
cent for U.S. financial firms), and LRM ES;; = —E(Ritn|Rimt+n <
—40%). Compared to other market-based measures of systemic risk
like the CoVaR of Adrian and Brunnermeier (2010) or the distress
insurance premium (DIP) of Huang, Zhou, and Haibin (2012), an
interesting feature of SRISK is that it is a function of size and
leverage, which are two characteristics that the regulator finds par-
ticularly relevant when measuring solvency risk of banks. SRISK
can be written as a function of size, leverage, and risk:

SRISK;t = MVy {k(Lvgi —1) — (1 —k)(1 — LRMES;;)}, (2)

where Lvg;; is the quasi-market leverage defined as the ratio of quasi-
market assets to market capitalization (Lvg;; = (M Viy+D;t) /M Viy).
Therefore, the capital shortfall of a bank will be large if the bank is
large, highly leveraged, and highly sensitive to an aggregate shock
as measured by LRM ES;;.

These measures (SRISK and LRMES) are available from the
V-Lab website developed at New York University’s Stern School of
Business[l] In the global systemic risk analysis of V-Lab, LRMES
is extrapolated from its short-term counterpart MFES, which repre-
sents the daily return of the bank conditional on a 2 percent decline

"See http://vlab.stern.nyu.edu/.
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in the daily return of a global market index. The MES is derived
from a time-varying beta estimated with the dynamic conditional
beta model of Engle (2012) that accounts for asynchronous trading
around the world when measuring the co-movement of bank returns
with a global market index.

By definition, SRISK can be negative when a bank is expected
to have a capital excess in a crisis. In figure 4, we find two differ-
ent regimes for the average SRISK of banks. Banks were in excess
of capital in average (negative SRISK) before 2007. The average
SRISK was the lowest in the third quarter of 2006, then started to
increase in 2007. SRISK became positive in the fourth quarter of
2007 and reached a maximum average capital shortfall of $16 bil-
lion in the first quarter of 2009. The average capital shortfall has
remained positive since the financial crisis (reflecting a low market-
to-book ratio) and bumped several times afterwards, in particular
in the heat of the European sovereign debt crisis in 2011.

3. Testing the Solvency-Liquidity Nexus of Banks

As liquidity risk concerns both sides of the balance sheet, I test for
factors affecting both the short-term debt and the short-term assets
of the bank. I use an autoregressive model for the logarithm of the
short-term balance sheet, as panel unit-root tests indicate that the
variables y;; = In(ST Debt;;) and z;; = In(ST Assets;;) are trend sta-
tionary (see appendix 2). Based on in-sample fit criteria, the model
for both elements of w;; = (yt,2:)" is an autoregressive process
of lag order one with bank dummies, and heterogeneous trend and
dynamic parameters

Wit = a; + ¢ O wig—1 + Ot + 8 w1 + i, (3)

where «;, ¢;, and 0; are (2 x 1) vectors of parameters specific to bank
i, i is a (K x 1) vector of stationary bank characteristics (includ-
ing solvency risk measures), and ©@ is the Hadamard product

12The parameters of equation (3) are estimated by ordinary least squares. Jud-
son and Owen (1999) report severe negative bias for the autoregressive parameters
of dynamic panel regressions due to the small time-series dimension even when
T = 30. The potential negative bias of autoregressive parameters has implications
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Bank-specific parameters mainly reflect different business models
and the resulting differences in aversion for funding liquidity risk.

The solvency-liquidity nexus may appear in different forms; I test
for the direct effect of solvency risk on funding liquidity using SRISK
(section 3.1) and alternative solvency risk measures (section 3.2),
and for the interaction between profitability and solvency risk in
predicting the short-term balance sheet (section 3.3). Then, I test
the robustness of the solvency-liquidity nexus in section 3.4.

3.1 Testing the Solvency-Liquidity Nexus Using SRISK

The estimates of the interaction parameters (J§) of equation (3),
where x;; = SRISK;;/T A;, are reported in table 1 (column 1). This
table reveals the Granger causality of solvency risk on the short-term
balance sheet, where banks with a larger expected capital shortfall
hold less short-term debt in the next quarter; the estimates suggest
that a positive unit shock on the ratio of SRISK to total assets
produces a —1.102 percent shock on the short-term funding of the
bank.

