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I employ a simple overlapping-generations model of money
and nominal bonds with Epstein-Zin preferences and study the
optimal negative interest rate. A subzero lower bound can arise
in the model due to the illiquidity of money as a savings instru-
ment. This model of negative interest rates differentiates from
conventional ones based on exogenous money holding costs in
that the subzero lower bound as well as the optimal negative
rate turn out to crucially depend upon agents’ preferences for
the timing of uncertainty resolution. Both the lower bound
and the optimal interest rate for aggregate consumption can
fall into a negative territory only if agents prefer late resolu-
tion of uncertainty. In the latter case, the lower bound and
the optimal rate both decrease even further when aggregate
output uncertainty rises. However, the optimal interest rate
turns out to be non-negative and to have a positive relation-
ship with the degree of aggregate uncertainty if agents prefer
early resolution of uncertainty.
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1. Introduction

Since 2011 the world monetary system has experienced something
that only a few had imagined in a hypothetical world, namely neg-
ative interest rates. As of May 2019, five central banks are now in
the negative-rate club, including the European Central Bank, the
Bank of Japan, the National Bank of Denmark, the Swiss National
Bank, and Sweden’s Riksbank. Radical as it sounds, this recent phe-
nomenon has spurred public debates, topics of which can be basically
categorized into two questions: (i) Can (substantially) negative rates
be implemented? (ii) If yes, is it desirable to pursue such policy?

The former question largely revolves around how to substan-
tially get rid of incentives to hoard cash under negative interest
rates. Many possible mechanisms were already suggested. Examples
include abolishing cash, levying a tax on paper currency, imposing
a fee for converting cash deposits to electronic bank reserves at the
central bank, etcl] Whether these suggested methods could really
clear the path for negative interest rates remains to be seen.

Despite its importance, this paper will be agnostic about the for-
mer question. Instead, it aims to shed new light on the latter one.
In particular, I am interested in how low (negative) rates should
go once they are possible. In short, this paper doesn’t aim to fully
microfound the feasibility of negative rates. Instead, it aims to find
the optimal negative interest rate, if any, in a hypothetical world
where negative rates are already feasible. Two pivotal issues remain
for this task. The first one is how to introduce a subzero lower bound
for interest rates, and the second issue is about appropriately incor-
porating various costs and benefits associated with negative interest
rates.

The first issue should be taken seriously because the Freidman
rule (FR), i.e., a zero nominal interest rate, becomes the lower bound
for interest rate policy in a standard monetary model. One conven-
tional way to bypass this problem is to introduce some exogenous
fixed costs associated with holding cash. Yet, this approach is prob-
lematic since it would usually imply both the negative lower bound
and the optimal rate being effectively equivalent to the FR minus

nterested readers may refer to Rogoff (2016) for an excellent review of these
suggested mechanisms.



Vol. 15 No. 3 Optimal Negative Interest Rate under Uncertainty 3

the exogenous holding cost. Therefore, I adopt another approach
where money is used for exchange only, while agents use bonds to
save (but not to exchange). The lower bound can be negative in this
case to the extent that agents’ intertemporal desire to save through
bonds outweighs costs from their negative returns. While it is admit-
tedly true that this way of introducing the negative lower bound is
still a reduced form, the optimal result in my model turns out to be
richer than and produce more far-reaching policy implications than
the conventional approach. Detailed and intuitive explanation will
follow shortly.

The second issue is even more important. The literature has
already pointed out major pros and cons of negative interest rates.
Possible benefits discussed so far cover various factors: more effec-
tive inflation expectations control, less distortion from intertemporal
price fluctuations—especially given the long-term declining trend in
real interest rates, and stimulation effects on lending and invest-
ment, etc. On the contrary, serious concerns have been raised as
well: downward pressure on banks’ net interest margin, threats of
currency wars, and negative signaling effects on the effectiveness of
monetary policy, etc. (See Agarwal and Kimball 2015, Goodfriend
2016, and references therein for detailed review.) Though certainly
important, incorporating all these factors into a unified framework
is not the purpose of this study. Instead, I only focus on one novel
channel through which the optimality of negative rates can be ana-
lyzed in a tractable manner. This newly offered channel is “aggregate
uncertainty,” defined as second-moment changes in the distribution
of aggregate output. Despite its narrow focus, many interesting and
novel policy implications also emerge, as will be shown subsequently.

The model constructed in this paper is, therefore, meant to rig-
orously reflect upon the aforementioned ways of dealing with the
two issues in a unified manner. It builds upon a standard two-period
overlapping-generations (OLG) model with endowments. The young
receive a fixed amount of goods, while the old face uncertain amounts
of the same good. I also introduce decentralized trading in which
agents acquire a separate second good through the use of a medium
of exchange (MOE). Two financial assets are introduced: fiat money
and nominal bonds. As mentioned earlier, I assume that money
only serves an MOE role, while bonds only function as a savings
instrument. Lastly, the Epstein-Zin (EZ) preferences are adopted to
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materialize the idea of uncertainty-driven optimal negative rates. A
key and well-known innovation of the EZ preferences is that they
allow agents to separate their degree of aversion to cross-sectional
and intertemporal risks; see Epstein and Zin (1989), Bansal and
Yaron (2004), and Jung (2017) for details.

The model delivers very interesting equilibrium allocations and
welfare implications. First, the lower bound for interest rates is no
longer zero. Intuition is not hard. Agents can still demand bonds
as a savings instrument in light of negative interest rates, because
intergenerational transfers of the endowment good are only possible
through bonds. It is still true that interest rates should be bounded
from below; otherwise, agents are better off simply with autarky
under too-negative rates. The extent to which the lower bound can
fall, therefore, depends upon the degree to which the intertemporal
inequality in endowments prevails. In other words, the lower bound
can go deep into a negative territory further when the average level
of old-age endowments relatively decreases.

One novel prediction of the current model is that the lower bound
also depends on the second moment of random old-age endowments,
i.e., aggregate uncertainty, and an agent’s preference for the timing
of uncertainty resolution, i.e., the relative degree to which agents dis-
like intertemporal risks compared with the cross-sectional ones. As
opposed to the standard constant relative risk aversion (CRRA) util-
ity case, the uncertainty directly affects an agent’s utility under EZ
preferences because of its negative effect on the certainty equivalent
value of old-age consumption. Accordingly, the uncertainty undoubt-
edly affects an agent’s willingness to save using bonds in this frame-
work. The point is that such incentives act differently depending on
an agent’s attitude towards cross-sectional and intertemporal risks.

Intuitively, when an agent’s aversion to intertemporal risks is
relatively greater, they dislike intertemporal inequality in consump-
tion more than the cross-sectional variation in old-age consumption.
Under this case, a higher uncertainty means more intertemporal con-
sumption inequality. Thus, it surely increases an agent’s willingness
to purchase bonds. As a result, the lower bound must also fall in
response to a higher uncertainty. The exact opposite logic applies to
the case where an agent’s aversion to intertemporal risks is relatively
smaller. In this opposite case, agents become relatively more averse
to cross-sectional variations in old-age consumption, and therefore
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a higher uncertainty actually induces them to transfer consumption
towards the young through less bond savings. This means the lower
bound must increase in response to a rise in uncertainty, as opposed
to the former case.

Main results of the paper, i.e., what the optimal negative rate
is and how it is affected by uncertainty, also turn out to be inter-
esting. A pure-utility-based welfare as a function of the nominal
interest rate exhibits a hump-shaped pattern with the FR being a
maximizer. This property is the same regardless of the agent’s rela-
tive intertemporal risk aversion. The idea is that only the Friedman
rule guarantees no distortion in the price level of the intergener-
ational transfer instrument, which is also common in other major
OLG monetary models.

However, welfare measured in terms of aggregate consumption
shows novel and richer patterns. The maximum aggregate consump-
tion in this endowment economy is achieved only when the consump-
tion of the three different goods, i.e., the (numeraire) good consumed
in both periods and the special good, are equally distributed. Yet,
changes in the rate of return on bonds certainly affect that distribu-
tion. Again, the point is that such interest rate effects crucially differ
depending on the agent’s relative aversion to intertemporal risks. For
instance, when agents are indifferent to cross-sectional and intertem-
poral risks, i.e., agents have the CRRA utility, uncertainty has no
effects on agents’ consumption decision because the certainty equiv-
alent and the average value of old-age consumption are always equal
to each other. Thus, nominal interest rates distort the aggregate
consumption distribution in the standard way, i.e., a higher interest
rate leads to more old-age consumption. To avoid such a distortion,
a zero nominal interest rate must be taken, i.e., the FR becomes the
optimal rule to achieve the maximum aggregate consumption.

When agents have different attitudes towards cross-sectional and
intertemporal risks, the FR breaks up. In light of a greater aversion
to intertemporal risks, the aggregate consumption portfolio becomes
more biased towards old-age consumption even with a zero nominal
interest rate, for the reasons mentioned earlier. Thus, a subzero level
of nominal interest rate is required to mitigate such negative dis-
tribution effects, meaning that the optimal interest rate should be
negative in this case. Moreover, it naturally follows that the nega-
tive optimal interest rate would fall even further as uncertainty rises
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in this case. Nevertheless, these properties get totally reversed when
agents dislike cross-sectional risks more. The aggregate consumption
distribution this time is biased towards young-age consumption even
under the FR. Therefore, a positive level of interest rate becomes an
optimal policy to pursue. Finally, the (positive) optimal interest rate
in this case should increase in uncertainty so as to further transfer
consumption towards the old.

2. Related Literature

Full-fledged academic literature on negative interest rates has yet to
be developed. Nevertheless, there are some excellent review papers
on the feasibility, desirability, and implementation of negative inter-
est rates. Interested readers should refer to Agarwal and Kimball
(2015), Goodfriend (2016), and Williams (2016). The main theme of
this paper is the optimal level of negative interest rate, and papers
on this particular issue are still scarce to the best knowledge of the
author. In what follows, I, therefore, briefly introduce existing stud-
ies that are related to the current paper in terms of methodology
and contribution only.

Goodfriend (2000) was the first one to theoretically explore the
possibility of a negative nominal interest rate policy. He largely
focused on how to enable central banks to actually target negative
interest rates. Suggested options are a carry tax on money, open
market operations in long bonds, and monetary transfers. Unlike
his emphasis on technical implementation issues, the current paper
explores what might be the optimal negative interest rate once neg-
ative interest rates are implementable. Agarwal and Kimball (2015)
also suggest a scheme for a changeable exchange rate between cur-
rency and reserves for negative interest rates to be implementable.
The idea is that central banks can lower the rate at which reserves
can be converted to cash so that the negative interest rate on reserves
becomes arbitrage free. Haldane (2015) and Kocherlakota (2016)
argue that the best way to make negative interest rates practically
feasible is to abolish cash and move completely to electronic cash
with any yield. Again, none of them aims to look for the opti-
mal negative interest rate based on a general equilibrium monetary
framework.

Brunnermeier and Koby (2016) is probably the study most
related to the current paper in terms of finding the optimal interest
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rate subject to the negative lower bound. They explicitly take into
account banking sectors to find what they call the “reversal interest
rate,” the rate at which accommodative monetary policy reverses its
effect and becomes contractionary for lending. According to them,
that rate critically depends upon various microstructures in bank-
ing sectors, and could well be negative. The current paper differs in
that the effects of negative interest rates on aggregate variables and
welfare are analyzed through an agent’s general preferences for the
timing of uncertainty resolution rather than banking intermediation
channels.

Lastly, this paper is related to those using OLG monetary mod-
els. Schreft and Smith (2002) and Bhattacharya, Haslag, and Martin
(2005) introduce financial intermediation and limited communica-
tion into the OLG framework, and show the suboptimality of the
Friedman rule. In contrast to this line of research, the suboptimality
arises in the current model from interactions between uncertainty
and an agent’s relative aversion to intertemporal risks. The current
model follows most closely Jung (2018) in terms of methodology,
where decentralized trading is explicitly incorporated into the OLG
framework. Yet, it is a pure currency model, while the current model
extends it to include nominal bonds.

3. The Model

The current model is a discrete-time and two-period overlapping-
generations model with no time discounting and no population
growth. The economy consists of one main island at the center and
a unit measure of periphery islands around it. Each period, a unit
measure of households is born in the main island, and lives only for
two periods. When households are born, they get endowed with fixed
units, i.e., x, of numeraire goods. By assumption, these goods are
perishable such that carrying them across periods and outside the
main island is not possible. When households move into the second
period of their life, they also receive an identical endowment, € units
of numeraire goods, but this time it is random and follows a uniform
distribution, U(y — b,y + b), where y > b and = > y.

A key feature of the model is that the household is divided into
two independent individuals, a worker and a shopper. The worker
needs to consume numeraire goods in both periods, while a shopper
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only needs to consume in the second period of life. Furthermore,
the shopper must consume something different from the numeraire
good. We call it “special goods.” The problem is households are
never endowed with special goods, which only “sellers” living on
periphery islands can produce. To be more precise, we assume that
one seller is born every period on each periphery island, and lives
only one period. Each seller is born with a homogeneous technol-
ogy to produce the special good with a linear cost of labor disutility.
However, they only get the utility from consuming numeraire goods.
This framework basically gives rise to a trading motive between old
shoppers and sellers each period.

Two key trading characteristics are worth noting. First, trades
between sellers and old shoppers must take place in a bilateral fash-
ion due to spatial separation among islands. Second, any kind of
credit arrangement and/or barters between sellers and old shop-
pers are also ruled out due to anonymity and limited commitment
within a bilateral meeting along with the assumption that numeraire
goods are perishable across periods and islands. In consequence, the
medium of exchange (MOE) is required for this mutually beneficial
trade to take place.

To that end, we introduce two potential candidates: an intrinsi-
cally useless object called “(fiat) money” and a one-period nominal
government bond. Money in this economy is issued by the govern-
ment and assumed to be in fixed supply. Therefore, we denote M as
the total money supply every period. We rule out lump-sum money
transfers by the government so as to introduce a nominal interest
rate as the only available government policy instrumentq We denote
¢ as the real price of money in terms of numeraire goods at period
t. Apart from the money, there exist one-period pure discount nom-
inal bonds. They take the form of a book entry such as the U.S.
Treasury bonds. The real price of one unit of the nominal bond at
period t is denoted by ;. This means that a unit of money at period
t + 1 can be redeemed from one unit of nominal bonds sold at the
price level of ;. Importantly, we assume that the nominal bond

2The constancy of money supply is chosen purely for the sake of simplic-
ity. One could easily introduce a constant (gross) money growth rate, say u, as
an additional policy instrument. However, this would not change welfare results
qualitatively, but only generate level effects.
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price level at period t, i.e., ¥;/p¢, is a policy variable set by the
government. Furthermore, we assume that the government is always
on the balanced budget. That is the total real value of the bonds the
government must redeem each period, i.e., ;A 1, and it ought to
equal the total real value of the nominal bonds issued each period,
i.e., YAy, where A; denotes the total amount of nominal bonds held
by agents in period ¢.

Regarding bilateral trading frictions, we adopt a simple mech-
anism/? First, a perfect match between each old shopper and each
seller is assumed. That is, every seller and old shopper gets to match
and consume every period. Second, we adopt a take-it-or-leave-it
offer by (old) shoppers to sellers as a pricing protocol within the
pairwise trade. As in Jung (2018), bargaining solutions are trivial.
Old shoppers always hand over all of their real balances to young
sellers who produce exactly the same amount of special goods as
the real money balances they receive. Lastly and most importantly,
we assume that nominal bonds are perfectly illiquid, meaning that
sellers never accept nominal bonds as a payment method within a
pairwise trade. This means each old shopper’s real balances consist
of only money.

Old workers’ real balances, on the other hand, can potentially
become a portfolio of money and bonds. Technically speaking,
money can potentially serve both as an MOE and as a savings
instrument. Under positive nominal interest rates, it is obvious that
workers will never use money as a savings instrument due to a higher
rate of return on nominal bonds. The problem here is what happens
in light of negative nominal interest rates. In such a case, nominal
bonds whose return rate is lower than that of money will never be
valued in equilibrium. Thus, this economy would return to a pure
currency economy as in Jung (2018). This is an undesirable feature
of the model since the very purpose of this paper is to search for
optimal negative interests under an economy with both money and
bonds being valued. For this reason, we take a shortcut, as we did
with respect to the illiquidity of nominal bonds. Simply, we assume

3See search-based monetary theory literature, e.g., Lagos and Wright (2005)
and Geromichalos and Jung (2018) for a detailed introduction to bilateral trading
frictions.
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that money can never be used as a savings instrument under any
circumstances

Finally, a household born in period ¢ has EZ-type preferences,
U(ct, St41,Ct41), given by the following form:

1—p

Ulce, Si41,Ci41) = [C%_p + 5%4:1[) + [Rt(CtJrl)]l_p}

where Rt(Ct+1) = (Et [Ci;iy})m , P> 0.

