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Abstract

This paper studies monetary policy in an economy where banks make risky loans to firms and
provide liquidity services in the form of deposits to households. For given bank equity, market
discipline implies that banks can take more deposits when assets are safer or more profitable.
Banks respond to loan losses by making their balance sheets safer—i.e., they reduce risky
lending sharply and accumulate more safe bonds. In contrast, a social planner would respond
by making banks temporarily more profitable such that a riskier balance sheet can be
maintained. A planner would temporarily reduce the expansiveness of monetary policy to avoid
bonds becoming too liquid in support of the liquidity premium banks earn via deposits.
Specifically, when bank equity is low, then optimal monetary policy stabilizes output by
supporting bank lending rather than employment.

Topics: Credit and credit aggregates, Financial stability, Financial system regulation and
policies, Inflation targets, Monetary policy
JEL codes: E44, E60, G21, G28



1 Introduction

Banks provide important liquidity services (Berger and Bouwman, 2009) but face occa-
sional bouts of illiquidity themselves, especially during financial crises. They may then
reduce holdings of less liquid assets, such as business loans, which may exacerbate the
economic cost of financial crises. How banks change the composition of assets on their
balance sheets during financial crises, when banks themselves face illiquidity, should be
a major concern for macroprudential policy makers. Because monetary policy authori-
ties directly affect the liquidity of assets traded on financial markets, there can be benefits
for financial stability when their actions take into account effects on bank loan supply.
This paper studies how monetary and macroprudential policies should be coordinated
so that the supply of both loans and liquidity is optimal in the sense of maximizing
household welfare.

To this end, I study constrained efficiency in a model of endogenous financial crises.
Banks issue uninsured deposits and use them, together with retained equity, to invest
in risky loans to firms and safe bonds. Exogenous shocks to firm loan repayment may
deplete equity and thereby occasionally cause bank funding constraints to bind. When
bank funding is constrained, lending decreases because banks issue fewer deposits and
may shift into safe bonds, and the economy then experiences a financial crisis.

The cost of bank funding, i.e., the interest rate that banks must pay on deposits, de-
pends on bank deposit supply and on monetary policy actions. In the model monetary
policy actions are trades of safe bonds that affect the liquidity premium that house-
holds attach to deposits. The liquidity premium represents the relative attractiveness of
deposits relative to bonds and depends on bank deposit supply and monetary policy

bond trades. When monetary policy is expected to on net buy bonds and sell money,



then households hold more bonds, which they can now exchange for money more con-
veniently, and demand fewer deposits so that the liquidity premium on deposits de-

creases.1

Monetary policy actions affect the price level through ex ante unexpected changes in
money supply in my model. They have a first-order effect on employment because it
is assumed that nominal wages are sticky. A monetary policy that maximizes effective
employment in each state of the world is expansionary on average in my model. As
a result, a monetary policy that closes the “labor gap” ex post also widens the “credit
gap” ex ante. The latter effect is stronger when banks have less equity and rely more on
debt to fund loans. The reason is that banks” access to debt funding depends on their
shareholder value, which in turn depends on their funding cost. The resulting dilemma
for monetary policy that emerges during times when banks are poorly capitalized is the
focus of this paper.

The first main result is that constrained-efficient monetary policy is less expansive,
compared to what would be necessary to close the labor gap, during recoveries from
financial crises. A less expansionary policy increases the liquidity premium that banks
enjoy and thereby increases their shareholder value. A higher shareholder value during
recoveries from financial crises helps banks to access debt funding during crises.

The second main result is that in a constrained-efficient second best banks shift away
from safe bonds during financial crises, while in competitive equilibrium the opposite
happens. This shift in second best reduces bank deposit supply so that deposit rates are

further reduced, i.e., the liquidity premium is further increased, during financial crises.

!When financial markets are segmented in this way, which gives rise to a liquidity premium on deposits
ex ante, then expected rather than unexpected inflation affects the bank lending channel. An example of a

monetary policy action that increases the liquidity of bonds, relative to bank deposits, ex post are purchases
of bonds from the investment fund industry during the recent COVID-19 crisis (Financial Times, 2020).
Note that, however, the direct effect of monetary policy on employment in my model works through
unexpected inflation (as in the New Keynesian framework, see Woodford, 2003), but not through expected
inflation.



While the constrained-efficient balance sheet is larger and safer during normal times,
compared to competitive equilibrium, it is smaller and riskier during financial crises.

In my model, an expansive monetary policy stance lowers the liquidity, or conve-
nience, premium associated with bank deposits while a contractionary stance increases
it. Drechsler, Savov, and Schnabl (2017) document such a relationship empirically for
the case of the United States. They develop a model with imperfect competition among
banks for deposits where less expansive monetary policy increases the opportunity cost
of holding money in the form of cash, which makes deposit demand less elastic. Banks
then respond by reducing deposits to increase the liquidity premium, which reduces
lending. Drechsler, Savov, and Schnabl (2017) focus on the effect of monetary policy
on bank lending during normal times, when banks choose deposits unconstrained by
market-imposed capital requirements, so that banks take into account effects on the lig-
uidity premium. In contrast, I assume perfect competition on the market for deposits and
focus on the effect of monetary policy on bank lending during financial crises. During
crises, banks face binding market-imposed capital requirements and enjoy high liquidity
premiums that may exceed those under unconstrained imperfect competition.?

Brunnermeier and Koby (2018) make the important observation that a lower liquid-
ity premium can erode bank equity over time and eventually lead to a binding capital

requirement and thus lower lending in the future.> In Brunnermeier and Koby (2018),

Drechsler, Savov, and Schnabl (2017) and in this paper, as in Stein (2012), the monetary

2Heider, Saidi, and Schepens (2019) and Eggertsson, Juelsrud, Summers, and Wold (2019) document,
for the case of the Euro zone and Sweden, respectively, that banks accept a negative liquidity premium on
deposits during a time when monetary policy is very accommodating. In my model, the liquidity premium
on deposits is always non-negative and it is zero during normal times in a competitive equilibrium.