This result supports the theoretical literature explaining bank
runs based on the strength of the bank’s fundamentals (Allen and
Gale 1998; Diamond and Rajan 2005, etc.) and describing the inter-
action between liquidity and solvency problems of banks (Diamond
and Rajan 2005; Morris and Shin 2008; Rochet and Vives 2004). The
results also give empirical support to the recent speeches by Carney
(2013) and Tarullo (2013) explaining that the repair of banks’ bal-
ance sheet (i.e., higher capital levels) gives investors and creditors
the confidence to continue to provide funding to banks.

From table 1, we also note that short-term assets do not react
to solvency risk or short-term funding shocks, suggesting that banks
are not able to adjust their stock of short-term assets to solvency risk
or short-term funding conditions in a timely fashion. It also reflects
a liquidity hoarding tendency of banks where banks prefer to sell
long-term assets to repay short-term creditors. Banks prefer to hold
the short-term assets for precautionary reasons or for investing in

for the stationarity of the endogenous variables of the panel regression. Running
the regressions in first differences does not, however, qualitatively change the
results on the § parameter estimates.
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fire-sale assets of other financial institutions that are expected to
generate high future returns (Acharya, Shin, and Yorulmazer 2009).

“Reverse causality” tests (in appendix 3) indicate that a higher
exposure to short-term debt has a positive impact on the capital
shortfall SRISK. Therefore, the interaction between solvency and the
short-term balance sheet is asymmetric; higher solvency risk limits
the access of the firm to short-term funding, but a firm with more
short-term debt has a higher risk of insolvency in a crisis. The second
finding is, however, harder to interpret as a causal relationship, as
short-term debt is more likely to be endogenous than solvency risk. I
therefore concentrate on the first finding: banks with higher solvency
risk are penalized by the market in their access to short-term debt.

3.2 Testing Alternative Solvency Risk Measures

I report the tests of alternative measures of solvency risk to pre-
dict the short-term balance sheet (y;; and z;) in table 2, control-
ling for the market-to-book ratio, as the regression includes both
accounting and market variables. Columns 1-5 show the individ-
ual impact of each measure. From this table, the regulatory capital
ratios (T1CR and T1LV GR) do not appear to be related to either
side of the short-term balance sheet. Market measures of risk like
the realized quarterly volatility are significant (at 5 percent) to pre-
dict short-term assets, but this result does not hold in the regression
including all solvency risk factors (column 6). Then, the sensitivity
of the bank’s return to market shocks measured by the dynamic
conditional beta (DCB) of Engle (2012), and the contribution of the
bank to systemic risk measured by the delta CoVaR of Adrian and
Brunnermeier (2010) are not significant drivers of the short-term
balance sheet either. When all solvency risk factors are included in
the regression (column 6), only SRISK per unit of asset and the
market-to-book ratio are significant at the 1 percent level to predict
the short-term debt level of banks.

The results of table 2 suggest that not all solvency risk factors
can predict the shocks in the short-term balance sheet of banks. A
bank with higher solvency risk in isolation does not necessarily get
restricted access to short-term funding. However, banks lose short-
term funding when they are expected to be insolvent in a systemic
crisis. An explanation for this observation is based on the liquidation
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costs of a firm’s illiquid assets in a crisis. Shleifer and Vishny (1992)
show that when a firm is individually in distress, its liquidation costs
are not as high because the firm can find buyers in the same industry
who value its illiquid assets at a price close to their value in best use.
In a crisis, however, the potential buyers in the industry will likely
also meet difficulties in obtaining funding and will not be able to
buy those assets. The firm will then have to sell its illiquid assets to
less specialized buyers outside the industry at a higher liquidation
cost.

A bank that is expected to be insolvent in a crisis will be fac-
ing high liquidation costs and will consequently not be able to raise
cash. Creditors who anticipate this based on publicly available data
(such as those used to derive SRISK) will run from the bank, as
they expect the bank will not be able to repay them. The liquida-
tion costs during the 2008 financial crisis were exacerbated by the
huge gap between short-term assets and short-term debt observed in
section 2. As a result, banks had no choice but to sell illiquid assets
to repay creditors when losing access to short-term funding.