¢t and ¢¢y1 denote the amount of numeraire goods consumed by the
worker in period t and t+1, while s;1 denotes the amount of special
goods consumed by the shopper in period ¢ + 1. Figure 1 provides
a graphical illustration of the timing of key events. Finally, one can
refer to Jung (2018) for an intuitive interpretation of EZ preferences.

4. Constrained Efficiency

We first study efficient allocations by solving a social planner prob-
lem. In doing so, we restrict our attention to constrained efficiency.
The planner is prevented from achieving the first best because, like
private agents, she is assumed to be unable to provide full insurance
for old-age consumption. The rationale goes as follows. Suppose she
was allowed to achieve complete risk sharing between old agents; she
would no longer face EZ preferences due to no uncertainty on old-age
consumption, i.e., the certainty equivalent value of old-age consump-
tion would always be maximized to its expected value. Hence, a fully
efficient allocation can be achieved. It is, however, important to note
that private agents in competitive equilibrium and the planner would
face different objective functions, i.e., a constant elasticity of substi-
tution (CES) aggregate of ¢, s,, and R(c,) for the former and a CES

4Tt is important to note that the perfect illiquidity of money as a savings
instrument is assumed for simplicity. For instance, one could instead introduce a
partial illiquidity of money as a savings instrument, say by assuming that only
a fixed portion @ of agents can use money to save every period (think of 1 — 6
as a portion of the population that has no bank accounts or cash storage tech-
nology). This relaxation wouldn’t change the results qualitatively. So, technically
speaking, one would only need some degree of illiquidity of money as a savings
instrument to get my results. In this sense, the restriction on the money as a
store of value may not be as ad hoc as it first seems.
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Figure 1. Timing of Key Events
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aggregate of ¢y, S,, and ¢, for the latter. Thus, this (fully efficient)
allocation would not be a fair benchmark to compare with the com-
petitive equilibrium allocation. Furthermore, if agents are not able
to set up an insurance arrangement that allows them to share their
endowment risk in old age, it is not clear why the planner should be
able to do so.

Second, we only focus on stationary allocations. That is,
the social planner only gets to choose stationary allocations for
numeraire goods consumed by young workers, cy; special goods con-
sumed by old shoppers, s*; numeraire goods consumed by old work-
ers, c;; and numeraire goods consumed by sellers, n*. Then, the
planner’s solution solves for the following problem:

_1
e {[(65) 70 + () +RE] 7+ =T} ()
st. ¢, tc,+nt=x+y,

* *

and s* =n",

o

where R(c}) = (E [(c’*)l_“V])ﬁ ,p>0.
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The first aggregate (resource) constraint implies that total
numeraire goods consumed by households and sellers must be the
same as total endowments of the numeraire good in each period.
The second aggregate (resource) constraint simply implies that the
planner also faces the bilateral trading friction on each island as
private agents in competitive equilibrium. Specifically, it tells that
the amount of total special goods consumed by (old) shoppers is
equal to the total special goods produced by sellers each period.
Note that the amount of total special goods produced by sellers is
equal to the total numeraire goods consumed by sellers due to the
take-it-or-leave-it offer, which also explains the second linear part in
the objective function. The following lemma summarizes the socially
optimal stationary allocations of consumptions by households and
sellers.

LEMMA 1. The constrained efficient stationary allocations can be
expressed as ¢, = x —T°=T% c; =T +y; s* =n* =T°, where T
and T® must meet the following two conditions:

(1) QT T°) =1 Vt,

1 q(p—7)/p
(Zl) TS = [JS‘ —T° — Ts]’Y/ﬂ [E [(Tc + 6)1—7] 1_,Yi|

)

- p—
TC +¢ T +¢
h T¢,T%) =
(T¢+y+b)P) — (T° +y —0)*Y

and  B[(T°+¢)' 7] = 26(2 — )

Proof. See the appendix in Jung (2018).

Intuition for these results is exactly the same as the one in Jung
(2018).

5. Competitive Equilibrium

While the constrained efficient outcome in this economy is identical
to Jung (2018), a competitive equilibrium in this economy is different
from it due to the introduction of nominal bonds. A key difference
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is that households need to decide how much real money balances to
acquire for special good consumption, m;, and how much nominal
bonds are used to purchase for numeriare good consumption, at
Then, a young household’s choice problem can be given by

max [(ct)lfp + (5441) 77 + Rt(ct+1)17p] B ) (2)

me,aq
st. ¢+ pimyg +Pap =2, 1 = Pryp1ap + 1, and

St+1 = Pe41My,

where Ri(ci41) = (Et [c%;f] ) = ,p >0, and ;41 follows a uniform

distribution of U(y — b,y + b).

Intuitively, households face uncertainty with regard to old-age
endowment. Thus, nominal bonds serve as a savings instrument for
households to consume numeraire goods in the second period of their
life. Again, nominal bonds here are assumed to be perfectly illiquid
in a pairwise trade between old shoppers and sellers. Consequently,
they serve only as a store of value.

Intuitive explanation for the three constraints in problem (2) can
be provided as well. The first one refers to a budget constraint for
young households. The second one simply says that numeraire goods
consumption in old age must be financed by nominal bond savings
from the previous period and the current endowment. The third
constraint simply follows from two crucial assumptions: perfectly
illiquid nominal bonds and the take-it-or-leave-it offer.

Using some properties of the EZ preferences, the following lemma
summarizes individual optimal choice by the young household.

LEMMA 2. Given aggregate real prices {¢t, or41, U, Ui11} and old-
age endowment shocks €11, the young household’s optimal portfolio
choice of {my,a:} must satisfy the following conditions:

Y

Pt+1

(i) = Q. 1+1(my, ap,041) VA,

5As in Jung (2018), we assume the endowment shocks are realized after shop-
pers leave the main island in order for a household to choose a portfolio ex
ante.
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(i1) prp1my = [v — @pmy — ¢tat]v/p

(p—7)/p

X [Et [(prs1ae +ee1)" 7] ﬁ} vt
Y410t + E¢41 o’
where Qi +1(My, at, €441) = [x — oy — ray
p="
o [ Pt41at + Eq1 i ] :
Ey [(pr41ae + ep1) 7]

and  Ey [(per1at 4+ €041) 7]

(er1ae +y + )P — (prira; +y — b))
2b(2 =) '

Proof. The proof is the same as the one for lemma 4 of Jung (2018).
One just needs to replace m¢, my, h(mj), and h(mg) in Jung (2018)
with a;, my, @rr1my, and @i4104, respectively.

Interpretation of lemma 2 follows similarly from Jung (2018).
The first condition refers to an intertemporal optimality between
¢t and c;41, while the second one represents an intratemporal opti-
mality between s;y1 and c¢;11. Note that agents’ preferences for the
timing of the uncertainty resolution, i.e., whether p > v or p < 7,
along with the level of future endowment uncertainty, b, critically
affect both optimal conditions.

Now we can define competitive equilibrium. As in Jung (2018),
we restrict attention to the symmetric, monetary, and stationary
equilibrium.

DEFINITION 1. A competitive, symmetric, monetary, and stationary
equilibrium is a list {Z,W,n,s,cy,co}, where Z = Zy = Zipq =
Yemy = prp1mer1 = M, Vt, where o; = @, Vt. W = W, = tray =
Yrr1a:11, where the last equality follows from the government budget
constraint, i.e., praz—1 = Yray, YVt and an aggregate resource con-
straint, a; = A Vt. Lastly, {cy,co,s,n} ={e—Z-W, W +y,Z, Z}.
The equilibrium real money and bond balances {Z, W'} satisfy lemma
2 given that pi/pii1 = 1, .41 = Ele] = y, and lastly a (gross)
nominal interest rate set by the government, i.e., i = @i/, Vt.
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This definition results in a system of two log-linearized equations
that {Z, W} must satisfy as below:

—Ini—pln(z—Z-W)4+~yIn(W +y) = (7—p)1n(R(W+y)()é)
In(Z)=(/p)In(z =2 -=W)+{(p=)/p}m(RW +vy)), (4)
where In (R(W +y))

:1_17{1 [(W+y+b)2_7_(W+y—b)2_7}}'

2b(2 =) 2b(2 =)

Now, we conduct comparative static analyses based on the three
cases regarding agents’ preferences for the timing of the uncertainty
resolution. Most importantly, we study the stationary welfare in two
versions as in Jung (2018). The first one is in terms of pure utility,
i.e., the CES aggregate of ¢,, s, and R(c,) in the unique stationary
monetary equilibrium. The second welfare measure shows aggregate
consumption equivalents, i.e., the CES aggregate of ¢, s, and ¢, in
the unique stationary monetary equilibrium. We use 1 — p as a CES
aggregate parameter for both cases. For notational convenience, we
denote the former (latter) as W' (W?). The following proposition
discusses characteristics of equilibrium when agents are indifferent
to the timing of uncertainty resolution.

PROPOSITION 1. Consider the case where p =~ and/or b = 0. Let
Zpz and Wgyz denote real money and bond balances, respectively,
in stationary equilibrium. 3! Zgyz and 3 Wgz, only if i > 2y /z.
Then, the following holds true in the unique stationary monetary
equilibrium.:

(i) 8ZEz/aZ <0 and aWEz/Z > 0.

(ii) Wt = W? and the Friedman rtule achieves the con-
strained efficiency both in terms of pure utility and aggregate
consumption.

Proof. See the proof for proposition 3.

The first case admits intuitive welfare implications. First, ¢ must
be bounded from below to guarantee a unique equilibrium where
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bonds coexist with money. Intuition is straightforward. A too-low
rate of return on bonds makes households lose incentives to carry
bonds over periods. That lower bound is positively (negatively)
related to the old-age (young-age) endowment, as the formula, i.e.,
2y7Y/x, in the proposition indicates.

Next, the Friedman rule achieves the constrained efficiency in
both pure-utility and aggregate consumption terms. This can be
easily verified from the two equations in lemma 2 and equations (3)
and (4). Since uncertainty does not affect households’ preferences,
all that matters is the relative returns on bonds. A positive rate
of return on bond holdings would induce households to bias their
portfolio towards bonds, i.e., part (i) of the proposition. In turn,
households would spend on numeraire goods more than the con-
strained efficient amount. The exact opposite analysis could apply
in the case of negative returns on bonds. A zero nominal interest
rate is the only way to achieve the social optimum in this case.

Next, we consider the second case, p > v, which brings about a
much richer set of comparative static analyses on stationary alloca-
tions. The next proposition summarizes the results.

PROPOSITION 2. Consider the second case, where p > . Let Z equal

Z such that nZ = (y/p)In(x — Z) + (p — v)/pIn([R(y)]). 3 Zgz
and A Wgz, only if

= y’y .
(x— Z)[R(y)]~

>3
The following holds true in the wunique stationary monetary
equilibrium:
(i) 9i/0b < 0.
(ii) 0Zgz/0b < 0 and OWgz/0b > 0.
(iii) 0Zpz/0i <0 and OWEz/0i > 0.

(iv) The Friedman rule achieves the same W' that the planner
does.

(v) The Friedman rule usually does not mazimize W?2. Define
the optimal (gross) nominal interest rate that mazimizes the
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W?2 asi*. If i > 1, then i* = i. Otherwise, i <i* <1 and
0i*/ob < 0.

Proof. See the proof for proposition 3.

Unlike the case in proposition 1, the lower bound for nominal
interest rates is now negatively affected by uncertainty, i.e., b. Intu-
ition follows from households’ preferences for the timing of the uncer-
tainty resolution. Households in this case have a greater relative
dislike for intertemporal inequality. Since a higher degree of uncer-
tainty means more intertemporal inequality, households’ incentives
to save are strengthened. This eventually would reduce the lower
bound.

Because households dislike intertemporal inequality in terms of
general good consumption to a greater extent, they accumulate more
bond holdings in response to a higher b, i.e., OWgz/0b > 0. This in
turn means that young workers underconsume general goods in equi-
librium. Given that households equalize the marginal utility from
consuming general goods at a young age and special goods in old
age, cash holdings for special goods must fall too when b goes up, i.e.,
0Zpz/0b < 0. As before, changes in nominal interest rates render
qualitatively the same substitution effects. A higher rate of return
on bond holdings would induce households to bias their portfolio
towards bonds, i.e., 0Zgz/0i < 0, and OWgz/di > 0.

Welfare implications are also richer. In terms of pure utility, the
Friedman rule is the unique optimal policy, i.e., part (iv) in propo-
sition 2. Again, this is hardly surprising since the intergenerational
transfer instrument price is never distorted only under the Fried-
man rule. What is interesting is that the optimal inflation rate for
aggregate consumption is usually not the Friedman rule and nega-
tive. This follows from two important facts: (i) an equal division of
¢y, Co, and s achieves the maximum aggregate consumption, and (ii)
uncertainty distorts that distribution. Intuitively, a higher degree of
uncertainty would bias the aggregate consumption basket towards
old-age consumption, i.e., 0Zgz/0b < 0 and OWgz/0b > 0. To miti-
gate this effect, a subzero level of i is required, subject to the subzero
lower bound (because a lower rate of return on bonds always leads
to undersavings and, thus, lower old-age consumptions). Lastly, the
higher aggregate output uncertainty gets, the bigger bond holdings
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Figure 2. Numerical Examples for W2 with p > ~
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become. Thus, an even lower negative interest rate is required to
bring down the overbond holdings, i.e., 9i* /0b < 0.

In what follows, a simple numerical example is illustrated.
Figure 2 shows how W? (aggregate consumption level) responds to
changes in nominal interest rates, ¢, under the case where p > ~.
For various reasons of tractability, the model is not rigorously cali-
brated; see Jung (2018) for a detailed explanation on why two-period
OLG models are problematic for calibration. In order to justify the
parameter values as much as possible, nevertheless, the following
measures are taken. First, the intertemporal risk-aversion parameter,
p, is chosen to equal 2, i.e., intertemporal elasticity of substitution
approximately equals 0.5. This is within reach of the usual values
in the macro-finance literature that heavily rely on the EZ prefer-
ences for quantitative work. Note that the v value used here (1.5)
is somewhat lower than the usual in the literature. However, that ~
value, along with x = 10 and y = 4, is chosen to make sure that the
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lower bound interest rate (%) is sufficiently negative. Please check the
formula in proposition 2. Finally, I also illustrate W?2 under three
different values for b, i.e., 1.5, 2, and 2.5, so as to analyze the effects
of uncertainty simultaneously. This example clearly shows that the
lower bound is negative, i.e., =10 percent, and the optimal negative
interest rate decreases in aggregate output uncertainty, consistent
with predictions in proposition 2.

Using the intuition so far, it follows easily that the third case,
p < 7, brings about opposite comparative static analyses on sta-
tionary allocations in general. First, proposition 3 summarizes such
results.

PRrROPOSITION 3. Consider the third case, where p < ~v. 3 Zgz and
I Wgz, only if i > i. The following holds true in the unique sta-
tionary monetary equilibrium:

(i) 9i/0b > 0.
(ZZ) 8ZEz/6b >0 and 8WEz/ab < 0.
(iii) 8ZEz/aZ <0 and GWEZ/& > 0.

(iv) The Friedman rule achicves the same W' that the planner
does.

(v) The Friedman rule does not maximize W? unless uncertainty
disappears. Under b > 0, i* > 1 and 9i*/0b > 0.

Proof. See the appendix.

Uncertainty effects on the stationary allocation are exactly oppo-
site to the second case. Now, households dislike cross-sectional vari-
ation in old-age consumption relatively more. Therefore, their incen-
tives to hold nominal bonds get weaker. As a consequence, a higher
degree of uncertainty effectively pushes up the lower bound for nom-
inal interest rates, i.e., 9i/0b > 0. Again, since households are very
averse to cross-section variation in the old-age general good con-
sumption, they accumulate fewer bonds in response to a higher b,
i.e., OWgz/0b < 0. This in turn means that young workers over-
consume general goods in equilibrium. Given that households equal-
ize the marginal utility from consuming general goods at a young
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age and special goods in old age, cash holdings for special goods
must increase as well when b goes up, i.e., 0Zgz/0b > 0. Inter-
est rate effects on the stationary allocation are same as before, i.e.,
0Zpz/0i <0, and OWgz/0i > 0, for obvious reasons.

Welfare effects are also reversed except for the fact that the
Friedman rule still achieves the constrained efficiency in terms of
pure-utility-based welfare. In particular, the optimal inflation rate
for aggregate consumption is positive this time. Unlike the second
case, a higher degree of uncertainty would bias the aggregate con-
sumption basket towards young-age general good consumption, i.e.,
0Zpz/0b > 0 and OWgz/0b < 0. To mitigate this effect, a posi-
tive level of i is required because a higher rate of return on bonds
always brings about oversavings and, thus, greater old-age general
good consumptions. Lastly, the higher aggregate output uncertainty
gets, the smaller bond holdings become. Thus, an even more posi-
tive interest rate is required to boost the underbond holdings, i.e.,
9i* /b > 0.

