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ownership matter in times of crises?*
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February 2014

Abstract

The present study investigates theoretically<the lending responses
of government-owned and private banks in.the event of unexpected
financial shocks. Our model predicts that public banks provide more
loans to the real sector during times of crises, compared to private
banks which cut down on lending and increase liquidity holdings. We
put forth three reasons for this heterogeneous behavior. First, the
objective of public banks, in contrast to their private peers, is not only
to maximize profits given risks, but also to stabilize and promote the
recovery of the economy. Second, public banks may suffer less deposit
withdrawals or avoid a bank run in a severe crisis, because the state
has better access to’additional funds making a recapitalization more
likely. And finally, public banks may suffer less deposit withdrawals
due to their higher credibility in promising a future recapitalization in
the case of a severe crisis.
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1 Introduction

Since the onset of the global financial crisis, the balance sheets of banks
worldwide have continuously come under stress. The freezing of money mar-
kets, the significant asset write downs and the associated fall in bank capital
have led to liquidity and solvency problems in many financial systems, es-
pecially in the United States and Europe. Accordingly, central banks have
acted as lenders of last resort, and they have also intervened in money mar-
kets as dealers of last resort by directly buying up toxic assets (Mehrling,
2011). In addition, the fiscal authorities have implemented rescue programs
involving individually targeted capital injections or debt guarantees, and
system-wide interventions such as increases in deposit insurance. In some
extreme but not isolated cases, we have even seen nationalizations of private
banks, such as in the case of Iceland, England or Ireland. The justification
for the state intervention has not only been to prevent the bankruptcy of
systemically important institutions but also that the injections of capital
and liquidity allow banks to supply more credit to the productive sector.

One of the major risks of a cut back inlending is that the problems in
the financial sector end up becoming a problem in the real sector due to the
difficulties of firms to obtain bank credit to finance profitable investment
projects. Through this channel, a strictly financial crisis spreads to the real
sector, worsening the general economic situation and potentially creating
a backlash on the financial sector. It appears that the different types of
capital and liquidity provisions for banks have prevented the collapse of the
financial sector, but it is not clear whether they have been successful in in-
creasing productive credit to the real sector, or whether they have made the
financial system safer and more stable. There is evidence that bank balance
sheet strength plays an important role in determining banks’ responses to
a financial erisis, in the sense that banks with higher capitalization and/or
lower dependence on wholesale funding may counteract a potential credit
crunch that spills over to the real sector, see amongst others (Ivashina and
Scharfstein, 2010; Allen and Paligorova, 2011; Puri et al., 2011; Jimenez
et al., 2012; Holton et al., 2012; Brei et al., 2013).

Concurrently, the role that government-owned banks may play in the
financial system and in the economy in general has come to attract more
attention, following a prolonged period of financial liberalization. Indeed,
there has been a continuous move towards financial privatization since the
1970s, both in advanced and emerging economies alike, based on the view
that liberalized banking sectors are associated with a more efficient, com-
petitive, and sounder financial system (see, amongst others, (Krueger, 1974;
Shleifer and Vishny, 1994; LaPorta et al., 2002)). The main argument of this
line of thought is that government control of banks tends to be associated
with distortions in the allocation of savings, because banks’ decisions are
biased by political objectives resulting in politically connected lending prob-



lems. The recent experience with the global financial crisis, however, has put
this view into question, since a number of highly privatized banking systems,
such as the United States and the United Kingdom, have collapsed. Indeed,
there exists increasing evidence that public banks have played an important
counter-cyclical role in the banking system, helping the economies to recover
from financial turmoil (see, amongst others, Allen et al. (2013), Bertay et al.
(2012), Brei and Schclarek (2013), and Haas et al. (2012)). Thus, without
denying that public banks may be more inefficient than private banks and
that advances in institutional quality are needed, it is necessary to reassess
the costs and benefits of state-owned banks.

The recent empirical literature on public banks focuses on the cyclical
properties of bank lending using information on the financial statements of
large samples of banks. The work of Micco and Panizza (2006) suggests
that lending by public banks is less pro-cyclical than that of private banks.
Similar results are reached by Bertay et al. (2012) who find evidence that
public bank lending is less adversely affected.during economic downturns
than private bank lending, while during booms private banks’ lending tends
to outpace that of public banks. A related strand of literature focuses on
the differential crisis responses of private and public banks. Several cross-
country studies suggest that public banks may play a stabilizing role during
financial crises, by proving more lending to the economy than their pri-
vate competitors relative to normal times (see, amongst others, Allen et al.
(2013), Brei and Schclarek(2013), Haas et al. (2012), and Cull and Peria
(2013)). In addition, the evidence for the pro-active role of banks during
crises is supported by-a number of country-specific studies (see, Coleman and
Feler (2012) for Brazil; Foos (2009) for Germany, Lin et al. (2012) for Japan,
Davydov (2013) for Russia, Leony and Romeu (2011) for South Korea, and
Onder and Ozyldirim (2013) for Turkey).

The theoretical literature is much less abundant with some notable ex-
ceptions. Andrianova et al. (2008) develop a locational model of banking
that distinguishes between public and private banks. They show that public
banks can play an important role in the banking system but this depends
on the institutional quality of a given country. More specifically, in the
presence of opportunistic private banks and poor institutional quality, the
nonexistence of state banks may lead to financial disintermediation. An-
dries and Billon (2010) build a theoretical model in which banks face a risk
of failure in bad states of the economy, i.e. when productive firms suffer
a low productivity state. They put forth that public banks have a more
stable deposit base, because depositors perceive that their funds are better
protected in times of crisis in the case of public banks. This mechanism
helps government-owned banks to insulate their slowdown of lending from
downturns when the economy is hit by a financial shock.