3In their model expansive monetary policy may also increase current bank lending by relaxing current
capital requirements through increases in prices of assets held by banks (presumably, if they are sold or
initially below book value because unrealized capital gains are not part of regulatory capital). Repullo
(2020) notes that a non-monotonic effect on bank lending may not be obtained when banks’ current access
to outside funding may depend on future lending margins (similar to this paper), i.e., when it depends on
the price of bank equity and not only on the price of bank assets.



authority effectively competes with banks in the supply of money-like assets to house-
holds. The analysis in this paper suggests that monetary policy should compete much
less with banks during financial crises and during recoveries from crises. Moreover,
monetary policy should also compete somewhat less with banks during normal times
so that banks are able to bear larger capital buffers. Monetary policy has a key role in

making financial crises less severe ex post and in supporting bank resilience ex ante.

1.1 Related literature

Focusing on optimal Markov policies rather than constrained efficiency, Van der Ghote
(2020) also studies optimal interaction between monetary policy and macroprudential
policy. He finds that monetary policy should provide support to financial stability by
being slightly contractionary during good economic times. That support works through
an increase in bank margins during good times, which increases their shareholder value
during good times and, by anticipation, also during financial crises, which increases
banks” access to external funding during crises. In my model it is also optimal for
monetary policy to be slightly contractionary during good times to raise bank margins.
However, the intention is not to raise bank shareholder value, again by anticipation, dur-
ing financial crisis states. The positive effect of higher margins is exactly offset by the
negative effect of higher costly bank capital so that banks do not earn excess rents (their
shareholder value equals their equity during good times). In this paper, during good
times, optimal monetary policy supports bank margins somewhat to (exactly) compen-
sate them for holding more costly capital. In contrast, during recoveries from financial
crises, optimal monetary policy supports bank margins more strongly to compensate
them for not defaulting on their creditors during crises.

Banks face liquidity problems in this paper when their limited ability to pledge them-

4



selves—i.e., their entire charter value—reduces access to funding and thus the size of
their balance sheet.* Shocks to the value of bank assets trigger bank illiquidity in this
paper, while Bianchi and Bigio (2020) focus on shocks to available funding triggering
illiquidity. Banks face liquidity problems in Bianchi and Bigio (2020) because of a lim-
ited ability to pledge their assets to bank creditors, while in this paper the reason is a
limited ability to pledge the banks’” shareholder value to creditors. The difference mat-
ters because the cost of funding affects directly a bank’s shareholder value but not the
value of its assets. For example, if funding is cheaper, then, for a given value of their
assets, banks can have higher leverage in my model. The downside of cheaper bank
funding in my model is not necessarily higher bank risk taking but primarily lower de-
positor welfare. Bianchi and Bigio (2020) consider the case where a monetary authority
can help banks that must sell illiquid, and buy liquid, assets during financial crises. In
contrast, the monetary authority can help banks in this paper by being less expansive
during financial crises—the resulting increase in intermediation spreads increases bank
shareholder value and decreases market pressure to deleverage.”

Diamond and Rajan (2001) show that one reason why it can be beneficial for banks
to take short-term deposits is, paradoxically, the potential for bank runs. The latter can
serve as a credible disciplining device in the hands of bank creditors. The analysis in this
paper highlights an additional benefit of having commercial banks also provide short-
term deposits. It is the role that deposit rates play in recapitalizing banks after they

experience loan losses. A decrease in deposit rates when banks are forced to reduce

“Banks in this situation may not be able to attract additional external funding even if their equity is
positive and there is no possibility that exogeouns shocks would cause it to turn negative (i.e., even if
they are fully solvent). Bank illiquidity problems are caused by concerns about bank moral hazard in my
model and may affect solvent banks.

° do not have fire sale type frictions as in Bianchi and Bigio (2020). However, those frictions only bite
when banks face significant market pressure to deleverage. The policy implication in this paper is that the
macroprudential and monetary policy makers can be effective in containing such pressure by supporting
bank profitability.



the size of their balance sheets allows banks to rebuild equity faster, thus leading to
a smaller increase in lending rates. Both depositors and bank borrowers contribute to
recapitalizing banks.

Banks’ role as deposit takers helps them to rebuild equity after losses on loans in
this paper, compared to a financial system with “narrow banking” where deposits are
exclusively backed by risk-free assets rather than also by risky loans. One example
would be “central bank digital currency” where, essentially, deposits are backed by
central bank reserves. Chiu, Davoodalhosseini, Hua Jiang, and Zhu (2020) show that
central bank digital currency can be beneficial and increase economic output in a way
that increases welfare if banks have market power on the deposit market. They do not
study the effect on macro-financial stability. In contrast, in this paper banks do not have
market power—their funding cost decreases only when it is socially desirable, during
financial crises. Deposits are a stable source of funding for banks in my model in the
sense that deposits become cheaper when banks face losses, which stabilizes banks’
shareholder value and thus access to funding.

Gatev and Strahan (2006) find empirical evidence for banks benefiting from procycli-
cal funding costs, i.e., from a countercyclical liquidity premium. They argue that this
effect enables banks to provide a more stable supply of loans to firms over financial
cycles. They find evidence that implicit government guarantees help banks to reap the
benefits of elevated liquidity premiums during financial crises. A policy implication in
this paper is that regulators, and the monetary authority, should support banks in earn-
ing a high liquidity premium during financial crises; for example, by requiring banks
to hold fewer risk-free bonds so that banks insure firms who rely on bank loans, rather
than households who face liquidity risk from holding bonds and thus prefer deposits.

