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Abstract

We examine the impact of the financial crisis oa #tock market valuation of large and

systemic U.S. bank holding companies (BHCs). UsiregBertsatos and Sakellaris (2016)
model of fundamental valuation of bank equity, wevide evidence that the financial crisis

has not altered investors’ attitudes towards bdracacteristics. In particular, before, during,

and after the crisis, investors in large and systdmS. BHCs seemed to penalize leverage,
albeit temporarily. Both before and after theisrishey reward size in the short run. This
pattern is appearing only briefly during the cris/e also show that bank opacity plays no
role in market valuation either in the short runirothe long run. Last but not least, we find

evidence that stress testing has been informativiheg market and that those BHCs that
failed at the post-crisis stress tests were nadeyiently valued differently by the market.
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1. Introduction

The valuation by market participants of U.8nk holding companies’ (BHCs) stock has
fluctuated considerably over the decade of 20020tb4. As regards the price-to-book ratio
of equity (PB), we have also observed large, seddalines during and after the financial
crisis that erupted in 2007. Calomiris and Nis$##@14) document this secular decline for
the universe of U.S. BHCs and explain it in ternhigleclines in the values of intangibles
along with unrecognized contingent obligatiod$ie declines in market valuation have been
particularly sharp for the group of very large asystemic U.S. BHCs - a group that has
received substantial scrutiny by the market. Traesethe BHCs that participated in a series
of capital assessment exercises and stress teglsiated by U.S. federal regulators starting

in 2009 and include eight Global Systemically Intpat Banks (GSIBs).

Given the unprecedented scrutiny that thes€8kave been subjected to, we ask whether
this has altered the way in which investors vahesé BHCs and at the same time whether
stress testing has been informative to the marlReeviewing our results, the answer is: not
significantly so. To be clear, we do not exploxplanations of the secular decline in the PB
ratios of bank equity, a matter that has been addreconvincingly by Calomiris and Nissim
(2014). These changes in market PB ratios are theatght of as reflecting broadly
corresponding changes in equilibrium valuationsistdad, we investigate to what extent
short-run deviations between market PB ratios &ed fundamental values have changed in
nature after the financial crisis and the impositiof the new regulatory requirements.
Instead of the cross-sectional variation of PBostiwe focus on the time-series cross-
sectional variation of PB ratios with co-integrgtinechniques. Another feature that

differentiates our work from Calomiris and Nissi@0{4) is that we concentrate only on the



group of the largest U.S. BHCs.We contrast market movements in BHCs' PB ratios t
those derived from the Dynamic Dividend Discountddb(3DM), a model of fundamental
valuation developed by Bertsatos and Sakellarid§20and analyze divergences between
these two valuations. 3DM has attractive featuitesstablishes an equilibrium relationship
among the PB ratio of equity and measures of fumidats such as the cost of equity, the
expected growth of net income (NI) and modifiedidignd payout ratio (DPR), and allows

for temporary deviations from that relationship.

Our empirical work proceeds in two steps.striwe establish that for large and systemic
U.S. BHCs there is an economically meaningful aathle long-run equilibrium relationship
between the PB ratio of equity and the aforememtiolundamental variables. Second, we
examine whether any short-run divergences of maviedtiation from this equilibrium
relationship are related systematically to obsdevdtank characteristics such as leverage,
opacity and size. A striking result that we obtgithat, at any given point in time, there is a
large heterogeneity in the degree to which PB sabiothese BHCs are temporarily above or
below their long-run equilibrium valuation. Furtheore, these divergences are rather
persistent over time. On average, less than tierths of the gap closes each quarter. We
show that divergences from fundamental valuatioREratios are created as the market, in
general, under-reacts in the short run to changésndamentals. The degree of divergence
depends on bank characteristics such as leveragsiznbut not on opacity. In the long run,
we show that the estimates of fundamental PB rgiween by 3DM have properly priced risk,
growth and cash flows, as proxied by cost of equtypected growth of net income and

modified dividend payout ratio, respectively, thgbout the period examined.

* The BHCs in our sample are substantially largeinimum value of assets is 28.6 billion USD) thanse

classified as large BHCs in their sub-sample (minimvalue is 2 billion USD).



We find that short-run divergences betweenketaaind fundamental valuation are related
systematically to observable bank characteristicsh sas leverage and size controlling for
various macroeconomic variables. In particulag, tiarket tended to temporarily undervalue
BHCs with higher leverage, relative to their fundantal valuation, throughout the period we
are analyzing. Size seems to have had a positieet @efore and after the crisis. In other
words, larger BHCs displayed higher overvaluaticglative to fundamentals, albeit
temporarily so. This effect temporarily disappeaderring the crisis but returned after the
crisis. We also examine the role of bank opacitg &nd that it does not affect market
participants’ valuations in the short rinOn the whole, these results indicate that therrec
financial crisis has not altered substantially weey that market participants value very large
and systemic U.S. BHCs. Moreover, we find evidetied either the GSIB status or the
failure at the post-crisis stress-testing exerci€&&smprehensive Capital Analysis Review,
CCARs) have not affected market valuation of tH&# ratios. The only exception is the
earlier stress test, i.e. the Supervisory CapitdeSsment Program (SCAP), which seems to
have had a negative effect on PB market valuabothie failed BHCs. Last but not least, we

find evidence that stress testing was informativene market participants.

In the next section, we present the modeluatidimental share valuation, and in section
three we discuss our empirical analysis and firglinginally, in section four we offer some

concluding remarks.

® There may be other reasons that market valuaifobanks could show (persistent) divergences from

fundamental valuation. For example, emerging ntarevelopments, exposure to certain commoditiek ag
oil, fines and impending settlements, and most ngeprospects of negative deposit interest rates.

Incorporating these are out of the paper’s scaffe.thank an anonymous referee for this comment.



2. A Bank Valuation Model

We compute the fundamental values of the BHCsur sample applying the 3DM of
Bertsatos and Sakellaris (2016). According to 30Mere is an equilibrium relationship
between the PB ratio and the cost of equity, exgaegrowth of net income and modified

dividend payout ratio.