In-sample fit criteria show the higher performance of SRISK in
table 3 (first column) in predicting short-term funding; the adjusted
R? is 15.7 percent compared with an adjusted R? around 11 percent
for the regressions with the alternative solvency risk measures of
table 2[13 In order to identify what works so well in SRISK to predict
the short-term funding of banks, table 3 also reports the estimates
of the different components of SRISK highlighted in equation (2).
The table shows that the improvement in in-sample fit comes from
the ratio of market capitalization to total assets (MV/T A) rather
than from the long-run marginal expected shortfall (LRMES) or the
quasi-market leverage (Lvg). The main difference between Lvg and
the ratio MV/TA is a different combination of book and market
values; the ratio MV /T A is the product of the book leverage ratio
(T1LVGR;;) and the market-to-book ratio (MV;;/BV;)

MVi,  BVix ()
BVi, ~ TAy

MVi
~T1L i 5

it

B Note that all reported R? are on the first differences (wit —wit—1). The R? of
levels (w;;) are very high (around 90 percent) given the bank-specific constant,
trend, and autoregressive parameters.
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whereas Lvg;y = 1+ z\?vt -isnot a function of the book leverage ratio.

Market values are expéc"ced to reflect liquidity problems of banks,
as they incorporate information about both solvency and liquidity
risks. Therefore, any measure based on market values is not a “pure”
solvency risk measure. The fact that the ratio MV /TA is a func-
tion of the book leverage ratio (T1LVGR;;)—a “pure” solvency risk
measure—appears to be a crucial element in predicting short-term
funding; it makes this ratio significant in the solvency-liquidity inter-
action compared with other solvency risk measures like the distance
to default, which is an inverse function of market leverage (Lvg)
and firms’ assets volatility. The results of table 3 indeed suggest
that both the book leverage ratio—informing about “pure” solvency
risk—and the market-to-book ratio—informing about how fast the
market values fall compared with book values—are important factors
explaining banks’ access to short-term funding. The ratio MV /TA
is highly correlated to the book leverage ratio (0.91) and less cor-
related to the market-to-book ratio (0.44); solvency risk, amplified
by market shocks, explains banks’ access to short-term funding, and
neither the market-to-book or the leverage ratio taken separately,
nor their linear combination predict short-term funding.

The modest improvement in fit due to the downside risk of the
bank in a crisis LRMES (0.66 percent increase of adjusted R? from
column 4 to column 5, table 3) is consistent with the sample period
that contains several episodes of market stress. In a crisis, everything
is already a function of the aggregate shock. However, measuring the
downside risk is important preemptively; I find increasing out-of-
sample forecasting errors when MV /T A is employed in equation (3)
instead of SRISK/TA for predicting the short-term balance sheet of
banks during the European sovereign debt crisis (especially with the
dynamic forecasting exercise of section 4).

3.3 Interaction between Solvency and Profitability

In Perotti and Suarez (2011), both liquidity risk and profitability are
increasing functions of the short-term debt level of the bank. A bank
will indeed demand more short-term funding when it finds profitable
investment opportunities. Its liquidity risk will also increase, as its
short-term debt will be invested in long-term profitable assets. The
impact of the profitability of the bank measured by its net income
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divided by total assets is found to be positive on short-term debt
and negative on short-term assets in table 1 (column 2), but these
parameters are not significant at the 5 percent level.

The parameters of equation (3) are, however, expected to vary
with the state of the bank and/or the aggregate liquidity condi-
tions. In good times, short-term funding and short-term assets are
the result of management decisions and are driven by demand fac-
tors. As mentioned, banks with profitable opportunities will demand
more short-term funding. In bad times, supply factors determine how
much short-term debt a bank can raise, and the short-term assets
adjust accordingly. One way to disentangle supply and demand
effects on the bank characteristics is to augment equation (3) with
a state variable,

Wit = i+ ¢ Owip—1 + 0t + 81 + Y Ti—1 % Se—1 +wsi—1 + 4,
(4)

where the state variable s; could be a bank characteristic or a
common factor. For example, Cornett et al. (2011) use the TED
spread (the difference between the three-month LIBOR rate and
the Treasury-bill rate) to reflect the change in the management of
liquidity risk exposures of banks during the financial Crisis In table
1 (column 3), I show that a good candidate for the state variable
is simply a dummy variable equal to one when SRISK is positive
(sit = l{srisk.>0}), i-e., when the bank is expected to have a
capital shortfall in a crisis.