Against these backdrops, our study investigates the differential lending
responses of public and private banks from a theoretical perspective. In



particular, we develop an overlapping generation model of three periods in
which depositors, firms, and private and public banks interact, based on the
consumer liquidity demand model of Allen and Gale (1998) and the firm
liquidity demand model of Holmstrom and Tirole (1998). However, instead
of focusing on the consumption preferences of depositors and borrowers’ net
worth, the focus of our analysis is set on the portfolio allocation decisions of
banks in response to the riskiness of the borrowing firms’ investment project.
Depending on the size of the riskiness of the investment project, banks de-
cide to grant a certain amount of productive lending (illiquid asset) and
hold a proportion of liquid funds. In a crisis, when faced by a mild negative
shock, which imply a moderate increase in the riskiness of the investment
project, banks partially liquidate the investment projects and increase their
liquid asset holdings. However, in a severe crisis, when the increase in the
riskiness is large, depositors run on banks and the entire investment project
has to be liquidated. In other words, a bank’s/role of a stable liquidity
provider during crises, owing to inflows of funds from investors, which seek
a safe haven during market stress (Kashyap et al.; 2002; Gatev and Strahan,
2006) may break down during a severe crisis (Acharya and Mora, 2012). In
addition, we investigate how an actual and/or promised future bank recap-
italization may avoid a bank run. Note also that we model a crisis period
through an exogenous increases in the variance of the return of the invest-
ment project.! Although we do not deny that a crisis episode usually brings
about a reduction in expected asset returns, we also view crises episodes as
a regime in which the system suffers high aggregate uncertainty and thus
high volatility. Further, by focusing on the variance, we are better able to
model banks’ portfolio allocation changes between liquid and illiquid assets
and, as will become clearer bellow, distinguish between public and private
banks.

Using the above stated framework we model the differential crisis re-
sponses of private and public banks as a function of different levels of risks
in the economy. We model three possible causes by which the portfolio al-
location-and lending responses might differ. First, public banks might be
less risk averse than private banks and more willing to accept riskier lending
in an economic downturn, because their objective is not only to maximize
profits given risk, but also to sustain growth by the supply of lending to the
economy. This implies that, in response to an increase in risk, public banks
prefer an asset portfolio with a higher proportion of loans to entrepreneurs
and less liquid asset holdings compared to private banks. Second, public
banks may suffer less deposit withdrawals, or even avoid a bank run, in a
severe crisis, because their owners have more financial resources for a recap-

' Other papers that incorporate time-varying variance include (Brunnermeier and Ped-
ersen, 2009), (Brunnermeier and Sannikov, 2013), (He and Xiong, 2012) and (Morris and
Shin, 2009)



italization, or are more willing to recapitalize their banks, compared to the
shareholders of private banks. And finally, depositors perceive that public
banks have a higher probability of being recapitalized in the future in the
case of a severe crisis, and, thus, are less willing to withdraw funds or run
on public banks.

The paper is organized as follows. In section 2 we present the theoretical
model and the final section 3 concludes.

2 The theoretical model

This section presents a theoretical model that offers a framework to model
the differential behavior across private and public banks in times of crises.
The model offers a potential description of the conditions and mechanisms
giving rise to the empirical evidence presented in the introduction. Con-
cretely, the model allows us to replicate the observed behavior: in times of
crisis, private banks reduce their productive lending to a higher extent than
public banks.

The model presents three possible explanations for the observed behav-
ior. First, the objective of public banks, in contrast to private banks, is not
only to maximize profits given risk, but also to stabilize and promote the
recovery of the economy in a downturn. That is, they take into account
externalities and social welfare opposed to private banks. Second, public
banks might suffer less deposit withdrawals than private banks during crisis
periods, or their presence might even avoid a bank run in a severe crisis,
because public banks are more likely to be recapitalized, since the fiscal
authorities tend to have more financial resources than private shareholders.
And finally, public banks may suffer less deposit withdrawals, because pri-
vate depositors perceive them as safer and find a future recapitalization in
times of distress more likely. We start by analyzing the first argument in the
following subsections and address the final two explanations in subsection
2.7:

2.1 General framework

The economy is characterized by a simple overlapping generation model
of three-period-lived agents. It is populated by four types of agents: en-
trepreneurs (firms), private and public banks, and depositors (consumers).
Banks act as financial intermediaries collecting deposits from consumers,
and in turn they lend out the funds to entrepreneurs. There is a continuum
of entrepreneurs with unit mass, where each entrepreneur has access to an
investment project that requires an initial variable investment in period 0
and generates a payoff in period 2. In addition, there are continuums of
private and public banks with unit mass, where each bank is endowed with
an initial amount of liquid funds in period 0 and no endowments in periods 1



and 2. Banks maximize their profits by receiving funds from depositors and
choosing their asset portfolio which is composed of credit to entrepreneurs
and liquid funds. Finally, there is a continuum of depositors with unit mass,
where each depositor is endowed with an initial amount of funds in period
0 and no funds in periods 1 and 2.

2.2 Entrepreneurs

We assume that entrepreneurs have access to an investment project but they
require borrowing from banks in order to finance the project. For simplicity
reasons, and without affecting our results, we assume that entrepreneurs do
not earn the return of the project in period 2, but rather the banks receive all
the proceeds. The investment project requires an initial variable investment
I in period 0 and it returns a stochastic amount RI in period 2, where R > 0
is the gross rate of return of the project. Although R is realized in period
2, its real expected value, E(R), is known in period 0 with accuracy, with
E(R) > 1. However, the true variance of R is not known with certainty
until period 2, i.e. the exact distribution function is uncertain in period 0.