PB= f(_r, Gy ,DJIrDRj 1)

This equilibrium relationship holds the sam@ fall BHCs in the panel, and is

approximated in estimation by a second-order Tagigansion off () 3DM then applies

the Pooled Mean Group (PMG) method of Pesaran.€&t18D9) that allows PB ratios to
diverge from this equilibrium relationship tempalar The degree of persistence in such

divergence is heterogeneous to each BHC in thd.pane

Using the estimates of the long-run relatiogmgh), we calculate the predicted PB ratios.
These are the PB values that would prevail undeettimated model if bank values were at

long-run equilibrium.
3. Resultsand Discussion

3.1Data Description

The BHCs in our sample participated in the@T@ouble Asset Relief Program (TARP),
2009 Supervisory Capital Assessment Program (SCA&B)1, 2012, 2013 and 2014
Comprehensive Capital Analysis Review (CCAR), afid® and 2014 Dodd-Frank Act
Stress Tests (DFAST) exercises conducted by the Bath used is quarterly, from 2003:Q4
to 2014:Q1, i.e.T =42, and refers to values at the end of each quaitée. collected data
from Datastream mainly and secondarily from BHOSCSilings (10-K and 10-Q) when this
was necessary. The aggregate number of BHCs #natipated in the 2008 TARP, 2009

5



SCAP and the consecutive CCARs is 31. Since stkarh are either unlisted or subsidiaries
of international holding companies and for one bémi we have small number of

observations, our sample is reduced to 24 BHCs.

Data Construction:

We definePB ratio as the market value of equity over its boakue at the end of each
quarter. There are two issues with this definitioat we must address. First, that valuation
models reflect the price of a common share. Tleegfall non-common equity should be
excluded and only common equity should be usedcor8k that at each quarter's end,
investors do not know the true value of PB, becdlsauarter-end’s book value of common
equity (BVCE) gets published one or two monthsrlat&/e assume that, in order to calculate

PB at quarter-end, investors use in the denomirzaforecast of this quarter-end BVCE.

The estimated PB ratio with the forecast of(#Vis constructed as follows: We make this
forecast by multiplying the last quarter’s (knovBYCE with (1+ g) , Whereg is the average

of the last five BVCE growth rates, i.e.:

BV(CE)
gt _ (5 )t—l—l (2)

i[ BV(CE),_ - BV CEXHJ

where, BV ( CE)

is the BVCE at thé&-i quarter. Furthermore, we calculate market vafue o

common equity as the product of quarter-end’s chygee and number of outstanding shares.

The number of outstanding shares is adjusted 1ds smd reverse splits.

We construcCOE, the cost of equity, assuming that CAPM holdghassum of the risk-

free rate and beta times equity risk premium (ERP):



=1, +b[E(Ry)-1 |=r, +h - ERP 3

where, I; is the BHC-specific COEJ; is the risk free ratel) is the BHC-specific beta

coefficient andE(RA) is the expected market return. We use ten-yeaastry bond yields

as the risk-free rate. These values, taken froenUlts. Treasury website, are month-end
values. Betas are calculated based on S&P500raitah indeX. We calculate each BHC's
returns from the return index prices.The source is Datastream and we use month-end
observations. Moreover, we use the last 60 mortthgervations (each one at the end of the
respective month). We find ERP at Damodaran’s weli{based on S&P500 at the end of
each year as well), and because it is for theglaatter of each year, we adjust it for the other
guarters as follows. After adding the year-ends&free rate to the respective ERP, we get
the expected market return for that year. Furtloeemwe assume that the expected market
return is the same for all quarters of the yeanally, we subtract the corresponding end of

guarter risk-free rate from the expected marketrneso as to get the desired ERP.

We prefer return on common equiRCCE) to ROE for the calculation of expected
growth, because valuation models refer to commanediolders. Following the same logic,
we use NI available to common shareholders instéageneral” NI and ROCE is given by:

(NI available to commoj

BV (CE) “

ROCE =

t-1

Finally, we calculatdDPR, the dividend payout ratio, as the ratio of divide to the
BVCE. However, for consistency in the model, wes uvidends and NI to common

shareholders, and BVCE. Further adjustment is nfadeghe amounts spent for share

® We use the market-value weighted S&P500 index.

" See Datastream definitions for further detailsuareturn index prices.



repurchases, for which we assume that they arellgdlistributed across the quarters of a
year (as stated in SEC 10-K filings). Additionallyecause it is the event of dividend
declaration that affects the price of a common ehather than the event of dividend
payment, we use dividends declared instead of eindd paid. We find declaration dates at

the NASDAQ website and BHCs websites. Hence, weha

Mod DPR- Dividends declaredr SR (5)
BV(CE)

where, Mod _ DPR is the modified DPR and&SR is the annual amount spent for share
repurchases. For 2014:Q1, the last quarter in sample, the amount spent for stock
buybacks is taken from SEC 10-Q filings and isdigided by four, because it is a quarterly

value already.
Substituting equations (4) and (5) into:

Exp_ Growth_ NI=(1- Mod_ DPR ROC (6)

we get the expected growth of NIBxp_Growth.

Regarding thenacro variablesWe use an index that captures the market sentiment.
This index is constructed by the Federal ReservekBd St. Louis and captures a broad
range of components indicating financial stresshe TSt. Louis Financial Stress Index
(STLFSI) includes seven interest rates, six yield spreauifive other indicators. Negative
values signify below-average financial market stresd positive values above-average

financial market stress.

