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Abstract: The Basel Il Accord imposes minimum liquidity stimds on bank balance sheets that are
already constrained by minimum capital standadtiss not clear whether or how banks’ behaviord wil
change in this new joint-constraint regime. Tongsdme insight, we study the balance sheet ligquidit
behavior of U.S. banking companies in response dgative equity capital shockgrior to the
implementation of Basel Ill. Our 1998-2012 datdidate that banks treated regulatory capital and
balance sheet liquidity (e.g., net stable fundiatjos, core deposits-to-loans, liquid assets-tetaysas
substitutes rather than complements. This maidirfqis limited to so-called ‘community banks’ with
assets less than $1 billion; equity capital andiditfy were neither substitutes nor complementsuafer
banks. In the course of rebuilding their capitalas, shocked community banks substituted awaw fro
loans and loan commitments and reduced their didd®youts, actions that resulted in greater balanc
sheet liquidity. Thus, in the state of nature thas traditionally most concerned bank regulatoes, (
stress to bank equity capital), community banksease their liquidity buffers. Given that theseders

do not pose systemic risk, and that they have iisity exceeded the Basel Il liquidity minimumg b
wide margins, our findings suggest that imposingimum liquidity thresholds on small banks will lige
yield little prudential benefit.
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1. Introduction

In response to the stresses experienced by bankshamt-term credit markets during the global
financial crisis, the Basel Ill Accord (2010-201itjroduced minimum liquidity rules for banks in its
signatory nations. These new regulatory standarbds—ttquidity Coverage Ratio (LCR) and the Net
Stable Funding Ratio (NSFR)—impose potentially bigdiquidity constraints on banks that are already
constrained by minimum equity capital thresholdBanks in most countries are expected to come
gradually into compliance with the new liquiditymmums between 2015 and 2019.

The liquidity of banks’ assets, the stability ofnka’ liabilities, and banks’ desired levels of
equity capital are interrelated in ways that arefolly understood by regulators and researcheEr
example, consider the impact of a negative cagpitatk on a bank’s liquidity position. On the oraad,
if the reduction in equity capital causes uncefiafor (uninsured) bank creditors, the bank migbhat
capital and liquidity as substitutes. To prepanedotential creditor runs under such a scenarioarek
could increase the liquidity of its assets (e.qift $rom illiquid loans to liquid securities) aral/increase
the duration of its liabilities (e.g., shift to eodeposits). On the other hand, if the reductioequity
capital reduces franchise value and hence makds bess risk averse, the bank might treat capitel a
liquidity as complements. Under this scenario,aakbmight increase its credit risk, interest rask,r
and/or liquidity risk, with the latter manifested decreased asset liquidity (e.g., shift from shdgiid
securities to risky, illiquid loans) and/or decreddiability duration (e.g., shift expensive butlde long-
term time deposits to less expensive but lessestsiibrt-term brokered deposits or commercial paper)
Given that we have an imperfect understanding afl lbanks manage these relationships under the
regulatorystatus quoof a single equity capital constraint, addingcpuidity constraint to the regulatory
mix is unlikely to clarify matters.

Banking theory has from the beginning recognized bfank assets and bank liabilities are jointly

related in the production of financial services #melgeneration of both credit risk and liquiditgkr(e.qg.,

! For example, many if not most banking industryerip were taken by surprise when the liquidity eskbedded
in the balance sheets of large banks ignited trenfiial crisis.

1



Klein 1971, Monti 1972, Bryant 1980, Diamond andbiy1983). Perhaps ironically, in much of the
ensuing theoretical and empirical banking literasurthe topics of bank credit risk and bank illdttyi

risk have been pursued separately. In reactidhdaylobal financial crisis, in which liquidity ksand
credit risk were joint determinants of failure atamy large banking companies, researchers are
increasingly investigating bank insolvency andqilidity as interrelated phenomena. Informing and
testing the efficacy of joint regulatory constraitike those imposed by Basel Il is a prime mdtva

Perhaps the most relevant example in the emerdiagry literature is Walther (2016), who
shows how insolvency risk and liquidity risk canédficiently internalized by imposing joint consints
on equity ratios and liquidity positions—that isy, approach consistent in spirit with that presaibg
Basel Ill. Other models link liquidity regulaticim capital market incentives. Calomiris, Heided an
Hoerova (2013) emphasize the role of cash holdingtolding more cash reduces the chances that
creditor runs will make a bank illiquid, while dtet same time displacing investment in riskier asset
Thus, by stabilizing the banking franchise, stridiguidity regulations should incentivize bankshold
additional equity capital to protect that franchisécharya, Mehran and Thakor (2010) propose a
regulatory regime in which a portion of bank equippital (a) is pledged to financing low-risk ligui
assets and (b) gets claimed by the regulator sttbelthank approach insolvency. The former condlitio
reduces bank liquidity risk, while the latter cdiah reduces default risk by strengthening the ritives
of junior creditors to monitor the bank.

The emerging empirical literature on the interielas of bank capital and bank liquidity thus far
reached few firm conclusions. Imbierowicz and Ra(2014) find that although both credit risk and
liquidity risk increase bank failure risk, when exignced jointly these two types of risk can either
amplify or offset each other. Both Schmaltz, ef28114) and Birn, Dietsch and Durant (2015) simaulat
the likely response of banks to Basel IlII's foumjoconstraints (risk-based capital, leverage edpit
NFSR, and LCR) but find starkly different result$he former study concludes that banks will manage
their liquidity positions under joint constrainty lincreasing their stable deposit funding ratheanth
increasing their liquid assets investments; thedatudy concludes just the opposite. Addindheortoise,
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Distinguin, Roulet, and Tarazi (2013) find thatuwkdory capital ratios for a large internationaingde of
banks tend to decrease as banks become moredlfigapital and liquidity are complements), but fard
increasing relationship between regulatory capétbs and illiquidity for a sample of small U.Sarks
(capital and liquidity are substitutées).

Clearly, testing how joint equity and liquidity cstmaints affect bank balance sheet management
poses empirical challenges. This is especially inuthe U.S., where the Federal Reserve did rapqgse
its NSFR rule until May 2016 and hence banks hadteyat faced the joint constraints set forth in &as
1.2 In this paper, we study the interrelationshipsveen bank liquidity and bank capital at U.S. banks
in a pre-Basel Il world, when regulation consteairbanks’ equity capital decisions but did not ti@ns
banks’ liquidity positions. We design an empirisatategy that uses bank financial data from timigle-
constraint environment to infer how banks are {ikel manage their capital and liquidity positionslar
the coming joint-constraint environment. Specificawe investigate whether and how U.S. bank
holding companies adjusted their liquidity posidn response to negative shocks to their captas
between 1998 and 2012. For the remainder of tiep we use the terms bank, banking company, and
bank holding company interchangeably.

In the first stage of our investigation, we usedtad partial adjustment techniques to estimate an
internal capital ratio target for each bank in gwazar of our data. We then define a negativetabgitio
shock as follows: If a bank is already operatimipty its own internal capital ratio target, andrthe
experiences an additional reduction in its cap#tb that moves it even further below its intertabet,
we assume that this reduction in capital was invalty and thus constitutes an exogenous shockheln
second stage of our investigation, we estimate lbawks’ liquidity ratios—net stable funding ratiesre
deposit ratios, liquid asset ratios—responded tsemegative capital shocks. Our focus througtioaut

paper is on bank liquidity positions (an operatiisf and prudential regulation concept) and nobank

2 For a more complete review of the literature omititeraction of bank capital and liquidity regidas, see Basel
Committee on Banking Supervision (2016).
% For details, see https://www.federalreserve.gavevents/press/bcreg/20160503a.htm
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liquidity creation (a bank production concept)Finally, we attempt to identify the channels tigb
which capital shocks are transmitted into changebquidity positions, and the implications of tleos
channels for bank regulation and the macro-economy.

Our tests reveal robust circumstances under whaetkstreat equity capital ratios and liquidity
ratios as effective substitutes. We find that Isaakjust their liquidity ratios upward in resporise
negative shocks to their risk-weighted regulat@pital ratios, but we find no similar evidence dwaling
negative shocks to their accounting capital (legeyaratios. This suggests that U.S. banks have
historically treated capital and liquidity as suoges, due at least in part tbe presence of potentially
binding risk-weighted regulatory capital minimumshus, we find evidence of an unexpected prudenti
synergy that emanates from establishing minimumlegtgry capital standards: In the course of repgir
their regulatory capital ratios, capital-constrainganks take actions that enhance their liquidik r
positions,even in the absence of formal regulatory liquiditynimums

These results are heavily concentrated among ssdcabmmunity banks’ with assets less than
$1 billion, which comprise approximately three-gaes of the annual observations in our data see W
identify five qualitatively different adjustmentsaate by capital-shocked community banks to repair th
regulatory capital ratios: They slow their asseiwgh rates, reduce the percentage of assets au/@st
loans, reduce the percentage of assets investéohins with high capital risk weights, reduce their
commitments to making future loans, and reducer thisidend payout ratios. Each of these actions
contributes to upward adjustments to risk-basedtalamatios; the latter four actions also result in

increased bank liquidity positions. Thus, regulgdriven pressures to improve capital ratios resul

* See Bouwman (2015) for a thorough review of bagiidity creation. While bank liquidity and banikuidity
creation are closely related, they are not idehtioacepts in either measurement or in purposetinQwur 1998-
2012 pre-Basel lll-implementation sample perioé, typical U.S. banking company assessed its ligujolbsition
using simple balance sheet ratios such as cas$stisa liquid assets-to-total assets, or loanstte-deposits. In
today’'s Basel Il world, many U.S. banking companand most non-U.S. banking companies additioradbess
their liquidity positions using the NSFR and LCRaseres, because regulators require them to ddnsoontrast,
banking companies have no operational, risk-managégnor regulatory compliance reason to calcula¢eamount
of liquidity that they create. While the BergerdaBouwman (2009) liquidity creation measure is aceptual and
applied advance in measuring what banking compaiduce, it remains an academic concept and hasah has
played no explicit role in the regulation of ligitidrisk or the liquidity risk-taking of banks, wth are the focus of
this study.



positive prudential synergies from increased ligyjcbut the adjustments through which these syieerg
are generated levy macro-economic costs in the @dmaduced credit supply.