Similar to the second case, a numerical example is shown in
figure 3. All the parameter values except for v = 1.1 and p = 0.7
are the same as in the second case. Consistent with predictions from
proposition 3, the optimal interest rate happens to be positive this
time, and the latter has a strictly positive relationship with the
degree of uncertainty, as opposed to the second case.

6. Conclusion

To sum up, the current model delivers important policy implica-
tions. Negative interest rates can be beneficial only if an economic
agent’s aversion to intertemporal inequality in consumption is rela-
tively greater. Under such a case, monetary policy authorities should
target a negative interest rate that moves in the direction opposite
to that of aggregate output uncertainty. It also leaves a completely
reversed set of policy recommendations under the case where agents
mind cross-sectional consumption inequality relatively more. In that
case, a strictly positive interest rate should be targeted and posi-
tively tied to the degree of aggregate output uncertainty. Limitations
of the current model for policy recommendations certainly exist, e.g.,
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Figure 3. Numerical Examples for W2 with p < ~
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too-low transactional frequency inherent in two-period OLG mod-
els, etc. However, the current model can be used as a benchmark
upon which more realistic and complex features of the economy can
build.

For instance, much debate on negative interest rates recently
revolves around their potential adverse effects on banking sectors; see
Brunnermeier and Koby (2016). Many policymakers are concerned
about financial instability that negative interest rates might cause
through squeezing banks’ net interest margin, which is completely
absent in the current model. Embedding financial intermediaries
into the current OLG structure following Schreft and Smith (2002)
and/or Duffie, Garleanu, and Pedersen (2005), therefore, might be
a useful future research avenue. One could also extend the current
model into a two-country environment to analyze the effects of neg-
ative interest rates on capital flows, currency markets, international
trade, etc. I leave all these fruitful exercises to future research.
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Appendix

Proof for Proposition 3

Proofs for proposition 1 and 2 are simply subcases of what fol-
lows. One just needs to impose p = v and p < -, respectively.
First, Z = Z(W) from equation (3). Then, it can be shown that
0Z/0W < 0. Proof for the latter follows from the fact that

W +y

—Ini—plhn(x—2Z-W In|——7i—
ni—pln(x )JFVH{R(W)—i—y

] = —pInR(W +y),

which is from equation (3). Also note that Z(z) = 0 and Z(0) = Z,
where

Zz{Z:anzZln(x—Z)—i—pl [R(y )]}

Also note that Z < x since Inz = /p(—00) + constant.

Next, one can also derive W = W(Z) from equation (4).
OW/0Z < 0. Proof is given through applying the implicit function
theorem to equation (4).

ple—2Z—W)

87/8W)_’_ O~ /OW

oW /97 = —
=z w T (W+y R(W+vy) R(W+y)

<0,

which again follows from 1/W +y > (9vy/0W)/R(W +vy) due to
the concavity of the R function. Also, W (0) = W, where

W={W:-Ini—plh(zx—W)+~yn(W+y)
= (v = p) In[R(W +y)]}.
It’s easy to show that W < z since if W = z, then
—Ini—pln(z —z) +yIn(W +y) > (v — p) n[R(W + y)].

Thus, W must be below z to lower the left-hand side of the above
equation. Lastly, Z such that W(Z) = 0 must satisfy the following:

Z={-Ii-ph(z—2)+vIny=(y—p)In[R(y)]}.
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Figure 4. A Unique Stationary Equilibrium
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So to ensure I(Zgz, Wgz), one must make sure 7> Z, which is
equivalent to

—pln(z—2Z)+~vIny — (v — p) In[R(y)] < Ins.

This means 3! minimum ¢ so that 3(Zgz, Wgz), and

i= {;i:lni = —pl(z—Z) +yIny - (v - p) 1H[R(y)]}~

This proves for the 7 for all three cases, i.e., p ="y, p <, and p < 7.

One can finally visualize all of these in the diagram shown in
figure 4. Given figure 4, one can easily check the effects of changes
inion Zgz and Wgz. i 1 — W(Z) shifts out for all v and p values.
Hence, 0Z/0i < 0 and 0W/0i > 0 for all three cases. The effects of
changes in b differ depending on the relative size of v and p. When
v>p, b1 — R(:) |. Thus, Z(W) (W(Z)) shifts up (down). This also
proves why ¢* > 1 and 0i*/0b > 0 under v > p. On the contrary,
when v < p, b T — R(:) |. Thus, Z(W) (W (Z)) shifts down (up).
This also proves why i* < 1 and 9i*/0b < 0 under vy > p. Q.E.D.
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We study how exchange rate pass-through to CPI inflation
has changed since the global financial crisis. We have three
main findings. First, exchange rate pass-through in emerging
economies decreased after the financial crisis, while exchange
rate pass-through in advanced economies has remained rel-
atively low and stable over time. Second, we show that the
declining pass-through in emerging markets is related to declin-
ing inflation. Third, we show that it is important to con-
trol for non-linearities when estimating exchange rate pass-
through. These results hold for both short-run and long-run
pass-through and remain robust to extensive changes in the
specifications.

JEL Codes: E31, E58, F31.

1. Introduction

Exchange rate pass-through is again at the center of economic policy
and central bank thinking (Forbes 2014, 2015). We have to under-
stand how the observed large exchange rate movements translate to
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consumer price inflation, especially as inflation remains well below
central bank targets in many advanced economies. From the perspec-
tive of some emerging market economies (EMEs), another question
arises on how large exchange rate movements affect inflation, espe-
cially when it is already above target. In addition, as Plantin and
Shin (2016) find, exchange rate pass-through can affect the financial
risk-taking channel of monetary policy.

In this paper we aim to provide an overall picture of how
exchange rate pass-through has evolved for both advanced and
emerging market economies. We find that exchange rate pass-
through in emerging economies on average decreased after the finan-
cial crisis, and that this decline in pass-through is linked to declin-
ing inflation. By contrast, in advanced economies, where inflation
has tended to be consistently low, exchange rate pass-through has
also remained low. Yet, in spite of the recent decline in emerg-
ing economies, pass-through estimates are still lower in advanced
economies than in emerging economies. The results are consistent
with the implications of the menu cost theory of price setting:
when inflation is higher, exchange rate changes are passed through
more quickly and to a larger extent because firms have to adjust
prices frequently anyway (see further Taylor 2000 for a sticky price
setup).

We also confirm that the results hold robustly. The pattern of
declining pass-through in EMEs and low pass-through in advanced
economies holds similarly for contemporaneous (quarterly), yearly,
and long-run pass-through estimates. This pattern also does not
depend on the length of rolling window estimates: three-, four-,
five-, six-, and eight-year rolling windows all show the same pattern.
The results are also not dependent on the econometric methodology:
while our main methodology uses an Arellano and Bover (1995) and
Blundell and Bond (1998) type of system GMM panel estimates, the
pattern remains under difference GMM and within-group estima-
tors. While we control for time fixed effects to ensure that common
global shocks do not affect the estimates, the results also hold when
dropping these fixed effects and explicitly controlling for the global
business cycle or oil prices.

We also find that controlling for non-linear effects of exchange
rate movements can be crucial when estimating exchange rate pass-
through: as one would expect based on the menu cost theory, larger
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exchange rate movements have a stronger chance to overcome the
menu cost of price changes and thereby are more likely to be passed
through to consumer prices. Hence, naive linear estimates of pass-
through would show an increase in emerging markets after the taper
tantrum when exchange rate volatility increased sharply. However,
we show that this increase disappears when one properly controls
for non-linearities.

The contribution of our paper to the literature is threefold.
First, we document the overall pattern of more than twenty years
of exchange rate pass-through developments for a large group of
economies. We report that the pass-through has been low and sta-
ble in advanced economies, and higher but declining in emerging
economies. The advanced economy results extend the link found ear-
lier, for instance, by Engel (2002) and Devereux and Yetman (2008),
between low pass-through and low inflation in advanced economies
in the post-crisis data set. As for the EMEs, our results on declining
pass-through extend the earlier finding in Mihaljek and Klau (2008),
Aleem and Lahiani (2014), and Lopez-Villavicencio and Mignon
(2016) to a more recent period and/or to a larger set of economies.
Our finding of a recent decline in linear pass-through slightly con-
trasts with De Gregorio (2016), who finds that pass-through for large
depreciations in the 2008-15 period was lower than in the 1970s but
comparable to the 1990s[] These results might be reconciled by the
fact that we consider linear pass-through when controlling for non-
linearities, while De Gregorio (2016) considers the full effects of large
depreciations.

Second, we provide solid empirical evidence for a causal link
between lower inflation and lower pass-through in emerging market
data, as was proposed in Calvo and Reinhart (2002) and Choudhri
and Hakura (2006). Our results can also be seen as extending the
analysis of the low inflation/low pass-through link from advanced
economies in the 1990s of Takhtamanova (2010) to emerging markets
in the 2000s.

'Importantly, we do not exclude the possibility that the link between lower
pass-through and lower inflation works through more credible monetary policy,
as Bailliu and Fujii (2004) and Gagnon and Ihrig (2004) argued for advanced

economies.
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Third, we provide evidence that larger exchange rate move-
ments lead to disproportionally larger price changes. Therefore, it is
useful to control for non-linearities when estimating pass-through,
especially when exchange rate volatility is changing in the sample
period. One crucial example is the period after the taper tantrum
when exchange rate volatility increased—and the inclusion of such
periods in a nailve linear setup can misleadingly suggest an increase
in pass-through. This result confirms the findings in Bussiere (2013),
Cheikh and Rault (2015), and Alvarez, Lippi, and Passadore (2017)
of the relevance of non-linearity and provides additional support
to control for non-linearities to exclude the possibility that linear
pass-through estimates pick up changes in exchange rate volatility.
This result is also consistent with evidence in Campa and Goldberg
(2005) and Kohlscheen (2010) that pass-through to consumer prices
and import prices, respectively, is higher for countries with greater
nominal exchange rate volatilities.

Furthermore, the results also have policy relevance when thinking
about changing global conditions for monetary and economic policy
setting. The average low pass-through levels today imply that central
banks in general should have less “fear of floating,” at least from an
inflation perspective. Yet, the lower pass-through in emerging mar-
kets also implies that the exchange rate channel of monetary policy
might be less effective to affect inflation than before the financial
crisis. Finally, the results further reinforce the importance of price
stability by showing that lower inflation also reduces pass-through.
In fact, there might be a positive feedback loop: lower pass-through
could in turn further contribute to price stability.

However, the results should be read with appropriate caveats.
Importantly, our results apply only for groups of countries, and
not for individual economies. Hence, our results do not offer direct
implications for individual countries. Furthermore, our setup is nec-
essarily limited to macroeconomic factors and only captures time-
invariant microeconomic factors, such as pricing power, through
country fixed effects. Finally, our approach does not distinguish
between exogenous and endogenous exchange rate shocks—and this
distinction might matter, as Shambaugh (2008) and Forbes, Hjort-
soe, and Nenova (2015) show. However, we mitigate this problem
by consistently controlling for global shocks through time fixed
effects.
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The remainder of the paper is organized as follows. The sec-
ond section outlines the methodology, and the third section intro-
duces the data. The fourth section discusses the results, and the
fifth section presents robustness checks. Finally, the sixth section
concludes.

2. Estimation Methodology

We estimate exchange rate pass-through based on the following
hybrid New Keynesian Phillips-curve framework, using dynamic
panel regression with system GMM,

3
it = o + By + pEymipp1 + 01 — Z’YjANEERit—j
=0

3 3
Y ukANEER},_, — Y v ANEER}, |+ ¢y + . (1)
k=0 =0

Here, 7;; denotes log differences in quarterly seasonally adjusted
consumer price indexes (CPI) in country ¢ in quarter ¢; y;; is the
domestic output gap in country i in quarter t; ANEER;; is the
(change in the log of) the nominal effective exchange rate; «; are
country fixed effects; and (; are time (quarter) fixed effects.

We choose a hybrid New Keynesian Phillips-curve framework,
which also includes a forward-looking inflation expectations term,
Eymi4+1, in order to be consistent with the New Keynesian Phillips-
curve framework which has commonly been used in macroeconomic
and monetary policy analysis for capturing inflation dynamics (Clar-
ida, Gali, and Gertler 1999; Smets 2003; Woodford 2003; Levin and
Moessner 2005).

In our benchmark specification, we exclude inflation expectations
by setting p = 0 in equation (1), in order for our results to be more
easily comparable with both (i) the earlier empirical cross-country
exchange rate pass-through literature and (ii) the pass-through lit-
erature focusing on import prices, as neither literature has gener-
ally included inflation or import price expectations. We also esti-
mate pass-through using the hybrid New Keynesian Phillips-curve
framework of equation (1) including the forward-looking inflation
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expectations term, F;m;;:1 1, in order to be consistent with the hybrid
New Keynesian Phillips-curve framework commonly used in mone-
tary policy analysis for analyzing inflation dynamics. Later we check
and find that our main results are robust to the inclusion of the
forward-looking inflation expectations according to the hybrid New
Keynesian framework (see tables 1 and 2).

We are not assuming that the inflation expectations formation
process within the hybrid New Keynesian Phillips-curve framework
is the same for advanced and emerging economies. Since we esti-
mate the specifications separately for advanced and for emerging
economies, we allow for the coefficients on lagged inflation and
on inflation expectations to differ between advanced and emerging
economies.

Most of the cross-country empirical exchange rate pass-through
literature has not used a New Keynesian Phillips-curve framework
including inflation expectations, but has been based on a backward-
looking generic specification of Goldberg and Knetter (1997) (e.g.,
Mihaljek and Klau 2008; Lopez-Villavicencio and Mignon 2016). A
recent paper has used a New Keynesian Phillips-curve framework
for cross-country panel estimation of exchange rate pass-through in
advanced economies (Takhtamanova 2010). Takhtamanova (2010)
states about her paper that “much of the existing research focuses
on the relationship between movements in nominal exchange rates
and import prices. A smaller but equally important strand of the
literature concentrates on the macroeconomic exchange rate pass-
through to aggregate price indices (Bachetta and van Wincoop 2003,
Campa and Goldberg 2006, Gagnon and Thrig 2004). This paper also
focuses on the relationship between aggregate prices and inflation,
but departs from existing studies by using a Phillips curve frame-
work to analyze exchange rate pass-through.” To the best of our
knowledge, our paper is the first to provide empirical evidence for
a causal link between lower CPI inflation and lower exchange rate
pass-through for a large separate emerging country sample using a
New Keynesian Phillips-curve framework, when including the period
after the global financial crisis.

To capture any non-linearities in the exchange rate pass-through,
we extend the specification to include quadratic and cubic changes
in exchange rates. The exchange rate terms are presented with a
negative sign, given that in the original series local exchange rate
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depreciation is reflected as a decrease in the nominal effective
exchange rate (NEER). The model works with contemporaneous
exchange rate change and three additional lags to capture exchange
rate pass-through over the period of one year. Furthermore, the spec-
ification also satisfies the optimal lag structure based on Akaike and
Bayesian information criteria. We present estimates for advanced
and emerging economies separately. We also include country fixed
effects to control for unobserved country heterogeneity. Moreover,
we include time fixed effects to control for global factors driving
inflation.

Our estimation assumes a non-linear structure, since the under-
lying pass-through process may be non-linear (Bussiere 2013; Cheikh
and Rault 2015). Such non-linearity might arise due to menu costs,
i.e., due to the presence of non-negligible costs of adjusting prices.
Firms might prefer to avoid these menu costs when exchange rate
moves are small, but they could be forced to adjust prices for
larger exchange rate movements (Forbes 2014). Alternatively, firms
might absorb small changes in input prices but not large ones. Non-
linearities might also be explained by imperfect competition which
would lead to observationally similar results.

Our estimation period is 1994:Q1-2017:Q4. To estimate equa-
tion (1), we use generalized method of moments (GMM) follow-
ing Arellano and Bover (1995) and Blundell and Bond (1998). This
method has been widely used to deal with panel data with endoge-
nous explanatory variables, and in our case it is able to control for
common shocks that affect both inflation and exchange rates (Sham-
baugh 2008; Aron and Muellbauer 2014; Forbes 2015). The bench-
mark model uses system GMM technique with two to eight lags of
log NEER changes, the output gap, and lags of log CPI changes
as GMM instruments for levels and first-differences equations. We
also repeat the estimates with difference GMM and within-group
estimators for robustness.

Based on equation (1), we estimate linear contemporaneous,
yearly, and long-run exchange rate pass-through. Contemporaneous
linear exchange rate pass-through is defined as the coefficient on
the contemporaneous log change in the NEER in equation (1), i.e.,
0. Yearly linear pass-through is the sum of the coefficients on log
changes in the NEER over four quarters, i.e., yo+71 +72+y3. Linear
long-run pass-through is defined as yearly pass-through divided by
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one minus the coefficient on lagged inflation, i.e., (7o + 71 + 72 +

73)/(1 = 0).

3. Data

We analyze quarterly time-series data for twenty-two emergingﬁ and
eleven advanced? economies over the period 1994:Q1-2017:Q4.