In period 0, agents have beliefs about the real variance of the project,
Vo(R). In the intermediate period 1 agents observe a signal which can be
thought of as a leading economic indicator. This signal predicts with perfect
accuracy the real variance of R. Thus, after the signal is observed, agents
revise their beliefs about the variance of the investment project in accordance
to the true variance V1(R). Both the deposit contract between consumers
and banks and the credit contract between banks and firms is contingent on
the leading economic indicator, and hence on the real distribution function
of R. We define normal times when the real value of the variance is equal
or smaller to.the beliefs of period 0 (Vi(R) < V5(R)). When the variance is
larger than this threshold we have two regions, the crisis region and and the
severe crisis region. We discuss these thresholds in more detail in section
2.6.

In period 1, the investment project may be partially liquidated by banks
depending on the realized risk level. Let 0 < 0 < 1 denote the continuation
scale in period 1. In the case of a partial liquidation, a proportion of (1—0)7
of the investment project is liquidated and converted into risk-free liquid
funds, and I represents the downsized investment project. We assume
that partial liquidation gives less than one unit of liquidity for each unit
liquidated, i.e. liquid funds from partial liquidation is S(1 — d)I, where
B < 1. Note that the partial liquidation and conversion into liquid funds
may be interpreted as if the bank had promised the entrepreneur a credit line
in period 0 to be used in period 1 but, once the signal is observed, it reduces
the actual credit line.?2 Finally, it is only the portion of the project that

2 Alternatively, it can be interpreted as if the entrepreneur saves some liquid funds to
be used in period 1, but that the bank demands him to pay back part of the credit that



is continued that produces a return in period 2 implying that the realized
total return is dRI.

2.3 Private and public banks

We assume that both private and public banks are risk averse and that they
have the same initial level of capital A0 in period 0, i.e. AOpr = A0g = A0,
where the subscript PR indicates that the variable corresponds to a private
bank and the subscript G indicates that the variable corresponds to a public
or government-owned bank. Banks invest their initial endowment and the
received deposits in a portfolio of credits to the entrepreneurs and liquid
assets. While the liquid assets are free of any risk, the loans granted to the
entrepreneurs are risky in the sense that the realized returns of the invest-
ment projects are uncertain. We assume for simplicity that the investment
projects that are supported by private and public banks have the same ex-
pected return and variance. Furthermore, we assume that banks keep the
entire proceeds of the investment projects, i.e. the interest rate paid out to
depositors and entrepreneurs is zero.

The expected utility of banks depends on the mean and the variance
of the portfolio returns given by E(U) = E(Rp) — 3V(Rp), where Rp is
the return of the portfolio and v is-a positive risk aversion parameter.® The
expected utility of the private bank in period 0 can be represented as follows:

E(Upr) = Eo(6pr)E(R)Ipr + B(1 — Eo(dpr))Ipr + SOPR
~5BorRTheVo(R). ()

where E(R) is the expected value of the return R, Vp(R) its variance condi-
tional on information in period 0, Ipg the initial investment, S0pg are liquid
asset holdings between period 0 and period 1, and Ey(dpgr) is the expected
fraction of the investment project that will be continued in period 1 condi-
tional on information in period 0. The term Ey(6pr)E(R)Ipg represents the
expected return of the investment project, 3(1 — Eo(dpr))Ipg liquid funds
obtained in period 1 after partial liquidation, and —3 Eo(6pr)*I35Vo(R) is
the disutility caused by the risk of the investment project.

In the case of public banks, the utility function is similar to that of pri-
vate banks with the difference that public banks have a disutility from the

it lent out in period 0.

3These mean-variance preferences are used in models where the environment is uncer-
tain, such as in Mondria (2010), Peress (2010) and Nieuwerburgh and Veldkamp (2010).
These preferences lead to the same mean-variance portfolio that obtains under an expo-
nential expected utility function exhibiting constant absolute risk aversion (CARA), so
that E(Rp)— 2V (Rp) may be rewritten as —%lnE(ea:p(—Rp’y), where v = 0 implies that
banks are risk neutral and v > 0 that banks are risk averse. For a more detailed discussion
of these types of preferences see Epstein and Zin (1989), Kreps and Proteus (1978), Kreps
and Porteus (1979), and Weil (1990), among others.



partial liquidation of investment projects in period 1. The disutility could
be justified by the externalities that are caused by partial liquidation such as
increases in unemployment benefits, decreases in tax revenues, voters’ dis-
satisfaction or simply reflect the aversion of governments to find themselves
in the midst of a crisis. Accordingly, public banks maximize their expected
utility generated by the asset portfolio and minimize the partial liquidation
in period 1. We assume that the expected utility of public banks in period
0 can be represented by:

E(Uq) = Eo(dq)E(R)Ic + B(1 — Ev(dc))Ic + SO0¢
—0(1 — Eo(6¢)) e — %EO(CSG)ZI%‘VO(R) (2)

where —0(1 — Ey(dg))Ig is the disutility generated by partial liquidation
and 6 > 0. Note also that for simplicity we assume that both private and
public banks have the same risk aversion parameter -.