Our results provide strong evidence that small &k holding companies have historically
self-managed their liquidity positions in a mannensistent with both the post-crisis concerns afkba
regulators and the spirit of the new Basel Ill ldity regulations. These small banking companiesep
little if any systemic risk to the U.S. economy. oiMover, even apart from the liquidity-enhancing
responses to capital shocks documented here, srealler banks tend to operate with substantially
higher stores of liquidity than larger commerciahking companies (see Figure 1). Thus, our firgling
lend support for U.S. regulatory policies that {kmlin Europe) exclude most smaller banks from thgvi
to comply with the new Basel Il liquidity rulesln practice, imposing NSFR and LCR constraints on
small banking companies is likely to be redundauak laence unnecessarily costly. In contrast, we riio
evidence of any similar linkage between capitalcgeand liquidity management at larger banks. Thus
effective regulatory efforts to mitigate liquiditisk at non-community banks likely requires a safar
liquidity regulation, one example being the comhbimra of separate liquidity and capital constraiints
Basel lII.

The remainder of the paper is organized as followss: section 2 we develop the two-stage
empirical methodology described briefly above, wéth emphasis on our identification of exogenous
changes in bank equity capital ratios. In secBame describe our data sources, define the vasalded
to specify our two-stage model, and layout oumastion plan. In section 4 we present and disduss t
results of our estimations. In section 5 we hyisfimmarize our findings and consider the implaradi

of our results for regulatory policy.

2. Methodology

Our main objective is to test whether and how edpegulated banks adjust their liquidity
positions in response to negative equity capitatks, in the absence of explicit regulatory ligtyidiles.
This objective imposes two features on our teshoulogy: First, we need to estimate our modals fo
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banking data that was generated prior to the imefgation of the Basel Il liquidity rules. Thiséasily
satisfied by using annual financial data on U.Skbaolding companies (the publicly available Fetlera
Reserve Y9-C database) between 1998 and 2012.e Tathisplays descriptive statistics and definitions
for all of the variables in our main data set, whoontains 10,807 bank-year observations. Thete da
and variables will be discussed in greater detliw.

Second, within these data, we must identify negatiianges in bank equity capital that are
plausibly exogenous. This is a thornier problespeeially in the absence of a natural experiment in
which capital exogenously becomes deficient at sdmk not all banks (allowing a difference-in-
differences test) or sudden and exogenous bankfispegiuctions in capital that occur at differdimes
(allowing an event study test). Our solution t@s throblem is a key part of our methodology and
represents a potential contribution to the liter@tuUsing established estimation techniques (Besjal
2008; Flannery and Rangan 2008; DeYoung and Jah§)2We calculate internal equity capital ratio
targets for every bank in each year of the dat@ th#n assume that an exogenous negative shoekko b
equity capital has occurred when we observe tHeviolg pattern in the data: A bank that is op&ti
below its own internal equity capital ratio targetrd thus has a clear incentive to increase this—+at
experiences instead a reduction in its equity eapdtio that moves the bank even further below its
internal target.

2.1. Estimating capital targets. We use a partial adjustment model to estimatd&danternal
capital ratio targets in each year of our 1998-284fh. We begin by assuming that each bank has a

target capital ratio that can be expressed asdaidumof observable characteristics:

Kt = B-X1 (1)

whereK;* is the bank’s target capital ratio at time X, is a vector of observable bank characteristics
that determine its target capital ratio, ghid a vector of coefficients to be estimated. Wiiguation (1)
represents a desired equilibrium, unexpected ewe@mtgpush banks away frokt, and returning to the
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desired equilibrium requires banks to make costipstments. To capture the adjustment process, we
assume that banks close a constant propoktiointhe gap between actugland desire&k* each period

as follows:

Kit =K1 = 2K =Kz + wig (2)

where/ is the scalar adjustment speed ands a symmetric random error term. A value of @ <1
indicates a ‘partial adjustment’ toward the tarfét betweent-1 andt. Substituting (1) into (2) and

rearranging yields an estimable model:

Kit = 48X + (14)-Kiex + vig 3)

We can recovet directly from the estimated paramefér— 1), after which we can then recovgiby
dividing the estimated paramefg by A. With £ in-hand, we use (1) to calculate a target rii® for
each bank in each time period

While estimation of (3) yields bank- and time-vawyivalues for the target ratid§*, the
estimated adjustment spegds a constant. More realistically, banks havequei capital adjustment
processes that vary with their own characterigticsvell as with external conditions. We expressore

flexibly as follows:

Nip = AZipa (4)

wherel; is the bank-specific, time-varying speed of adfestt,Z;., is a vector of bank and time period

characteristics that affect the adjustment spemu$/ is a vector of coefficients to be estimated. \ae c

now re-specify the partial capital adjustment mdé@glas follows:



Kit =K1 = 4Ziaa(Ki — Kiz1) + vig (5)

where theK;* are the capital ratio targets from the first-stagrewritingKi; — K., as4Kj;, rewriting

Ki* — Ki.1 asGAPR,, and rearranging yields:

AKix = 4-Zi;1GAR; + vy (6)

an estimable equation in whichis the vector of coefficients to be estimated.th/he estimated values
Ain-hand, we use (4) to calculate an adjustmentdspgdor each bank in each time period The
vector of coefficientsp can now be re-estimated more accurately in theepee of the flexible

adjustment speeds. We re-specify the partial &digrst model (3) once again and rearrange as follows

Kit - Kit1 (1—'1/;) = ﬂ'/T:tXi,t-l + Vit (7)

whereg is a vector of coefficients to be estimated. Withse new estimates @fn-hand, we use (1) to
re-calculate the target ratié;*.

Because equation (3) contains a lagged dependeigblea we estimate it using dynamic
generalized method of moments (Blundell and Bor@B)@stimation techniquésFlannery and Hankins
(2013) provide further details on the econometofceodels using both lagged dependent variables and
fixed effects, applied to problems in corporatafioe. We estimate equations (6) and (7) usingnardi
least squares. We specify all three estimatiotis bank and time fixed effects.

2.2. Observing shocks to bank capital. A reduction in a bank’s equity capital ratio ypically

not an exogenous event. Equity capital can chdogéhree reasons. First, consider a bank with an

®We use the ‘xtdpdsys’ procedure in Stata, whicht filifferences the equation and then uses laggeemntient
variable levels to instrument for the first difface of the lag. We assume that the explanatoriahblas are
predetermined (not exogenous) and we limit theumséntal variable lags to two periods.
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equity capital ratio that differs from its desireduity capital ratio. In response, an above-tabgatk
might take action to increase its financial leverég.g., issue additional debt, pay out a spediaehd,
repurchase shares), while a below-target bank nitgt action to decrease its financial leveragg.,(e.
retire debt, issue new shares, shrink the bantki,tha capital ratio approaches close to its imtarget.
These adjustments to bank capital are clearly xagenous events. Second, the government mightgpass
new law that increases or decreases the minimundategy capital threshold. In response, banks that
find themselves out-of-compliance (or far in exceksompliance) with the new threshold will increas
(or decrease) both their internal targets as veethair actual capital. While changes in regulatapital
standards are exogenously imposed on banks, ndalieeannouncement nor the implementation are
sudden changes, and as such it is problematic écthese events as exogenous shocks in statistical
models® Third, bank equity capital changes with fluctoa$ in bank earnings, increasing with
(undistributed) net income and decreasing with tiegianet income. The causal source of earnings
movements may or may not be exogenous to the b@nkthe one hand, net income changes in response
to myriad business decisions made by the banK itsthe recent or not-so-recent past; on the dtlaed,

net income also changes in response to plausiligemous events that reduce bank earnings (e.gl, loc
economic events, legal judgments and regulatorgsfifraudulent or rogue actions by employees).
Unfortunately, the exogenous and non-exogenou®idrigf a bank’s income and capital are difficult to
observe, because they occur simultaneously ancel@egooled in the data.

We use the following logic to find plausibly exogeis bank-level capital shocks: We identify
bank-year observations for which a bank is alreafgrating below its internal equity capital ratio
target—and hence would like to increase its capéttib—but instead experiences an equity capit#b ra
decrease that causes it to fall further belowriterhal target. Formally, we define a negativeiteip

shock as a decrease in the actual equity capttal (7&K, < 0) at a bank that is already operating below

® There are exceptions to this. For example, inaGBeitain the Financial Services Authority (FSAJncand does
assign time-varying, bank-specific minimum capit@djuirements; an administrative change to a baag&gned
capital minimum could be a surprise to the bank hedce be considered exogenous. See Aiyar, Catoand

Wieladek (2014).



its internal target capital ratiG@P,.,» = K;.>* - Ki1» > 0) that leads to an even larger deviation frtem i

internal targetGAR,.; > GAR.,):

SHOCK;; =1if Kj;» < Kjo* and AK.; < 0and AGAR; >0 (8)

= 0 otherwise

Because our ultimate goal is to test whether battes their liquidity positions at timein reaction to
negative capital shocks in the prior period, (8firds negative capital shocks as occurring-ht The
AGAPR,; > 0 condition ensures that the reduction in baagital att-1 is not simply a response to a
reduction in the bank’s internal capital targeteTecline in capitahK;,; must be larger than any decline
in the capital targedK;.*.

Our logic is consistent with previous empiricaldings on bank capital management. Berger, et
al (2008) show that banks operating well above mimnh regulatory capital thresholds tendadjust
slowly downwardtoward their capital targets over time, while barmdperating at or below regulatory
capital thresholds tend tmjust quickly upwardoward their internal capital targets over timélence,
when we observe a decline in the capital ratio aelw-target bank, we take this as evidence of a
negative and exogenous shock to its capital ratimt-is, the bank incurred an unexpected reduction i
net income and/or an unexpected increase in alssgts enough to more than offset its desired capita
management goal of increasing its capital ratiocdntrast, when we observe a decline in the dapitia
at an above-target bank, it is not clear whethisrrfduction is due to unexpected shocks to itsnoeime
or bank assets, a deliberate downward adjustmeheinapital ratio by bank management, or both.