Greenwood, Hanson, and Stein (2015) show that the choice of government debt ma-



turity can be seen as a macroprudential tool. A shorter duration can be beneficial if it
crowds out private short-term debt issuance, especially by financial intermediaries. The
possibility of government debt rollover risk limits the extent to which the government
should crowd out private money creation in their model. Greenwood, Hanson, and
Stein (2016) argue that a monetary authority could eliminate that rollover risk because
it can always issue short-term liabilities denominated in domestic currency. Specifically,
it can issue short-term liabilities to buy long-term government debt and rebate the as-
sociated seigniorage back to the government. The analysis in this paper suggests that
monetary policy should be on average more contractionary, rather than expansionary,
to strengthen, rather than weaken, the liquidity (or “convenience”) premium enjoyed
by financial intermediaries. However, the analysis also suggests that macroprudential
policy should, at the same time, ask banks to hold larger capital buffers during good
times. As in Greenwood, Hanson, and Stein (2016), the monetary authority should re-
spond to short-term economic fluctuations in the usual way by setting monetary policy
to stabilize employment. Only after financial crises should this stabilization mandate be

partially and temporarily abandoned.

2 Model

This section describes an infinite horizon model economy in discrete time. The economy
features a consumption good and is populated by continuums of mass one of identical
tirms, banks, households and long-term investors, respectively. Firms are short-lived
and fund their investment with loans from banks. Only banks can make loans to firms.
Households are endowed with one unit of labor each, which they supply inelastically,

in periods t = 1,2,... and with w > 0 units of the consumption good in every period.



Long-term investors are endowed with wy units of the consumption good in period ¢ = 0.
Households and long-term investors discount future consumption using the subjective
discount factor B € (0,1). There are aggregate productivity shocks sy € S = {sp,sg} C
Ry with Pr(s; = sp) = p in each period f = 1,2,.... The assumption that aggregate
productivity shocks are independently and identically distributed ensures that they do
not shift firms’ demand for loans. The initial state is given as sp. Define S' = S x S~
fort =1,2,... as sets of histories of productivity shocks st with SY = {s0} and sV = 5.
Let 71; be the probability measure on S'. Denote conditional probabilities by 7t;(s'*7|s!)
foranytand t=1,2,....

Long-term investors trade bank shares among each other, and trade one-period non-
contingent bonds with banks and households. Let ¢ € (0, ). At the beginning of each
period, after firms have repaid loans and maturing bonds have been redeemed, a fraction
1 —7/p of banks exit exogenously. The equity of exiting banks is distributed among a
mass 1 — 7/p of new banks. The shares of exiting banks become worthless and shares of

new banks are distributed uniformly among long-term investors.

Markets:
There are markets for labor, bonds, bank deposits, bank loans and bank shares. Let

w;(st) be the price of one unit of labor in period t = 1,2,.... Let R, ,(s*) be the non-

t+1
contingent return on bonds and Riﬂrl(st) the return on bank deposits. Let R;,1(s/*1)
denote the contingent return on bank lending. Finally, let p(s') denote the bank share
price including the current dividend. I normalize the supply of bank shares in every

period to one. Long-term investors are endowed with one bank share each in period

t=0.

Long-term investor problem:



ong-term investors choose consumption c’, bonds b* and bank shares ¢ to maximize
L t t h t ¢!, bonds V' and bank sh t

lifetime utility

Y B Y d(shms),
t=0 steSt

subject to budget constraints

Ci(st)+bi+1(5t) + pi(sh) (€t+1(5t) — 7/ﬁ§t(5t_1))
< RY(st DB (s 1) + pi(s) (1 — 1/8) + Dy(st)cepa(st), for t =1,2,..., and

co(so)+b4 (s0) + po(s0)(g1(s0) — 1) < wo + Do(50)1(s0),

where D; are bank dividends. In period t = 1,2, ... long-term investors make net bank
share purchases of ¢;1(s") —7/p¢;(s'~1) and receive 1 — 7/p shares of new banks, where
7/p is the fraction of banks that do not exit. The assumption that long-term investors
are risk neutral and able to consume negative amounts ensures that their demand for
bank bonds and shares is fully elastic when bonds and dividends are discounted at
constant factors B and v, respectively.® Specifically, optimal long-term investor choices

are consistent with the following bond return and bank share prices:

1
ﬁ/
Pt(St) = Dt(St) + Z Pt+1(5t+1)ﬂt(5t+1|5t)- 2)

gt+1

R?—H(St) =

(1)

Equation (2) implies that long-term investors effectively discount bank dividends using

the lower discount factor y < B. Long-term investors demand a higher return on bank

®The implicit assumption that long-term investors are as efficient as banks in monitoring bonds is
consistent with empirical evidence in Begenau and Stafford (2019).



shares than on bonds because a fraction 1 — 7/ of shares becomes worthless each period

while bonds are always redeemed. The bank share price at date zero is as follows:

polso) = Yo' Y Dl ma(sh). )
=0

stest

Household problem:

Households are assumed to face “hand to mouth” and “cash in advance” constraints
as follows. Every period, households receive liquidity (or marginal utility) shocks that
effectively force them to consume at the time they receive their labor income, which is a
different time than when they receive their endowment.” Households choose consump-

tion c", bonds b and bank deposits x" to maximize lifetime utility

(e e]

Y B Y c(sHmls'),

t=0 stest

subject to hand-to-mouth constraints

ci(st) = wi(st) + RE(s )t (st1) + (R?(sf—l) - gt(st)) pi(s'1) fort =1,2,..., and

CS(SO) =w,
and cash-in-advance constraints
h h
Xt+1(5t) + bt+1(5t) < w,

where g; are transaction costs that households incur when selling bonds at the time they

7 Alternatively, it could be assumed that households receive liquidity shocks at a time that is different
from when they receive their labor income such that they invest their labor income intertemporally rather
than some fixed endowment—this would reduce household deposit demand when wages are low.