Given the assumptions, private banks’ maximization problem in period
0 is given by:

r}lax Eo(dpR)E(R)IPR+ﬁ(1—E0(5PR))IPR+SOPR (3)
PR
— S Bo(0pn) I2RVo(R)

s.t. Ipr + S0pr < DOpgr + A0,

where the balance sheet constraint implies that the sum of deposits and
banks’ own capital are invested into loans to entrepreneurs and liquid assets.
In period 1, the maximization problem of private banks is given by:

max’ 0prE(R)Ipg + B(1 — dpr)Ipg — 205 0I5 Vi (R) (4)
0<6pr<l 2

s.t. DO0pr — Dlpp SSOPR+(1_5PR)IPR7

where DOpr — D1ppg represent deposit withdrawals of the consumers from
the private bank in period 1, and SOpg + B(1 — dpr)Ipgr represent liquid
assets held by private banks in period 1 defined, by the sum of liquid asset
holdings of period 0, and the amount banks receive from entrepreneurs in
response to the partial liquidation in period 1. Note that the funds, which
the bank receives from partial liquidation, can be used for the repayment
of deposits when the stock of liquid funds from period 0, SOpg, is not high
enough to cover the repayment of deposits (discussed bellow).
The maximization problem of public banks in period 0 is given by:

rr}ax E0(5g)E(R)IG +B(1 - Eo(dg))f(; + S0g (5)
G

— 0(1 = Eo(66)) L — 3 Bo(3c)* T3 Vo(R)
s.t. Ig + S0¢ < D0g + A0,



and that of period 1 is:

max OgE(R)Ig + B(1 —dg)lc —0(1 —dg)lg (6)
0<8a<1 N
— 55%151/1(12)
s.t. DOg — D1g < S0¢ + (1 — d¢)Ig.

2.4 Depositors

It is assumed that consumers/depositors value consumption only in period
2 and that they are risk neutral. Thus, their expected utility can be sum-
marized by E(U) = E(C3), where C denotes the consumption in period
2. Note that this setup assumes away intertemporal consumption decisions
and risk aversion by consumers, as our model does not analyze the con-
sequences of uncertainty in the intertemporal preferences of consumers on
the banking sector, as in Diamond and Dybvig (1983). Consumers have an
initial amount of liquid funds, LF', in period 0 and they do not receive any
additional funds in periods 1 and 2.

Regarding consumers’ portfolio decision between deposits and cash, we
assume that consumers prefer depositing in banks over holding funds in
cash, when the expected payoff per unit of deposit is at least unity. In other
words, they are ready to deposit all their funds in the bank in period 0 as
long as they expect to receive the same amount in period 2. However, if
this condition is not met by the banks, consumers will raw al of their funds.
Moreover, we assume that the interest rate on deposits is 0. Note that our
results do not change if we assume that they receive an infinitesimal small
positive interest rate. The maximization problem of consumers in period 0
can thus be summarized by:

2 E(Cy) (7)

sit. €y < DOpp+ DO¢ + LFO, DOg + DOpg + LF0 = LF,
DOpr < Eo(dpr)E(R)Ipr + B(1 — Eo(0pr))IpR + SOpPR,
D0Og < Ey(éa)E(R)Iq + (1 — Ey(dg))Ig + SOg,

where D0pr denotes deposits at private banks, D0g deposits at public
banks, LF0 cash holdings, and LF the initial endowment. The first con-
straint is the consumers’ budget constraint, while the second constraint is
the deposit-cash allocation constraint. The last two conditions represent a
deposit constraint that implies that consumers only deposits in banks, if
the expected resources available in period 2 are enough for paying back the
amount deposited. If the expected resources available in period 2 are not
enough, depositors will not deposit any funds in banks.

10



The maximization problem of consumers in period 1 is given by:
max F(C3) (8)
C2

S.t.
Cy < Dlpr+ Dlg+ LF1
Dlpr+ Dlg+ LF1 = D0pr + DOg + LFO
Dlpr < 0prE(R)Ipr + B(1 — dpr)IpR + SOpPR, (9)
Dl < 0gE(R)Ig + B(1 —0¢)Iac + S0g, (10)

The first constraint represents the consumers’ budget constraint, while the
second constraint ensures that the sum of deposits and cash'is-equal in period
0 and period 1. The final two conditions represent the deposit constraint.
Note that if the realized value of § is high enough, so that the deposit
constraint is not complied, i.e. dE(R)I + (1 —3§)I+4 S0 < D1, there will be
a bank run, and depositors withdraw all their funds from banks, and banks
are forced to liquidate the investment project in erder to meet the demand
for liquidity in period 1.# n this case, we have that 6 = 0 and the liquid
resources left to pay depositors are 3(1 — 0)I 4+ S0. This result is similar to
the bank run in Allen and Gale (1998).

2.5 Solution by backward induction

In order to solve for the optimal behavior of agents in period 0, we first need
to solve the optimization preblems in period 1. Subsequently, we can then
solve the optimization problems of banks and depositors in period 0.

2.5.1 Solution of period 1

Several cases have to be distinguished, when solving the maximization prob-
lem 8 of consumers in period 1, since they might or might not withdraw their
deposit holdings in private and public banks. In the first case, the deposit
constraints for private and public banks 9 and 10 are not violated and we
have:

{D1pp, D1, LF1'} = {DOpg, DOg, LFO}, (11)

where Dl;,i = PR, G denotes deposit holdings at private and public banks
in period 1, and LF1" denotes cash holdings. In this case, no deposit outflows
occur. In the second case, the deposit constraint for private banks (condition

4We follow the literature on banks run, such as Diamond and Dybvig (1983), where
a sequential service constraint implies that depositors withdraw their deposits one after
the other until the bank is unable to meet any further demand. The sequential service
constraint gives depositors an incentive to be the first to run in order to get the full value
of their deposits back.