We focus on exchange rate pass-through (ERPT) to consumer
price inflation. To do so, we use log differences in quarterly sea-
sonally adjusted consumer price indexes (CPI) as our dependent
variable.

We use several explanatory variables. The exchange rate series
are chosen as the Bank for International Settlements (BIS) NEER
broad indexes available from 1994, with 2010 as the indexes’ base
year. In the regression analysis we use log differences in the aver-
age quarterly NEER indexes. In our definition, an increase in the
NEER implies an appreciation of the local exchange rate. Later,
we also use log differences in average quarterly bilateral U.S. dollar
exchange rates.

We also control for the business cycle by including measures
of the output gap. The underlying real GDP series are taken
from national sources. The output gap is calculated by employing
the standard univariate Hodrick-Prescott filtering method with the
smoothing parameter A set to 1,600 for all available quarterly GDP
data. For the analysis, we use the data starting in 1994:Q1 or later
depending on their availabﬂity@

In addition, we use control variables for some global factors,
namely oil prices and the global output gap. For oil prices we use
average quarterly West Texas Intermediate (WTI) crude oil spot
prices in U.S. dollars transformed into quarterly log changes. The
global output gap is calculated according to the same methodology

2 Argentina, Brazil, Chile, China, Colombia, the Czech Republic, Hong Kong
SAR, Hungary, India, Indonesia, Israel, Korea, Mexico, Malaysia, Peru, the
Philippines, Poland, Russia, Singapore, South Africa, Thailand, and Turkey.

3 Australia, Canada, Denmark, the euro area, Japan, New Zealand, Norway,
Sweden, Switzerland, the United Kingdom, and the United States.

‘Data are available since 1995:Q1 for Hungary, Israel, and Poland; since
1996:Q1 for Chile and the Czech Republic; since 1996:QQ2 for India; and since
1998:Q1 for the Philippines.
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as the domestic output gap, and is computed from national data as
a weighted average.

In some specifications, we also include inflation expectations to
evaluate the pass-through according to a New Keynesian Phillips-
curve setup. The end-year inflation expectations are taken from
Consensus Economics. We estimate the expectation series with a
quarterly frequency by subtracting realized quarterly inflation from
the forecasts (Q2 and Q3), using end-year figures (Q4), or linearly
interpolating end-year’s estimates (Q1).

Appendix 1 provides a detailed description of the data, including
additional information on data availability.

4. Results

4.1  FEvolution of Pass-Through

As a first step, we run the benchmark regression, equation (1)
excluding inflation expectations (setting p = 0), on six-year win-
dows to assess the evolution of pass-through over time (figure 1).
We run the regression separately for emerging markets (left-hand
panel) and advanced economies (right-hand panel).

For emerging markets (left-hand panel), all three pass-through
measures (contemporaneous, yearly, and long run) decline strongly
from the pre-crisis levels after the financial crisis. A similar declining
pattern also holds when choosing different rolling windows (see figure
4 in appendix 2). Interestingly, there is some small-scale pickup in
pass-through in the last two years. Looking into this result, it turns
out that the pickup is almost entirely driven by a single country,
Argentina, and it is almost eliminated when Argentina is excluded
from the estimation (see figure 7 in appendix 2). This might be sup-
porting our main hypothesis, i.e., the causal link between inflation
and pass-through, as Argentina experienced a high rate of inflation
in this period.

For advanced economies (right-hand panel, figure 1), all three
pass-through measures (contemporaneous, yearly, and long run)
remain relatively stable, at low levels, throughout our estimation
period. This results again holds for different rolling windows (see
figure 5 in appendix 2).
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Figure 1. Exchange Rate Pass-Through (baseline
specification, six-year rolling windows)
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4.2 Post-Crisis Decline in Pass-Through in EMFEs

In order to evaluate whether the decline in pass-through in emerg-
ing economies after the financial crisis was indeed significant, we
add to the benchmark equation a dummy variable for the post-crisis
period. The dummy variable D, takes the value of one in the post-
crisis period (2009:Q3-2017:Q4) and zero in the pre-crisis period
(1994:(1-2008:(92)—while we omit the volatile crisis years In sum,
we estimate the following equation:
3
Tit = 0 + Be + pEyTipp1 + 0mi—1 — Z'YjANEERit—j
j=0

3 3
— Y uANEER},_, — Y v/ ANEER}, | + oy
k=0 =0
3
+ ppDiEymisy1 + 0pDymis—1 — Z vipD:ANEER;;_;
=0

3 3
— > i DIANEER, = Y up DANEER],
k=0 1=0

+ @pDyir + it (2)

5In the presented specifications we omit the crisis period (2008:Q3-2009:Q2).
However, the results are robust to including the crisis years, i.e., when Dy is
set to one for the period 2008:Q3-2017:Q4 and zero otherwise. These results are
available upon request from the authors.
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In our benchmark specification, exactly as in our benchmark
specification of equation (1), we exclude inflation expectations by
setting p = pp = 0 in equation (2) (see columns 1-3 and 5-7 of
table 1). For robustness, we also estimate equation (2) including the
inflation expectation terms (see columns 4 and 8 of table 1). Table 1
shows that the decrease in linear coefficients of the pass-through in
emerging markets after the crisis is statistically significant at the
5 percent level for all three pass-through measures (contemporane-
ous, yearly, and long run); see the coefficient estimates of the post-
crisis interaction dummy in column 1 of table 1. By contrast, this
pass-through appears to increase slightly, and mostly only at the 10
percent significance level, in advanced economies in the post-crisis
period.

For all three pass-through horizons, these results are consistent
with the results reported in figure 1. Table 1 shows that, pre-crisis,
an exchange rate appreciation of 10 percent in EMEs was associated
with an average decrease in consumer prices of around 2.3 percent
within the same year; post-crisis, a 10 percent appreciation was asso-
ciated with a lower decrease in consumer prices of 0.9 percent. The
estimates of table 1 also demonstrate that the conclusion is robust to
different control variables for global factors, namely to using changes
in oil prices or the global output gap instead of time fixed effects; see
columns 2 and 3. Table 1 also shows that the results are robust to
including inflation expectations to evaluate the pass-through accord-
ing to the New Keynesian Phillips-curve setup of equation (1) (see
column 4 of table 1).

For advanced economies, some results seem to suggest an increase
in pass-through especially when measured over the one-year or long-
run horizons (see columns 5-8). While all pre-crisis pass-through
estimates do not appear to be significantly different from zero, we
report some positive and statistically significant post-crisis pass-
through estimates. Yet, one should be careful when interpreting this:
the increase in advanced economies is not robust (as, for instance,
the EME post-crisis decline is). Furthermore, the magnitude of the
increase is also smaller.

4.8  Pass-Through and Inflation

The large and significant decline in emerging market pass-through
requires explanation: what has changed that could account for it?
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Figure 2. Inflation Dynamics (consumer prices,
year-on-year changes, in percent)
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Sources: National data, authors’ calculations.

Our hypothesis is that the level of inflation affects the level of pass-
through. Such a hypothesis is consistent with the menu cost theory
of price setting: when inflation is higher, exchange rate changes are
passed through more quickly and to a larger extent because firms
have to adjust prices frequently anyway.

Indeed, inflation has declined substantially in emerging markets
in the years preceding the financial crisis, i.e., around the time when
estimated pass-through fell too (figure 2). While EME inflation was
generally high in the 1990s, it fell rapidly afterwards (solid black
line, left-hand panel). However, in spite of the fall, EME inflation
levels tended to remain higher than advanced economy levels even
after the financial crisis (right-hand panel).

Having seen that average inflation fell around the time when
pass-through fell, we move to formally test whether lower inflation
can indeed explain the decline in pass-through in EMEs. To do so,
we formally estimate equation (3)%

5The four-lag structure ensures that we do not interact contemporaneous infla-
tion and exchange rate terms. However, this is not critical for our results; the
results remain robust under fewer lags.
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In our benchmark specification, exactly as in our benchmark
specification of equation (1), we exclude inflation expectations by
setting p = 0 in equation (3) (see columns 1-3 and 5-7 of table 2).
For robustness, we also estimate equation (3) including the inflation
expectation terms (see columns 4 and 8 of table 2).

The results, shown in detail in table 2, suggest that lower infla-
tion can indeed explain lower pass-through at least at the yearly or
long-run horizons. This can be seen, as the coefficient on the inter-
action term of linear exchange rate changes with lagged inflation is
positive and significant for EMEs at these horizons.

The results provide evidence that lower inflation can induce firms
to decide to adjust prices more slowly in response to exchange rate
changes, consistent with the existence of menu costs. These results
are robust to using changes in oil prices or the global output gap
as controls for global factors instead of using time fixed effects (see
columns 2 and 3). The results are also robust to including infla-
tion expectations within the New Keynesian framework, with the
interaction term for both yearly and long-run pass-through again
remaining significant (see column 4 of table 2)

"The fact that our EME pass-through estimates show a slight increase in the
last two years when we include Argentina in the sample, but not when we exclude
it from the sample, lends further support to this link, as Argentina experienced
a relatively high rate of inflation in this period.
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The estimated impact of lower inflation on lowering pass-through
is also economically significant. The results imply that 1 percent-
age point lower inflation lowers the long-term average pass-through
exchange rate move by around 0.3-0.4 percentage point. This is a
sizable impact, as the average pass-through of such a 10 percent
exchange rate move is around 2.7 percentage points.

Our paper is not the first to provide empirical evidence for a
causal link between lower inflation and lower exchange rate pass-
through in emerging economies. Earlier evidence on this has been
found for consumer prices by Choudhri and Hakura (2006) for a com-
bined sample of emerging and developing countries, and by Devereux
and Yetman (2008) for a combined sample of advanced, emerging,
and developing countries. But to our knowledge our paper is the first
to provide cross-country empirical evidence for a causal link between
lower CPI inflation and lower exchange rate pass-through for a
large separate emerging country sample when including the period
after the global financial crisis using a New Keynesian Phillips-curve
framework. Such evidence has also been found in Lopez-Villavicencio
and Mignon (2016) for fifteen emerging economies, but not using a
New Keynesian framework as in our paper.

4.4 Omitting Non-linearity

For comparison, we also present pass-through estimates when omit-
ting the non-linear terms in the benchmark specification of equation
(1) excluding inflation expectations (setting p = 0). The aim of the
exercise is to demonstrate that omitting these non-linear terms can
cause pass-through estimates to pick up the impact of exchange rate
volatility. This exercise is very relevant, as non-linear terms are often
neglected in the literature.

The basic pattern in linear pass-through over time is broadly sim-
ilar for both emerging markets and advanced economies (figure 3).
Pass-through is declining in emerging markets (left-hand panel),
while it remains low and stable in advanced economies (right-hand
panel). However, the linear pass-through estimates show a steady
increase after mid-2013, i.e., following tapering of asset purchases
by the Federal Reserve and the increase of exchange rate volatil-
ity in emerging markets. These larger exchange rate movements
are expected to pass through more strongly to consumer prices
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Figure 3. Pass-Through Omitting Non-linear Terms
(baseline specification without non-linear terms,
six-year rolling windows)
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than smaller movements, because they are more likely to overcome
the menu costs associated with price changes. Consequently, simple
linear pass-through estimates, which ignore these non-linearities,
would suggest some increase in pass-through in EMEs after taper-
ing by the Federal Reserve, while such an increase is not visible to
this extent in the specification that takes non-linearities into account
(figure 1).

This underlines the importance of controlling for non-linearities.
Furthermore, when estimating the benchmark specification of equa-
tion (1) excluding inflation expectations (setting p = 0), the coeffi-
cients on some of the non-linear terms are significant for EMEs (see
online appendix table A1, available at www.ijcb.org).

Our paper is not the first to supply cross-country evidence that
larger exchange rate movements lead to disproportionally larger
price changes. Cross-country evidence on this has previously been
found for import prices in G-7 economies by Bussieére (2013) and
for CPI inflation by Alvarez, Lippi, and Passadore (2017) for a sam-
ple of advanced and emerging economies (neither of these papers
uses a New Keynesian Phillips-curve framework). To our knowledge
our paper is the first to find evidence of non-linearity in exchange
rate pass-through to consumer prices using a New Keynesian
framework for a large emerging country sample and including the
post-crisis period. Kohlscheen (2010) finds that pass-through to con-
sumer prices for EMEs is higher for countries with greater nominal
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exchange rate volatilities, using bivariate VARs, and Campa and
Goldberg (2005) find that pass-through to import prices is higher
for countries with greater nominal exchange rate volatilities.

5. Robustness

Next we extend our analysis to check the robustness of the main
findings.

First, we change the size of the rolling window from six to eight,
five, four, and three years in the main specification of equation
(1) excluding inflation expectations (setting p = 0) and report the
results in figures 4 and 5 in appendix 2. We find that for all hori-
zons (contemporaneous, yearly, and long run) the pattern for EMEs
of lower linear pass-through post-crisis is robust to the length of
the estimation window, for all the window sizes considered. Sim-
ilarly, the pattern that the pass-through has been relatively sta-
ble in advanced economies is preserved for different rolling window
sizes.

Second, we present the results for the main specification of equa-
tion (3) excluding inflation expectations (setting p = 0) when using
log changes in bilateral exchange rates against the U.S. dollar,
instead of in NEERs (table 3 and appendix figure 6). The reason
is, as Gopinath (2016) found, that the pass-through might work
through the invoicing currency, typically the U.S. dollar (USD),
and not through the effective exchange rates. We find that the pat-
terns of the pass-through estimates are roughly similar whether we
use changes in the nominal exchange rate or the U.S. dollar bilat-
eral exchange rate, though some of our results are actually stronger
when using U.S. dollar bilateral exchange rates. For EMEs, the infla-
tion interaction terms appear somewhat larger and more significant
than in case of the NEERs (see table 3 and online appendix table
A3). In particular, when using the U.S. dollar bilateral exchange
rates, the inflation interaction term also becomes significant for con-
temporaneous pass-through. Moreover, the coefficients on the infla-
tion interaction terms are slightly larger for yearly and long-run
pass-through, and more significant, namely at the 5 percent level,
than when using NEERs.

Third, our results also remain robust to changes in the empir-
ical estimation techniques. While our benchmark specification was
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Table 3. Lower Inflation/Lower Pass-Through with USD
Bilateral Exchange Rates (pass-through coefficients, based
on equation (3) excluding inflation expectations)

Dependent Variable: Inflations
Emerging Market Advanced
Economies Economies
Bilateral USD Bilateral USD
Exchange Exchange
NEER Rate NEER Rate
Explanatory Variables (1) (2) (3) (4)
FEzchange Rate Pass-Through
Contemporaneous ERPT 0.0655™** 0.0410** 0.00476 0.00657
(0.0179) (0.0190) (0.00510) (0.00489)
Yearly ERPT 0.126*** 0.0922*** 0.0187* 0.0206™*
(0.0318) (0.0209) (0.00911) (0.00653)
Long-Run ERPT 0.271%** 0.184*** 0.0292* 0.0329™*
(0.0705) (0.0508) (0.0150) (0.0112)
Inflation Interaction
Inflation; _ 4 *Contemporaneous 0.921 1.201* 1.582 0.694
ERPT (0.614) (0.661) (1.285) (0.625)
Inflations 4 *Yearly ERPT 1.741% 2.061** 1.026 0.644
(0.921) (0.870) (1.333) (1.122)
Inflation;_4*Long-Run ERPT 3.737* 4.123** 1.601 1.030
(1.254) (1.077) (1.935) (1.677)
Lagged Dependent Variable Yes Yes Yes Yes
Inflation Expectations No No No No
Control Variables for Local Domestic Domestic Domestic Domestic
Factors Output Gap Output Gap Output Gap Output Gap
Time Fixed Effect Yes Yes Yes Yes
Country Fixed Effects Yes Yes Yes Yes
Observations 1,977 1,977 1,001 910
Number of Countries 22 22 11 10
Sargan Test® 0.860 0.636 0.211 0.182
Hansen Test® 1 1 1 1
Serial Correlation TestP 0.514 0.528 0.0847 0.0721
Notes: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998)
dynamic panel estimator. Robust standard errors are in parentheses. ***p < 0.01, **p < 0.05,
*p < 0.1. Full results are reported in online appendix table A3.
2Reports p-values for the null hypothesis that the instruments used are not correlated with the
residuals.
bReports p-values for the null hypothesis that the errors in the first-difference regression exhibit
no second-order serial correlation.




48 International Journal of Central Banking September 2019

system GMM, the results remain materially unchanged when using
difference GMM and within-group estimators (table 4). This sug-
gests that the methodological choice is not critical for our results. In
all three cases we also test for different lag structures of instrumental
variables to confirm that the results do not depend on the instru-
ment lag choice (table A5 in the online appendix). Furthermore, the
basic pattern—the post-crisis decrease for EMEs and relative sta-
bility of pass-through for advanced economies—remains unchanged
for all three pass-through horizons.