10



need to consume. There are no transaction costs for households when redeeming bank

deposits, which makes them more liquid than bonds in that sense.?

Firm problem:

At the end of each period t a unit measure of firms enters. They each have access to a
production technology that turns k > 0 units of the consumption good in period t and
n > 0 units of labor in period t + 1 into s;1k*n!=% + (1 — &)k units of the consumption
good in period t 4+ 1 where a« € (0,1) and where § € (0,1) is the depreciation rate. Firms
choose labor after aggregate firm productivity has been realized. They cannot sell bonds
and do not have any internal funds such that they must fund any investment k with

loans from banks. Firms choose non-negative investment k to maximize expected profit

Y skt 4 (1= )k — wa (s} = Rea (5"K] mi(s7s").

St+1€S

After production has taken place firms pay wages, repay bank loans, eat any profits and

exit.

Nominal frictions and firm labor demand:

It is assumed that transactions on the labor and consumption goods markets are in
nominal terms. Because money is only a medium of exchange, and never a store of
value, I normalize the price level at the beginning of each period at Py = 1. Similarly,

I assume the nominal wage at the beginning of each period is Wy = (1 — a)K%;, where
1

Ken = (r55)

Firms receive i.i.d. shocks when accessing the labor market: half of them take nomi-

81t is assumed that households would have to pay the same, or higher, transaction costs when selling
bank shares such that there is no loss in letting only long-term investors hold bank shares. However,
if bank dividends could serve households’ liquidity needs, then this would be another reason for bank
capital to be costly.

11



nal wage W as given and the other half take nominal wage W; as given.” Let W; denote
the wage that clears the labor market, for given Wy, and let P; be the price level at which
consumption goods are exchanged in period t. There are no nominal frictions on the
market for consumption goods.

Let L; denote labor demand of firms that must offer Wy, then

(4)

where K; is physical capital that firms have invested in the previous period. If L; < 1,
then Wo/p, is high. The remaining firms employ the remaining measure 2 — L; of workers
and pay each worker their marginal product s;(1 — a)K*(2 — L;) =% < Wo/p,. Conversely,
if L; > 1, then Wo/p, is low and the remaining firms again employ measure 2 — L; of
workers. When L; # 1 then the marginal product of labor is not equal across all firms.

Define “effective labor” employed across all firms as follows:
(i}—“ +(2- Lt)l_“) . )

Equation (5) shows that there is underemployment in the form of effective labor being
less than its potential of one (£; < 1) whenever labor is mis-allocated across firms as a
result of the nominal friction in the labor market (L; # 1). Call 1 — £; the “labor gap” in
period t.

I assume households supply their labor randomly across firms and banks supply

loans randomly across firms. The average household (real) wage and bank lending

9Recall that workers supply labor inelastically in the model. Alternatively, it can be assumed that only
a fraction of households are allowed to reset their wages as in Erceg, Henderson, and Levin (2000) so that
wages become “staggered” (Calvo, 1983). The labor index £ defined in equation (5) measures aggregate
labor services demanded by the average firm.

12



return are given as follows:

Wt = St(l — DC)K?,Ct, (6)

Ry = sk 1L +1 6. (7)

Bank problem:
Banks choose dividends d, deposits x, bonds b and loans to firms ¢ to maximize share-

holder value

Vo(so) = )" ) di(s")mi(s") ®)

subject to budget constraints

di(s') + i1 (s') + bria(s')

< Ry(sH)ep(s™1) + %bt(st_l) — Ric(st_l))(t(st_l) + xi41(sh), fort =1,2,..., (9)

do(s0) + £1(s0) + b1(s0) < a0+ x1(s0), (10)

a no-default constraint

Y7 Y de (S (TS ) > 0101 (5") + abi (5, (1)
=1

St+T

and dividend non-negativity, d;(s’) > 0, for given initial bank equity ag > 0.

The no-default constraint (11) requires that banks value expected discounted future
dividends more than a fraction 6 € (0,1] of current lending. I motivate this contraint
by assuming that banks can default, whereby they would lose future dividends, and

threaten to hold up payments worth 6¢;,1(s") to bank creditors. The no-default con-

13



straint (11) ensures that banks do not have an incentive to default and extract 6¢; 1 (s")

from their creditors in exchange for not holding up payments to creditors.

Monetary policy:

There is a monetary policy authority that targets the price level by adjusting the money
supply each period. Specifically, the monetary authority trades bonds at the time when
households want to sell them (the maturity is vanishing and the coupon is zero). These
bond trades temporarily increase the amount of money in circulation. The monetary

authority bond trade T; increases the money supply to M; with T; = . Because

M;—M,
by
money is not held intertemporally I fix the money supply at the beginning of each period
at My = Kfg. There is no seigniorage associated with T; (because the rest maturity is zero)

such that the monetary authority maintains budget balance and there are no transfers to
households.
For given T}, transactions on the consumption good market determine the price level

P; and end-of-period money supply M; as follows:
MtVt = Pth = PtSthtx,Ct, (12)

where V; = s{, with v > 0, is the “velocity of money,” which is assumed to be procycli-

cal.'l The monetary authority can target a price level P; by conducting the following

10 Another possible motivation for an implicit creditor-imposed limit on bank leverage could be con-
cerns about whether banks pay a nonverifiable monitoring cost as in Holmstrom and Tirole (1997). My
assumption that bank creditors focus on the incentives of bank shareholders, rather than incentives of a
bank manager (that might have a conflict of interest with shareholders), is consistent with evidence in
Schaeck, Cihak, Maechler, and Stolz (2012) that shareholders rather than debt holders monitor managers.

"The velocity of money, in terms of currency in circulation, tends to be lower in recessions
(https://fred.stlouisfed.org/series/M1V). Alternatively, I could assume a constant velocity and
wages that are downward, but not upward, sticky. What is key is that a monetary policy that closes
the labor gap is expected to be expansionary on average in the model.