3.2Estimation
First, we estimate (1) in order to find thendamental values of PB ratios. We follow

Pesaran et al. (1999) to determine the appropfeégdength specification for the PMG



estimation of 3DM and arrive at the following estit®d restricted error-correction model

(ECM) of equation (1):

PB, - —a,G —a,k —a ;M _a4C2_0‘5§

APB, = ¢
t (—%M2—a7CE—a8CM—a9EM—amCEM

)
1 1 1 1
+8,APB_ + Y 5, AE  +D 65 AM% +D 6, ACE, +) 55 ACEM, +¢
=0 i=0 j=0 j=0

where,PB is the market PB ratiog is the speed of adjustment,; is the bank-specific
intercept, the remaining’'s are the common long-run coefficient&s are the bank-specific
short-run coefficients and, is the error term. Inside the parentheses iddiva PBi.1 —
FPB), where FPB is the fundamental PB ratio estimated as the skootler Taylor
expansion of equation (1(; is the cost of equityk is the expected growth of net inconé,

is the modified dividend payout ratio, and the remmagy variables are Taylor expansion terms

that have been selected using the Schwarz (193&sBm Information Criterion (SBIC).
By manipulating equation (7) in the long rure arrive at:
0=¢(PB-FPB) = PB=y- FPB sinceg< 0, wherg isequalt 8)

So, our first task is to test the hypothé4dsy = 1 in the long run, while controlling for

other bank characteristics and macroeconomic detants.

In order to explore whether our estimates tfee fundamental value of PB, i.EPB,
capture significant part of the variation of mark® ratios, we extend (8) to the following

panel data model:

8 In calculating fundamental PB ratios, we keptyambservations with positive values of predicted fraBos.
This is in line with the literature, which excludesgative-multiple firms from analysis, eg. Athasales

(2013).



P3t=7'FPEﬁ+i g- >§it +Zli: h-W+eg ,

fori=1,..N &t=1,..T

9)

where,X; are time-varying bank characteristi®¥ are variables summarizing the financial

market stress angl is the idiosyncratic error term.

We first need to check the order of integmatid the variables we are going to use, then

test for evidence of co-integration and, finallgtimate equations (7) and (9).

3.3 Estimating Fundamental Values

After estimating equation (7), we find thaé thverage speed of adjustmentis -28.8%,
greater than -2, and statistically significant, e@¢fhmeans that a stable long-run equilibrium
relationship dictated by (1) exists.The speed of adjustment is not a pooled estirbate
rather the average of the corresponding coeffisiaotoss cross sections. The magnitude of
¢ implies that about 29% of any deviation from tle@d run value is eliminated in one
guarter and that a year after a shock about 25f7&hydisequilibrium still remains. After
14 quarters, the PB ratio has closed 99.1% of #pefgom long-run equilibrium valuation.
This implies that PB values are away from steadyesequilibrium for extended periods of

time.

Calculating the partial derivatives of thederun relationship with respect to the cost of
equity, expected growth of net income and modifieddend payout ratio, we find that the
three aforementioned variables present the expesigds at the largest part of the

distribution. Therefore, 3DM is a valid stock metrkaluation model in our sampi&.

° Results regarding the estimation of equatiora(@)in the Online Appendix.
10" A Hausman (1978) test provides evidence that-temgslope homogeneity holds. So, all BHCs infiheel

seem to have the same long-run steady-state mrekadiassumed in 3DM.
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3.4Explaining Temporary Divergences of Market from &amental PB Ratios

We proceed to explaining divergences of mafilaeh fundamental PB ratios in terms of
bank-specific variables, and an index capturinghbdihancial and macroeconomic
conditions. The bank-specific variables are tiverage ratio (total assets over book value of
common equity), bank size (log of assets) and lmacity (details about opacity are in the
next paragraph). The aforementioned index is cocigd by the Federal Reserve Bank of St.

Louis and captures a broad range of componentsatidg financial stress.

Figure 1:STLFSI

Before crisis During crisis After crisis

S A/

_2 |\\\|\\\|\\\|\;\|\\\|\\;|\\\|\\\|\\\|\\\

04:Q1 05:Q1 06:Q1 07:Q1 08:Q1 09:Q1 10:Q1 11:Q1 12:Q1 13:Q1 14:Q:

Notes: This is the St. Louis Financial Stress In(&4_FSl). Before-crisis period is from 2003:Q4 to 2007;Q2
during-crisis period from 2007:Q3 to 2009:Q4 angtatrisis period from to 2010:Q1 to 2014:Q1.

As we see in Figure 1, this index tracks ddha crisis regimes very well. We believe
that including theSTLFSIvariable in the right-hand side (RHS) of equati®nhcontrols quite

well for aggregate financial market conditions.

1 Some other papers, which also use financialstresices are that of Hippler and Hassan (2015) \éasicek

et al. (2017).
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Opacity

The concept of opacity in the banking indussryhat investors cannot observe the risks
taken in the process of intermediation and, hetieg, cannot distinguish adequately between
healthy and risky banks. Opacity in the bankindustry should be viewed as a hypothesis,
rather than a fact. Morgan (2002), Hirtle (200@pnotta (2006), Bannier et al. (2010), and
Haggard and Howe (2012) provide evidence that banksnore opaque than are non-banks.
Flannery et al. (2013) show that banks are morgupshan non-banks during crisis periods
only. This discussion points to the potential gplering the role of opacity in valuation of
the banks in our sample. Following Haggard and &l¢2012), we use as a measure of
opacity the coefficient of determination? Pf market-model excess-return regressions that
use 52 weekly observations. In similar spirit,eet al. (2013) show that larger investments
in opaque assets engender higher values for tligtitogransform, which implies higher’R
Bai et al. (2017) employ the same logistic transi@tiion to measure market synchronicity.
Also, Hutton et al. (2009) show that increased e&slwf their measure of earnings
manipulation lead to lower idiosyncratic risk, whignplies higher R We use the four-

quarter moving average of Rs our proxy of bank opacity, which we term OPACIT

How would a bank’s opacity affect its marké® Ratio diverging temporarily from its
long-run fundamental value? Since investors ateahte to measure accurately risks related
to a bank that holds more opaque assets, thisadgatively affect the demand of that stock.
Alternatively, standard asset-pricing models preditat market participants unable to
understand the nature of the assets in which thegst, would require a risk premium and
hence, a discount on the asset price. Consequémtlynarket undervalues that bank and its

PB ratio is lower. On the contrary, opaque assetg display overvaluation and thus, higher

12 For robustness, we also use tHe@efficient of the market-model regressions.
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values for the PB ratios. The inability of invastdo assess the risks of that bank may
positively affect the demand of that stock. Thigih level of opacity of a bank may be
rewarded from market participants. Therefore, deimecreases and that bank stock is
overvalued. Thus, the sign of opacity is empihcambiguous. In this paper we explore

whether opacity affects market value both in thregland in the short run.