This distinction between states where SRISK is positive or neg-
ative appears to be important when measuring the effect of the
profitability of the bank on its short-term balance sheet. Indeed,
a bank with a higher net income has greater access to short-term
funding, while it does not hold as much in liquid assets. In table
1, this beneficial effect of the bank’s profitability on its short-term
balance sheet appears to be true only when the bank’s SRISK is
negative, i.e., when the bank is adequately capitalized to survive a
crisis (s; = 0). When the bank is expected to be capital constrained
in a crisis (s;; = 1), the effect of profitability on its balance sheet dis-
appears (0 + 7 ~ 0), and only solvency risk predicts the short-term

4The TED spread is, however, not significant to predict the short-term balance
sheet for the sample considered in this paper (cf. appendix 4).
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debt of the bank. Therefore, the solvency-liquidity nexus appears to
be exacerbated for capital-constrained banks; for these banks, only
solvency risk explains access to short-term debt.

3.4  Robustness of the Solvency-Liquidity Nexus
8.4.1 Robustness to the TARP

On October 14, 2008, the U.S. government announced a series of
measures—the Troubled Asset Relief Program (TARP)—to restore
financial stability. Under the TARP, the Treasury Department
launched the Capital Purchase Program (CPP) and the Federal
Deposit Insurance Corporation (FDIC) launched the Temporary
Liquidity Guarantee Program (TLGP). Treasury injected $205 bil-
lion in capital into banks under the CPP by buying warrants, com-
mon shares, and preferred shares[ Under the TLGP, the FDIC
allowed financial institutions to retain and raise funding by giving a
guarantee on existing non-interest-bearing transaction accounts and
certain newly issued senior unsecured debt. Data on the amount and
maturity of total unsecured debt issued by banks and guaranteed by
the FDIC are publicly available[1§

It is possible to derive the hypothetical amount of short-term
debt a bank would have had if it had not benefited from government
guarantees. The solvency-liquidity nexus estimates hardly change
when TLGP funding is not taken into account. It is, however, dif-
ficult to project this scenario on the other variables (SRISK and
short-term assets), as it requires knowing where TLGP funding was
invested and how markets would have reacted in this scenario.

3.4.2 Robustness of the Solvency-Liquidity Nexus to Common
Factors

The short-term balance sheets of firms are expected to co-move
according to the aggregate liquidity conditions. To capture these
common effects, I consider the macroeconomic and financial fac-
tors that are used in Fontaine and Garcia (2012) to relate to their

15See http://www.treasury.gov/initiatives/financial-stability/TARP-Programs/
bank-investment-programs/cap/Pages/overview.aspx.
6See http:/ /www.fdic.gov/regulations/resources/ TLGP /index.html.
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factor measuring the value of funding liquidity. The sensitivity of
the short-term balance sheet to the common factors is tested in
appendix 4.

I test the robustness of the solvency-liquidity nexus to the pres-
ence of common factors in

Wit = a; + ¢ O wip—1 + 0it + Ngie—1 + B fi—1 + €ur, (5)

where w;r = (yit,2zit)’; g s a ((2x K + 1) x 1) vector stacking
Tit, Tit * Sit, and s;; in a single column; A is a ((2x K 4+ 1) x 2)
vector containing the §, v, and w parameters; and f; is a vector of
macroeconomic and financial factors

Chudik and Pesaran (2013) propose an alternative modeling
strategy based on the Common Correlated Effects (CCE) of Pesaran
(2006), where the unobserved common factors are proxied by the
cross-sectional averages of the dependent variable and the regressors

1
wit = i + ¢ © wip—1 + Oit + Ngi 1+ Y @i+ K Ge1 + Ear,

=0
(6)

where w;_; = N1 Zfil wi—; and gy = N1 ZZ]\LI Jit-

The estimation results of equation (5) and equation (6) are
reported in appendix 4 (table A4). The fit improves considerably
when common factors are included. The best in-sample performance
is found with the CCE model for all elements of w;;. However, the
CCE model counts a contemporaneous factor (average of the depen-
dent variable), while the model with macro and financial factors only
includes lagged factors. The macrofinancial model is therefore more
convenient for forecasting, and the loss of in-sample fit is relatively
small compared with the CCE model.