11



9) is violated, while the deposit constraint for public banks (condition 10)
is not violated and it follows that:

and
LF1 = LF0+ DOpg. (13)

Finally, when the two deposit constraints for private and public banks'(con-
ditions 9 and 10) are both violated, it follows that

{D1,13R’ Dl,G} = {07 O} (14)

and
LF1 =LF0+ DOpgr + D0g. (15)

Next we have to solve the maximization problems of private banks (equa-
tion 4) and public banks (equation 6) distinguishing between the three cases
outlined above. First, if the two deposit constraints for private and public
banks are not violated, it follows that:

. ER) -1

PR = IpryVi(R) (16)
and E(R) —1+0

C7 TIgi(R) 17)

Second, if only the deposit constraint of private banks is violated and that
of public banks is not violated we obtain that:

Spr=0 (18)
and E(R)— 140
o (); (19)
IgyVi(R)

Finally, if the two deposit constraints for private and public banks are bind-
ing, it follows that:

and

12



2.5.2 Solution of period 0

Given the optimality conditions for period 1, we now characterize the opti-
mal behavior of consumers and banks in period 0. Starting with the max-
imization problem 7 of consumers, it follows that the optimal amount of
funds deposited in private and public banks DO0%p, DO, and the optimal
cash holdings LF0* verify the following conditions:

R e R
and
) 0 ifEB(R)>1
LFO :{ LF if B(R) <1 (23)

which imply that consumers will only deposit in banks, if the expected gross
return of the investment project per unit of investment is high enough to
pay back each unit of deposit. Note also that the optimal proportion of
deposits in private and public banks is undetermined and we assume that
consumers equally distribute their deposits across private and public banks,
ie. DOpp = DO; = D0*. However, the conclusions of the model do not
change if we assume a different proportion of deposits across private and
public banks.

Private banks maximize their expected utility given in equation 3 by
choosing between the optimal level of lending to entrepreneurs, I}, and
liquid asset holdings, S0pp. In the optimum, private banks choose the
following asset portfolio‘composition:

b S0pn} = {EO(5PR)'7‘/()(R)7DO A0 EO@PR)’YVO(R)}. 24
In addition, taking into account solution 16 for partial liquidation of pri-
vate banks in period 1, and solution 24 for period 0, it is demonstrated
in appendix A.1 that the expected fraction of the investment project that
is continued in period 1 conditional on information in period 0 is equal to
E¢(dpr) = 1, implying that solution 24 can be rewritten as:

Wem 50wt = Sy PO+~ Su@)
Note also that we have assumed that D0O* + A0 > 35/10%()1;)1. A similar opti-
mality condition is obtained for public banks which maximize their expected
utility given in equation 5:

}- (25)

(12,505 = (EUD =1 pge g9 - EUD 1

YWo(R) Wo(R) I
It follows that private and public banks act initially similarly, since their
optimal lending to entrepreneurs I}, and I, and their optimal liquid asset
holdings S0%, and SOf, are equal, i.e. I =I5, = I* and S0L, = SO, =
S0*.

(26)

13



2.6 Optimal behavior of agents in period 1

Given the optimal behavior of agents in period 0, we can now turn to analyze
the optimal behavior of agents in period 1, after they have observed the
leading economic indicator represented by the realization of the variance
of the investment project Vi(R). Regarding the behavior of depositors, it
follows from solutions 9, 10, 11, 12, 13, 14, 15, 16, 17, 25, and 26 that:

Dir it Vi) < LY

Dlpp = (27)

. R)—B)Vo(R
0 if Vi(R) > LIS

. E(R)—8)(E(R)—146)Vo(R
DO if Vi(R) < ¢ (((1)75)}£7(A0))(E(R3701() ;

D1z = (28)
. E(R)—B)(BE(R)~14+6)Vo (R
0 if Vi(R) > ¢ (((1)75)%4(140))(15(1%;701() :

LFO*  if Vi(R) < 2000

LFO* + Do if ZEEAWED < vi(R) <

LF1* = (29)
(E(R)=B)(E(R)~1+0)Vo(R)
(=B — AN (E(R)—1)

" w 4 E(R)—B)(E(R)—14+6)Vo(R
LFO0* +2D0% if Vi (R) > BTG4Vl

These results imply that when the true variance V; (R) is smaller or equal

to the threshold %%, depositors do not withdraw funds from nei-
ther private nor public banks. Thus, deposits in period 1 do not change
relativecto period 0, i.e. Dlpp = D15 = D0*. Below this threshold
value for the true variance Vi(R), we have two regions, namely normal
times and the crisis period. Note also that this threshold is an increas-
ing function of the initial level of bank capital, A0, implying that a bet-
ter capitalized bank is able to withstand a higher negative shock without
suffering a bank run. Above this threshold value, we have a severe crisis
period. If % <Vi(R) < (E(((If)%f}ﬁE%);éngvol()R), depositors run
on private banks but do not withdraw any funds from public banks. When
Vi(R) > (E(((Jf)_}@gi%fﬁg;Yol()R), depositors run on both private and public
banks. These results are presented in figure 1.

Regarding private and public banks’ optimal choice of partial continua-

tion in period 1, given the solutions 16, 17, 19, 20, 21, 25, 26, 27, 28, and
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Deposits and liquid funds
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= =+ Public Bank Deposits D/

Figure 1: Deposits and liquid funds hold by depositors in period 1

29, it follows that:

1if Vi(R) < Vo(R)

* Vo(R 4 E(R)—B)Vo(R
Opr = V?ER% if Vo(R) < Vi(R) < ((f_)ﬁ)% (30)
o v > G

i —1+6
1 ifi(R) < w
(ER)-1+0)Vo(R) ¢ (E(R)=1+0)Vo(R)
(E(R)—l)vl(%)) if E(R)—1 0 <V (R) <
s (31)

(E(R)=8)(E(R)—14+0)Vo(R)

0 if Vi(R) >

(1-B)I*—A0)(E(R)—-1)

(E(R)—B)(E(R)—1+0)Vo(R)

(1-B)I*—A0)(E(R)—1)

This implies that if the realized risk in period 1 is less or equal to the risk
perceived in period 0, V1(R) < Vp(R), then no partial liquidation occurs.
This state is called normal times. Further, if the true variance Vi(R) lays

between the threshold values Vy(R) and

(E(R)—B)Vo (L)

-/ I—A0 » Ve have the milder

crisis period, because banks partially liquidate the investment project in pe-
riod 1, but there is no withdrawal of deposits. The severe crisis period occurs
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when the true variance V3 (R) is larger than %, and depositors

withdraw their deposits from banks which lead to the complete liquidation
of the investment project. Note that in the crisis region, it is the optimal
behavior of banks that determine partial liquidation, but in the severe crisis
region, it is the optimal behavior of depositors that determine the level of
partial liquidation. Note also that public banks start partially liquidating
the investment project at a higher threshold value of Vj(R) than private
banks. Further, the threshold value for which public banks completely lig-
uidate the investment project is also higher than that of private banks. The
results of solutions 30 and 31 are presented graphically in figure 2.