Size and Leverage

Calomiris and Nissim (2014) contain an excli@iscussion of the relationship between
market valuation of banks and their size or leveraghe effect of size is expected to be
positive for various reasons, a prominent one bémpglicit government subsidies. The
effect of leverage on temporary divergences of etafkom fundamental PB ratios is
ambiguous. On the one hand, lower leverage mayahesd positively by the market as it
provides a bank higher flexibility in operationsdagreater ability to grow by issuing debt
without having to raise (relatively costly) extereguity. On the other hand, higher leverage
may be valued positively as an indication of eéfiti management that has maximized net
benefits of leverage by exploiting profitable oppoities. Alternatively, leverage may be

valued positively by the market due to implicit gowment subsidies.

4. Empirical Results

Using panel unit root tests for our variables,find that the dependent variablé(ik) and
that in the RHS there is a mixturelgt) andl(0) variables. Also, panel co-integration tests
strongly reject the null hypothesis of no co-int@n!® Therefore, in order to estimate the
long-run coefficients we use the panel co-integmagstimator of Phillips and Moon (1999),
i.e. the panel Fully Modified OLS (pFMOLS) estimatwith crisis-varying coefficients.

Hence, we allow for different slopes of the RHSiafales in equation (9) that depend on the

13 Results of the panel unit root and co-integratists are in the Online Appendix.
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regimes of the recent financial crisis, i.e. beforigis (BC) period 2003:Q4-2007:Q2, during-
crisis (DC) period 2007:Q3-2009:Q4 and after-cr{&i€) period 2010:Q1-2014:Q'f.
PB, = sc - FPB +7pc - FPR+7,c- FPB
+0ypc - OPACITY+ g,.- OPACITY g.- OPACITY

+0,5c- LEVERAGE- g,.- LEVERAGE ,g.- LEVERA (10)

+hge - STLFSH h.- STLFSH Q- STLFSk,,
fori=1..N &t=1,..T

where,PB is the market PB ratid;PB the fundamental PB ratio as it estimated by 3DM,
LEVERAGEIs the leverage rati@PACITYis the variable measuring opacity &dLFSlis

the market-stress index constructed by the Fed.dfdsis.

Table 1: Long-run results

Dependent variablé®B

Model specification I I

Co-integrating regressors Coefficients (standarorgy
FPBgc 1.095 (0.096) 1.025(0.087)
FPBoc 0.769 (0.123) 0.765(0.125)
FPBac 0.744 (0.085) 0.739(0.083)
Ho: ysc = 1 (p-value in %) 32.6 77.9
Ho: ypoc = 1 (p-value in %) 6 6
Ho: yac = 1 (p-value in %) 0.3 0.2
OPACIT¥%c 0.114 (0.664) 0.555 (0.513)
OPACITYo¢c 1.039 (0.545) 0.988(0.449)
OPACITYic -0.345 (0.447) -0.287 (0.389)
LEVERAGEC -0.008 (0.018) -0.019 (0.016)

" For the market-stress indeXTLFS| we also allow for one slope since according tgufé 1, this index
reproduces precisely the crisis regimes. As ewgkceesults do not change. Moreover, we also donctude

STLFSIin the RHS and results still exhibit robustnead.these results are in the Online Appendix.
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LEVERAGEC -0.003 (0.017) -0.006 (0.017)
LEVERAGEC 0.02 (0.017) 0.017 (0.017)
STLFSkc -0.217 (0.227) -0.381 (0.209)
STLFShe -0.046 (0.065) 0.01 (0.062)
STLFSkc -0.216 (0.151) -0.241 (0.142)
R?/ Adj. R (in %) 79.4/79.1 79.3/79
Observations 803 867

Notes: We use the panel Fully Modified OLS (pFMOL&timator of Phillips and Moon (1999) with
homogeneous variance-covariance matrix. We winsdtindamental PB rati&PB, at 5" and 95 percentiles.
The independent variable is the market PB ratibe fundamental PB rati®,PB, is the long-run value of PB
ratio given by the long-run steady-state relatibeguation (7). Model is the model, where the fourth order
moving average of Reoefficient is used for proxy of opacity. Modelis the model, where the’Roefficient is
used for proxy of opacity (or the first order mayiaverage). We round to the third decimaldenotes 1%

significance level and denotes 5% significance level.

Table 1 shows that the gamma coefficientdheffindamental PB ratié,PB, before and
during the crisis are equal to 1 at the 10% andsidnificance level, respectively. Thus,
controlling for leverage, opacity and market str@gs do not reject the hypothedity: y = 1,
for these two aforementioned periods. Regardiregatier-crisis period, the null hypothesis
is not rejected for significance level close to 1%lso, leverage, opacity arfdiTLFSIlare
statistically insignificant at least at the 1% sfgance level. So, the long-run values of
fundamental PB ratio are properly calculated ant¥3@ems to have priced risk, growth and
cash flows effects, as they are proxied by cosquiity, expected growth of net income and

modified dividend payout ratio, respectively, vergll for all three regimes examined.

To test whether the financial crisis has alfeinvestors’ attitude towards bank valuation
in the short run, or alternatively, to check whettieere are temporary deviations of market
PB ratio from its fundamental value while contmadji for other bank characteristics, we
employ a restricted error-correction model (R-EClider a crisis-varying co-integration

15



framework. It is a first-differenced equation awegited by the first lag of the error-

correction term (ECT) allowing for fixed time effs@and bank-specific intercepts.