2.3. Test for post-capital shock liquidity adjustments. Identification in our main tests relies on

the observation of events that occur in three aortse time periods. The ordering of these evénts

" Berger, et al (2008) estimated an average anrdjabtaent speed of 57% for book value equity ratibsarge
U.S. bank holding companies (BHCs) between 19942806. Relative to the most highly capitalized ksaim their
data, they found that adequately capitalized bajasted toward their targets 13 to 27 percentajetp faster;
undercapitalized banks adjusted 31 percentage paster; and significantly undercapitalized baakfusted 65
percentage points faster.
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illustrated in Figure 2. In the earliest perib@, we observe whether baik equity capital ratid ;.. is
below its internal capital ratio targit;., (i.e., GAR,., > 0). In the following periodt-1, we observe
whether bank receives a capital ratio shocKHOCK;; = 1). In the third periodt, we observe the

change in banks liquidity ratioL;;. The regression test is specified as follows:

ALy = o + yBELOW,, + 6:SHOCK1 + n-DLisq + Fi + § + T + & 9)

whereBELOW,, = 1 if banki is below its capital ratio target &2, the vectorDL,,; is comprised of
bank-specific liquidity determinantB; , § andT; are fixed bank, State and time effects, respdgtiand
& is a symmetric random error term. Given our defin of SHOCK only banks that are below their
capital targets can experience a negative capiatks we include th&8ELOW dummy to absorb any
nonSHOCKrelated tendencies for liquidity to increase or decrease for these below-capitgeta
banks. We estimate this equation using ordinagtlequares techniques.

Our main test variabl& indicates whether and how the average bank adjadtquidity position
when under equity capital stress (i.e., experigneirdeterioration of its equity capital while opérg
below its internal capital ratio target). Givemitthhe model includes a one-period lag of the dégen
variable, 5>0 indicates a positive change linduring time period (substitutes), whilé<0 indicates a
negative change ih during time period (complements). More formally, the sign ®&llows us to test

for and/or discriminate among the following nulljoghesis and alternative hypotheses:

H(null): There is no relationstigtween bank equity capital ratios and bank liquidi
levels 6=0).

H(substitutes): At the margin, banks treatigocapital ratios and liquidity levels as
substitutes§>0).

H(complements): At the margin, banks treat eqecatgital ratios and liquidity levels as
complementsd<0).
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Before proceeding further, we must clarify the namim which we are using the words
‘substitutes’ and ‘complements.’ Liquidity and wehcy are separate financial concepts; in thetsstic
sense, a bank cannot substitute a dollar of liuidir a dollar of solvency ovice versa We use these
terms as convenient and compact language to desstibther bank solvency and bank liquidity tend to
vary positively or negatively—that is, as complemnsém practiceor as substituteis practice Moreover,
our methodology is designed to capture changesik tiquidity associated with exogenous shocks to
bank solvency, so that any observed complementanitypubstitutability in the data is not merely

capturing the movement of some third causal fatiat drives both liquidity and solvency.

3. Dataand variables

We estimate our two-stage methodology using an @anb®98-2012 data panel on U.S. bank
holding companies (BHCs). The data are taken ftben Federal Reserve Y9-C database, which is
publicly available online. For the remainder of thaper, we use the terms BHCs, banks, and banking
companies interchangeably.

We begin with all bank-year observations. We therlude any individual bank-year
observation that has one or more of the followihgracteristics: The BHC is very small (assets tleas
$100 million), the BHC is foreign-controlled (fogei ownership stake exceeds 10%), or the BHC made a
substantial acquisition (annual asset growth exx@8&86). These exclusions leave us with an unbathnc
panel of 10,807 bank-year observations. All vdealhat we construct from these data are winstréte
the ' and 99 percentiles of the sample distributionTable 1 displays descriptive statistics and
definitions for all of the variables in our maintaset.

3.1. Edimating capital targets and shocks. Using the approach outlined in equations (1)
through (7), we estimate the capital ratio tardg€tsfor each banking company in each year of the data,
using two different definitions of capitalllER12/RWA%s the internal target for each bank’s regulatory
capital ratioTIER12/RWAwhich is the ratio of Tier 1 and Tier 2 equityrisk-weighted assets; we shall
refer to this as the ‘regulatory capital raticEQ/ASSETS*s the internal target for each bank’s
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accounting capital targgQ/ASSETSwhich is the ratio of accounting equity to acding assets; we
shall refer to this as the ‘accounting capitala’dti We specify the vectoX;., with four bank-specific
characteristics that are likely to influence baniksérnal capital ratio targets: The natural Idgoank
asset sizellASSET} the standard deviation of bank return on ag8&ROA, a too-big-to-fail indicator
variable identifying banks with more than $50 bitliin assetsTBTF), and a publicly traded indicator
variable LISTED). We specify the vectadr;; with three bank-specific characteristics that ldely to
influence the speeds with which banks adjust ttegiital ratios toward their targethh ASSETSLISTED,
andABOVE the latter a dummy variable equal to one if akliaroperating above its internal capital ratio
target (i.e. GAPR.,<0). We also include fixed bank effects and fiyedr effects in these estimations.

The results of the first-stage partial adjustmestingations are displayed in Table 2. The
magnitudes of the estimated capital targets arsoreble, withTIER12/RWA*and EQ/ASSETS*
averaging 16.85% and 7.81%, respectively, acraseiitire sample period. As shown in Table 3, ehpit
targets remained relatively stable during our 19082 sample period. Targets trended upward bytabou
50 basis points from 1998 to 2005, retrenched puir to and during the financial crisis, and then
stabilized at new sample period highs after theixhad run its course. Sensibly, the annual ptage
of banks suffering negative shocks to regulatonyiteh (TIER12/RWA was substantially higher in and
around the financial crisis, reaching global high84% to 42% between 2006 and 2009, but shocks to
the backstop accounting capital ratlBQ/ASSETSwere distributed seemingly randomly across our
sample period. The economic magnitudes of thetivegahocks to regulatory capital were non-trivial,
ranging between 75 to 138 basis points per yeaverage.

The estimated adjustment speed paramétesse relatively small. FollER12/RWA banks

closed only about 15.1% of the gap between théirah@nd target capital ratios in the average year;

8 Even though our ‘accounting capital ratio’ is defil nearly identically to the regulatory ‘leveragdio’ (Tier 1
equity capital/assets), we prefer to think of it & accounting concept for two reasons. Firsth dmnking
companies and non-banking companies have alwaglsateintion to this accounting ratio; indeed, ficiahanalysts
refer to the inverse of this ratio as the ‘equitultiplier.’” Second, both banks and bank regulatarshe U.S.
consider the leverage ratio to be a secondary,ackdtop, capital threshold; indeed, our empirieguits are
strongly consistent with this notion.
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EQ/ASSETShanks closed about 16.0% of this gap on averddese estimated adjustment speeds are
substantially lower than the 45% to 55% speedsddnrsome previous banking studies (e.g., Berger, e
al 2008, Flannery and Rangan 2010). There areetxptanations for these contrasting results. First,
these two previous studies included only bankingmanies listed on public equity markets, while we
include both listed and non-listed banks in our eled Because publicly traded banks can raise new,
retire existing, equity capital shares far moreilgdban privately held banks, one would expectdas
capital adjustment speeds at these banks. Settendata sets used in these two previous studieden
before the financial crisis. During the crisi;jamber of phenomena occurred that may have cotadbu
to slower capital adjustment at U.S. banks. Thdimke in bank stock prices made raising new equity
capital very expensive; large year-over-year fimanlosses at many banks created wide gaps between
actual and target capital ratios, so that a giveoumt of newly raised capital closed only a smaller
percentage of that wider gap; and lingering ung@staabout the details of the asset-purchase and/or
capital-injection policies of the U.S. Treasury niewe caused banks to put their own capital adgistm
activities on hold.

The estimated coefficients in our partial adjusttmeodels have mostly intuitive signs, though
not always statistically significant. In the capitarget equations (Steps 1 and 3), the publiagead
dummy LISTED carries the expected negative coefficient. Plbliaded firms can raise new equity
capital quickly when needed, so we would expectntite set lower internal capital targets. After
controlling for the capital-raising advantage aféid banks—which are almost exclusively large aarg v
large banks—larger banksASSETptend to set higher capital targets. This reisutbnsistent with any
number of non-mutually exclusive phenomena, incigdiolding extra capital to protect greater frasehi
values, holding extra capital to fund acquisitiggportunities, or holding extra capital against siskat
tend to be associated with larger banks (e.g., ehargk, off-balance sheet) that are not specifiedur
model. This result also suggests that any sizeebdwsersification advantages are relatively sraathe
banks in our sample (which excludes the very stdal. banks that are not organized within holding
company structures). The coefficients on TTBTF dummy are never statistically significant; the
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straightforward interpretation is that while toatto-fail effects are likely to reduce the costcapital at
these banking companies, the quantity of capitahiefluenced. The negative coefficient on thenegeys
volatility variable SDROA s non-intuitive; one would expect banks with vida earnings to hold
additional equity capital cushions against loss&erger, et al (2008) also fail to find the expdcte
positive coefficient using a similar capital adjusint modef.

In the adjustment speed regressions (Step 2),abfiaent signs are not robust across the two
models. In the regulatory capital model, the dogdfits are statistically significant with reasoleasigns.
Listed banks have faster adjustment speeds, censisith their access to liquid public equity maske
The adjustment speed at listed banks is 0.039r&faster) than at non-listed banks, on averagéerA
controlling for the capital-raising advantage ofaf{nty large) listed banks, larger banks adjust more
slowly, perhaps indicating scale diseconomies isima large amounts of capital in private markets.
doubling of asset size is associated with a 0.@ugtion in adjustment speed (-0.062). Finally,
consistent with the prior literature, adjustmergsesis are highly asymmetric. On average, adjustmen
speeds for banks operating above their internatataprgets are 0.257 smaller (slower) than adjesit
speeds at banks operating below their internaktargin the accounting capital model, these cdefits
remain statistically significant but have all flggh signs. Although the results from Steps 1 aimili@ate
that banks set their regulatory and accountingtabfargets similarly, the results in Step 2 inticthat
banks manage (i.e., adjustments toward the tardgh&§) regulatory and accounting capital ratios
dissimilarly. As we shall see, these dissimilastcarry over into banks’ liquidity reactions tagatve
capital shocks.