The solvency-liquidity nexus holds when I control for cross-
sectional dependence. The interaction term between the profitability
and SRISK is, however, not as important (not significant at the 5
percent level).

"Note that common factors do not necessarily need to be lagged, but this
allows for the derivation of one-step-ahead forecasts for w;: without specifying a
model for the common factors.
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8.4.8 Short-Term Debt Components and Fized Effects

The different components of short-term debt (repos, uninsured
deposits, commercial papers, etc.) have very different characteris-
tics and may not react to solvency risk with the same magnitude.
Table A5 in appendix 4 reports the parameter estimates of equation
(3) where the dependent variable in each column is a different com-
ponent (in logarithm) of the short-term debt available from FR 9-YC
reports. SRISK predicts most of the components of the short-term
debt; it is significant at the 1 percent level for wholesale funding
(federal funds, repos, and commercial papers) and at the 5 percent
level for retail funding (uninsured time deposits and foreign office
deposits).

Finally, an important result is that SRISK is only related to the
short-term part of the balance sheet and does not predict long-term
leverage. Table A6 in appendix 4 shows that the long-term balance
sheet is not sensitive to SRISK. The long-term debt only reacts to
short-term assets and the flows in long-term assets. Other robustness
checks (not reported in this paper) show that the interaction between
solvency and liquidity remains with homogenous dynamic parame-
ters (¢; = ¢,Vi), with homogenous trend parameters (6; = 6,Vi),
without trend (6; = 0, Vi), and when a break in 2008:QQ4 is included
in the trend. These results tend to confirm the robustness of the
solvency-liquidity nexus. In the next section, I test for the out-of-
sample forecasting performance of the solvency-liquidity nexus in
predicting the short-term balance sheet of banks.

4. Forecasting the Short-Term Balance Sheet

To test for the out-of-sample predictive performance of the solvency-
liquidity nexus, I conduct two forecasting exercises. Both exercises
are based on a fixed estimation period from 2000:Q1 to 2010:Q4
to forecast the balance sheet of banks over the four quarters of
2011. The information is updated each quarter in the one-step-
ahead forecasts (wim”), while there is no information update in the
dynamic forecasts (wit%“). The out-of-sample period corresponds
to the European sovereign debt crisis. Funding conditions were not as
tight as during the financial crisis in the United States, but the total
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decline of $161 billion in short-term funding of U.S. banks during
this period indicates potential liquidity stress for some banks.

The root mean square forecasting error (RMSFE) of the one-
step-ahead forecasting exercise is reported in table 4. In this table,
I report the RMSFE of the short-term debt and short-term assets
individually (panels A and B), as well as the RMSFE of their dif-
ference (panel C). As already mentioned, the liquid asset shortfall
is a measure of the exposure of banks to funding liquidity risk; the
wider the gap in the short-term balance sheet, the more vulnerable
the bank to runs. As this paper studies the liquidity-solvency nexus
of banks, I also report the RMSFE of this liquid asset shortfall for
capital-constrained banks (panel D) vs. adequately capitalized banks
(panel E).

Four models are considered: a univariate autoregressive model
(AR), the model of equation (3) with bank characteristics (BC), the
model of equation (4) that allows for the interaction of bank charac-
teristics with the state variable s;; = l{srrsk,,>01 (INT), and the
model including all these features together with the macroeconomic
and financial factors (equation (5)) (CF).

The assumption on the trend appears to be the most impor-
tant model characteristic to impact forecasting errors. To check for
the robustness of the forecasting results, I report the RMSFE of
these models for different trend assumptions (heterogeneous trends,
homogenous trend, no trend, and a break in the homogenous trend
in 2008:Q4).