14



bond trade:

Tt = S}_VK?,Ct(Pt) — K%B/Pt.

It is assumed that the monetary authority in a competitive equilibrium chooses the price
level that closes the labor gap and avoids labor mis-allocation across firms. Using equa-
tion (4), the price level that achieves [.; = 1 is given by P; = (Kes/k,)" Slt The bond trade
T; is then fully determined.

Note that, in particular, a realization of low aggregate firm productivity requires an
increase in the price level to ensure an efficient allocation of labor across firms. The drop
in the velocity of money (because of v > 0) implies that a larger money supply is needed
to conduct all trade on the market for consumption goods at the increased price level
(even though there are fewer goods available because of low productivity). As a result, a
monetary policy action that increases the price level is expansionary in the sense that it
is accompanied by bond purchases (T; > 0) that increase the money supply (M; > My).

However, monetary authority bond trades also affect the liquidity on the market for
bonds at the time households need to sell bonds to consume. Specifically, I assume the

transaction cost households face is given by

Str1=1"- <B?+1 - Tt+1> ,

with # > 0; i.e., it is increasing in the amount of bonds households need to sell net
of monetary authority purchases.!? If the monetary authority is buying bonds then it
is easier for households to find a buyer, but when the monetary authority is selling
bonds (when it reduces the money supply) then households face a larger transaction

cost. Because households can freely allocate between deposits and bonds, the deposit

12Banks can redeem bonds directly with long-term investors and do not face a transaction cost.
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rate must be the following:

R (s") = % - Zigt+1(5t+1)7ft(5t+1|5t)
= % -1 (B?H(St) -2 Tt+1(5t+1)ﬂt(5t+1|5t)> - (13)

Equation (13) shows that if monetary policy is on average more expansionary, then the
deposit rate is higher. The reason is that the liquidity premium on deposits decreases

when the monetary authority creates additional liquidity.'3

2.1 Competitive equilibrium

Definition 1. A competitive equilibrium is characterized by (i) bank lending returns {Ryy1(s'™1)},
bank deposit rates { R}, , (s"*1)}, household bond transaction costs {gs1(s"*1)}, wages {w; 1 (s'1)}
and bank share prices {p;(s')}; (ii) long-term investor choices for bonds and bank stock holdings
{Bi,,(s"), cr11(s")}; (iii) household choices for bonds and bank deposit holdings {Bl', ; (s"), X 1 (s")};
and (iv) bank choices for dividends, deposits, bonds and loans { D¢(s'), x1+1(s"), Bir1(s'), Kiy1(s') }

such that given initial bank equity ag, long-term investor endowment wy > 0 and household en-

dowment w,

1. long-term investor choices are optimal given {p;(s')} and {Dy(s')};
2. household choices are optimal given {w;,1(s**1)}, {gr11(s™™1)} and {x111(s)};
3. bank choices are optimal given {Ry11(s"™)} and {RY (s")};

4. the market for bonds clears, B)' | (s') + Bi_,(s") + Bi1(s') = 0;

13Greenwood, Hanson, and Stein (2015) and Drechsler, Savov, and Schnabl (2017) also link the liquidity
premium to the expansiveness of monetary policy.
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5. household bond transaction costs are consistent with a zero labor gap at all times;

6. the market for bank loans clears, Ryy1(s'*1) = asy K¥ ' (s) + 1 6;

7. the market for labor clears, wy1(s'1) = (1 — a)s; 1KY, (s1);

8. the market for bank shares clears, ¢;11(s') = 1.

3 Constrained efficiency

This section first defines bank capital and shows how the no-default constraint (11)
can be written as a market-imposed bank capital requirement. It is then shown that this
market-imposed bank capital requirement gives rise to pecuniary externalities, and a
constrained-efficient second best is defined. Section 4 characterizes the competitive-
equilibrium and second-best allocations using numerical methods and derives implica-
tions for optimal capital regulation and monetary policy by comparing the second-best

allocation to the competitive-equilibrium allocation.

3.1 Bank no-default constraint and capital requirements

Let a; denote bank equity,

ar(s) = Re(s)l (s 1) + %bt(st_l) —RY(s" Mxi(s'™)  fort=1,2,... and ag given.
(14)
Define bank (equity) capital in period t as the expected discounted value of bank equity

in period t 4- 1 as follows:

v Y apa(sTm(s'ts). (15)

St+1€S
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Let I'l; denote bank shareholder value net of equity, i.e., bank future profits, as follows:

Ht(st) — Z ,)/T Z {RH_T(SH-T) o %} €t+T(St+T_1)7Tt(St+T|St)

=1 st+Tegt+T

= 1 _ _ -
L INEEDY [——Ri‘ﬂ(s'f” 1)} (5771 = b (877 ) (547 s")

=1 SH'TGSH‘T r)/
0 1 _ —

IR I R e ) 19
=1 St+Test+T IB

Note that the first term in II; is the present value of profits from lending when the
cost of funding is measured by the cost of equity funding 1/7. The second term in IT;
shows that the bank can increase its profit from lending by funding part of lending with
external funding, Xty — by4r > 0. The third term represents the profits that the bank
earns from providing liquidity services to households; i.e., from using deposits to fund
bond holdings.

When bank budget constraints are used to substitute out dividends, bank shareholder

value at time ¢ can be expressed as the sum of equity and bank future profits as follows:

Vish =3 9" ), dec (8T (s sY) = ar(sh) + 1L (s"). (17)

=0 st+Tegt+T

The no-default constraint (11) can then be reformulated as a market-imposed bank cap-

ital requirement:

v Y aa (ST (s sT) > 0041 (s") + 0abria(sh) — Y T (s (s
St+1€S 5t+1€5
(18)

Therefore, as (18) shows, the no-default constraint is a capital requirement that depends
on bank future profits. If the bank is expected to have positive future profits, then it is

allowed to have less capital because future profits serve as additional “skin in the game.”
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3.2 Pecuniary externality and definition of second-best allocation

The market-imposed capital requirement (18) gives rise to a pecuniary externality, in

the sense of Greenwald and Stiglitz (1986). The reason is that future lending returns

{Ri11:7(s""7)}r>1 and deposit rates {RY, ;, _(s"77)}¢>1 (18) through future profits IT;, 1 (s!1).