3.2. Specifying the second stage equation. We test our main hypothesis in equation (9).oun
baseline specifications of equation (9), we defireedependent variableas the net stable funding ratio

(NSFR. Basel lll defines the NSFR as the ratio of ialkde stable funding’ (a weighted sum of various

° These non-intuitive results may be capturing pobduix effects. DeYoung and Roland (2001), Demiréfiint

and Huizinga (2010), and others show that reverolatility is positively associated with activitiegainst which
banks do not (or are not required to) hold muchtgaapital, e.g., fee income from investment bagkisecurities
brokerage, and other financial services activities.
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items on the right-hand side of the bank balaneetstweighted by increasing maturity and/or stghili

to ‘required stable funding’ (a weighted sum ofigas items on the left-hand side of the bank badanc
sheet, weighted by increasing maturity and/or ullility). Hence, a higher value for NSFR indicages
more liquid bank and less liquidity risk. Basdldét the weights so that NSFR = 100% would indicat
just-adequate liquidity position—that is, availaktable funding is just equal to required stabledfog.

Our 1998-2012 sample period predates the implertientaf the NFSR rules in the U.S., and published
bank regulatory data from those years do not irehltlof the balance sheet items necessary tolagécu
NSFR exactly. We use the formulaic approach of @&} and Jang (2016), which has been shown to
generate distributions of NSFR values for U.S. kattiat closely match distributions generated by
European banks monitored by the Bank for Intermafi&ettlements (2013).

The average bank-year value fd6FRin our data is 118.71%. Hence, the majority o8.U.
banking companies met or exceeded this regulatugshold between 1998 and 2312Nevertheless,
NFSRexhibits substantial and systematic variation seifmoth time and bank size, as shown in Figure 1.
Small banks with assets less than $1 billion haveléd to operate well above the NSERhreshold,
even during the liquidity pressures that arosendpiine financial crisis. In contrast, larger bahkse on
average operated closer to or below the NSFRreshold.

We also use two additional definitions of bankguidity positions in our tests. First, because
equity capital is included as ‘available stabledimg’ in the Basel Il definition of NSFR, the estited
coefficientd in equation (5) may carry a negative bias duééopurely mechanical relationship between
NSFRand SHOCK To neutralize this possibility, we calculate adjusted version of NSFR that
excludes equity from the numerattdSFR_AD)Y and use this adjusted version in our tests. 18&co
because the net stable funding ratio is a new ahget well understood measure of bank liquiditg w
run alternative specifications in which we repladS&FR with more traditional liquidity measures.

COREDEPS/LOANS the ratio of core deposits (transactions dépasid small time deposits) to total

9 DeYoung and Jang (2016) show that the NSFR is rikelby to fall below 100% for large U.S. banks,dathat
the NSFR for U.S. banks of all sizes tended toidedeading up to, and increase after, the 2008 Z0tancial
crisis.
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loans, andLIQUID/ASSETSs the ratio of liquid assets (cash, reserves helithe Federal Reserve, fed
funds sold, reverse repurchase agreements, andufyeaecurities) to total assets. LiK&SFR both
COREDEPS/LOANSNdLIQUID/ASSETSire increasing indicators of bank liquidity.

The primary test variable in our baseline estinmatiof equation (9) is the negative capital shock
dummy SHOCK As previously discussed above, we define a negaapital shock as a bank-year
observation during which an already capital-defitigank (i.e., a bank operating below its inteelity
capital ratio target) experiences a shock thatesitgdo fall further below its internal equity dtgb ratio
target. We also construct three alternative sktest variables. SHOCKSIZEis a continuous variable
that measures the decline in a bank’s equity damtio due to a negative shockSHOCK(0%-1%)
SHOCK(1%-2%) and SHOCK(>2%) are dummy variables equal to one if the capitabckhis,
respectively, less than 100 basis points, betw®@nahd 200 basis points, or more than 200 basiggoi
SHORTFALL SMALISHORTFALL LARGKHSs a dummy variable equal to one if the capitalck left a
bank with aGAP att-1 that was smaller than (larger than) the medianevébr all banks experiencing
capital shortfalls. We include theS&lORTFALLvariables to test whether banks’ liquidity respemare
sensitive not just to the size of the capital skotkit also to the size of the internal capitaksalbs (i.e.,
GAP,,) that result from the shock. Finally, we measlt®f the above test variables twice: One version
based on a shock to the regulatory capital fEiER12/RWAand a second version based on a shock to the
accounting capital ratiBQ/ASSETS

Logically, a negative shock to a bank’s equity talpiatio can occur either because the bank’s
net income (and thus retained earnings) is lowan txpected and/or because its assets (or risktbase
assets) increase unexpectedly. Of the 3,068 baakshocks tdIER12/RWAN our data, 85.07% of the
shocked bank experienced net income lower thanybat's industry mean, with 10.4% experiencing

negative net income. In the denominator, 59.22%heke shocked banks experienced asset growth

1 The COREDEPS/LOANSatio is simply the inverse of the ‘loans-to-caleposits ratio’ that has long been used
by bankers to measure the liquidity of their batashbeets.
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greater than that year's industry mean, with 58.98¢periencing asset growth at least one standard
deviation greater than the industry mean.

We specify equation (9) parsimoniously. As desilabove, we include the dummy variable
BELOW?to absorb any tendencies for the liquidity ratibdb@low-target banks to increase or decrease,
independent of negative capital shocks. We alsluile INASSETSndLISTEDto control for potential
differences in liquidity management practices agdabanks and/or publicly traded banks. Finallg, w

include bank and State fixed effects as well ag fixed effects.

4. Main results

Our baseline results are displayed in Table 4, sviee capital shock variables are based on the
regulatory capital rati@flER12/RWA? Each of the specifications is estimated threesimFor the full
sample of BHCs in our data, for a subsample of kBEICs (assets less than $1 billion), and for a
subsample of larger BHCs (assets greater thanlig&inki

On average, the results suggest that capital-@efiddanks (i.e., banks operating below their
internal risk-weighted equity capital targets) treat ttreigulatory capital ratios and their liquidity ratio
as substitutes. After controlling for the underlyieffects of being below their internal capitalgtt
(BELOW, the average bank responded to a negative capitak SHOCK by increasing its net stable
funding ratio by 0.398 during the following yeaoligmn 1). This result is not present for bankshwit
assets more than $1 billion (column 2), but is eliby the smaller community banks (column 3). In
addition, the significantly positive coefficient &ELOWindicates that small banks operating below their
desired capital levels have a natural tendencgdaease their liquidity positionsdependent afeceiving
a negative capital shock. Summing the coefficiemtBELOWandSHOCKIn column 3 tells us that the

average capital-deficient community bank that nez®ia negative capital shock increases its NSFR by

2 The results in Table 4 are statistically and ecaisally robust to (a) replacing the total risk-weigd capital ratio
TIER12/RWAWwith the Tier 1 risk-weighted capital rafidER1/RWAand (b) replacing the total adjusted net stable
funding ratioNSFR_ADJwith the unadjusted net stable funding raiBFR Results available upon request.
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1.344 during the following year, an approximate8lercentage point change in the sample average
NSFR_ADJ

At just slightly more than one percentage pointN6fSR,one may interpret this result as a
relatively small economic effectBut for the purposes of our present analysis, ine af the measured
effect is far less important than its direction. statistically positive coefficient o08HOCKallows us to
reject not only the zero null, but also allows agé¢ject the possibility that the true coefficiesign is
negative and with it the alternative hypothesis erngvhich banks treat equity and liquidity as
complements. Thus, the data are consistent wintiion that, when a bank operating closer than it
prefers (i.e., below its own internal target) te tminimum regulatory capital threshold experienaes
exogenous reduction in equity capital, it treatslitygcapital and liquidity as substitutes, not as
complements.

The increases in banks’ liquidity positions are liearly related to the size of capital shock
(SHOCKSIZE The substitution effect is 0.461 when the negathock toTIER12/RWAS less than 100
basis points, increases to 0.765 when the negativek is between 100 and 200 basis points, but is
statistically zero for negative shocks in exces2@d basis points (column 9). These are reasonable
findings: Larger shocks to capital require largperational response, but increasingly larger ahpit
shocks at some point become so financially disvepthat normal operational responses (such as
liquidity-capital substitution) are infeasible. n8larly, the responses of shocked banks were laxtpen
the shock left them especially far below their intg capital targetsSHORTFALL LARGE

Among the remaining control variables, publiclyded banks L(ISTED tend to operate with
more liquidity than privately held banks. The mestightforward interpretation is that equity nmetrk
investors penalize liquidity risk and hence, atrigrgin, create incentives for banks to maintajoidity.
Note that this result is operative only for the sarple of community banks; compared to small listed
banks, large listed banks often have access tacpetaldit markets and other sources of quick cribdit
reduce the necessity for holding liquidity. Aft@ntrolling for listed versus non-listed status, fimel no
relationship between the size of a balmASSETBand its liquidity positions.
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In Table 5 we repeat our tests using the accourtagtal ratioEQ/ASSETSreplacing the
regulatory capital ratidlER12/RWAto measure the negative capital shock variablBlse results are
telling and the implications are important. Thefficients on the capital shock variables are stiatilly
indistinguishable from zero in all of these test&rom this we can conclude that the positive ligyid
responses in Table 4 are not drieer seby the negative equity capital shocks, but ratterause a
larger capital shock increases a bank’s likelihobgtiolating a minimum regulatory capital consttdih
This implies the existence of a synergy from impgsjoint capital and liquidity constraints on banks
The presence of regulatory capital constraintsciviaire designed to mitigate the risk of insolveroay)
under some conditions also serve to mitigate sieof illiquidity.

Our results are robust to replacing the dependenable NFSR_ADJwith the more traditional
balance sheet liquidity measuteQUID/ASSETSnd COREDEPS/LOANSIn Table 6, the coefficient
on SHOCK s statistically positive for negative shocksTitER12/RWA but not for negative shocks to
EQ/ASSETSand tends to be stronger for the smaller bankb wassets less than $1 billion. The
coefficients onBELOW also continue to be statistically positive for thésample of small banks, but
again only when this variable is defined relatiodanks’ internallER12/RWAargets. Thus, our results
are consistent with the findings of DeYoung andgJé2015) that liquidity management at U.S. banks
prior to Basel Il focused on maintaining targetedels of traditional liquidity ratios, but by cdnsction
those policies were consistent with maintainingeaed levels of the NSFR.