APB, = g e -AOPACITY+ go.-A OPACITY ,g.-A OPACITY
+ 0,50 ALEVERAGE- g,c-A LEVERAGE ,g.-A LEVERAGE
+ Gy nc-ASIZE+ g oA SIZE- g, A SIZE
+ 04 sc ASTLFSH goc-A STLFSF g.-A STLFS (11)

+ Age "ECT, ; + A EC'|;1+/1AC-ECTM+20:]. T +kZN;,Bk G+ e,
fori=1,..N &t=1,.T . _
where,PB is the market PB ratid, EVERAGEs the leverage rati@PACITYis the opacity
variable, SIZE is the log of assets, represents fixed time effects angdindividual BHC
effects, andy; is the idiosyncratic error termECT is the error-correction term constructed as
the difference oFPB, i.e. the fundamental PB ratio as it estimate@Dbi, from PB, i.e. the
market PB ratio. Alternatively, it can be seerthas deviation of market PB ratios from the

long-run equilibrium PB values. Therefore we hd&&€T, = PB — FPB. Moreover, we

allow for different slopes for the crisis regim@s.

Results for Different Categories of BHCs

An interesting question is whether the GSIBs systematically differently valued from
the non-GSIBs in our sample, and second, whetheékehparticipants valued the BHCs that
passed the stress test differently from the BH@s fdiled these tests. Put differently: does

controlling for the GSIBs and the stress tests, SEAP in 2009:Q2 and the CCARs in

15 We expect that the individual BHC effects are joitly significant, because thHePB from 3DM in ECT
includes the bank-specific intercepts. We do mopdhem out from the equation, as we did in th#1PES
estimator, because they may be statistically siganit along with the fixed time effects.

16 We did not includ&IZEin the RHS for the long-run analysis since, atsteady state, there is no optimal

size of a bank’s assets.
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2012:Q1, 2013:Q1 and 2014:Q1, in equation (11)caffiee results regarding the investors’

attitude towards bank valuation in the short run?

Morgan et al. (2014) study the SCAP and fimat it had a positive effect on stock prices.
Similarly, Candelon and Sy (2015) show that eathgss testing (SCAP) had a positive
impact on stressed BHCs' returns, while the subseigsiress test (CCARSs) effect decreased
over time. Furthermore, Flannery et al. (2017)edasn “beyond standard event study”
results support evidence that stress testing disoés provide information to investors and
market participants. However, Neretina et al. @ind that the SCAP did not affect equity
returns of the BHCs patrticipating in this exercigile the post-crisis stress tests seem to
have barely affected equity returns. Their effeants small and statistically weak. In the
same spirit, Glasserman and Tangirala (2016) sugiggisthe announcement of the stress test

results did not inform the market.

The aforementioned papers rely on event-stadigniques with daily datd. We, on the
other hand, have end-of-quarter data and we appdy-eorrection models augmented with
impulse dummy variables for these events. Givenfétt that our data are at a quarterly
frequency, our results should not be compared tosehattained from event-study
methodologies that use daily returns to detect etarlovements. Instead, our results speak
to the existence (or lack thereof) of lasting clem@m market assessments in a period that
includes the event in question: announcementseoétitess tests. In addition, our focus is not
on the actual market moves but rather in the degfekvergence of market PB ratios from
their fundamental value. For example, if an ewdra@inges both fundamental and market PBs

by the same amount, we will not see an effect efstihess-test dummy.

7 Glasserman and Tangirala (2016) also use regressbdels with projected losses for the BHCs that

participated in the stress tests.
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We include fixed time effects as well as tlhienghies for 2009:Q2, 2012:Q1, 2013:Q1 and
2014:Q1, in our error-correction model of equat(@i). This may provide evidence of
market reaction to these exercises conducted blfg¢bde Moreover, the dummy variables for
SCAP and the successive CCAR exercises with theBiHat failed these tests are intended

to examine for evidence of market reaction captimazhanges to the PB ratios.

Stress testing has become a systematic ezargiglucted yearly by the Fed and it is well
known that there could be limitations on the dividgolicy of failed banks (see Panel B of
Table 2). Neretina et al. (2014) suggest that badcticipating in these exercises become
better at passing them, and Glasserman and Tamd?8ll16) show that there is a trend
towards greater predictability of the stress testitomes. Also, Schuermann (2013) shows
that BHCs are encouraged to mimic Fed’s stressitpskercises to pass them, and Goldstein
and Sapra (2014) suggest that BHCs adjust theitfolios to pass the stress tels.
Alternatively, these results suggest that investans accurately forecast which banks will
fail at the upcoming stress tests and thus, mar&sicipants may not be affected at all from

the stress-testing public disclosures.

Table 2: Comparison of key variables between BHCs

Panel A:non-GSIBs / GSIBs

Variables (median values) non-GSIBs / GSIBs

Periods: | 2011:Q4-2014:Q1 2012:Q1 2013:Q1 2014:Q1
Market PB ratio 1.061/0.856 1.041/0.861  1.061/0.903 1.429/1.114
Fundamental PB ratio 1.1481.321 1.1691.399 1.0981.222 1.1/1.099
Mod_DPR 1.104/1.043 0.983/0.858  1.186/1.177 1.455/1.209
Exp_Growth 2.395/1.859 2.284/1.822  2.585/1.999 2.276/1.895

18 On the other hand, Flannery et al. (2017) provigilts, which show evidence that stress testsoitave

impact on the formation of BHCs’ assets.
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COE 9.43910.703 8.8540.514  9.46510.744 9.43911.621
ROE 2.468/1.873 2.303/1.846  2.588/2.001 2.317/1.899
ROA 0.249/0.174 0.234/0.209 0.26/0.202 0.258/0.178
LEVERAGE 9.14500.264  9.20310.207 9.01140.281 8.98A0.11
OPACITY (1) 0.571/0.612 0.629/0.673  0.603/0.598 0.409/0.556
OPACITY (Il) 0.545/0.602 0.722/0.69 0.507/0.523 0.461/0.615
Valuation -0.076/-0.352  -0.11/-0.385 -0.034/-0.261  0.3/0.014
Panel B:pass / faiBHCs
Variables (median values) pass / fail BHCs