141

A second-best allocation can explicitly take into account the effect of current and future
bank lending returns and deposit rates on bank access to external funding. In particular,
when banks have a safer balance sheet (fewer loans and more bonds) then they need less
capital (because 0; is larger than 6,) and can thus use more deposits, which drives up
the deposit rate.

Banks consider equity to be a costly source of funds, compared to issuing deposits,
because banks exit with probability 1 — 7/p and their equity is transferred to new banks.
In contrast, equity is not a costly source of funds in a second-best allocation because
shares of new banks are transferred to households. Because equity is privately but not
socially costly, it is necessary to impose bank participation constraints on the second-best
allocation. Participation constraints require bank shareholder value to be at least as large
as bank equity to ensure that banks prefer continuing to be banks rather than paying out
all equity as dividends. They are equivalent to a non-negativity constraint on bank
future profits, I;(s"). Future profits would never be strictly negative in a competitive
equilibrium because banks are free to reduce lending and increase dividends. To see
why a non-negativity constraint on bank future profits might be binding in a second
best, consider the case in which bank lending is first best and bank bonds and deposits
are zero, such that the first term in I1; is negative while the second and third are zero.
Therefore, a second-best allocation will allow for bank leverage or bank rents, or both,

to ensure bank participation.
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Definition 2. The second-best allocation is given by sequences of dividends {D;(s')}, bank
deposits {x1+1(s")}, bank bond holdings {B;,1(s")}, bank loans {K;1(s')} and monetary au-
thority bond trades {T;,1(s'™1)} such that the joint lifetime utility of long-term investors and

households (up to a constant)

w=Es ¥ D)+ (0 () 0 (5 g ) ) )

= Stest ﬁ
is maximized subject to bank budget constraints

1

Di(s") + Kiz1(s") + Brya(s') = Re(s)Ke(s'™1) + 2 Be(s'™1) = RY (" e (s71) + x4 (s'), £ =1,2,..

B
Do(sg) + Ky (so) + B1(sg) = ap — x1(s0),

initial bank equity ag and prices for labor and loans

wt+1(5t+1) =sp1(1— “)Kt+1(5t)“£t+1(5t+1)/

Riq(s"™) = spqaKppg (s L (s +1 -6,

with
1 S 1— A 1—
£t+1(st+1) _* (LH_l(SH—l) « L(2— Lt+1(st+1) lx> ’

2
A K (st
Lt+1(St+1) = (St+1Pt+1(St+1)) 7t+1(s ),
KFrp

HLy Mi1(s™t1)
— 7
st1 K1 (st Ly (st41)

Pri1(s

M1 (s"™) = T (s P (81 + Mo,
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subject to deposit rates

1
RY(s') = 2 = ) graa (s ) m(s™s"),
B

with g41(s™) =1 (w — xp41(5") — Tra (s"™1)), subject to no-default constraints

Y 7T Y Der(sT) (s T]s") > 01Kia(s") + 62Brya(s'),
=1

gt+T

dividend non-negativity, Dy(s') > 0, as well as bank participation constraints

s 1
Y'Y, D (s ("7 st) > Ry(sHKy(st 1) + BBt(st_l) —REG"T Dy, t=1,2,...
=0 gt+T

[e¢]

Y ") Di(sT)me(sT[s0) > ap.
=0 st

In a second-best allocation, the no-default constraint can be relaxed by increasing fu-
ture profits. However, while an increase in bank future profits alleviates a credit crunch,
it also creates costly distortions in monetary policy, bank liquidity provision, as well as
future bank lending and leverage. Bank lending returns and capital structure affect bank
shareholder value as in Schroth (2021). The analysis in this paper, in contrast, focuses
on how banks’ role as liquidity provider affects the second-best allocation—specifically,
households benefit from lower bond transaction costs g;11 but a constrained-efficient
allocation would also take into account the effect on banks” funding cost. The trade-off

is between the return on household savings and labor income.!4

4The model in this paper abstracts from wealth inequality, which may tilt this trade-off in favor of
stabilizing labor income at the expense (for wealthy households) of lower deposit rates.
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Table 1: Model parameter values

parameter value parameter value
B 0.94 Y 091
o 0.35 o 0.12
(61,62) (0.10,0.05) w KFrg
(sr,sg,p) (0.8,1.05,0.2) i 0.15

4 Competitive equilibrium versus second best

This section solves the model numerically and shows how monetary policy, as well as
bank lending returns, liquidity provision and capital structure, varies over time in re-
sponse to shocks to bank loan repayments. I first discuss the choices for numerical val-
ues of model parameters. Then I compare the second best to the competitive equilibrium

and derive implications for jointly optimal monetary and macroprudential policy.