For the one-step-ahead forecasts, the best model is the dynamic
model that accounts for the interaction of bank characteristics with
SRISK (INT) and that assumes a break in the trend in the fourth
quarter of 2008. When the trend parameters are constant over time,
the model with common factors (CF) performs the best for the liquid
asset shortfall, as common factors reflect the changing aggregate
funding conditions after the financial crisis. In the last three columns
of table 4, I report the increase in RMSFE when a particular bank
variable is not included in the BC model. This table shows that omit-
ting SRISK increases the forecasting errors of the liquid asset short-
fall considerably, particularly for capital-constrained banks during
2011. However, the model with bank characteristics (BC) or the
interaction with solvency risk (INT) does not improve the forecasts
of adequately capitalized banks.
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I obtain very similar results for the dynamic forecasts and there-
fore do not report their RMSFE. Note that the RMSFE of dynamic
forecasts are larger than the errors of one-step-ahead forecasts due to
the absence of information updates over the forecasting horizon. The
model with interaction with SRISK (INT) and a break in the trend
after the financial crisis is also the preferred model according to the
RMSFE of dynamic forecasts. The cross-sectional average dynamic
forecasts obtained with this model for the short-term balance sheet
levels and flows over 2011:Q1-2013:Q1 are illustrated in figure 5A.
It turns out that the model is outstanding at forecasting short-term
financing flows but is less successful at forecasting short-term asset
flows, which are not sensitive to the factors considered in the model.

In figure 5B, I show the average dynamic forecasts of the liquid
asset shortfall across all banks, as well as for the sub-samples of
capital-constrained vs. adequately capitalized banks. As mentioned
in the Introduction, the liquid asset shortfall of capital-constrained
banks spiked in the first quarters of 2007 and suddenly dropped
afterwards due to the sudden freeze of short-term funding mar-
kets. In the first quarter of 2011, the average liquid asset shortfall
of capital-constrained banks became negative; capital-constrained
firms are less exposed to funding liquidity risk than adequately cap-
italized banks for the first time over the sample period. The model
predicts this reversal in the solvency-liquidity nexus and predicts
well the average excess of liquidity of capital-constrained banks dur-
ing this period.

5. Conclusion

This paper reveals the empirical solvency-liquidity nexus of banks.
While the interaction between solvency and liquidity has been well
studied in the theoretical economic literature, this relationship tends
to be omitted in the new capital and liquidity regulatory standards
introduced under Basel I1I. In this paper, I test the solvency-liquidity
nexus by examining the short-term balance sheet and the solvency
risk measures of a sample of U.S. bank holding companies over
2000-13.

I find that the expected capital shortfall of a bank in a crisis
(SRISK) predicts how much short-term funding the bank has access
to. This result appears to be strong under many robustness checks
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Figure 5. Forecasting the Short-Term Balance Sheet over
2011:Q1-2013:Q1

A. Short-Term Balance Sheet Levels and Flows
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and supports the theoretical models of the interaction between sol-
vency and liquidity risks and its amplification (aggregate) effects
leading to systemic risk.

Importantly, not all solvency risk measures predict the bank’s
access to short-term debt. The expected capital shortfall SRISK
interacts well with the level of short-term funding of the bank com-
pared with other solvency risk measures because (i) it is a measure
of the bank’s exposure to aggregate risk, and (ii) it combines both
book and market values. Suppliers of liquidity are mostly concerned
with the vulnerability of the bank to an aggregate crisis due to the
high liquidation costs the distressed bank will face in the presence of
fire sales. When the crisis happens, “pure” solvency risk (measured
by the tier 1 leverage ratio) amplified by market shocks explains the
bank access to short-term funding.

The expected capital shortfall of the bank under stress also inter-
acts with its profitability in determining its short-term balance sheet.
While a profitable bank gets greater access to short-term funding
and does not hold as much in liquid assets, the impact of the bank’s
profitability on its liquidity profile tends to disappear when the bank
is expected to be insolvent in a crisis.

The solvency-liquidity nexus provides useful information for fore-
casting the short-term financing flows during 2011 (European sover-
eign debt crisis). I show that the forecasting errors of the liquid asset
shortfall of banks increase considerably when the stressed solvency
risk measure is not included in the regression.

Overall, the results of this paper suggest that the solvency-
liquidity nexus should be accounted for when designing liquidity
and capital regulations, where macroprudential regulation of funding
liquidity risk would be a combination of both liquid assets require-
ments and capital requirements. This paper suggests that maintain-
ing the capitalization of the banking sector reduces systemic risk not
only by addressing solvency risk problems of banks in a crisis but
also by attenuating the solvency-liquidity nexus that makes banks
particularly vulnerable to an aggregate crisis. Higher capital require-
ments for systemically important institutions serve a dual purpose:
they act as a loss-absorbing buffer when banks’ asset values deterio-
rate, and by improving banks’ robustness to an aggregate crisis, they
ensure the confidence of creditors to continue to provide funding to
the banks.
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