Furthermore, we also modify the main specification to allow
for asymmetry in pass-through for exchange rate depreciations and
appreciations. However, we do not find evidence for consistent asym-
metries when estimating the exchange rate pass-through separately
for depreciations and appreciations.

5.1 Caveats

However, the results should be read with appropriate caveats.
Importantly, they apply only for groups of countries, and not for
individual economies. In particular, while we see a large drop in
pass-through for emerging markets as a group after the financial cri-
sis, some emerging economies could still have experienced stable or
even increasing pass-through. Similarly, in spite of the stable average
results, different pass-through trends might prevail in some advanced
economies.

Furthermore, our setup is limited to macroeconomic factors,
while microeconomic factors, such as price competition or pricing to
market, might also play a role in determining pass-through (Campa
and Goldberg 2005). For instance, the more oligopolistic/less price
taking behavior is, the weaker pass-through from input prices (which
might be affected by exchange rate movements) to final prices is.
However, these concerns are mitigated by the fact that our setup cap-
tures the time-invariant microeconomic factors by the country fixed
effects. Further mitigation, as Forbes (2015) argues, is that these
structural microeconomic differences might matter less than thought
earlier: recent pass-through estimates for the United Kingdom do not
show much difference between goods with differing import content,
or between economic sectors with different tradability or degree of
international competition.
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Another caveat arises due to new limitations in monetary policy,
namely reaching the zero lower bound and in some cases outright
negative interest rates. To the degree that this constrains monetary
policy, pass-through could be affected. Having said that, this con-
straint is unlikely to affect our main conclusion: First, there is no
such constraint in emerging markets where we see a larger decline
in pass-through. Second, pass-through estimates seem to remain low
in advanced economies even under low interest rates. Yet, this issue
highlights that one should not be complacent about low pass-through
in advanced economies: the slight and not very robust increase in
pass-through in some of our estimates shown for advanced economies
could warrant further investigation and research in light of these
policy constraints.

Finally, our approach does not distinguish between exogenous
and endogenous exchange rate shocks—and this distinction might
matter, as Shambaugh (2008) and Forbes, Hjortsoe, and Nenova
(2015) show. However, we consciously control for global factors,
either through time fixed effects or explicitly, in order to consistently
exclude global shocks 8 On the one hand, this exclusion of global fac-
tors is reassuring: the results are not contaminated by shifting global
shocks. On the other hand, this also implies that the inclusion of
global shocks could add further dynamics in principle—though our
tests suggest that removing the time-fixed effects does not materially
affect the main results

6. Conclusions

We studied how exchange rate pass-through has changed since the
global financial crisis. We found that exchange rate pass-through to
CPI inflation in emerging economies decreased in the wake of the
financial crisis, and that this decline in pass-through in emerging
economies is linked to declining inflation. By contrast, exchange rate
pass-through in advanced economies has remained relatively stable

8The dynamic panel estimates in the baseline specification include time fixed
effects, and thereby the pass-through estimates are derived only from the cross-
sectional variation.

9We explored this point above by running our specification without time fixed
effects for robustness (see columns 2, 3, 6, and 7 of tables 1 and 2 for robustness).



52 International Journal of Central Banking September 2019

over time, at a lower level than in emerging economies. These results
hold for both short-run and long-run pass-through. The results are
found to be robust to a range of controls and specifications.

The results have policy relevance, particularly when assessing
broad changes in how exchange rate changes are transmitted to con-
sumer prices in the global economy. Providing such a global context
might help thinking about monetary policy in many countries, even
if the pass-through estimates are not directly applicable to any indi-
vidual country. In this regard, the generally low pass-through levels
today imply that central banks in general should “fear” less the
“floating” of their exchange rates, at least from an inflation perspec-
tive. Yet, the lower pass-through in emerging markets also implies
that the exchange rate channel of monetary policy might be less
effective to affect inflation than before the financial crisis.

Finally, the results further confirm the importance of price sta-
bility by showing that lower inflation, among its other benefits, also
reduces exchange rate pass-through to consumer prices.
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Appendix 2. Robustness Checks

Figure 4. Pass-Through to Emerging Market Economies
(baseline specification with different rolling window sizes)
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Figure 5. Pass-Through to Advanced Economies (baseline
specification with different rolling window sizes)
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Figure 6. Pass-Through Using Bilateral USD Exchange
Rate (six-year rolling windows, based on equation (1)
without inflation expectations)
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Figure 7. Pass-Through to Emerging Market Economies,
excluding Argentina (baseline specification, six-year
rolling windows)
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Table A3. Lower Inflation/Lower Pass-Through:
NEER vs. USD Exchange Rates (full results for

table 3 in main text)
Dependent Variable: Inflation:
Emerging Market Advanced
Economies Economies
Bilateral Bilateral
USD UsD
Exchange Exchange
NEER Rate NEER Rate
Explanatory Variables (1) (2) (3) (4)
Inflation; 1 0.534*** 0.500*** 0.359*** 0.375***
(0.0997) (0.0904) (0.0751) (0.0828)
AExchange Rate; = 0.0655%** 0.0410** 0.00476 0.00657
Contemporaneous ERPT (0.0179) (0.0190) (0.00510) (0.00489)
AExchange Rate;_ 1 0.0299** 0.0335™* 0.00753 0.00798
(0.0125) (0.0140) (0.00611) (0.00506)
AExchange Rate;_o —0.00242 —0.0219 0.00637 0.00347
(0.0140) (0.0193) (0.00438) (0.00536)
AExchange Rate;_3 0.0331** 0.0395™* 2.82e-05 0.00254
(0.0144) (0.0149) (0.00498) (0.00535)
AExchange Ratef 0.0369 0.201** 0.0453 0.0422
(0.0769) (0.0794) (0.0524) (0.0698)
AExchange Rate371 —0.145 0.121 0.0287 —0.0204
(0.135) (0.0726) (0.103) (0.128)
AExchange Rate§72 0.0881 —0.0994 0.0405 —0.00978
(0.123) (0.143) (0.0234) (0.0518)
AExchange Rate§73 —0.0960 0.0683 0.0452 —0.0419
(0.0847) (0.0632) (0.0525) (0.0368)
AExchange Rate? 0.314** 0.0107 —0.0394 —0.132
(0.124) (0.121) (0.276) (0.243)
AExchange Rate}_, —0.184 —0.0736 0.101 0.107
(0.165) (0.0732) (0.281) (0.512)
AExchange Rate%_Q 0.0681 0.151 0.479 0.104
(0.114) (0.110) (0.286) (0.206)
AExchange Rate?_5 —0.137 —0.193%** 0.491* 0.331
(0.0882) (0.0593) (0.271) (0.238)
Output Gap¢ —0.00691 —0.00630 0.0349* 0.0353™
(0.0300) (0.0259) (0.0162) (0.0167)
Inflation; 4 *AExchange Rate; = 0.921 1.201* 1.582 0.694
Inflation; 4 *Contemporaneous ERPT (0.614) (0.661) (1.285) (0.625)
Inflation; _4*AExchange Rate; 1 0.609** 0.501** 0.346 0.0335
(0.238) (0.180) (0.539) (0.673)
Inflation; 4 *AExchange Rate;_o 0.324 0.439*** —1.390** —0.528*
(0.193) (0.154) (0.530) (0.267)
Inflation; _4*AExchange Rate; _3 —0.112 —0.0803 0.488 0.444
(0.0895) (0.0826) (0.507) (0.431)
Constant 0.00858 0.0134* —0.0081** 0.000605
(0.00718) (0.00666) (0.00277) (0.000799)
Yearly ERPT 0.126*** 0.0922%** 0.0187* 0.0206**
(0.0318) (0.0209) (0.00911) (0.00653)
Long-Run ERPT 0.271%** 0.184%** 0.0292* 0.0329**
(0.0705) (0.0508) (0.0150) (0.0112)
Inflations 4 *Yearly ERPT 1.741%* 2.061** 1.026 0.644
(0.921) (0.870) (1.333) (1.122)
Inflations_ 4 *Long-Run ERPT 3.737* 4.123** 1.601 1.030
(1.254) (1.077) (1.935) (1.677)

(continued)
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Table A3. (Continued)

September 2019

Dependent Variable: Inflations
Emerging Market Advanced
Economies Economies
Bilateral Bilateral
USD USD
Exchange Exchange
NEER Rate NEER Rate
Explanatory Variables (1) (2) (3) (4)
Observations 1,977 1,977 1,001 910
Number of Countries 22 22 11 10
Country Fixed Effect Yes Yes Yes Yes
Time Fixed Effects Yes Yes Yes Yes
Sargan Test® 0.860 0.636 0.211 0.182
Hansen Test® 1 1 1 1
Serial Correlation TestP 0.514 0.528 0.0847 0.0721

Notes: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998)
dynamic panel estimator. Robust standard errors are in parentheses. ***p < 0.01, **p < 0.05,

*p < 0.1.

2Reports p-values for the null hypothesis that the instruments used are not correlated with the

residuals.

bReports p-values for the null hypothesis that the errors in the first-difference regression exhibit

no second-order serial correlation.
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Table A5. Lower Inflation/Lower Pass-Through: Different
Structure of GMM Instruments (system GMM, different
lag structure of GMM-type instruments)

Dependent Variable: Inflationy
Emerging Market Economies Advanced Economies
GMM GMM GMM GMM
Instruments:| Instruments: |Instruments:|Instruments:
2-8 Lags 2—-7 Lags 2—-6 Lags 2-5 Lags
Explanatory Variables (1) (2) (3) (4)
Inflationy 1 0.534*** 0.534*** 0.529*** 0.526***
(0.0997) (0.0997) (0.100) (0.103)
ANEER; = Contemporaneous 0.0655*** 0.0655™** 0.0678%** 0.0692***
ERPT (0.0179) (0.0180) (0.0175) (0.0180)
ANEER;_ 0.0299** 0.0299** 0.0295** 0.0281**
(0.0125) (0.0125) (0.0127) (0.0128)
ANEER;_o —0.00242 —0.00240 —0.00190 —0.00194
(0.0140) (0.0140) (0.0139) (0.0145)
ANEER;_3 0.0331** 0.0331** 0.0332** 0.0332**
(0.0144) (0.0144) (0.0146) (0.0144)
ANEER? 0.0369 0.0368 0.0409 0.0410
(0.0769) (0.0770) (0.0822) (0.0832)
ANEER?_1 —0.145 —0.145 —0.150 —0.158
(0.135) (0.135) (0.139) (0.140)
ANEER%72 0.0881 0.0882 0.0891 0.0895
(0.123) (0.123) (0.124) (0.126)
ANEER?73 —0.0960 —0.0960 —0.104 —0.106
(0.0847) (0.0847) (0.0861) (0.0894)
ANEER? 0.314** 0.314™* 0.319%* 0.319™*
(0.124) (0.124) (0.130) (0.130)
ANEER?71 —0.184 —0.185 —0.189 —0.198
(0.165) (0.165) (0.169) (0.172)
ANEER?L2 0.0681 0.0681 0.0689 0.0692
(0.114) (0.114) (0.115) (0.118)
ANEER‘?_3 —0.137 —0.137 —0.147 —0.149
(0.0882) (0.0882) (0.0879) (0.0914)
Output Gap¢ —0.00691 —0.00690 —0.00759 —0.00903
(0.0300) (0.0301) (0.0304) (0.0316)
Inflationy 4 *ANEER; = 0.921 0.921 0.910 0.901
Inflations 4 *Contemp. ERPT (0.614) (0.614) (0.615) (0.624)
Inflation; 4 *ANEER_ 1 0.609** 0.609** 0.623** 0.635™**
(0.238) (0.238) (0.240) (0.240)
Inflation; 4 *ANEER;_o 0.324 0.323 0.326 0.328
(0.193) (0.193) (0.193) (0.196)
Inflation; 4 *ANEER;_3 —0.112 —0.112 —0.111 —0.110
(0.0895) (0.0895) (0.0896) (0.0908)
Constant 0.00858 0.0625 0.0119** 0.0118**
(0.00718) (0.00364) (0.00481) (0.00482)
Yearly ERPT 0.126*** 0.126*** 0.128*** 0.129***
(0.0318) (0.0318) (0.0319) (0.0335)
Long-Run ERPT 0.271%** 0.271%** 0.273*** 0.271%**
(0.0705) (0.0706) (0.0692) (0.0724)

(continued)
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Dependent Variable: Inflationy

Emerging Market Economies

Advanced Economies

GMM GMM GMM GMM
Instruments: Instruments: Instruments: | Instruments:
2—8 Lags 2—-7 Lags 2—6 Lags 2—-5 Lags

Explanatory Variables (1) (2) (3) (4)
Inflation; _4*Yearly ERPT 1.741* 1.741* 1.749* 1.754*

(0.921) (0.921) (0.920) (0.931)
Inflations 4 *Long-Run ERPT 3.737* 3.737* 3.714% 3.703*

(1.254) (1.254) (1.237) (1.239)
Observations 1,977 1,977 1,977 1,977
Number of Countries 22 22 22 22
Country Fixed Effect Yes Yes Yes Yes
Time Fixed Effects Yes Yes Yes Yes
Sargan Test® 0.860 0.853 0.0262 7.19e-08
Hansen Test® 1 1 1 1
Serial Correlation Test® 0.514 0.515 0.518 0.519

*p < 0.1

residuals.

Notes: System GMM estimation using Arellano and Bover (1995) and Blundell and Bond (1998)
dynamic panel estimator. Robust standard errors are in parentheses. ***p < 0.01, **p < 0.05,

2Reports p-values for the null hypothesis that the instruments used are not correlated with the

bReports p-values for the null hypothesis that the errors in the first-difference regression exhibit
no second-order serial correlation.







What Drives the Strength of Monetary
Policy Transmission?*

Jakub Mateju

Czech National Bank and Institute of Economic Studies,
Charles University

This paper analyzes the cross-country and time variation in
monetary policy transmission from short-term interest rates to
price level. Using Bayesian TVP-VAR models where the struc-
tural monetary policy shocks are identified using zero and sign
restrictions, the results suggest that monetary policy trans-
mission has become stronger over time and sacrifice ratios
have decreased. Exploring the cross-country and time variation
in monetary policy responses using panel regressions, I show
that stronger monetary policy transmission and lower sacri-
fice ratios were associated with an inflation-targeting regime.
In periods of banking crises, the transmission was weaker and
output costs were higher.

JEL Codes: E52, C54.

1. Introduction

The knowledge of the functioning of transmission mechanism from
the short-term policy interest rate to price level and output is cru-
cial for the conduct of monetary policy. Central bankers need to
know how their decisions about policy interest rates affect the econ-
omy. How large is the expected impact of an interest rate cut on
output and price level? What is the time profile of the response of
targeted variables? Obviously, these questions have been frequently
addressed in the academic literature. For the quantitative summary

*The views expressed here are those of the author and not of the Czech
National Bank. I thank Marek Rusnéak, Michal Franta, and Michal Kejak for con-
sultations and Georgios Georgiadis, Branislav Saxa, Jan Hanousek, Jan Kmenta,
two anonymous referees, and seminar participants at CERGE-EI, the Czech
National Bank, and the National Bank of Poland for their comments. The
research was conducted with the support of the Grant Agency of Charles Uni-
versity, Project No. 267011.
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of studies estimating the monetary transmission in various countries,
over different time periods and using different modeling strategies,
see Havranek and Rusnak (2012). The current consensus is that the
response of price level to a monetary policy shock reaches its peak in
four to eight quarters. Some studies (Canova, Gambetti, and Pappa
2007; Koop, Leon-Gonzalez, and Strachan 2009) show that mone-
tary policy has changed over time in some countries. Other studies
illustrate the cross-country heterogeneity in monetary transmission
(Elbourne and de Haan 2006; Jarocinski 2010). A natural policy-
makers’ question would be: what are the drivers of the strength and
speed of monetary transmission?

This paper aims to explain the cross-country and time variation
in the strength of monetary transmission focusing on the possible
role of monetary regime and the characteristics of the economy and
financial sector. I start by estimating time-varying impulse responses
to monetary policy shocks on a sample of thirty-three OECD and
EU countries, keeping the model specification fixed across countries.
Having obtained the panel of impulse responses to monetary policy
shocks (monetary policy shock is identified by a mixture of short-
term and sign restrictions in the framework of Bayesian time-varying
parameter vector autoregression, or TVP-VAR; see the method-
ological part for details), I illustrate the time evolution of impulse
responses over the last four decades. Specifically, the results show
that the lags of price-level responses to monetary policy shocks have
shortened during the observed period, which may reflect the changes
in monetary policy strategies and smoother functioning of finan-
cial markets. Further, using panel fixed-effects regressions, I show
the differences in monetary transmission for different monetary pol-
icy regimes: when a country adopted an inflation-targeting mone-
tary policy regime, the transmission from monetary policy interest
rates to prices became significantly stronger (by 0.1-0.2 percent-
age point in a response to a 1 pp shock to policy interest rate).
On the other hand, inflation targeters as a whole have a margin-
ally weaker transmission than euro-area countries. Further, a part
of the time variation in a fixed-effects model is explained by variables
linked to the functioning of the financial sector: while higher leverage
in the economy (with higher domestic private credit) is related to
stronger transmission, the occurrence of a banking crisis decreases
the magnitude of the response of prices to a monetary policy shock.
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In a banking crisis, the response of prices to a 1 pp monetary pol-
icy shock is lower by 0.05-0.1 pp. The between-effects regressions
show that euro-area member countries and countries more open to
international trade have stronger transmission.