In the above tests, our identification scheme restthe assumption that a reduction in a bank’s
equity capital ratio constitutes an exogenous shdun it is observed at a bank that is alreadyaijver
below its internal capital ratio target. We tdw validity of this identifying assumption in Tatlewhere
we define a negative capital shock as a reductidriER12/RWAor banks operatingbove(rather than

below) their internal capital ratio targets. Wa tthis placebo test for both the full data sample for

13 Our EQ/ASSETSaccounting ratio is nearly identical in constrantito the Tier 1 capital/unweighted assets
‘leverage ratio’ that U.S. bank regulators includedpart of their capital policies during most af sample period.
However, the minimum leverage ratio threshold wapdsed as a ‘backstop’ to the Basel risk-weightapital
minimums; at only 3% for U.S. bank holding companthis backstop became binding only for BHCs eigmeing
substantial capital distress.

20



the small bank subsample, as these are the datavHmh we find evidence of capital-liquidity
substitution in Table 5. These tests provide stipfoo our identifying assumption, as they generade
evidence linking bank liquidity positions to rediocis in bank capital ratios.

Conspicuous among our empirical findings is one-remult: We never reject the null hypothesis
for the subsample of banks with assets greater $fidillion. Hence, we find no evidence that calpit
and liquidity are effective substitutes at larganks. Two explanations come immediately to mind:
Easier access to capital markets (a) affords ldrgeks the luxury of repairing their capital ratiosre
deliberately than smaller banks, and (b) allowgdaibanks to repair their capital ratios withoutihg to
resort to balance sheet adjustments that, as affiele, result in increased liquidity. We findidence
consistent with the former in our capital adjustinerodel (Table 2), wher@dIER12/RWAadjustment
speeds decline as banks grow larger. We find aceleonsistent with the latter in our transmission
channel tests below (Table 8). In terms of politys non-result has a straightforward interpretati
Because we cannot reject the possibility that ldsgek liquidity management is unaffected by the
presence of a minimum capital standard, then agylaéory effort to mitigate liquidity risk at thebanks
likely requires a separate liquidity regulationgoexample being the combination of separate liguidi
and capital constraints in Basel Ill. In contramty results indicate that the presence of a minimu
capital standard at least partially mitigates liityi risk at small banks.

4.1. Transmission channels. Do banks respond to negative equity capital shobk
purposefullydemanding higher levels of liquidity? If so, wewld observe shocked banks taking direct
actions to increase liquidity—for example, incregsthe share of stable (core) deposits in theiosi¢p
mixes. Or rather, do banks respond to negativéyeqapital shocks by taking actions designed fmane
their declining capital ratios, but which also ha¥ee fortuitousancillary effectof increasing their
liquidity positions? If so, we would observe shedkbanks making post-shock adjustments to their
capital ratios—for example, shrinking their totasats and/or reducing the share of assets with high
regulatory risk weights.

To investigate these questions, we estimate thaafivlg set of straightforward equations:
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ACHANNEL; = o +y-BELOW,, + 5SHOCK,; + *MEAN_CHANNEL.; +F +§+ T, +&, (10)

where the dependent variablCHANNEL is defined six different ways. We specify two chals
through which banks would respond if their primafyjective in response to the capital shock is to
enhance their liquidity positions: By reducingithgividend payout ratiosAPAYOUT RATIQ and by
increasing the share of core deposits in theit tigposits f{CORE DEPOSITS/DEPOSIY SWe specify
four channels through which banks would responithéir primary objective in response to the capital
shock is to enhance their capital ratio: By redgcasset growth®ASSETES by reducing the asset
share of total loans or high-risk weight loand QANS/ASSETSIBUSINESS LOANS/ASSHTSr by
reducing the potential increase in high-risk wegdghtisset growthdLOAN COMMITMENTS/ASSE)X'S
The test variable iISHOCK (or SHOCKSIZE, defined on the regulatory capital ralitER12/RWA The
controls include th@ELOWdummy, the industry mean of the dependent vari@dleAN ACHANNEL

to absorb trends in banks’ financial conditionswall as bank, state and time fixed effects.

The results are displayed in Table 8 for the siatlk and larger bank subsamples. The results
strongly suggest that the “ancillary changes imitliy” story is the best way to interpret our éarl
findings that liquidity and equity capital ratioseasubstitutes in practice. For the small banksauiple,
the coefficients oS HOCKand/orSHOCKSIZEndicate that negative capital shocks are assmtiatth
slower asset growth, fewer total loans and busiloesss, fewer loan commitments, and smaller divitlen
payouts (top panel, columns 1 through 8). By tleirsg-up constraint, the negative changes in
LOANS/ASSETSndBUSINESS LOANS/ASSETMBIst be accompanied by increases in other cagsgori
of bank assets, most of which are more liquid tlzems or business loans (e.g., cash, fed funds sold
government securities, retail loans). While thémpry explanation for the negative change in
DIVIDEND PAYOUT RATIGs cash retention and hence increased balance kipadity, increasing
cash also results in an improved risk-based capitatio. The coefficients onCORE
DEPOSITS/DEPOSIT@re never statistically significant, an indicatithat banks do not respond to
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negative capital shocks with pure liquidity-enhagcactions, but rather that banks’ liquidity pasit
improve in the process of addressing their cagitalrtfalls. We find only a single liquidity-enhamg
response to negative capital shocks for the ldrgek subsample, a reduction in loan commitments.

The channels we identify here—connecting equityitagpatios and liquidity ratios for U.S.
banking companies between 1998 and 2012—are ghkieimilar to the channels identified by
Calomiris and Wilson (2004) for U.S. banking comipanduring the 1920s and 1930s. Throughout the
economically strong 1920s, banks increased boih ¢agity capital and their asset risk (loans-tseds)
on average; that is, banks effectively substitetguity capital for liquidity. Throughout the ecaonically
weak 1930s, banks with high default risk (stressequity capital) reduced their dividend payouts on
average; that is, banks effectively substituteditly for equity capital. That these similaritiegist at
U.S. banks nearly a century removed from each -ethespite intervening institutional changes such as
deposit insurance, tighter regulatory and superyiswgersight, and a myriad of market-based altéreat
for both bank borrowers and bank depositors—stgosgiggests that the liquidity-capital relationships
that we find in our data represent fundamentalleggies in bank behavior.

4.2. Additional tests. The synergistic relationship between risk-weightapital regulations and
enhanced bank liquidity appears only for the sulpdamf banks with assets less than $1 billion; on
average, we find no evidence of these synergiemgnarger banks. Given that this is a size-based
phenomenon, one might expect our findings to be stt®nger among the very smallest banks. In Table
9 we split the small bank subsample into two halbgsannual median asset size (on average,
approximately $442 million) and then re-estimate baseline model. The liquidity responses of the
smaller and larger community banks to negativetgmhiocks are very similar. However, the coeffitie
on BELOW:is statistically significant only for the smallegtsof community banks, and is substantially
larger than in the whole-sample regressions. Kamgle, summing the coefficients &ELOW and
SHOCKIn column 2 tells us that the average small chgigficient community bank that receives a

negative capital shock increases its NSFR by 1difing the following year.
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Table 9 also double-checks the non-result thating for the subsample of larger banks with
assets greater than $1 billion. Dividing our sargdl $1 billion is a convenience, as this corredpdn
one of the traditional size-based definitions oct@ammunity bank.” However, while it is accurate to
describe the above-$1 billion subsample as comigitdarger’ banks, this is a poor lower size thadh
for defining ‘large’ banks. In columns 7, 8 anav@ estimate our model for a subsample of large dank
with assets greater than $10 billion. Again, wedfino statistically significant liquidity responses
negative capital shocks at these balfiks.

Our methodological approach is predicated on th&imity of a bank’s actual equity capital ratio
to its internal equity capital ratio target. Thientrasts with an important earlier literature—dgtback
to Merton (1978), Marcus (1983, 1984), Furlong #&mley (1987, 1989, 1990), and Keeley (1990)—
that focused on the proximity of a bank’s actualigcapital ratio to zero (insolvency) and/or tet
minimum thresholds set by bank regulators. In &at, we split the small bank subsample into two
halves by annual mediaflER12/RWA(on average, approximately 14%) and then re-estinoar
baseline model. Our baseline findings are botlusbland economically stronger for the subsample of
community banks with above-median risk-based equdpital ratios. When these more highly
capitalized banks received a negative capital sHéSkRincreased in response by a full percentage point
on average (columns 1, 3 and 7), independent of ramyshock-related tendencies to increase their
liquidity positions BELOW. It is important to note that a bank in the haguity ratio subsample can
experience a negative capital shachy if it has set a high internal capital ratio targehus, these results
are consistent with banks taking actions to protketr high franchise values. Our baseline finding
vanish for the low-capital ratio subsample of comitybanks; thus, for these banks we find no evigen

that equity capital and liquidity are either sutogéis or complements in practice.

14 Moving the subsample threshold substantially highan $10 reduced the number of observations wetate
responsible estimation and inference.

24



5. Summary and conclusions

For nearly three decades, financial regulators ratatine world have required their banks to
maintain minimum capital ratios as established utide first and second Basel Accords. The Basel Il
Accord not only increased these minimum capitaésholds, but for the first time mandated minimum
liquidity standards—the Liquidity Coverage RatidJR) and the Net Stable Funding Ratio (NSFR)—for
banks in its signatory nations, to be implementeatigally between 2015 and 2019. Going forward,
banks will have to manage their balance sheetsrumaeconstraints rather than just one. Whether an
how this new system of joint constraints will impdmnk behavior (most importantly, bank credit
supply), the behavior of nonbank lenders, and/dliospr into financial markets is uncertain. An
emerging empirical literature is attempting to aeswuch questions, but has thus far reached nothing
close to an empirical consensus. In this paperatteampt to gain some insight by studying the bigyi
behavior of U.S. bank holding companies that exmegd negative exogenous shocks to their equity
capital ratios between 1998 and 2012.