Periods: 2009:Q2 2012:Q1 2013:Q1 2014:Q1
Market PB ratio 1.007/0.491 1.041/0.65 0.9791.021 1.372/0.872
Fundamental PB ratio 0.944/0.907 1.311/0.794  1.121/1.017 1.106/0.757
Mod_DPR 0.292/0.079 1.122/0.017 1.181/1.016 1.477/0.164
Exp_Growth 0.735/0.233 2.284/1.236  2.165/2.108 2.279/1.644
COE 8.0978.806 8.99912.282 10.623/9.363 10.4812.428
ROE 0.737/0.234 2.303/1.238 2.206/2.125 2.313/1.647
ROA 0.069/0.023  0.229/0.139  0.217/0.188 0.238/0.17
LEVERAGE 12.257/11.473 9.674A0.713 9.8110.822 9.58198.731
OPACITY (I) 0.376/0.383 0.629/0.673 0.603/0.611 0.485/0.475
OPACITY (Il) 0.456/0.422 0.711/0.731 0.517/0.491 0.491/0.494
Valuation 0.067/-0.458  -0.2060.182 -0.1270.04 0.240.153

Notes: The Financial Stability Board (2011) pubdidhihe list of the GSIBs for the first time in Nowieer 2011.

Hence, we report statistics from 2011:Q4 in our@am Fundamental PB ratio is the long-run valu@Bfratio

given by the long-run steady-state relation of ¢igua(7). Mod_DPRIis the modified dividend payout ratio of

equation (5). Exp_Growthis the expected growth of net income given by dquat6). COE is the cost of

equity given by equation (3)ROEis the return on common equity (ROCE) given by ¢éigua4). ROAIs the

return on assets defined as the ratio of net incdmno®mmon shareholders over total asseiSYERAGHS the

leverage ratio defined as the ratio of total asse¢s book value of common equit@PACITY(I) is the opacity

variable measured as the fourth order moving aeecdd® coefficient of market-model regressior@PACITY

(1) is the opacity variable measured as tRecéefficient (or the first order moving average)roérket-model
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regressions.Valuationis defined as the deviation of market PB ratiorfritss fundamental value over the long-

run PB ratioMod_DPR Exp_Growth COE ROEandROAare in percentages.

In Table 2, we observe that GSIBs experierloagr market PB ratios, dividend payout
ratios, expected growth of net income, return onitgg return on assets andhluation
indexes than non-GSIBs in our sample. Also, thaey greater leverage, cost of equity and
fundamental PB valués. Last but not least, regarding the long-run valoé$B ratios,
GSIBs had greater values than the non-GSIBs exXoe@014:Q1, where they were equally
valued with the non-GSIBs. Regarding the opac#yiables there were periods, where

GSIBs were more opaque than non-GSIBs and vicavers

Table 2 also provides information about the(Hhat passed or failed the exercises
conducted by the Fed. The BHCs, whose capitalsplegre not objected by the Fed, had
greater fundamental PB values, dividend payoubsatxpected growth of net income, return
on equity and return on assets than the BHCs tnldf the corresponding stress tests.
Regarding opacity, there is not a clear picturarag&urthermore, failed BHCs had greater
values for leverage (for 2009:Q2 it holds with mgat.596 vs 13.544) and lower values for
market PB ratios (for 2013:Q1 it holds with meah21 vs 1.021). Finally as we will show
later, the BHCs that failed the stress-testing @ges, even though they had different bank

characteristics, were not valued differently by nharket.

Table 3 shows the results of estimating equafll) augmented by a dummy variable for
the GSIBs in our sample according to Financial BtalBoard (2013, 2014), an interaction
dummy taking the value of one for the quarter wtien2009 SCAP took place but only for

the BHCs that failed the 2009 SCAP, and three &eteon dummies taking the value of one

19 For the long-run PB ratios at 2014:Q1, GSIBs dpaiter average values (1.726 vs 1.423) than ndB<GS
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for the quarter of the relevant stress test only the BHCs, whose capital plans were

objected at that particular test, i.e. the CCARsreises of 2012, 2013 and 20%4.

Table 3: Short-run effects (unrestricted slopes)

Dependent variablesPB

Model Specification: I Il

Co-integrating regressors Coefficients (robustchat errors)

C1 C2 C3 C4
AOPACIT ¥c 0.508 (0.383)  0.511(0.384)  0.038(0.204) 0.03205)
AOPACITY¢ -0.537 (0.719)  -0.541(0.713)  -0.225(0.246)  -0.M1247)
AOPACITYac 0.181 (0.23) 0.158(0.23)  -0.041(0.133)  -0.04838)
ALEVERAGEc -0.07 (0.032) -0.07 (0.032) -0.13(0.028) -0.13(0.028)
ALEVERAGEC -0.056" (0.023) -0.059 (0.023) -0.057 (0.023) -0.06 (0.024)
ALEVERAGEc -0.08 (0.02) -0.08(0.02) -0.078(0.02) -0.078(0.02)
ASIZEsc 0.916 (0.377) 0.915 (0.377)  1.346(0.423) 1.344(0.424)
ASIZEc 0.627 (0.348)  0.657 (0.347)  0.658 (0.356) 0.68956)
ASIZExc 0.739" (0.26) 0.754(0262)  0.729(0.259) 0.747(0.261)
ASTLFSkc -0.072(0.298)  -0.062 (0.298)  -0.527 (0.337)  -0.50®.336)
ASTLFShc -0.034 (0.025)  -0.034 (0.025) -0.0510.024) -0.051 (0.025)
ASTLFShc 0.179" (0.057) 0.18 (0.058)  0.1770.059) 0.178(0.06)
ECTi1 BC -0.12" (0.057) -0.118 (0.057) -0.123 (0.051) -0.127 (0.051)
ECTi1 oc -0.14 (0.052)  -0.142(0.052) -0.14(0.048)  -0.142(0.048)
ECTi1 ac -0.093" (0.041) -0.097 (0.041) -0.092 (0.038) -0.09 (0.038)
T2009:02 0.316 (0.082)  0.389(0.085) 0.3(0.083) 0.371(0.086)
T2012:01 0.412 (0.044)  0.413(0.046)  0.421(0.044) 0.419(0.045)