The total lending by banks to entrepreneurs in period 1 is-given by 6*I*.
Thus, given the solutions 30 and 31, it follows that the optimal total lending
by private banks (L1} p) and public banks (L1§,) is:

I it Vi(R) < Vo(R)

* Vo(R) 7x . E(R)—B)Vo(R
Llhp =14 omI* i Vo(R) < Vi(R) < L2l (32)

. E(R)—B)Vo(R
0 lf V1 (R) > _( ({7%)?)7%0 )

. —1+40
o if Vi(R) < B SO

(B(R)—140)Vo(R) 1% +¢ (E(R)—1+0)Vo(R)

o mkaely it EEE I < vi(R) <

L1 = (33)

(B(R)—B)(B(R)—146)Vo(R)
(A=A AN E(R)-1)

0 it Vi(R) > St
These results are presented in figure 3.

We analyze now the liquid asset holdings by private and public banks
in period 1. We need to consider the liquid holdings by banks in period 0,
S0*, given by solutions 25 and 26, the withdrawal of funds by depositors in
period 1 given by 27 and 28, and the partial liquidation by banks in period
1 given by solutions 30 and 31. For private banks, it follows that:

S0 if Vi(R) < Vo(R)

* _S* * : (E(R)_ﬁ)VO(R)
S18y = S0+ B(1 = dpp) " if Vo(R) < Vi(R) < EEAN0UD (34)

0 if Vi(R) > EH-WD
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Figure 2: Partial continuation in period 1

where (1 — d5)I* are the additional liquid asset holdings of private banks
implied by the partial liquidation of the investment project. Note also that
the threshold %—1@1/%2 marks the starting point of the severe crisis
period, in which private banks suffer a bank run and leave them without
any liquid funds.

For public banks’ optimal liquid asset holdings, we have that:

SO it Vi(R) < LU0l

S0+ B — a1 it EE OB < vy (R) <

A= E(R)—B)(E(R)—14+0)Vo(R
Slo o1 (35)

0 if Vi(R) >
(E(R)=B)(E(R)—1+0)Vo ()
((AI=B)1*—A0)(E(R)—-1)

where 3(1—6f,)I* are additional liquid funds of public banks obtained by the

partial liquidation of the investment project. Note also that when Vi (R) >
(E(R)=B)(E(R)~1+6)Vo(R)

(-p)F _ANER)-1) the Withqrawal of c_leposits frorP Public banks in
period 1 is complete, leaving public banks without any liquid funds. These
results are presented graphically in figure 4.

From solutions 30, 31, 32, 33, 34 and 35, it is clear that there are three
regions to analyze. The first region corresponds to normal times in which the
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Figure 4: Liquid funds holdings by banks
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revised variance is smaller than the prior beliefs, i.e. V1(R) < Vp(R). In this
region, there is no partial liquidation of the investment project by private
and public banks, and depositors do not withdraw any funds from banks. In
normal times, private and public banks lend the full amount required by the
investment projects and they do not hold any extra liquid assets in period
1 with respect to period 0.

The second region corresponds to a crisis, which occurs when the revised
variance is larger than the prior in period 0, but smaller than the threshold
at which the withdrawal of deposits is set in motion, i.e. Vp(R) <Vi(R) <
%%. Within this region we have two subregions given by Vy(R) <

(E(R)—=146)Vo(R) (E(R)—146)Vo(R) (E(R)—B)Vo(R)
Vi(R) < “grmnray 2 mmommy < V) < Hgr—io
spectively. In the first subregion partial liquidation is only carried out by

private banks and it is only these that cut back lending to entrepreneurs and
start accumulating additional liquid funds. Public ‘banks continue lending
to all projects, do not partially liquidate any projects and do not accumu-
late any additional liquid funds. The reason is that the objective of public
banks, in contrast to private banks, is not only to maximize profits, but
also to stabilize the economy in response to an adverse shock, due to the
disutility that public banks suffer from partial liquidation given by 6. In
other words, private banks exacerbate the crisis by affecting investment and
production, while public banks stabilize the economy. This result can be
summarized in the following proposition:

Proposition 1: During a mild crisis, private banks cut back on lending
and hold more liquid assets, while public banks continue lending at the same
pace as in normal times and do not accumulate additional liquid funds.

In the second situation, which could be called a crisis, in contrast to a
mild crisis, both private and public banks partially liquidate projects and cut
down on lending, while they accumulate additional liquid assets. However,
private banks cut down their lending and increase their liquid funds holding
by more than public banks. The reason is that public banks dislike partial
liquidation of investment projects, which is given by 6 coefficient. Thus, the
asset portfolio of public banks has a higher proportion of loans to firms and
less liquid funds than private banks. This result can be summarized in the
following proposition:

Proposition 2: During a crisis, both private and public banks cut down
on lending and hold more liquid assets. The reduction in lending of public
banks, however, is less pronounced because their objective is also to stabilize

the economy.