Finally, I examine the “sacrifice ratios” of monetary policy in
the spirit of Jarocinski (2010), measuring the ratio of output losses
to price-level decrease as a result of non-systematic monetary pol-
icy tightening. The results suggest that the sacrifice ratios have
decreased during the last decades from their peak in the 1970s
(which coincides with the U.S. disinflation under Volcker chairman-
ship of the Federal Reserve). A monetary policy regime switch to
an inflation-targeting regime was typically followed by lower output
costs of disinflation. In the periods of stress in the banking sector
the sacrifice ratios were higher.

Still, the standard shortcomings of small-size VAR analysis apply.
Due to the limited number of variables in the VAR system, the
observed responses may be influenced by shocks to omitted or
unobserved variables. The analysis relies on the identification strat-
egy based on a mixture of short-term (zero) and sign restrictions,
using the established understanding of the nature of monetary pol-
icy shock. Further, one has to be cautious about interpreting the
obtained relationships between the transmission strength and the
explanatory variables as causalities. The fixed-effects model mit-
igates the identification problem to some extent by avoiding the
time-invariant endogeneity, but other types of endogeneity may be
still present.

Following the Introduction, section 2 describes the empirical
methodology in more detail, section 3 presents the estimated time-
varying impulse responses illustrating the time-evolution and cross-
country heterogeneity of monetary transmission, and section 4 exam-
ines the role of monetary policy regime, financial-sector characteris-
tics, and other economic factors in explaining the cross-country and
time variation in the strength of monetary transmission. Finally,
section 5 concludes.

2. Relation to Existing Literature

Early attempts to explain cross-country heterogeneity in mone-
tary policy transmission have often focused on the differences in
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transmission among the members of the European Economic and
Monetary Union, both before (Ehrmann 2000; Mojon and Peers-
man 2001) and after euro adoption (Angeloni and Ehrmann 2003;
Ciccarelli and Rebucci 2006) with mixed conclusions regarding prior
euro adoption heterogeneity of transmission and its homogeniza-
tion in euro-area countries after the adoption of the single currency.
Weak conclusions are largely caused by wide confidence intervals
of the estimates. The heterogeneity of transmission in euro-area
countries has been explored by Ciccarelli, Maddaloni, and Peydré
(2013), showing the importance of the credit channel during the
crisis. Another cross-country study, by Aysun, Brady, and Honig
(2013), has focused on the impact of financial structure on trans-
mission, similarly showing that in economies with higher financial
frictions, the credit channel is stronger, as the theory of financial
accelerator (Carlstrom and Fuerst 1997; Bernanke, Gertler, and
Gilchrist 1999) would predict. The role of financial system and
banks in transmission has been examined by Ehrmann et al. (2001)
using bank-level data. A paper by Mishra, Montiel, and Spilim-
bergo (2012) focuses on the role of financial-sector development
in transmission differences among low-income countries, stressing
the role of the degree of development of financial markets and the
exchange rate arrangements. Berben et al. (2004) have examined
the heterogeneity in transmission through the lens of forecasting
and policy-evaluation models of national central banks of the euro
area, concluding that the differences stem from the heterogeneity of
economic conditions rather than from the differences in modeling
strategies.

A work close to the analysis conducted here is that of Georgiadis
(2012), who attributes the cross-country differences in transmission
estimated through VAR impulse responses to differences in the finan-
cial sector, labor market, and industrial mix. However, his work is
restricted to a cross-country analysis only and so it cannot control
for the country fixed effects. There might be an omitted-variable bias
present in such estimations. For better identification of the effects,
this paper explores also the time variation in monetary policy trans-
mission. A Bayesian methodology for multi-country estimation of
time-varying parameter VARs was proposed by Canova and Cic-
carelli (2009). Due to better control over the estimation process, we
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stick to a set of single-country TVP-VAR models using the method-
ology of Primiceri (2005), which allows for time-varying (stochastic)
volatility The sample used in this paper is considerably broader
than in any previous work, using the data for thirty-three now-
developed countries, with the time span from 1970 to 2010 where
the data permit. This to some extent restricts the set of possi-
ble explanatory variables of the strength of monetary transmission;
notably, many financial and labor market indicators started to be
collected in a broader set of economies only after 2000. The analysis
presented here sticks to variables available in a longer time series for
most countries.

3. Empirical Methodology

To be able to analyze both cross-country and time variation in the
strength of monetary transmission, I need to estimate the impulse
responses of monetary policy shocks in the respective countries and
periods. For this purpose, I make use of the time-varying parameter
vector autoregressive model (TVP-VAR) with stochastic volatility
as proposed by Primiceri (2005). I include the standard set of vari-
ables: output, price level, nominal effective exchange rate, interest
rate (as endogenous variables), and oil prices (as an exogenous vari-
ableE). The reduced-form TVP-VAR with stochastic volatility is esti-
mated using Bayesian Markov chain Monte Carlo (M C?) technique
(the Gibbs sampler) based on the procedure developed by Primiceri
(2005). The structural monetary policy shocks are then identified
using a theory-based mix of short-term and sign restrictions. After
obtaining impulse responses to monetary policy shocks, I examine
the determinants of cross-country and time variation using panel
regressions.

!Because I estimate the TVP-VARs separately for each country, the interna-
tional spillovers of monetary policy are not analyzed.

2 Although the original contribution by Sims (1980) defines VAR with endoge-
nous variables only, the later empirical applications have frequently used the
restrictions that some variables are exogenous to the system (the VAR sys-
tem with exogenous variables has been called VARX). See Liitkepohl (2007) for
details.
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The process can be summarized as follows:

(i) Assemble data set of thirty-three OECD+EU countries
(where the data coverage permits), including the endogenous
and exogenous variables of the VAR and possible determi-
nants of the strength of monetary transmission.

(ii) Estimate Bayesian TVP-VAR with stochastic volatility, iden-
tify structural shocks using short-term and sign restrictions,
and compute impulse response functions (IRFs).

(iii) Plot the impulse response functions, exploring both the time
and cross-country patterns in monetary transmission, includ-
ing the “sacrifice ratios.”

(iv) Test whether monetary policy regime and financial-sector
characteristics matter for the strength of monetary transmis-
sion using panel regressions.

3.1 Data

For the estimation of TVP-VARs, I use a quarterly data set con-
sisting of the seasonally adjusted log-GDP index in constant prices,
log-CPI, and money market interest rate—a market-based proxy for
the monetary policy target rate and a logarithm of nominal effective
exchange rate. Further, I include the logarithm of the oil price index
as an exogenous variable.

For the examination of the possible covariates of the strength of
monetary transmission and the sacrifice ratios, I use a set of variables
consisting of the characteristics of the financial sector, the mone-
tary policy regime, and other economic characteristics such as trade
openness. The majority of the data have been downloaded through
Thomson Datastream and come from national sources. Data on the
exchange rate arrangements and monetary policy regimes were taken
from the updated data set of Reinhart and Rogoff (2004). The data
on the occurrence of banking crises are taken from Babecky et al.
(2012), where an aggregation of crises recorded by academic papers is
complemented by a survey among central bank experts in respective
countries.
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3.2 TVP-VAR Estimation and Identification
8.2.1 Reduced-Form TVP-VAR

I estimate the reduced-form time-varying parameter vector auto-
regressive model with stochastic volatility, similarly to Primiceri
(2005) and Koop, Leon-Gonzalez, and Strachan (2009). In models
with stochastic volatility, not only the coefficients but also the covari-
ance matrix of residuals are allowed to change over time. Therefore,
these models are able to distinguish between the structural changes
in the parameters of monetary policy—the “good/bad policy” story
(Cogley and Sargent 2002; Lubik and Schorfheide 2004; Boivin
and Giannoni 2006)—and changes in the magnitude of shocks—
the “good/bad luck” story (Sims and Zha 2006). We estimate the
reduced-form system of equations

Ye = ZyB + uy,

where y; is a vector of endogenous variables (consisting of the logs
of output and price level, the interest rate, and the log of the nomi-
nal effective exchange rate), Z; is a vector of explanatory variables
consisting of the lags of endogenous variables, an exogenous variable
(the log of the commodity price index), and the intercept. I use one
lag of endogenous variables in the TVP-VAR system to reduce the
number of coefficients to be estimatedd The coefficients are time
varying, and I assume they follow a random-walk process

B = Bi—1 + 14,

where v, is iid N(0,Q). The error term u; has a potentially time-
varying distribution N (0, ;). Similarly to Primiceri (2005), T use a
triangular reduction of 2; such that

AtQtA; == thg,

3 Although Bayesian estimation principally avoids the dimensionality problem,
the set of parameters to be estimated consists of 4 x 6 time-varying coefficients in
VAR equations (including coefficients on the exogenous variables and the inter-
cept), plus the 4 x 4 + 4 elements of time-varying variance-covariance matrices
and a number of time-invariant parameters. To maintain a reasonable degree of
estimation efficiency, I use one lag of the endogenous variables in the VAR system,
which is sufficient for capturing the impulse response dynamics.
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where A; is a lower triangular matrix consisting of elements o;;; for
i > j, ones on the diagonal (i = j), and zeros elsewhere (i < j). 3,
is a diagonal matrix with o;; ; elements. It follows that

Q = AT (A)
and consequently
Y = ZifBr + A 'S,
where ¢, is iid A(0,1). The elements of A; and 3; matrices follow

Qijr = Qj—1 + &

log o = logoiit—1 + n,

where & is iid N (0,.S) and n; is iid A(0, W). The matrix describing
the whole covariance structure of the model,

1
V:

oo O
cocwnoo
Socoo

0
0
0

is block diagonal, i.e., the shocks in each random-walk equation gov-
erning the time variation of each model parameter are assumed to
be independent across model parameters.

For the technical details of Bayesian MC? estimation (Gibbs
sampler), see Primiceri (2005) or Koop and Korobilis (2009). The
priors on the parameters of the model, as well as the hyperparame-
ters (see appendix 1 for details) are held constant across the cross-
section of countries for which the TVP-VARs are estimated, and I
take them from Primiceri (2005).

3.2.2  Sign Restrictions

Subsequently to estimating the reduced-form TVP-VAR, I identify
structural shocks using a mixture of short-term and sign restric-
tions (Fry and Pagan 2011). Sign-restrictions identification has been

frequently used for the analysis of monetary policy (Canova and
Nicolo 2002; Uhlig 2005; Rafiq and Mallick 2008; Scholl and Uhlig
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2008; Jarocinski 2010). Due to computing-time reasons, this paper
focuses only on the identification of monetary policy shock. I restrict
the monetary policy shock to have the following pattern:

Response to MP Shock Log-GDP Log-CPI IR ER
On Impact 0 0 + +
In the Short Run (1-4 quarters) ? ? + + 1,
On the MP Horizon (4-6 quarters) - — 707

i.e., I search for such structural transformation of (transitory)
reduced-form shocks where output and price level react to a mon-
etary policy shock only with a lag, and on the monetary policy
horizon (four to six quarters) the response of prices and output is
negative. Interest rate and exchange rate can react on impact, while
the direction of their responses is positive in the short run (up to
four quarters) and unrestricted further on. The set of restrictions
may appear exhaustive, but as Matthias (2007) shows on data sim-
ulated from a structural model, a large number of sign restrictions
is needed to correctly identify shocks] The sign pattern used here is
consistent with the theoretical consensus of New Keynesian general
equilibrium models (Smets and Wouters 2003; Christiano, Eichen-
baum, and Evans 2005; Gali and Gertler 2007)E| The structural
shocks are identified according to Fry and Pagan (2011). First, the
candidate structural shocks are obtained from orthogonal (Givens)
rotations of a set of uncorrelated shocks which come from the recur-
sive (Choleski) identification. Specifically, in this case the candidate
structural shocks are created by multiplying a set of uncorrelated
shocks by a Givens matrix (), which takes the following form:

“Canova and Paustian (2011) even show that a large number of restrictions
can make up for modest model misspecifications. Another reason for using the
mixture of sign and short-run restrictions is that using the sign restrictions alone
leads to a bias in estimates of the impulse responses, as the posterior distribution
of estimated IRF's is effectively truncated by the sign restriction. The size of the
truncation bias was estimated by Liu and Theodoridis (2012), who show that it
increases with IRF horizons and VAR lags and amounts to up to 0.5 pp.

SHowever, a number of assumptions such as habit formation, capital install-
ment costs, persistent autoregressive shocks, etc. need to be made to generate
hump-shaped responses in those models.
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1 0 0 0
0 1 0 0

Q) = 0 0 cosf —sinf |’
0 0 sinf cos6

where the parameters 6 are drawn from U|0, 7]. That way, I obtain
candidate structural (uncorrelated) shocks. Among the candidate
shocks, only those which satisfy the sign restrictions are picked.
This identification strategy does not deliver exact model identifi-
cation, because I generally find multiple candidate sets of struc-
tural shocks which satisfy the restrictions. We follow the consensus
(Fry and Pagan 2011) to report the median impulse response of the
ones which satisfy sign restrictions. As I identify only one structural
shock, the choice of median model is straightforward.

The shocks are normalized to a 1 pp increase in interest rate on
impact.

3.3 Panel of Impulse Responses

As a result, I obtain a panel of impulse responses of price level to
(transitory) monetary policy shocks. I examine the cross-country
and time variation first graphically (showing, for example, that the
lag of monetary transmission has gradually decreased over the last
decades) and then test for the possible correlates of stronger mon-
etary transmission using panel regressions. As a measure of the
transmission strength (the explained variable), I use the value of
impulse response function at the conventional monetary policy hori-
zons (h = 4,6,8 quarters). Different horizons generally yield similar
conclusions, so I show only the results for the cumulative response
from the impact to h = 6 quarters after the initial shock. Using
panel regressions, I proceed by testing the relationships between the
strength of the impulse responses and various characteristics of the
economy and financial sector, such as monetary policy regime, the
stock market capitalization, trade openness, or the occurrence of
banking crises. The standard errors are heteroskedasticity robust
and clustered at the country level.

Using panel fixed effects and between estimators, I am able to
distinguish which of the factors capture the cross-country varia-
tion and which are better at capturing the time variation in the
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strength of monetary transmission. For example, the results suggest
that although euro-area countries generally feature stronger mone-
tary transmission of monetary policy shocks than inflation targeters,
the fixed-effects estimator (explaining the time variation) shows that
when a country adopted inflation targeting, its transmission on aver-
age strengthened. Moreover, the results suggest that in the periods
of elevated financial stress (captured by the occurrence of banking
crises), monetary policy transmission is relatively weaker. On the
other hand, a part of the cross-country variation can be explained
by the degree of openness: more open economies have on aver-
age stronger transmission, probably because of the exchange rate
channel. The transmission is also stronger with increasing financial
leverage.

Finally, I compute and analyze the behavior of the monetary
policy sacrifice ratios in the spirit of Jarocinski (2010). The sacrifice
ratios measure the output cost of disinflation, i.e., how much out-
put needs to be sacrificed to deliver lower inflation after a monetary
IRFSPP(pn)

TRFP(h)
to the results, sacrifice ratios have decreased over time, reaching their
maximum values during the 1980s. The figures below also show that
an inflation-targeting regime of monetary policy is related to lower
output costs of disinflation. Moreover, the sacrifice ratios increase in
the periods of financial stress in the banking sector.

In this section, the impulse responses from the TVP-VAR on
the sample of thirty-three countries are presented, illustrating both
cross-country and time variation in the impulse responses to a mone-
tary policy shock of a magnitude of 1 pp. In the main text I focus on
the impulse response functions of CPI. Responses of other variables
are in the appendix.

Figure 1 shows the mean impulse response (IRF) of CPI to a
monetary policy (MP) shock averaged across countries (data permit-
ting) as it evolved during the last four decades. Note that the panel
of impulse responses is unbalanced because of the short time series
for some countries, affecting the first two decades of the sample@

tightening, and are defined as on the horizon h. According

SConfidence intervals for the estimates are not explicitly presented, as the
uncertainty consists of both model uncertainty (generally more impulse responses
satisfy the restrictions) and parameter uncertainty. However, the parameter
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Figure 1. Evolution of IRFs of CPI to an
MP Shock over Decades
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Notes: Response of log-CPI to a 1 pp monetary policy interest rate shock, esti-
mated within a VAR model and identified using sign restrictions. Confidence
bands are derived from the cross-country sample distribution, and do not explic-
itly reflect parameter or model uncertainty.