4,1 Calibration

Table 1 summarizes the choices of model parameter values used in the numerical anal-
ysis. The time period is one year. The choice of consumer discount factor g implies an
annual interest rate on household savings of around 6 percent. This rate is between the
long-run safe return of 1-3 percent and the long-run risky return of 7 percent as reported
in Jorda et al. (2019). The depreciation rate and capital income share are set to 12 percent
and 35 percent, respectively. The firm productivity process is normalized to have unit
mean, and the probability of the low shock realization is set to p = 0.2. Then sy is fully

determined by p and s;.
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4.2 Second-best and competitive-equilibrium allocations

Figure 1 compares the second-best allocation with the competitive-equilibrium allocation

for the following sequence of firm productivity shocks:

{SHI' .-,SH,SL,SH,---,SH,SL,SL,SHs-+--sSH,SL,SL,SL,SL,SH/- - 'ISH}'

This sequence produces three impulse responses that illustrate the non-linear effect of
shocks to bank balance sheets on bank loan and deposit supply and on bank bond
holding. Following realizations of low firm productivity s;, a sufficient number of re-
alizations of high firm productivity sy occur in the sequence for the economy to reach
normal times during which bank equity and lending are constant as long as realized
firm productivity is high. Define aggregate bank equity as A;(s) = Ry(s!)Ki(s'™1) +
%Bt(st_l) — RY(s"Yx:(s'~1), where K; denotes aggregate bank lending, B > 0 denotes
aggregate bank bond holdings and x; > 0 denotes aggregate bank deposits. Figure 1(a)
shows that banks in competitive equilibrium, during normal times, hold a voluntary
capital buffer worth 6 percent of the market-imposed capital requirement.!®

Banks’ voluntary buffers are not enough to absorb even one realization of low firm
productivity: bank lending drops by around 5 percent in response to one realization
of low firm productivity during normal times. The reason for this strong decrease in
lending is that banks shift assets away from risky lending toward safe bonds when
low loan repayments reduce their equity. Banks keep shedding risky assets when they
experience low loan repayments repeatedly. As a result, and because 6; > 6, they never
become severely “undercapitalized” (in the sense of capital being much less than the

market-imposed capital requirement during normal times; i.e., the ratio in Figure 1(a)

*This is a small buffer; i.e., banks hold 6 percent more capital than the market requires them to hold

(not 6 percentage points more than the market-imposed capital ratio).
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being far below one) in competitive equilibrium even during the most severe financial
crises. Whenever banks lose equity they shift into safer assets to reduce the market-
imposed capital requirement. However, by doing so banks create upward pressure on
deposit rates exactly during times of loan losses. Deposit rates decrease when banks
experience loan losses, because banks are forced to reduce their overall assets, but the
decrease is lessened by banks’ shift into safer assets.

In contrast, in second best banks are resilient enough to withstand losses from two
consecutive realizations of low firm productivity. The reason is that in second best, dur-
ing normal times, banks hold additional capital buffers and have a safer portfolio—i.e.,
they have more capital relative to what the market requires and their equity decreases
by less when there is a realization of low firm productivity (because of more bonds and
fewer loans on bank balance sheets during normal times).

Bank lending during normal times is lower in the second-best allocation compared to
the competitive equilibrium because banks must be compensated with a higher expected
return on lending when they hold additional capital. Bank deposits are higher during
normal times in second best, but the liquidity premium is higher because monetary
policy is on average less expansive. Specifically, second-best monetary policy leaves a
small labor gap during normal times to generate a small liquidity premium that helps
compensate banks for holding more capital.

However, bank lending is stabilized significantly over time in the second-best alloca-
tion compared to the competitive equilibrium as Figure 1(b) shows. The reason is that,
in second best, bank future profits can be increased deliberately, at relatively low cost,
to avoid a severe tightening of the market-imposed capital requirement (18). Bank lend-
ing is lower and monetary policy is less expansive temporarily to increase both lending

returns and liquidity premiums. Future profits can substitute for bank capital when low
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productivity shocks occur repeatedly. The bank balance sheet also shifts significantly
away from bonds when loan losses reduce equity—by doing so, the second-best allo-
cation creates room on the balance sheet to maintain lending while boosting liquidity
premiums, especially during the time when banks have just experienced loan losses,
which helps to rebuild lost equity.

The policy implication that banks should hold more deposits during normal times
is in contrast to the prescription in Hellmann et al. (2000). In their paper banks enjoy a
larger liquidity premium when they take fewer deposits, while in this paper monetary
policy adjusts instead to achieve a higher liquidity premium even as banks take more

deposits.
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Figure 1: Panel (a) shows bank capital relative to the market-imposed capital
requirement during normal times, 7E:At11/(6:K 11 +6,B141), where E; denotes
conditional expectations at time t. Panel (b) shows bank lending relative to
first-best lending, [Ke1/ke — 1] - 100. Panel (c) shows bank bonds, and panel

(d) shows bank deposits.
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Figure 2: Panel (a) shows expected lending excess returns, [E;R;+1 — 1/p] -
100. Panel (b) shows the aggregate bank dividend payout ratio, D:/4,. Panel

(c) shows the liquidity premium, (1/s — R

) - 100. Finally, panel (d) shows

the difference in expected inflation, E;P; — Py, between second-best monetary
policy and a monetary policy that closes the labor gap at all times (as in
competitive equilibrium, but for second-best physical capital stock).
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5 Extensions

This section contains three extensions. The first extension studies the case in which
monetary policy is taken as given in second best (it closes the labor gap at all times, just
as in competitive equilibrium). The second extension studies the case without nominal
frictions and without any monetary authority bond trades. The third extension studies
the case in which banks cannot hold bonds and, as a result, the supply of bank deposits

is lower.

5.1 Second best with narrow monetary policy target

Suppose monetary policy closes the labor gap every period in second best. Note that
this policy stance is the same as in competitive equilibrium, but the monetary policy
bond trades necessary to close the labor gap differ because bank lending, and thus the
physical capital stock, is not the same in the second-best and competitive-equilibrium
allocations. This extension analyzes the implications for optimal macroprudential policy
when monetary policy operates independently from macroprudential policy in this way.