Note that the total lending decreases in the value of the revised variance,
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i.e. the larger the risk shock, the higher is the slowdown in lending. Note
also that within the crisis region, partial liquidation is not affected by the
behavior of depositors because they are not withdrawing any funds from
banks.

The third region corresponds to a severe crisis, which occurs when the re-
alized variance in period 1 is sufficiently large so that V1 (R) > %%.
Again there are two different subregions. In the first subregion, given
by % < V(R) < (E(((ffgf}ﬁ’f%@?gYol()R), depositors withdraw
funds from private banks but not from public banks. The reason for the
differential response of depositors across private and public banks is that
the optimal behavior of public banks is to liquidate a smaller-proportion of
the investment project than private banks. Thus, the expected resources
available in period 2 are larger for public banks than forprivate banks. This
is evident if we consider equations 9 and 10 from where we see that for each
unit of investment that is liquidated, the expected resources available in pe-
riod 2 increases by 8, but are reduced by F(R),where E(R) > 1 > (. In the
second subregion, which occurs when Vi (R) > (E(((Ifl‘ﬁf}i’f%@g;‘f’l()R), both
private and public banks experience withdrawals of deposits and they are
forced to completely liquidate the investment project to face the demand of
liquid funds due to the run of depositors, i.e. all the liquid funds obtained
from partial liquidation are handed over to depositors. Note that in this
region, it is the withdrawal of deposits that determines partial liquidation
and lending, and not the optimal behavior of banks. This result can be
summarized in the following proposition:

Proposition 3: ‘During a severe crisis, both private and public banks cut
down on lending because they have no liquid funds left due to the withdrawal
of funds by depositors. However, the deposit run affects first private banks,
and at alater stage, if the crisis worsens, it also affects public banks.

2.7 Recapitalization of public banks in period 1

The model is now analyzed in the presence of recapitalizations in periods
1 and 2. By modeling explicitly the possibility of a recapitalization in pe-
riods 1 and 2, banks will have more funds at their disposal to pay back
depositors in period 2 in case of a crisis. In addition, although both types of
banks may be recapitalized, we investigate how the results change when only
public banks receive a capital injection by the government. Clearly, this as-
sumption implies that depositors are less inclined to withdraw deposits from
public banks in period 1. Note that the reason for doing this strong assump-
tion is not to deny that a private recapitalization may be possible, but to
acknowledge that the state is usually in a better position or more willing to
recapitalize banks than the private sector and, thus, it could be that public
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banks have a higher probability of being recapitalized during a crisis. This
argument is justified by the observation that the owner of public banks, the
fiscal authorities, tend to have more financial resources, or be more willing
to recapitalize their banks, than the shareholders of private banks, because
governments are also interested in avoiding the negative externalities that
a bank run generates. A possible explanation for this observation, that has
been argued by Holmstrom and Tirole (1998), is that the state has the ca-
pacity to tax agents, while private agents cannot.® Another argument is
that the shareholders of private banks might shy away from raising equity
from stock markets, when stock prices are low. In terms of our model, the
funds for the recapitalization may come from a tax levied on consumers that
hold liquid funds in periods 1 and/or 2.

We assume that in period 1, the recapitalization’ of public banks is
Alg > 0 and the expected recapitalization of public banks in period 2
is E(A2g) > 0. Note that the recapitalization of public banks only modifies
the behavior of consumers, when the expected resources in period 2 are not
high enough, i.e. if ¢ E(R)I* + 5(1 — dg)I* + S0 < D1. If they are enough
without recapitalization, the behavior of /depositors is not modified by the
recapitalization. Thus, the maximization problem of consumers in period 1
is now given by:

max E(Cy) (36)

s.t.
Cy < Dlpgr + Dlg + LF1
Dlpgr + Dlg4 LF1 = 2D0* + LF0
Dlpg < SprE(R)I* + B(1 — 6pgr)I* + S0%, (37)
Dlg < 6gE(R)I* + B(1 — dg)I* 4+ S0* + Al + E(A2q), (38)

The recapitalization implies that the expected resources available in period
2 for depositors of public banks is 0g E(R)I* + 8(1 — 0g)I* + S0* + Alg +
E(A2¢). Thus, the optimal behavior of depositors of public banks, previ-
ously given by equation 28, is now

* . E(R)—B)(E(R)—1+0)Vo(R
DO* it VA(R) < (rpir i AT Rz BRI
D1} = (39)
. E(R)—B)(E(R)—1+60)Vo(R
0 if Vi(R) > (g A ATe B Az BT

5 Actually this taxation capability could even be used by the state to recapitalize private
banks in times of distress. This possibility is not analyzed as our objective is to explain
potential reasons for which private and public banks might react differently to a crisis. In
addition, if private banks are recapitalized by the state, they would become partly public
banks.
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where the threshold value for which public banks suffer a bank run, Vi(R) >
= 6(?*(?45/3 &?g?&j;’g;o(g)m_l) , is larger than the previous threshold with-
out the recapitalization in period 1, Al¢g, and the expected recapitalization
of period 2, E(A2¢).

With respect to the optimal lending response of public banks, previously
given by equation 33, we now get:

. —1+6
I it Vi(R) < B OB

E(R)—1+0)Vh(R) 7% . (E(R)—1+0)Vo(R
e if S < vy(R) <

- (E(R)—B)(E(R)~1+6)Vo(R)
L (B A0~ Al E(A2G))(B(R)=2T) (40)

0 it Vi(R)>

(E(R)—B)(ER)=1+6)Vo(R)
(1-B)I*—A0-Alg—E(A2g))(E(R)-1)"

As a result, within the first subregion of(tl(le severe crisis case, now given
E(R)—B)Vo(R E(R)—B)(E(R)—14+0)Vo(R .
by ( (f,%)[*)7%0 ) < ‘/1(R) S ((1*ﬂ§1*(7)AO*)A1(;7)E(A2C);))O((E()R)71)’ puth banks

do not suffer any deposit withdrawal, while private banks suffer a bank run,
not only because public banks partially liquidate less than private banks,
but also because public banks are recapitalized in period 1 and consumers
expect them to be recapitalized in period 2. These results are presented in
figure 5.