2 The BHC, Ally, which did not pass the DFAST 20§30t publicly traded and thus, is not includedirr

sample. The BHC, Zions, which did not pass the BFA&014 failed the CCAR 2014 and it is incorporated

the dummy variable for the CCAR 2014. So, we dbimdude dummy variables for the DFAST exercises.
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0.255 (0.043)

0.259(0.046)

0.249(0.041)

0.252(0.044)

T2013:Q1
12014:01 0.342 (0.057)  0.348(0.059)  0.344(0.058) 0.346(0.059)
Dscap-F - -0.198 (0.099) - -0.192 (0.1)
Dccari2-F - -0.002 (0.035) - -0.013 (0.039)
Dccar1aF - -0.064 (0.047) - -0.076 (0.048)
Dccaria-F -~ -0.066 (0.049) - -0.073 (0.055)
Dasis - 0.004 (0.027) - 0.016 (0.029)
R? (in %) 38 38.3 38.5 38.7
Ho: a’s (p-value in %) 0 0 0 0
Ho: 8's (p-value in %) 62.5 69.3 24.2 30.8
Ho: o's & f's (p-value in %) 0 0 0 0
Ho: gstresqp-value in %) - 15 - 12
Ho: mktinfo(p-values in %) 0 0.1 0 0
0 0 0 0
Observations 866 866 936 936

Notes: We winsorize fundamental PB ratitPB, at 5" and 95' percentiles. The independent variable is the

first difference of market PB ratio.

Modeélis the model, where the fourth order moving averad R

coefficient is used for proxy of opacity. Modélis the model, where the’Roefficient is used for proxy of

opacity (or the first order moving average)sckb.s Dccarizs Decarizs and Qicariarare interaction dummies

taking the value of one for the quarter of the vate stress test only for the BHCs that failed thatticular

stress test. The null hypothesisatf is the joint non-significance of the fixed timeefts. The null hypothesis

of g's is the joint non-significance of the individual BHeffects. The null hypothesis @k & f's is the joint

non-significance of the fixed time effects and théividual intercepts. The null hypothesis giftresschecks

whether the dummy variable for the GSIB status, @meddummy variables of the BHCs that failed theA8BC

and the CCAR exercises are jointly non-significaiihe null hypothesis ahktinfo checks the equality of the

average value, G1, of the time dummies correspontinSCAP and CCAR 2012, 2013 and 2014, and the

average value, G2, of the rest time dummies ag#iesalternative hypothesis that G1 is greater taan The

first row of mktinfotest contains thp-values of the-tests incorporating the covariance effect, while $econd

row contains thep-values of thet-tests assuming a zero-covariance effect.

Ba#sts formktinfo assume

unequal variances and follow a student'distribution with degrees of freedom given by tkiéelch-
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Satterthwaite equation. We round to the third mheti ~ denotes 1% significance level anddenotes 5%

significance level.

In Table 3, we can see that leverage has atinegeffect on investors’ beliefs regarding
the PB ratio. Higher leverage is associated widtvekr market PB ratios relative to
fundamental values. Regarding size, large banj®ydrnigher market PB ratios relative to
fundamentals. Our results indicate that the markkied size positively before and after the
crisis, and that this relationship disappeared taamiy during the crisis. Our results are
consistent with temporarily diminished expectatiomg investors that these large and
systemic BHCs would benefit from government basoufhe regulatory actions to address
the “Too Big to Fail” problems to financial stalliseem not to have had a lasting effect.
Moreover, we find that opacity does not affect nearlparticipants’ valuation at all

throughout the period covered by our sample foldhge and systemic U.S. BHCs.

The average speed of adjustment is aroundd in8each of the four specifications (see
columns C1 to C4 of Table 3), which means thatar yer 4 quarters) after a shock occurs,
about 60.5% of any disequilibrium remains. Timé@k are jointly significant and, as
anticipated, the individual BHC effects are joindgro. However, time effects and bank-

specific intercepts are highly significant when test them jointly.

Testing whether the average effect of the tuarters corresponding to stress tests public
disclosures is greater than the average effed¢teobther quarters, we find strong evidence in
favor of the information value of the stress teStse mktinfo tests in Tables 3 and 7).
Hence, similarly to Morgan et al. (2014), Candedmidl Sy (2015), and Flannery et al. (2017),

we find that the stress tests conducted by thepf@dded information to market participants.

2 Themktinfotest tests whether the average value, G1, of the dummies corresponding to the 2009 SCAP,
and 2012, 2013 and 2014 CCARs exercises, is equbktaverage value, G2, of the other time dummidse
alternative hypothesis is that G1 is greater than G
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In quarters that contained released results oreth¥ess tests market participants revalued
the BHCs participating in these exercises relativeuindamentals. Also, our results are not
in the same spirit as those of Neretina et al. 420Who show within an event-study
framework that post-crisis stress-testing hadeliithpact on equity returns, or those of
Glasserman and Tangirala (2016), who show thasstesting public disclosures have
become arguably less informative over time. Ofrseuas we pointed out earlier, the time

horizon of potential impact in our study is diffetesince we have quarterly observations.

We move on to the question whether the marésplayed any incremental,
contemporaneous reaction for the BHCs that failedstress tests. We find that the market
did not adjust differentially the valuation of BHGghose capital plans were objected by the
Fed in the CCAR 2012, 2013 and 2014 exercises. edewy we find weak evidence in favor
of incremental market adjustment in PB ratios of BHthat failed the 2009 SCAP.
Moreover, the null hypothesis of the joint non-sigance of the dummy variable for the
GSIB status, and the dummy variables of the BH@¢ thiled the SCAP and the CCAR
exercises, is not rejected at any convenient sggmte level. In other words, we did not
detect divergences of market from fundamental \tedoahat was particular to the PB ratios

of the GISBs or of the BHCs that failed the stiesss.