We face two empirical challenges. First, we caly abserve data on bank liquidity and bank
capital in a pre-Basel lll world, when regulatioequired minimum capital levels but did not require
minimum liquidity levels. We design an empiricalagegy that uses bank financial statement data fro
this single-constraint environment to infer how karre likely to manage their capital and liquidity
positions under the coming joint-constraint envinemt. In essence, we must draw our conclusions by
testing whether pre-Basel Il banks were alreadyalang in a manner consistent with Basel Ill ligtyd
regulations. Second, changes in bank capitalsatiay be endogenous to changes in liquidity raties,
balance sheet identities or in-common correlatioite various determinants of bank performance. We
identify plausibly exogenous changes in bank capatios based on the following logic: If a bamlat is
already operating below its own internal capitdioréarget—which we estimate for each bank and year
using standard partial adjustment modeling tectesgusuffers an additional capital reduction that esov
it even further below its target, we assume thetalpeduction was involuntary and thus constitiaes
exogenous shock.
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On average, the evidence indicates that banksasetktheir NSFRs following negative shocks to
their risk-based regulatory capital ratios. Intcast, we find no evidence that these same bagksased
their NFSRs following negative shocks to their denpccounting (leverage) equity ratios. Together,
these two results imply that U.S. banking compaihigge historically treated capital and liquidity as
substitutes, and that this relationship (a) is jpadd on the existence of potentially binding tatpry
capital minimums but (b) does not require the exisé of regulatory liquidity minimums. Our residte
driven mainly by the data on so-called ‘communignks’ with assets less than $1 billion—banks that
tend to have highly liquid balance sheets everéabsence of capital shocks, and in any caseiexhib
little if any systemic risk. Thus, these result®ide support for the Federal Reserve's policy of
exempting small banks from the Basel Il liquiditgquirements, and challenge the one-size-fits-all
implementation policies of the European Bankinghtuity.

We make no claims that these banks are respondingegative equity capital shocks by
demanding more liquidity. Rather, we find evidemomsistent with the notion that banks respond to
negative equity capital shocks by taking actionsetpair their declining capital ratios, and thagsh
actions have the fortuitous ancillary effect ofoailscreasing bank liquidity. Capital-shocked conmity
banks reduce their asset growth rates, their pexgerof assets invested in total loans, the peagendf
their assets invested in loans with high capitk rieights, their commitments to make future loamsl
their dividend payout ratios. Each of these astioontributes to upward adjustments to risk-basgita
ratios; the latter four actions also result in @ased bank liquidity positions. Thus, the systamat
responses of small U.S. banking companies to negatpital shocks documented here have both an
upside and a downside: Positive prudential syeerfyjom increased bank liquidity, and macro-ecomomi

costs associated with reduced credit supply.
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Tablel: Summary Statistics. Data are an unbalanced panel of 10,807 bankejesarvations for U.S. BHCs between 1998 and 2®&kth variable is
winsorized at the®land 99 percentiles of the sample distributions.

mean sd min max
Capital ratiosand tar gets:
TIER12/RW/ (%) (Tier 1 + Tier 2 capity / risk-weighted asse 14.90" 4.7¢ 6.2 37.4(
ATIER12/RW/ annual change iTIER12/RW/ 0.05¢ 1.5 -5.C 5.1%
EQ/ASSET (%) equity / total asse 9.157 2.6¢ 2.€ 18.3¢
AEQ/ASSET annual change IEQ/ASSET 0.021 0.8¢€ -2.¢ 2.71
TIER12/RWA' (%) estimate(TIER12/RW/ targe 16.85: 3.11 9.t 21.7¢
EQ/ASSETS (%) estimate(EQ/ASSET targe 7.81( 3.32 1.1 11.7¢
Dependent variables:
NSFR_AD. net stable funding ratio adjusted for eq 105.07¢  16.77 66.E 189.8:
ANSFR_AD. annual change INSFR_AD. -0.48¢ 6.1 -21.01 17.3(
COREDEPS/LOAN core deposits / loar” 107.21f 31.0¢ 50.c 269.4¢
ACOREDEPS/LOAN annual change iCOREDEPS/LOAN -0.16¢ 10.2¢ -34.2i 29.6¢
LIQUID/ASSET. liquid assets / ass€” 14.15¢ 10.61 1.1 56.61
ALIQUID/ASSET.: annual change iLIQUID/ASSET. -1.00: 4,24  -17.7¢ 9.6¢
%AASSET$%) annual percentage asset grc 3.661 752 -18. 23.31
ALOANS/ASSET annual change in loa-to-assets rati -0.Co4 415 -11.: 10.9¢
ABUSINESS LOANS/ASSE annual change in business loans to asset: -0.156 1.72 -6.8 5.41
ALOAN COMMITMENTS/ASSE annual change in loan commitments to assets 0.10:z 2.81 -9.7 9.8¢
ADIVIDEND PAYOUT RATI annual change idividends/net incorn 0.55¢ 49.6( -229.1( 211.5¢
ACOREDEPS/DEPOSI annual change in core deposits to deposits -0.176 319 -10.2 10.5¢
Explanatory variables:
BELOW_1ER12/RW/ = 1if TIER12/RWA < TIER12/RWA* (ait-2) 0.67¢ 0.47 0.C 1.0C
BELOW_EQ/ASSE’ = 1if EQ/ASSETS < EQ/ASSETSai t-2) 0.47¢ 0.5C 0.C 1.0C
ABOVE_1ER12RW/ = 1if TIER12/RWA> TIER12/RWA* (ait-1) 0.50¢ 0.5C 0.C 1.0C
ABOVE_EQT. = 1if EQ/ASSETS> EQ/ASSETS* alt-1) 0.52¢ 0.5C 0.C 1.0C
ASSET{($1000, laggec Total asset 6.33*1C°  7.55*1(" 114,098.  2.25*1C°
INASSET($1000, laggec Natural logarithm of total ass 13.61« 1.1¢ 11.7 21.5:¢
TBTF(lagged Dummy forBHCs< with more than $50 billion in ass 0.01t 0.1Z 0.C 1.0C
LISTED(lagged Dummy for publicly tradeBHCs 0.281 0.4t 0.C 1.0C
SDROA(lagged Standard deviation of ROA over the preceding 16teus 0.41- 0.1¢€ 0.C 1.5¢

(continued)
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Table 1 (continued)

mean < min max

Test variables:

SHOCK_1ER12/RW/ = 1if BELOW_TIER12/RWA = 1 (at-2) and TIER12/RWA declines  0.28¢ 0.4¢ 0.C 1.0C
(in t-1) and the BHC's GAP became larger during t-1

SHOCK_EQ/ASSE’ = 1if BELOW_EQ/ASSETS =1 (a-2) and EQ/ASSETS declines (i  0.181 0.3¢ 0.C 1.0C
t-1) and the BHC's GAP became larger during t-1

SHOCKSIZE_IER12/RW/ Reduction in TER12/RWAwhen SHOCK_1ER12/RWA =] 0.26¢ 0.64 0.C 4.9¢

SHOCKSIZE_EQ/ASSE Reduction in EQ/ASSETS when SHOCK_EQ/ASSETS 0.10¢ 0.3: 0.C 2.9:

SHOCK(0%9-1%)_TIER12/RW = 1if SHOCK_1ER12/RW/= 1and TIER12/RWA declinesin t-1) 0.18¢ 0.3¢ 0.C 1.0C
by less than 1 percentage point

SHOCK(19-2%)_TIER12/RW = 1if SHOCK_1ER12/RW/= 1and TIER12/RWA declinesin t-1) 0.06¢ 0.2¢ 0.C 1.C
by between 1 and 2 percentage points

SHOCK(>2%)_TIER12/RW = 1if SHOCK_1ER12/RW/= 1and TIER12/RWA declinesin t-1) 0.0z 0.17 0.C 1.C
by more than 2 percentage points

SHOCK(0%9-1%)_EQ/ASSET = 1if SHOCK_EQ/ASSE = 1 and EQ/ASSETS declinesin t-1) by 0.15: 0.3¢ 0.C 1.0C
less than 1 percentage point

SHOCK(19-2%)_EQ/ASSET = 1if SHOCK_EQ/ASSE = 1and EQ/ASSETS declinesn t-1) by 0.021 0.14 0.C 1.C
between 1 and 2 percentage points

SHOCK(>2%)_EQ/ASSE’ = 1if SHOCK_EQASSET = 1and EQ/ASSETS declinesn t-1) by 0.007 0.0¢ 0.C 1.0C
more than 2 percentage points

SHORTFALL SMAL_TIER12/RW. =1 if SHOCK_1ER12/RW/= 1and GAP.,is lower than the medie 0.14¢ 0.3¢ 0.C 1.9¢
value (5.05)

SHCRTFALL LARGI_TIER12/RW. =1 if SHOCK 1ER12/RW/= 1and GAP.;is greate than the media  0.13¢ 0.3¢ 0.0C 4.9¢
value (5.05)

SHORTFALL SMAL_EQ/ASSET =1 if SHOCK_EQ/ASSE = 1and GAF,,is lower thin the mediai 0.08¢ 0.2¢ 0.C 1.9¢
value (1.90)

SHORTFALL LARG_EQ/ASSET =1 if SHOCK_EQ/ASSE = 1and GAF,; is greate then the medial 0.09: 0.2¢ 0.C 2.9:

value (1.90)

* Core deposits include transactions accountstphesdeposits in denominations small enough torbeepted by deposit insuranceiquid assets include cash,

reserves at the Fed, fed funds sold, securitieshpged under repurchase agreements, and Treasurifies.
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Table 2: Partial adjustment model for TIER12/RWA and EQ/ASSETS. Parameters for the three-step partial adjustmmerdtel, estimated for an unbalanced
panel of 10,807 bank-year observations for U.S. BH€tween 1998 and 2012. Models are estimatedfixét bank effects and fixed year effects. Step 1
estimates equation (3) using dynamic generalizethadeof moments techniques (Blundell and Bond 1998jep 2 and Step 3 estimate equation (6) and

equation (7) using ordinary least squares. Agttihand side variables are lagged one year.