And finally, the optimal liquid asset holdings, previously given by equa-
tion 35, are now given by:

* . R)—1+460 R
S0 if Vl(R) < (E( }5(};)‘7)1‘/0( )

SO*+ B(1 = G5)I* + Al it EEHOBID < vy (R) <

S1e= (E(R)=B)(E(R)—1+0)Vo(R)
(1-B)I*—A0—-Alg—E(A2q))(E(R)-1)

0 if Vi(R)>

(E(R)—B)(B(R)~110)Vo(R)
(1=B)I* — A0~ Al — E(A2G))(B(R)~1)
(41)

In our model, the actual recapitalization, or even an expected future
recapitalization, is effective in counteracting a bank run in the case of a
high adverse risk shock that puts the economy in a severe crisis situation.
The avoidance of the bank run implies that the severe crisis situation does
not translate into a complete breakdown of the real sector and that, at
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Figure 5: Total lending by recapitalized public banks

least, a fraction of the productive investment projects are realized. Note
the important result that the mere possibility of a future recapitalization
avoids a bank run with severe real consequences. Accordingly, it might
happen that, if the realized gross return R in period 2 is larger than the
expected value of the gross return E(R), then there is not even a need
for an actual recapitalization in period 2. Furthermore, the promise of a
future recapitalization may avoid a bank run in period 1 even if the actual
recapitalization in period 2 is not carried out. It is this potential breach
that led us to assume that depositors only expect that public banks will be
recapitalized in period 2, since we assume that the state is perceived as more
credible than private bankers in a severe crisis situation. Of course, if the
government is not credible or has a track record of breaking its promises,
a more profound credibility analysis should be made, but this is out of the
scope of this paper and is left for future research. Further, the possibility
of a future recapitalization raises also moral hazard considerations that are
not analyzed in this paper.

3 Concluding remarks

The present paper examines from a theoretical perspective the lending be-
havior of private and public banks in response to adverse economic shocks.
We develop a theoretical framework that models the interactions of deposi-
tors, firms, and private and public banks. The results indicate that lending
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during normal times is similar across private and public banks. During a
financial crisis, however, private banks’ lending decreases to a larger extent
than that of public banks. These results indicates that public banks play
a counter-cyclical role in their banking systems, while private banks play a
more pro-cyclical role.

We propose three possible explanations for the differential lending re-
sponses of private and public banks during financial and economic crises.
First, their objective function is different. Public banks not only imaxi-
mize expected profits, but they also experience a disutility when investment
projects in the real sector have to be scaled down in response to an unex-
pected adverse financial shock. Second, public banks may suffer less deposit
withdrawals or avoid a bank run in a severe crisis, because the state has
better access to additional funds during a severe crisis which makes a recap-
italization more likely. And finally, public banks may subject to less deposit
withdrawals due to their higher credibility in promising a future recapital-
ization in the case of a severe crisis. There is empirical evidence in Brei
and Schclarek (2013) indicating that the differential behavior of public and
private banks during recent crises is best explained by the difference in their
objective function. However, more empirical research is needed to test the
importance of these potential explanations before we can be conclusive.

The policy implications of the paper are that, if public banks operate
within certain margins of efficiency, then there is a role for an active credit
policy through public banks to stabilize the economy during recessions and
financial crises. Moreover, public bank lending may be used as a comple-
ment to standard monetary and fiscal policy in recessions and crisis times,
as they do not only maximize private profits, but also take into account the
externalities implied by their lending decisions. In addition, the presence
of public banks might decrease the probability of a systemic bank run, as
depositors might perceive public banks as safer. Finally, the results have
implications for the optimal composition of a banking sector. Clearly, a cer-
tain proportion of public banks in the banking sector allows a more effective
countercyclical policy.
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A Appendix
A.1 Proof Eo((SpR) =1

Considering solutions 16 and 24 we have that

1 if Vi(R) < BBt

/ Ypr
orr = E(R)—1 E(R)—1 ¥
vIprVi(R) if Vi(R) > vIpR
and E(R) -1
Ipp=— " = 43
PR Eo(6pr) Vo (R) 43)
Considering
E(R) -1
Vi(R) < ———
1) < YIpr
from the threshold of solution 42 and using equation 43, we have that
E(R)=1
Vi(R) < TTER)ZT
T Bolorr)1Vo(R)

which is equal to
Vi(R) < Eo(0pr)Vo(R).

Rearranging and taking into account that in period 0 it must be true that
Vi(R) = Vo(R), we get that

Ey(6pr) > 1,

which imply that
Eo(0pr) = 1.

QED
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Highlights

Highlights “A theoretical model of bank lending: does ownership matter in times of crises?”

e During a crisis, private and public bank lending is reduced in comparison to normal times.

e During a crisis, public banks lend more than private banks.

e Onereason is the objective of public banks, in contrast to their private peers, is not only to
maximize profits given risks, but also to stabilize and promote the recovery of the
economy.

e Also, public banks may suffer less deposit withdrawals or avoid a bank run in a severe
crisis, because the state has better access to additional funds making a recapitalization
more likely.

e Finally, public banks may suffer less deposit withdrawals due to their higher credibility in
promising a future recapitalization in the case of a severe crisis.

e Governments can play an active counter-cyclical role in their banking systems directly
through government-owned banks.