To check robustness, we impose a common slopss all three time periods delineated
by the crisis for all explanatory variables. Tlesults do not change. Table 4 presents the

results with the restricted slopes.

Table 4: Short-run effects (restricted slopes)

Dependent variablesPB

Model Specification: I Il

Co-integrating regressors Coefficients (robustcha errors)
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Cil Cc2 C3 C4
AOPACITY 0.134 (0.254) 0.129 (0.254) -0.078 (0.112) -0.00112)
ALEVERAGE -0.063 (0.016) -0.064(0.017) -0.08(0.017)  -0.082(0.017)
ASIZE 0.734 (0.222) 0.746(0.222) 1.005(0.257) 1.016(0.257)
ASTLFSI -0.047 (0.023)  -0.047 (0.023) -0.05(0.025)  -0.05 (0.025)
ECT1 -0.117° (0.046)  -0.118 (0.047) -0.12(0.043) -0.12(0.043)
12009:02 0.305 (0.082) 0.376(0.087) 0.277(0.088) 0.357(0.093)
12012:01 0.406 (0.048) 0.413(0.049)  0.408(0.049) 0.409(0.051)
T2013:01 0.384 (0.055) 0.395(0.059) 0.382(0.055) 0.388(0.059)
T2014:01 0.285 (0.05) 0.297(0.051) 0.287(0.053) 0.293(0.055)
Dscap-r - -0.188 (0.095) - -0.211 (0.095)
Dccaria-F - -0.006 (0.031) - -0.003 (0.036)
DccarizF - -0.059 (0.049) - -0.07 (0.05)
DccariaF - -0.058 (0.046) - -0.064 (0.049)
Dcsis - -0.02 (0.028) - -0.002 (0.029)
R? (in %) 37.2 37.4 37 37.3
Ho: a’s (p-value in %) 0 0 0 0
Ho: £'s (p-value in %) 74.2 79.1 30.4 38.5
Ho: @’s & f's (p-value in %) 0 0 0 0
Ho: gstresqp-value in %) - 17.5 - 9.6
Ho: mktinfo(p-values in %) 0 0 0.3 0
0 0 0 0
Observations 866 866 936 936

Notes: We winsorize fundamental PB ratikPB, at 3" and 95' percentiles. The independent variable is the

first difference of market PB ratio.

Modelis the model, where the fourth order moving averaf R

coefficient is used for proxy of opacity. Modelis the model, where the?Roefficient is used for proxy of

opacity (or the first order moving average)sckd.s Dccarizs Decarizs @and Qicariarare interaction dummies

taking the value of one for the quarter of the vate stress test only for the BHCs that failed thatticular

stress test. The null hypothesisas is the joint significance of the fixed time effect¥he null hypothesis of
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['s is the joint non-significance of the individual Breffects. The null hypothesis @6 & f's is the joint non-
significance of the fixed time effects and the ndiual intercepts. The null hypothesis @$tresschecks
whether the dummy variable for the GSIB status, #meddummy variables of the BHCs that failed theABC

and the CCAR exercises are jointly non-significaiihe null hypothesis ahktinfo checks the equality of the

average value, G1, of the time dummies correspontinSCAP and CCAR 2012, 2013 and 2014, and the
average value, G2, of the rest time dummies agthiesalternative hypothesis that G1 is greater taan The

first row of mktinfotest contains thp-values of thd-tests incorporating the covariance effect, while $econd

row contains thep-values of thet-tests assuming a zero-covariance effect. Bd#sts formktinfo assume
unequal variances and follow a student'dsistribution with degrees of freedom given by tkéelch-
Satterthwaite equation. We round to the third mhati ~ denotes 1% significance level anddenotes 5%

significance level.

To sum up, a positive (negative) shock to amedntal valuation for these large and
systemic BHCs leads to market under-valuation (eatwation) as the market is slow to
react to it. Furthermore, market valuation relatio fundamental valuation is higher for
larger BHCs, whereas the opposite holds for BHGh Wigher leverage. On the other hand,
bank opacity does not seem to affect market ppetits’ valuations of PB ratios relative to
their fundamentals. Moreover, our results forehdier (SCAP) and post-crisis stress-testing
processes indicate that the market received vauatibrmation that led to higher PB
valuations. On the other hand, we find strong evig that the BHCs that failed in the
CCARs were not valued differently by the marketegRrding the 2009 SCAP, three out of
four model specifications (see column C2 of Tahlear®d columns C2 and C4 of Table 4)

support that the BHCs that were in need to raisg tapital were hit by market participants.

5. Conclusions
The stock market valuation of large and systebhS. BHCs has a stable long-run
relationship to three fundamental variables: thst @d equity, the expected growth of net

income and the modified dividend payout ratio. aAy given point in time, however, there is
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a large heterogeneity in the degree to which ctirpeite-to-book ratios of equity are
temporarily above or below their long-run equilibri valuation. These divergences are
created as market participants under-react to shimckundamentals. Furthermore, they are
rather persistent over time with a fraction of 18630% of the gap closing each quarter.
The degree of market under-reaction to shocks, thod, of over- or under-valuation, is
related to bank characteristics such as leveradesiae but not to their opacity. We provide
evidence that the financial crisis has not alteiadestors’ attitudes towards bank
characteristics. In particular, before, duringd aafter the crisis, investors in large and
systemic U.S. BHCs seemed to penalize leverageijtdabmporarily. Before and after the
crisis, they reward size in the short run but dytime crisis this pattern disappeared. We also
show that opacity has no effect at all in our savgther in the short run or in the long run.
Finally, we find that the whole stress-testing mahare has positively affected market PB
ratios, while only the public disclosures of SCAP2009 seem to have negatively influenced

market participants’ valuation of those BHCs tlealefd the test.
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