Although the changes are relatively small to be statistically signif-
icant, the figure suggests that monetary transmission has strength-
ened gradually over the last forty years. At the same time, the hump
shape of the IRF of log-CPI to a monetary policy restriction has
become more pronounced, with the peak response now occurring
earlier after the initial shocks. This illustrates that the lags of the
response of prices to monetary policy shocks have become shorter[1

uncertainty around mean impulse responses is fairly stable across countries,
periods, and horizons and amounts to about 0.5-0.8 pp.

"Note that all referred shocks represent deviations from a systematic mone-
tary policy rule rather than actual actions of monetary policy. In other words,
the presented IRF's illustrate the responses to non-systematic shocks. These could
represent either a situation where the policy rule would imply no reaction, but
the monetary policy reacted, or an opposite situation where the monetary policy
should have reacted according to the rule, but it did not, or the reaction was
weaker than reaction implied by the policy rule (or stronger, or even in the oppo-
site direction). The (time-varying) monetary policy rule is estimated as a part of
the TVP-VAR model, constituting one of the equations of the VAR system. The
model allows for immediate reaction of the monetary policy rate to developments
in all endogenous variables and the exogenous variable, and as such it can be
considered a generalization of the simple empirical Taylor (1993) rule.
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Figure 2. Evolution of IRFs of CPI to an MP Shock in
Different Countries
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Notes: Response of log-CPI to a 1 pp monetary policy interest rate shock,
estimated within a VAR model and identified using sign restrictions.

Figure 2 shows the evolution of impulse responses in several
selected countries. The Czech Republic is chosen to represent (his-
torically) developing inflation-targeting countries, the United King-
dom represents a developed inflation-targeting economy, Germany
represents a major euro-area economy, and the United States rep-
resents the world’s leading economy. The development of monetary
transmission in these four countries represents the overall trends in
the last decades. The transmission from short-term interest rates to
prices became stronger, and the duration between the initial shock
and the peak response in CPI (where there is one) became shorter.

Figure 3 (left panel) illustrates the different strength and speed of
monetary transmission under different monetary policy regimes. The
figure presents a typical (mean) impulse responses of price level to
1 pp monetary policy restriction for countries operating under infla-
tion targeting, members of the euro area, non-euro pegged exchange
rate regimes, and non-inflation-targeting floaters. As the monetary
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Figure 3. IRFs of CPI to an MP Shock under Different
MP Regimes and In/Out of Banking Crises
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Notes: Response of log-CPI to a 1 pp monetary policy interest rate shock,
estimated within a VAR model and identified using sign restrictions.

policy transmission has changed over time (as illustrated in figure 1),
and, at the same time, countries were adopting inflation target-
ing and entering the euro area, spurious relationships are likely to
arise. We control for the time trends here by subtracting time effects
(cross-country mean for each time period) from the values of IRFs
in respective periods. Still, the differences come from both the cross-
country variation and the time variation, as there have been changes
of monetary policy regimes during the sample period.

Interestingly, transmission of (non-systematic) monetary policy
is the strongest in euro-area countries, even after controlling for
the time effects of generally stronger transmission in more recent
time periods. This finding may not be that surprising given that
euro-area members face common monetary policy which may not
be fully suited for the needs of individual economies. Therefore the
deviations from country-specific, idiosyncratic monetary rules (rep-
resented by the VAR equation with interest rate as the explained
variable) are generally larger and more frequent. As Matthias (2007)
and Castelnuovo (2012) show, when the variance of shocks is large,
their identification using sign restrictions is better. Another expla-
nation may be that euro-area countries are among the ones with
the most developed financial sectors in the sample, which may be
related to a better functioning of transmission.

Figure 3 (right panel) illustrates the mean IRFs for countries
going through a banking crisis. Again controlling for the time effects,
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Figure 4. Evolution of the Monetary Policy Sacrifice
Ratios over Decades
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Notes: Sacrifice ratio is defined as a share of IRFs of output and CPI in percent-
age points to a 1 pp monetary policy interest rate shock, estimated within a VAR
model and identified using sign restrictions. Confidence bands are derived from
the cross-country sample distribution, and do not explicitly reflect parameter or
model uncertainty.

the figure shows that during banking crises the transmission is mar-
ginally weaker. It is important to note that the presented typical
responses for different regimes do mix two sources of variation com-
ing from different dimensions: cross-country variation and time vari-
ation. For example, transmission can become weaker when a country
enters a banking crisis, but it may be stronger in countries which gen-
erally experience crises more frequently. The presented figures are,
pooling the two dimensions together. As the identification of pure
cross-country effects is a rather difficult task because of possibly
many omitted variables (unobserved country-specific endogeneity),
more reliable relationships can be obtained from the time variation
in each. To distinguish between the two dimensions of variation, I
run both between-effects and fixed-effects panel estimators in the
following section.

Figure 4 illustrates the evolution of the sacrifice ratios of mon-
etary policy over the last decades. As defined earlier, the sacrifice
ratios show how much output (in %) on average has to be sacrificed
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Figure 5. Sacrifice Ratios under Different MP Regimes
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Notes: Sacrifice ratio is defined as a share of IRFs of output and CPI in per-
centage points to a 1 pp monetary policy interest rate shock, estimated within a
VAR model and identified using sign restrictions.

to induce a 1 percent decrease in price level at a desired horizon,
given the estimated impulse response functions of (real) log-GDP
and log-CPI to a monetary policy shock. In other words, the sac-
rifice ratios measure the output costs of disinflation. Although the
changes are again too small to be significant, the results illustrate
that the monetary policy sacrifice ratios might have decreased since
the 1970s. Finally, figure 5 shows that the sacrifice ratios are mar-
ginally lower for inflation targeters at the short horizons. Possible
determinants of lower sacrifice ratios are also analyzed in the next
section.

It is important to relate these findings to the literature on the
slope of the Phillips curve. Several influential studies have suggested
that the Phillips curve has flattened (Simon, Matheson, and San-
dri 2013; Blanchard, Cerutti, and Summers 2015), partly relating
this phenomenon to better anchoring of short-term inflation expec-
tations. This may suggest that monetary policy needed to do more
to affect inflation and that sacrifice ratios have increased

8There are several methodological questions regarding the findings of declin-
ing Phillips-curve slope, often related to the single-equation estimation and the
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Taking a closer look, this does not directly contradict findings of
this paperEl First recall that sacrifice ratios here are defined as the
ratio of the impulse responses of output and inflation. The finding of
decreasing sacrifice ratios rather indicates a growing importance of
other channels of monetary policy (than the standard interest rate
channel), those affecting inflation directly with a relatively weaker
effect on economic activity. The exchange rate channel is one of
the candidates, as are other asset price channels (such as hous-
ing, directly reflected in CPI measures of many countries). Another
one may be the expectation channel, which affects inflation directly
through managing expectations without the need to force changes
in output.

To sum up, the above-presented findings indicate gradual, struc-
tural improvements in the strength and efficiency in monetary policy
transmission, which can be related to changes in monetary policy
frameworks. This process may be disrupted or delayed by banking
crises.

4. Results: Factors Associated with the Characteristics
of Monetary Transmission

Finally, I examine the cross-country and within-country variation in
using panel regressions. While the above-presented IRF plots mix
these two dimensions of variation together, in this section I show
that when controlling for country fixed effects, the results can be
somewhat different.

In the fixed-effects regressions the following equation is
estimated:

IRFP(h)iy = of® + pFEX; +elF, (1)

possible effects of omitted variables. As Jarocinski and Bobeica (2017) suggest,
the “missing inflation” puzzles attributed to flattening Phillips curves disappear
once using a VAR with full endogenous relationships. Further, other studies have
suggested that Phillips curves may not have flattened if using different measures
of slack.

9Additionally, the effects presented in this paper are conditional on non-
systematic monetary policy shock, which may be substantially different from
unconditional relationships such as the Phillips-curve slope.
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where X; ; captures possible explanatory variables for the strength of
monetary policy transmission. The fixed-effects regression measures
the correlation of within-country variation in explanatory variables
with the cumulative response of price level to a monetary policy
shock. I focus on the typical monetary policy horizon and present
the results for h = 6.

The between-effects regression explores the cross-country varia-
tion, which is filtered out in the above fixed-effects regression. The
between-effects equation is the following:

IRFT(h); = oPF + gPEX, + £PF (2)

where both the left- and the right-hand-side variables are within-
country averages. The between-effects regression may be largely
influenced by the problem of omitted variables, as there are possibly
many country-specific factors not explicitly included in the regres-
sion. I believe that there is more information value in the fixed-effects
model which filters out this time-invariant endogeneity, while the
coefficients of the between-effects model can be interpreted rather
as correlations.

It is important to note that the dependent variable is estimated
and comes with a potentially large measurement error into the
regression. This does not bias the estimates (as opposed to the esti-
mated explanatory variable) but may pose inference problems, as
the errors might be heteroskedastic. To account for this, Lewis and
Linzer (2005) for most applications suggest using robust standard
errors, e.g., the standard Hubert-White. Additionally, T use robust
standard errors clustered at the country level, as the errors might
well be correlated within country.

The results presented in table 1 suggest that when a coun-
try adopted an inflation-targeting regime of monetary policy, the
transmission of monetary policy to price level became stronger by
0.1-0.2 pp in a response to a 1 pp shock to monetary policy rate.
For comparison and the evaluation of the economic significance of
this effect, as figure 1 shows, the mean cumulative response at the
monetary policy horizon has amounted to 1 pp. The relationship
between inflation targeting and stronger transmission can be attrib-
uted to an increased transparency, more careful communication,
and increased credibility of monetary policy, typical features of an
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Table 1. Correlates of the Cumulative Response
of Inflation to an MP Shock after Six Quarters

FE BE FE Full BE Full
InfiTargeters —0.176™"" —0.137"** —0.0172
(—4.52) (—3.81) (—0.06)
DomPrivCredit —0.00151*** —0.00132*** —0.000994
(—4.12) (—2.84) (—0.41)
BankCrisis 0.0725%* 0.0759™** 0.862
(3.69) (3.58) (0.99)
Eurozone —0.844*** —0.0152 —0.568
(—3.25) (—0.47) (—1.41)
Openness —0.00353* —0.00139 —0.00208
(—1.75) (—1.27) (—0.83)
MktCapitalization 6.07e-16 1.18e-14
(0.07) (0.21)
GovtDebt 0.000507 0.00248
(0.69) (0.71)
Constant —0.579*** —0.364" —0.564"** —0.666"
(—17.05) (—2.02) (—6.34) (—1.78)
Observations 3,256 3,284 2,631 2,631
Adjusted R? 0.274 0.262 0.194 0.055
Notes: t-statistics are in parentheses. The dependent variable is the cumulative
response of inflation in percentage points to a 1 pp MP shock. *p < 0.10, **p < 0.05,
*HEp < 0.01.

inflation-targeting regime. Transparency has been found crucial for
monetary transmission also in the empirical study by Neuenkirch
(2011), while theoretical work of Amato, Morris, and Shin (2002)
emphasized the role of public information for coordination. For a
survey on the evolution and the role of central bank communication,
see Blinder et al. (2008).

Further, the stress in the banking sector seems to disrupt the
functioning of monetary policy transmission. The occurrence of
banking crises shows a significant relationship to the weaker effect
of monetary policy interest rate shocks on prices. In the periods
of banking crises, the response of price level to a 1 pp monetary
policy shock has been lower by about 0.05-0.1 pp on average. This
is likely because of disrupted pass-through from the policy rates
to client interest rates on loans, caused by elevated risk premiums
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on both interbank market and client loans. The disruptions to the
monetary policy transmission mechanism related to financial stress
(Adrian and Shin 2009) seem to overweight the potential amplifica-
tion effects of the financial accelerator, which would predict stronger
transmission when frictions in financial markets are more substan-
tial (which is likely during banking crises). On the other hand, a
higher ratio of domestic private credit to GDP is related to stronger
monetary policy transmission, as more leveraged economies respond
more strongly to changes in interest rates through credit and balance
sheet channels, while also the wealth effects of interest rate changes
are larger. This finding is in line with the suggestions of the finan-
cial accelerator literature (Carlstrom and Fuerst 1997; Bernanke,
Gertler, and Gilchrist 1999) and the related empirical studies (Cic-
carelli, Maddaloni, and Peydré 2013)

The fixed-effects regression using the full set of explanatory vari-
ables (third column in table 1) shows that other variables are of
lower relevance.

The cross-country variation suggests that more open economies
(with a higher share of the volume of trade to GDP) seem to fea-
ture stronger monetary policy transmission, which is likely an effect
of a stronger exchange rate channel. Euro-area members have also
seen a stronger transmission, which may be an effect of country-
specific unobserved factors, as euro-area countries are among the
most developed financial sectors in the sample.

Table 2 shows the correlates of monetary policy sacrifice ratios
with the explanatory variables. Notably, inflation targeting is shown
to be related to more favorable sacrifice ratios, i.e., lower output
losses are needed for disinflation. Again, this can be attributed
to higher credibility and transparency related to inflation target-
ing, although a similarly favorable (albeit slightly weaker) result
applies to euro-area members. In addition to a generally weaker
monetary policy transmission in banking crises, the analysis shows
that banking stress (both the crisis occurrence and the increased

0Tt is important to note that the presented effects might come from two
sources, namely change in monetary policy strategy or a structural change in
the economy /financial sector, affecting the transmission mechanism. Ciccarelli
and Rebucci (2006) explore this distinction while analyzing changes in transmis-
sion after the establishment of EMU. However, this distinction would require a
different modeling strategy than I use here.



Vol. 15 No. 3 What Drives the Strength of Monetary Policy 79

Table 2. Correlates of the MP Sacrifice Ratios
at the Horizon of Six Quarters

FE FE Full BE Full
InfiTargeters —0.108*** —0.0862*** —0.863
(—4.95) (—4.57) (—0.96)
Eurozone —0.0507*** —0.0301 —1.307
(=3.75) (—1.62) (—1.11)
BankCrisis 0.0865 0.0521** 0.221
(1.46) (2.31) (0.09)
MktCapitalization —2.41e-16 —8.17e-14
(—0.08) (—0.49)
DomPrivCredit 0.0000692 0.0000552
(0.27) (0.01)
GovtDebt 0.00217 0.00314
(1.32) (0.31)
Openness —0.000140 —0.00817
(—0.33) (—1.11)
Constant 1.452%** 1.319*** 2.469**
(147.19) (11.98) (2.26)
Observations 3,311 2,631 2,631
Adjusted R? 0.085 0.152 —0.117
Notes: t-statistics are in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01.

non-performing loans ratio) is related also to higher output costs
of monetary-policy-induced disinflation. As these effects are sym-
metric, this result also offers an optimistic interpretation: during
banking crises, monetary policy can help to recover the real economy
using monetary stimulus without increasing inflation much.

5. Concluding Remarks

This paper has mapped the monetary policy transmission across
time and space. Taking an aggregate view on the transmission from
monetary policy interest rates to price level, it has documented
the role of financial-sector characteristics and the monetary policy



80 International Journal of Central Banking September 2019

regime on the strength and efficiency of monetary policy transmis-
sion. The aggregate approach allows for the quantification of the
effects.

I have constructed a panel of time-varying impulse response func-
tions for thirty-three countries, with the time span ranging from 1970
to 2010 where the data permitted. Estimating Bayesian TVP-VAR
models with the same specification for all countries and identifying
the monetary policy interest rate shock using a mixture of short-
term and sign restrictions, I have obtained the time-varying impulse
responses of price level and GDP to a monetary policy shock for
each country in the sample. The time-varying model suggests that
the transmission of monetary policy has strengthened over time and
the lags of transmission became shorter, while the monetary policy
sacrifice ratios have gradually decreased.

Further, I have analyzed the possible determinants of the
strength of monetary policy transmission. Exploiting both the cross-
country and the within-country variance using panel regressions, the
role of various financial and institutional characteristics of economies
for the strength of monetary policy transmission has been examined.
The results suggest that inflation targeting is related to stronger
transmission and more favorable sacrifice ratios of monetary policy.
When a country adopted inflation targeting, the response of prices to
a 1 pp policy interest rate shock became on average stronger by 0.1—
0.2 pp. On the other hand, stress in the banking sector is related to
disrupted monetary policy transmission and higher sacrifice ratios.
In a banking crisis, the response of CPI to a 1 pp shock was lower by
about 0.05-0.1 pp. Further, a higher ratio of domestic private credit
to GDP is related to stronger transmission, as a higher leverage ratio
implies that interest rate changes have a larger impact through the
credit and balance sheet channels. Finally, more open economies fea-
ture stronger responses to monetary policy shocks, likely due to the
exchange rate channel.