The main difference compared to the case where monetary policy is chosen optimally
in a second best is that banks have fewer assets. Specifically, banks make fewer loans
and take fewer deposits (Figure 3). They do not enjoy a significant liquidity premium
on deposits to compensate them for the cost of holding more equity during normal
times in second best (Figure 4). When monetary policy no longer supports the liquidity
premium on deposits, especially during and after banks experience loan losses (as in the
benchmark, Figure 2(d)), then macroprudential policy would ask banks to take fewer
deposits. The idea is to prevent the liquidity premium from decreasing too much against

the backdrop of banks holding more costly equity.
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Figure 3: This is the case where monetary policy is taken as given in second
best. Panel (a) shows bank capital relative to the market-imposed capital
requirement during normal times, 7E:Ar1/(61K11+6,B,.1), Where E; denotes
conditional expectations at time t. Panel (b) shows bank lending relative to
first-best lending, [Ki+1/kKps — 1] - 100. Panel (c) shows bank bonds, and panel

(d) shows bank deposits.
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5.2 Frictionless labor market

Suppose all firms can adjust wages freely and that monetary policy keeps the money
supply unchanged in both second best and competitive equilibrium. Then there are no
monetary policy bond trades, T; = 0, and the return on bank deposits depends only
on banks” demand for deposits. When monetary policy no longer depresses the liquid-
ity premium, because expected monetary policy bond purchases are zero rather than
positive, then bank funding becomes cheaper and banks lend more in both competitive
equilibrium and second best.

Bank deposits are lower in second best compared to competitive equilibrium (Fig-
ure 5), whereas in the benchmark case the opposite happens. The reason is that bank
deposits are much higher in competitive equilibrium during normal times compared to
the benchmark case—because banks compete until they drive down the liquidity pre-
mium despite monetary policy no longer depressing it. In contrast, second-best deposits
are similar compared to the benchmark case.

As in the benchmark case, the higher liquidity premium in second best (Figure 6)
compensates banks for holding more costly equity. However, the liquidity premium
in second best is much higher than in the benchmark case. As a result, second-best
bank lending is higher than in competitive equilibrium, whereas in the benchmark the
opposite happens. As in the benchmark version of the model, second-best bank bond
holdings are reduced in response to loan losses. The idea is again to shrink the bank bal-
ance sheet temporarily, which lowers the supply of deposits and increases the liquidity

premium to help with recapitalizing banks through retained profits.
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bank capital relative to the market-imposed capital requirement during
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[Ki+1/Kep — 1] - 100. Panel (c) shows bank bonds, and panel (d) shows bank

deposits.
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5.3 Role of bank bond holdings

Suppose banks do not hold bonds.!® Then banks have fewer assets overall and their
demand for deposits is lower. Specifically, banks in competitive equilibrium do not
increase deposit supply until they drive the liquidity premium to zero during normal
times. When household demand for deposits cannot be fully met, even during normal
times, then there are important implications for what is the constrained-efficient level of
bank equity. In fact, banks hold too much equity in competitive equilibrium, compared
to second best, during normal times.

The reason for this stark difference compared to the benchmark version of the model
is that bank deposit funding becomes very cheap when banks use it to fund loans only.
When banks do not hold bonds, then their funding needs are reduced.

Because banks provide valuable liquidity services to households, ad-hoc restrictions
on bank bond holdings greatly reduce deposit rates, thereby boosting bank lending mar-
gins. Banks respond by lending more—even more than the first-best amount (Figure 7).
Therefore, a policy maker that contemplates restricting bank bond trading trades off
higher household labor income versus liquidity services enjoyed by households.

A second-best allocation tilts this trade-off in favor of liquidity services. Deposits are
higher in second best and lending is lower. As a result, bank capital is much lower in
second best as banks fund loans with less equity and more deposits. Second-best mon-
etary policy is less expansive during financial crises, just as in the benchmark version

of the model. However, it is more, rather than less, expansive during normal times to

16In practice, banks would hold fewer safe (and lower-yielding) bonds if a tight leverage-ratio-type
regulatory constraint is imposed on top of market-imposed capital requirements. This would imply a
high cost in terms of equity of holding bonds (effectively, 6§, would become higher; the extension assumes
0, ,* o). The other extreme case would be “narrow banking,” where deposits are offered by institutions
that only invest in (safe) bonds and loans are made by banks that fund themselves by selling bonds. That
case, and without nominal frictions, is the one studied in Schroth (2021).
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lower average household bond transaction costs against the backdrop of low bank de-
posit supply (Figure 8). In other words, if banks are not allowed to engage in maturity
transformation (i.e., to hold bonds and fund them with deposits), on top of lending to
firms, then the monetary authority should step in and make bond markets more liquid

for the benefit of households.
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Figure 7: This is the case without bank bond holdings. Panel (a) shows
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Figure 8: This is the case without bank bond holdings. Panel (a) shows
expected lending excess returns, [E¢R;1 — 1/p] - 100. Panel (b) shows the ag-
gregate bank dividend payout ratio, D:/A;. Panel (c) shows the liquidity pre-
mium, (1/p— R}, ;) - 100. Finally, panel (d) shows the difference in expected
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inflation, E;P; — Py, between second-best monetary policy and a monetary
policy that closes the labor gap at all times (as in competitive equilibrium,

but for second-best physical capital stock).
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6 Conclusion

Monetary policy actions affect employment but also the liquidity premium that banks
enjoy. This paper studies how monetary policy, together with macroprudential policy,
can be designed to stabilize both bank lending to the economy and liquidity services
provided by banks to households.

The first main result is that monetary policy should be less expansive than necessary
to reach full employment during recoveries from financial crises. The idea is to raise
the liquidity premium that banks enjoy to increase their shareholder value in a way that
increases banks” access to external funding during financial crises.

The second main result is that monetary and macroprudential policy authorities
should induce banks to shift away from safe bonds during financial crises. Such a shift
would reduce bank deposit supply so that deposit rates are low (i.e., the liquidity pre-
mium is high) during financial crises. While bank balance sheets should be large and

safe during normal times, they should be small and risky during financial crises.
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