Dependent TIER12/RW,- . EQ/ASSET, - .
variable: TIER12/RWA ATIER12/RWA (TIER12/RWA)*(1-4,) EQ/ASSETS AEQ/ASSETS (EQ/ASSETQ)*(1-4,+)
Step 1 Step 2 Step 3 Step 1 Step 2 Step 3
T1ER1/2RWA(t-1) 0.892* EQ/ASSETS(t-1) 0.915***
(24.95 (34.23
INASSETS 0.321* -0.059*** 1.363*** INASSETS 0.147* 0.014* 0.626***
(2.19 (-5.36 (27.90 (1.99 (1.90 (12.92
LISTED -0.704** 0.039*** -0.70( LISTED -0.680*** -0.135*** -3.667**
(-2.32 (5.40 (-0.72 (-2.64 (-5.97 (-2.88
TBTF -0.87¢ 6.81:< TBTE -0.16¢ 0.541
(-1.18 217 (-0.48 (0.38
SDROA 0.09¢ -4.236*** SDROA 0.24¢ -3.483*+*
(0.30 (-2.95 1.17 (-3.23
ABOVE -0.257% ABOVE 0.085***
(-9.57 (4.48
constant -2.67¢ 1.070*** -0.604*** constant -1.19¢ -0.03¢ 0.384***
(-1.31 (6.50 (-8.41 (-1.10 (-0.36 (3.96
A 0.108 0.151 A 0.085 0.160
K* 14.036 16.852 K* 8.341 7.810
N 10,807 10,807 10,807 N 10,807 10,807 10,807
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Table 3. Targets for and shocks to TIER12/RWA and EQ/ASSETS. Annual means for estimated capital ratio tardits),
percentage of banks experiencing negative capitalks each yeaSHOCHK), and annual mean sizes of those shoSk§JCKSIZE
Unbalanced panel of 10,807 bank-year observationid fS. BHCs between 1998 and 2012.

TIER12/RWA EQ/ASSETS
% of BHCs % of BHCs
suffering mean suffering mean
meanK* SHOCK SHOCKSIZE meanK* SHOCK  SHOCKSIZE
1998 16.52 22.62% 1.08 7.67 8.37% 0.53
1999 16.66 28.89% 0.98 7.80 13.88% 0.49
2000 16.75 33.45% 0.88 7.93 26.96% 0.67
2001 16.76 32.43% 0.90 7.95 12.91% 0.46
2002 16.73 27.54% 0.90 7.90 17.27% 0.51
2003 16.74 22.63% 0.75 7.89 12.36% 0.50
2004 16.93 23.87% 0.83 8.12 17.19% 0.46
2005 17.03 31.69% 0.89 8.23 20.49% 0.44
2006 16.59 34.17% 0.71 7.26 23.62% 0.45
2007 16.73 35.06% 0.77 7.40 19.97% 0.45
2008 16.68 42.21% 0.89 7.33 16.23% 0.49
2009 16.87 39.21% 1.18 7.50 28.82% 0.84
2010 17.11 24.52% 1.29 7.69 22.61% 0.97
2011 17.22 14.36% 1.31 7.82 19.93% 0.67
2012 17.21 14.31% 1.38 7.82 10.56% 0.95
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Table 4: Second-stage estimates for liquidity NSFR_ADJ and regulatory capital ratio target TIER12RWA*. Parameters for equation (9),
estimated for an unbalanced panel of 10,807 baak-gbservations for U.S. BHCs between 1998 and .2(NM2dels are estimated with fixed
bank effects, fixed State effects, and fixed yeféeces, using ordinary least squareBELOWis lagged two years. All other right-hand side
variables are lagged one year.

(1] (2] (3] [4] (3] [6] [7] (8] [l [10] [11] [12]
Assets >  Assets < Assets > Assets < Assets >  Assets < Assets >  Assets <
Sample: All banks $1 billion  $1 billion | All banks $1 billion  $1 billion | All banks $1 billion  $1 billion | All banks $1 billion  $1 billion
BELOW 0.694** 0.333 0.805** 0.793*** 0.337 0.950** 0.70%* 0.345 0.804** 0.730** 0.369 0.839**
(2.41) (0.72) (2.08) (2.81) (0.75) (2.51) (2.43) 78) (2.08) (2.48) (0.79) (2.12)
SHOCK 0.398*** 0.155 0.539%**
(2.77) (0.61) (3.01)
SHOCKSIZE 0.108 0.145 0.145
(0.93) (0.63) (1.05)
SHOCK(0%-1%) 0.339** 0.105 0.461**
(2.23) (0.40) (2.40)
SHOCK(1%-2%) 0.577** 0.101 0.765**
(2.26) (0.21) (2.49)
SHOCK(>2%) 0.206 0.199 0.422
(0.49) (0.25) (0.84)
SHORTFALL SMAL 0.260 0.0100 0.414*
(1.36) (0.03) (1.71)
SHORTFALL LARG 0.541** 0.312 0.669***
(2.88) (0.82) (3.03)
INASSETS -0.574 -0.111 -0.788 -0.565 -0.087 -0.779 -0.572 109 -0.787 -0.575 -0.0685 -0.817
(-1.27) (-0.13) (-1.28) (-1.25) (-0.10) (-1.27) ) (-0.12) (-1.28) (-1.27) (-0.08) (-1.33)
LISTED 1.748*** 0.452 2.214%** 1.710%*** 0.447 2.179%** 1.44%* 0.442 2.203*** 1.780*** 0.488 2.235***
(3.89) (0.51) (3.94) (3.80) (0.51) (3.85) (3.87) 5@ (3.92) (3.93) (0.54) (3.97)
constant 10.40* 4,188 13.224 10.257 3.796 13.055 .3880 4.080 13.220 10.38* 3.501 13.57*
(1.66) (0.31) (1.62) (1.64) (0.28) (1.60) (1.66) .30 (1.62) (1.66) (0.26) (1.67)
N 10,807 3,123 7,684 10,807 3,123 7,684 10,807 3,123 7,684 10807 3123 7684
Adjusted R-squared 0.181 0.209 0.164 0.181 0.209 0.163 0.181 0.209 640.1 0.182 0.209 0.164
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Table 5: Second-stage estimates for liquidity NSFR_ADJ and accounting capital ratio target EQ/ASSETS*. Parameters for equation (9),
estimated for an unbalanced panel of 10,807 baak-gbservations for U.S. BHCs between 1998 and .2(Madels are estimated with fixed
bank effects, fixed State effects, and fixed yeféeces, using ordinary least squareBELOWis lagged two years. All other right-hand side
variables are lagged one year.

(1] (2] (3] [4] (3] [6] [7] (8l [l [10] [11] [12]
Assets >  Assets < Assets > Assets < Assets >  Assets < Assets >  Assets <
Sample: All banks $1 billion  $1 billion | All banks $1 billion ~ $1 billion | All banks $1 billion  $1 billion | All banks $1 billion  $1 billion
BELOW -0.245 -0.426 -0.230 -0.161 -0.310 -0.141 -0.249 43D -0.234 -0.233 -0.464 -0.213
(-0.95) (-0.64) (-0.77) (-0.63) (-0.46) (-0.48) .00) (60.66) (-0.79) (-0.90) (-0.69) (-0.72)
SHOCK 0.203 0.165 0.250
(1.14) (0.43) (1.24)
SHOCKSIZE -0.133 -0.252 -0.109
(-0.49) (-0.41) (-0.36)
SHOCK(0%-1%) 0.200 0.211 0.229
(1.12) (0.57) (1.11)
SHOCK(1%-2%) 0.505 0.328 0.689
(1.10) (0.33) (1.29)
SHOCK(>2%) -0.738 -0.919 -0.852
(-0.64) (0.40) (-0.65)
SHORTFALL SMAL 0.116 0.369 0.124
(0.49) (0.59) (0.47)
SHORTFALL LARG 0.285 0.0562 0.390
(2.21) (0.13) (2.39)
INASSETS -0.426 -0.052 -0.630 -0.401 -0.051 -0.577 -0.447 .059 -0.677 -0.426 -0.0592 -0.636
(-0.95) (-0.06) (-1.03) (-0.89) (-0.06) (-0.93) 00) (-0.07) (61.09) (-0.95) (-0.07) (-1.04)
LISTED 1.295%** 0.089 1.744%** 1.266*** 0.064 1.705*** 1.82*** 0.078 1.769*** 1.306***  0.0759 1.753***
(2.85) (0.10) (3.25) (2.77) (0.07) (3.15) (2.87) .0® (3.30) (2.87) (0.08) (3.27)
constant 9.121 3.846 11.915 8.779 3.836 11.152 19.41 3.960 12.536 9.108 3.977 11.98
(1.47) (0.28) (1.46) (1.41) (0.28) (1.36) (2.51) () (1.52) (1.47) (0.30) (1.48)
N 10,807 3,123 7,684 10,807 3,123 7,684 10,807 3,123 7,684 10807 3123 7684
Adjusted R-squared 0.180 0.209 0.161 0.180 0.209 0.161] 0.180 0.209 620.1 0.180 0.209 0.162
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Table 6: Second-stage estimates for alternative measures of bank liquidity. Parameters for equation (9), estimated for aralamgoed panel of
10,807 bank-year observations for U.S. BHCs betwi398 and 2012. Models are estimated with fixeakbeffects, fixed State effects, and
fixed year effects, using ordinary least squaretin@ues.BELOWis lagged two years. All other right-hand sideialales are lagged one year.

(1] (2] (3] (4] (5] [6] [7] (8] [l [10] [11] [12]
Dependent variable: LIQUID/ASSETS COREDEPS/LOANS LIQUID/ASSETS CORBNEFANS
Capital ratio: TIER12/RWA TIER12/RWA EQ/ASSETS EQ/ASSETS
Assets > Assets < Assets > Assets < Assets > Assets < Assets > Assets <
Sample: All banks $1 billion $1 billion | All banks $1 billion $1 billion | All banks $1 billion $1 billion | All banks $1 billion $1 billion
BELOW 0.463*** 0.376 0.545** 1.281*** 1.168 1.133* -0.043 -0.196 -0.003 -0.0103 1.645 -0.218
(2.66) (1.34) (2.24) (2.66) (1.64) (1.70) (-0.24) -0.45) (-0.01) (-0.02) (1.46) (-0.47)
SHOCK 0.394*** 0.312* 0.455%** 0.255 -0.616 0.737** -0.@® 0.182 -0.125 0.192 -0.344 0.373
(4.04) (1.89) (3.69) (1.09) (-1.47) (2.56) (-0.49) (0.69) (-0.86) (0.68) (-0.60) (1.14)
INASSETS -0.340 -0.735 -0.126 -0.209 0.106 -0.392 -0.221 648. 0.026 -0.0183 0.255 -0.210
(-1.22) (-1.40) (-0.31) (-0.25) (0.07) (-0.35) #9) (-1.20) (0.07) (-0.02) (0.15) (-0.19)
LISTED 0.739*** 0.118 0.894*** | 2.363*** 0.872 2.976%** 0.40 -0.190 0.538* 1.815%** 1.405 2.352%**
(2.71) (0.18) (2.63) (3.59) (0.62) (3.36) (1.45) 0.26) (1.65) (2.73) (0.89) (2.91)
constant 4.212 11.075 1.145 7.205 2.169 10.28 3.083 10.174-0.371 5.624 -0.272 8.916
(1.09) (1.39) (0.21) (0.61) (0.09) (0.69) (0.80)  .26) (-0.07) (0.48) (-0.01) (0.60)
N 10,807 3,123 7,684 10,807 3,123 7,684 10,807 3,123 7,684 10,807 3,123 7,684
Adjusted R-squared  0.177 0.216 0.170 0.187 0.232 0.164 0.174 0.204 650.1 0.186 0.204 0.162
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Table 7: Placebo tests for second-stage estimations. SHOCKIs specified for banks operating aboveBQOVE= 1) their internal regulatory
equity capital ratio targets. Models are estimdtedan unbalanced panel of 10,807 bank-year obtiens for U.S. BHCs between 1998 and
2012. TheSHOCKUvariable is based oRIER12/RWA Models are estimated with fixed bank effectsedi State effects, and fixed year effects,
using ordinary least squared techniqu@BOVEis lagged two yearsAll other right-hand side variables are lagged wewr.

(1] (2]

Assets <
Sample: All banks $1 billion
ABOVE -0.939**  -0.941**
(-2.95) (-2.28)
SHOCK 0.169 -0.102
(0.75) (-0.37)
INASSETS -0.564 -0.787
(-1.25) (-1.28)
LISTED 1.705%*  2.138***
(3.79) (3.80)

constant 11.109* 14.158*
(2.77) (1.73)
N 10,807 7,684
Adjusted R-squared 0.181 0.163
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Table 8. Asset growth and loan portfolio channels. Parameters for equation (10), estimated for amalamced panel of 10,807 bank-year
observations for U.S. BHCs between 1998 and 2(M@&dels are estimated with fixed bank effects, fidte effects, and fixed year effects using
ordinary least square estimation techniques. SH®CKvariables are based ahER12/RWA BELOWis lagged two years. All other right-hand side
variables are lagged one year.

(1] (2] (3] (4] (5] (6] [7] (8] [9] [10] [11] [12]
Panel A: BHCswith ASSETS < $1 billion
ALOAN
ABUSINESS COMMITMENTS/ ADIVIDEND ACORE DEPOSITS/
Dependent variable: KMASSETS ALOANS/ASSETS LOANS/ASSETS ASSETS PAYOUT RATIO DEPOSITS
BELOW -1.178*** -0.913** -0.287 -0.423* 0.014 -0.036 0.09 0.065 5.491*** 4.512** 0.246* 0.257*
(-3.21) (-2.49) (-1.13) (-1.71) (0.15) (-0.38) @)5 (0.42) (2.80) (2.34) (1.76) (1.88)
SHOCK 0.267 -0.352*** -0.214*** -0.223** -4.734*** -0.052
(1.37) (-2.79) (-3.77) (-2.53) (-2.94) (-0.53)
SHOCKSIZE -0.397*** 0.000 -0.078** -0.149*** -2.058 -0.076
(-2.76) (0.01) (-2.14) (-2.66) (-1.55) (-1.09)
MEAN_Y 0.734*** 0.748*** 0.814*** 0.811*** 0.547 0.552 0.87 0.298 -0.064* -0.064* 0.541 0.561
(3.16) (3.23) (5.20) (5.16) (1.64) (1.65) (0.86) .90 (-1.83) (-1.84) (0.62) (0.64)
constant -0.412 -0.490 -0.741** -0.701*r -0.181* 0.161* -0.014 -0.005 -2.587 -2.188 0.407 0.377
(-0.89) (-1.07) (-2.22) (-2.12) (-1.97) (-1.77) 08) (-0.03) (-1.19) (-1.02) (0.32) (0.30)
N 7,684 7,684 7,684 7,684 7,684 7,684 7,684 7,684 6847 7,684 7,684 7,684
Adjusted R-squared 0.102 0.104 0.129 0.128 0.029 0270. 0.070 0.070 0.005 0.005 0.084 0.084
Panel B: BHCswith ASSETS> $1 billion
BELOW -0.571 -0.415 -0.688** -0.720*** -0.235** -0.246** 0.042 -0.027 -6.782 -5.543 0.143 0.089
(-1.17) (-0.85) (-2.44) (-2.59) (-2.04) (-2.16) 20) (-0.14) (-1.52) (-1.28) (0.64) (0.41)
SHOCK 0.123 -0.040 0.021 -0.317** 2.215 -0.116
(0.35) (-0.23) (0.28) (-2.25) (0.78) (-0.66)
SHOCKSIZE -0.405 0.067 0.062 -0.097 -1.915 0.064
(-1.33) (0.49) (1.10) (-1.25) (-1.17) (0.42)
MEAN_Y 0.885*** 0.879*** 1.190*** 1.191%** 1.113*** 1.118*** 1.373*** 1.369*** -0.025 -0.025 0.205 0.215
(3.65) (3.68) (7.42) (7.42) (3.98) (3.99) (4.04) .08) (-0.71) (-0.70) (0.20) (0.21)
constant -0.505 -0.473 0.760** 0.758*% 0.085 0.078 0.016 0.046 4.351 4,378 1.634 1.621
(-1.04) (-1.00) (2.14) (2.14) (0.79) (0.74) (0.08) (0.21) (1.30) (1.33) (1.10) (1.09)
N 3,123 3,123 3,123 3,123 3,123 3,123 3,123 3,123 ,1233 3,123 3,123 3,123
Adjusted R-squared 0.125 0.126 0.180 0.180 0.091 0920. 0.157 0.155 0.006 0.006 0.123 0.123
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Table9: Small BHCsversusvery small BHCs. Parameters for equation (9), estimated for bank-gbservations for U.S. BHCs between 1998
and 2012 witl ASSETS3ess than $1 billion. Alternate columns show lssior BHCs above and below the median valuASSETS Models are
estimated with fixed bank effects, fixed State effe and fixed year effects, using ordinary leastases. The&SHOCKVvariables are based on
TIER12/RWA BELOWis lagged two years. All other right-hand sideiafales are lagged one year.

(1] 2] (3]

(4] [5] (6]

[7] (8] [9]

ASSETS < $1 billion ASSETS < $1 billion ASSETSCsitlion
above-median observations below-median observations all observations
BELOW 0.512 0.622 0.520 1.115* 1.273** 1.100* 0.847 0.826 0.825
(0.92) (1.13) (0.94) (1.96) (2.30) (2.93) (0.80) () (0.76)
SHOCK 0.553** 0.674** 0.192
(2.27) (2.35) (0.36)
SHOCKSIZE 0.235 0.208 0.215
(1.29) (0.96) (0.46)
SHOCK(0%-1%) 0.432 0.616** 0.171
(1.64) (2.01) (0.36)
SHOCK(1%-2%) 0.642 0.914* 0.413
(1.43) (1.94) (0.38)
SHOCK(>2%) 0.776 0.675 0.260
(1.12) (0.87) (0.21)
INASSETS -1.594* -1.604* -1.593* -2.228 -2.100 -2.246 1.889 1.901 1.882
(-1.65) (-1.66) (-1.65) (-1.60) (-1.52) (-1.61) 1) (1.31) (1.26)
LISTED 2.029%** 2.001%** 2.029%** 3.518*** 3.501*** 3.508***
(2.98) (2.93) (2.97) (3.02) (3.03) (3.01)
constant 24.204* 24.298* 24.173* 31.204* 29.470 43B* -30.743 -30.961 -30.618
(1.83) (1.85) (1.83) (1.73) (1.64) 1.74) (-1.18) -1.21) (-1.17)
N 3,838 3,838 3,838 3,846 3,846 3,846 482 482 482
Adjusted R-squared 0.192 0.191 0.192 0.130 0.129 1300. 0.194 0.194 0.191
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Table 10: High capital BHCs versus low capital BHCs. Parameters for equation (9), estimated for bank-gbaervations for U.S. BHCs
between 1998 and 2012 withkSSETSess than $1 billion. Alternate columns show hsstor BHCs above and below the median value of
TIER12/RWA Models are estimated with fixed bank effectsedi State effects, and fixed year effects, usinijnary least squares. TR#HOCK
variables are based GhER12/RWA BELOWis lagged two years. All other right-hand sideiatles are lagged one year.

[1] [2] (3] (4] (5] (6]
TIER12/RWA TIER12/RWA TIER12/RWA TIER12/RWA TIER12/RWA TIER12/RWA
> median < median > median < median > median < median
BELOW 0.745 0.154 1.068** 0.176 0.746 0.171
(1.51) (0.19) (2.29) (0.22) (1.51) (0.22)
SHOCK 1.017** 0.261
(2.99) (1.21)
SHOCKSIZE 0.219 0.212
(1.01) (1.06)
SHOCK(0%-1%) 0.806** 0.164
(2.19) (0.75)
SHOCK(1%-2%) 1.743** 0.253
(3.48) (0.56)
SHOCK(>2%) 0.482 1.031
(0.64) (1.37)
INASSETS -3.253** -0.394 -3.148** -0.372 -3.277* -0.366
(-2.49) (-0.48) (-2.43) (-0.46) (-2.51) (-0.45)
LISTED 3.287*** 1.960** 3.186*** 1.971* 3.201*** 1.984**
(2.84) (2.51) (2.72) (2.50) (2.75) (2.52)
constant 45.449%** 8.105 44.014** 7.774 45.760%** .68
(2.64) (0.74) (2.57) (0.71) (2.66) (0.70)
N 3,833 3,851 3,833 3,851 3,833 3,851
Adjusted R-squared 0.159 0.171 0.156 0.171 0.159 1710.
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Figurel
Mean annual NSFR, 1998-2012, by bank asset size ($ billions)
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Figure2

Timing in the empirical model
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