Finally, note that the observed relationships cannot be inter-
preted as causalities, as various forms of endogeneity may still be
present even when time and country fixed effects are controlled for.
Further work addressing the endogeneity issues, as well as exploring
the quantitative implications of financial and institutional factors
for transmission in a more structural framework, could be valuable
topics for future research.
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Appendix 1. Bayesian TVP-VAR Estimation:
Technical Annex

We use one lag in the VAR system, to keep the space of esti-
mated (time-varying) coefficients reasonably sized. The number of
Gibbs sampler iterations varies across countries. Those with longer
time series typically need more draws for reaching convergence,
as there are longer paths of time-varying parameters (or, equiva-
lently, the respective errors) to be estimated. Generally we have used
10,000 burn-in draws and 2,000-10,000 effective draws depending on
whether a reasonable degree of convergence was reached. Conver-
gence was diagnosed using autocorrelation functions of the Markov
chain and Raftery and Lewis (1992) convergence diagnostics. The
priors on the parameters of the model and the hyperparameters are
set according to Primiceri (2005). Specifically,

Bo ~ N (Bors, 4var[Bors])
Ao ~ N(AOLS; 4.VaI‘[AOL5])
logog ~ N(logbors,4l,),

i.e., the prior distributions are normal for matrices Z and A and
log-normal for vector o, where the means are the OLS estimates of
Z, A, and o from a time-invariant VAR. Prior variances on Z and
A are set at four times the variances from a time-invariant VAR,
while the prior variance on logo is four times the identity matrix.
The priors on the hyperparameters are set as follows:

Q ~ IW(]{Z%.T.V&I‘[ZOLS]:T)
W ~ ZG(k%,.(1 4 dim(W)).I,,, (1 + dim(W)))
Sy~ IW(k§.(1 + dim(S;)).var[A- ors], (1 + dim(S,))),

where 7 is the size of training sample, and S, and Aﬂo s are the
corresponding parts of the respective matrices. We use the whole
time series as the training sample. The prior hyperparameter mean
factors are set to kg = 0.01, so that we attribute 1 percent of the
uncertainty around the time-invariant OLS estimate to time varia-
tion. Further ky = 0.01 and kg = 0.1, we again follow Primiceri
(2005) here.
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Appendix 2. Additional Results

Figure 6 illustrates the impulse response functions of remaining vari-
ables to a monetary policy shock, including their estimated evo-
lution over time and the confidence bands. Figure 7 shows three-
dimensional plots of the impulse response functions of log-CPI to a
1 pp monetary policy shock in selected countries.

Figure 6. IRFs of Log-Output, Interest Rate (pp), and
Log-Effective Exchange Rate to a Monetary Policy Shock
(normalized to 1 pp to interest rate on impact)

IRF of output to a MP shock, cross-country mean IRF of IR to a MP shock, cross-country mean
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IRF of effective ER to a MP shock, cross-country mean
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Figure 7. Evolution of IRFs of CPI to an MP Shock in
Selected Countries

Czech Republic: Impulse response of CPI to MP shock over time Geesmany: Impulse resporse of CPIto MP shock over time

B 201004 'm0

United States: Impulse response of CP11o MP shock over time United Kingdom: Impulse response of CP1 1o MP shock over time
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1. Introduction

Commercial banks are special in that their liability, especially that
in the form of demand deposit, is widely accepted as a means of
payment whereas rarely so are the liabilities of non-bank firms
or households. Due to this difference, real-sector firms often need
to borrow a bank’s liability (usually called money in everyday lan-
guage) as a means of paying for resources that they want. Banks’
decisions on the price and quantity of money in lending and the
competition between them, therefore, have a profound impact on the
economic activity of real sectors, which, inversely, affects the deci-
sions of and competition between banks. Furthermore, often, the
central bank’s policy produces effects by affecting banks’ lending
decisions and is based on its ability to create an alternative means
of payment, namely fiat money. While money creation by banks
is well known and widely introduced in macroeconomic textbooks,
these interactions between real sectors, the banking sector, and the
central bank in relation to means of payment have not been stud-
ied much yet a relationship which this paper makes an attempt to
understand. Specifically, it presents a general equilibrium analysis of
money creation by banks and of how certain policies of the central
bank improve efficiency over the market allocations. This analysis

1Often lay people perceive that depositing cash is to let the bank store the
money deposited. However, this perception is wrong. Depositing is an exchange
of cash to the bank’s liability, which is what the depositor owns with the bank
account and, when he makes a purchase with the account, is what he uses for the
payment.

2The interaction between the banking sector and real sectors is studied in the
literature on financial intermediation, where money creation by banks is not a
concern; see Gorton and Winton (2003) for a survey. A strand of literature uses
search-matching frameworks—see, e.g., Cavalcanti, Erosa, and Temzalides (1999)
and Williamson (1999)—to examine how and when certain privately issued claims
circulate as a means of payment, but has difficulty accommodating banks’ deci-
sion on the price and scale of lending and competition between them. Lastly, New
Keynesian literature and the literature that uses frameworks of cash in advance
(CIA) both study monetary policy. However, the former abstracts banks com-
pletely, while the latter, when concerned with money creation by banks, lets the
scale of banks’ lending be pinned down either by a binding reserve constraint
(see, e.g., Goodfriend and McCallum 2007) or by an exogenous rule of holding
excessive reserves (see, e.g., Chen 2018 and Mishkin 2016), which leaves little role
for banks’ own decisions.
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Figure 1. The Balance Sheet of the European Central
Bank (ECB) and the Consumer Price Index in the
Euro Area over Jan. 1, 2008—Oct. 10, 2017
(with Jan. 1, 2008 = 100)
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Note: The three hikes in the ECB’s balance sheet during the period are associ-
ated with only slight price increases, if anything at all.

results in new insights on the mechanism in which the quantita-
tive easing policy (QE) works, based on which this paper offers an
explanation for the observation that QE, while causing enormous
monetary expansion, is associated with low inflation or even defla-
tion pressure in certain economies. One of them is the euro area, as
is illustrated in figure 1.

The model economy of the paper is populated by workers, entre-
preneurs, and banks. Workers can produce the consumption good,
corn, in autarky, or work for entrepreneurs. The specialty of banks is
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modeled with the assumption that workers accept banks’ promises to
pay, but not entrepreneurs’, as a means of wage payment. At date 0,
therefore, entrepreneurs first borrow banks’ promises to pay—more
specifically, notes that read like “X bank promises to pay the bearer
10 kilograms of corn tomorrow”—and then use these notes to hire
workers. As a result, entrepreneurs owe a debt to the lender banks
and banks owe a debt to the workers. At date 1, entrepreneurs pro-
duce corn and use it to settle their debts to the banks. Banks then
use this repayment and their own corn, which is stored over time
and represents their wealth, to redeem their notes from the workers
by fulfilling the promises written on the notes.

In this economy, the real resources are workers’ labor and entre-
preneurs’ capital, and efficiency is measured with the number of
workers that entrepreneurs hire. Banks matter, however, because
entrepreneurs need to borrow banks’ liabilities to hire workers. How
much banks lend in terms of real value determines how many work-
ers entrepreneurs hire and hence economic efficiency. The aggregate
lending of banks is in turn determined by competition between them.
What banks supply is a means of payment, which is a homoge-
nous good. They thus engage in Bertrand competition. Moreover,
what a bank lends is its liability. Hence the scale of its lending is
anchored to its wealth by a borrowing constraintF Put together,
banks are engaged in Bertrand competition with a limited capacity
a la Kreps and Scheinkman (1983). If the borrowing constraint is
binding, banks’ aggregate wealth determines the quantity of money
supplied to entrepreneurs, and hence efficiency. If this wealth is
below a threshold, the money supply is inadequate and so is the
number of workers that entrepreneurs hire.

This problem of meager bank wealth depressing economic activ-
ity has been diagnosed in many studies such as Gertler and Kiyotaki
(2010) and Holmstrom and Tirole (1997). However, these studies are
not concerned with means of payment. Hence they do not consider
the possibility of a remedy with the central bank (CB) issuing fiat
money. By contrast, in this paper the CB can offer a remedy by
allowing banks to borrow its fiat money at zero interest up to a

3This borrowing constraint could be due to a moral hazard friction & la Gertler
and Kiyotaki (2010) or Holmstrom and Tirole (1997), or due to the risk-shifting
problem & la Jensen and Meckling (1976).
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bound. We show that although the economy lasts for only two peri-
ods, in one equilibrium the fiat money circulates, flowing through
banks to entrepreneurs, who thereby hire more workers. That is, the
policy eases the constraints imposed upon their economic activity
by an inadequate supply of bank-created money. Hence, the policy
is called quantitative easing policy, or QE.

QE enables banks to raise lending capacity without violating the
borrowing constraint, while backed by the same amount of wealth. It
does so because fiat money is different in nature from bank-created
money. A central bank never commits to redeem its fiat money at a
specified value, whereas bank-created money is the bank’s liability,
which it commits to redeem at a pre-specified value and thus bears
a real obligation of repayment@ It is to this difference in nature
that Tobin (1963) alludes above. As fiat money is not redeemable,
its value freely adjusts with the state of the economy. In particular,
its value falls in the event of the negative productivity shock, which
means inflation. Inflation reduces the real value of banks’ liability
to the CB and thus reduces their borrowing constraint, giving them
room to increase lending

While QE induces inflation in the event of the negative shock,
it induces deflation in the event of the positive shock. This result
might partly explain the aforementioned observation that in some
economies QFE causes a great monetary expansion on the one hand
and is accompanied by or followed by lingering low inflation or even
deflation pressure on the other hand, which is a puzzle if considered
from the point of view of quantitative theory of money. A key dif-
ference in this paper is that the money created with QE is utilized
to expand real economic activity, resulting in a rise in the output of
goods, which keeps the price down. Indeed, all the QE-created money

“In the model economy, this fact is straightforward because banks use corn,
the real good, to redeem their liability. Even if they redeem it with fiat money,
which is typically the case in modern times, they still need to spend real resources
to obtain it. Hence bank-created money still bears real obligations of repayment.
For more discussion, see the remark in section 5.

5The point that monetary policy can help banks by affecting the real value
of their liabilities is also considered by Diamond and Rajan (2006). The way
in which fiat money circulates in the model economy is also in Allen and Gale
(1998). However, these papers are not concerned with banks lending their liabil-
ities to real sectors to be used as means of payment, nor with the inefficiency
related to banks’ wealth, nor with the quantitative easing policy.
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is utilized this way if the scale of QE is below a threshold. If it is
beyond it, the excess is not put into circulation, we also find. This
finding partly explains another related observation, that in some
economies a substantial fraction of the monetary bases created with
QE is not lent out but stays in banks’ reserve accounts.

This paper is in line with nascent literature that examines banks’
specialty of their liability being accepted as a means of payment.
Most closely related is Donaldson, Piacentino, and Thakor (2018).
Both their paper and this one consider how banks’ issuance of
means of payment affects the real economy as well as policy implica-
tions. The two papers, however, have different focuses. Their paper
explains how this specialty of banks is derived from their supe-
rior technology of warehousing, while this paper emphasizes the
importance of banks’ wealth for economic efficiency. Also the policy
implications are different. Their paper shows that, contrary to the
received wisdom, a higher central bank rate could raise bank lending,
while this paper considers QE. Jakab and Kumhof (2015) describe
in detail how banks create money with double bookkeeping. They
focus on the quantitative implications of this facet of banking in a
full-fledged dynamic stochastic framework, but are not concerned
with economic efficiency and policy responses, on which this paper
focuses.

Since the recent crisis, many studies have examined QE; see
Gertler and Karadi (2011) and Gertler and Kiyotaki (2010), among
others. Their diagnosis on the source of the problem is shared by this
paper: banks’ wealth is too low, causing inadequate lendingﬁ How-
ever, those studies model banks not as issuers of means of payment
but as intermediaries of trading real goods. As a result, in those
studies what the government issues must be backed by tax incomes
and is essentially the sovereign debt, whereas what the central bank
issues in this paper is purely nominal. Furthermore, the mechanism
by which QE works is different. In those studies, it works by trans-
ferring wealth to banks, whereas in this paper it works by reducing
the real value of banks’ liability via inflation.

5This is also true in a study by Brunnermeier and Sannikov (2013), where
money plays the role of a saving instrument, as in Samuelson (1958), rather than
the role of means of payment.
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Other cases of inefficiency in connection with private issuance
of means of payment are considered by Hart and Zingales (2015),
Monnet and Sanches (2015), and Stein (2012). In Hart and Zin-
gales (2015) and Stein (2012) inefficiency is driven by fire-sale exter-
nalities. In Monnet and Sanches (2015) inefficiency arises because
banks offer a return rate on the liability side that is lower than the
inverse of time discount. Besides this difference in the source of inef-
ficiency, none of those studies considers the circumstance of banks
under-lending or the policy of QE, as this paper does.

The rest of the paper is organized as follows. Section 2 sets up
the model. Section 3 analyzes a benchmark case where banks face
no borrowing constraint and are thus subject to unfettered forces of
competition. This analysis not only examines the bank competition
in the purest form but also bears relevance to the historical bank-
ing. Section 4 introduces the borrowing constraint of banks. Section
5 studies QE, and section 6 studies interest rate policy and capital
adequacy regulation. Section 7 concludes. All proofs are relegated
to the appendix.

2. The Model

The economy has one storable good, corn, used as the numeraire,
and lasts for two days. Contracting and production occur at ¢ = 0,
yielding and consumption at ¢t = 1. There are N banks, N? entrepre-
neurs, and N3 workers, where N is a large number (later, in section
5, the central bank will be introduced)[] Thus, banks are in perfect
competition and each serves a large number of entrepreneurs; and
there are more workers than entrepreneurs can hire. All agents are
risk neutral and protected by limited liability.

Workers either produce w kilograms (kg) of corn in autarky or are
hired by entrepreneurs, who each have h units of human or physical
capital. If an entrepreneur hires L workers at ¢ = 0, then his project
yields at t =1

y = A’hlfaLa,

"A setting with the same feature is to be found in Wang (2015), where a
continuum of [0,1] and [0,1] x [0,1] instead of N and N? is used. These two
representations are equivalent.
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where 0 < o < 1. Without losing any generality, normalize h = 1.
Productivity, A, is subject to a common shock. At ¢ = 0, it is com-
mon knowledge that the good state with A = A occurs with proba-
bility ¢ > 0 and the bad state with A = A occurs with probability
1—¢q>0.Let A, = qA + (1 — ¢)A denote the mean. Assume the
following;:

0< A< Aa. (1)

As there are more workers than can be hired by entrepreneurs,
in equilibrium workers are indifferent in working for the latter or in
autarky. Therefore they earn a real wage of w. This wage is inde-
pendent of economic activity of the other sectors, which gives a
convenience for exposition.

Banks each have G units of corn, where a unit is defined as N
kg and used wherever banks are concerned. Banks supply no real
resources for corn production. What makes banks relevant is due to
the following assumption.

AssuMPTION 1. Workers do not accept entrepreneurs’ promise to
pay but banks’ as a means of wage payment.

This assumption captures the specialty of banks explicated in
the Introduction. According to Kiyotaki and Moore (2001), this dif-
ference between banks and entrepreneurs arises because the former
has stronger commitment power than the latter.

Due to this assumption, entrepreneurs cannot hire workers at
t = 0 with a promise to pay them later at ¢ = 1. To hire workers,
entrepreneurs need to borrow banks’ promise to pay them at ¢t = 1.
We assume that banks have no difficulty enforcing repayment from
entrepreneurs and hence this borrowing is feasible. To fix the idea,
suppose that banks’ promises to pay are printed on notes. That is,
a note issued by a bank reads that this bank promises to pay the
bearer of this note with a certain quantity of corn at t = 18 This
quantity is the note’s face value or par value.

81n the model economy banks promise to pay the real good in redeeming their
liability, whereas in modern times, they typically redeem it with fiat money, the
central bank’s issues. Other instances of claims on real goods used as a means of
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ASSUMPTION 2. The face values of banks’ notes cannot be contingent
on the realization of A.

This assumption captures the observation that in real life a pri-
vate security that serves as a means of payment—such as demand
deposit, promissory notes, cheques, or trade credit—commonly bears
fixed claims and is of debt, and is rarely a contingent claim

Besides the friction of payment, entrepreneurs lack commitment
power in another dimension.

ASSUMPTION 3. Entrepreneurs are unable to make commitment on
the scale of their projects in terms of the number of workers they
will hire.

This friction is real in the sense that it is unrelated to means
of payment. In the absence of the friction, a bank would be willing
to lower the interest rate, denoted by r, to a borrower entrepreneur
who commits to a smaller scale, because thereby his project delivers
a higher average return rate. This, however, would give entrepre-
neurs an incentive to borrow from multiple banks, each in a small
amount and thus at a favorable rate. The presence of the real fric-
tion, therefore, is justified if entrepreneurs cannot be prevented from
doing so. The importance of its presence is that it engenders a wedge
between the first- and second-best allocations, as will be shown.

Due to the friction, a bank posts a single interest rate r for loans
of any size E rather than a menu of r (E). A loan contract is repre-
sented by a profile of (E,r): at t = 0 the entrepreneur borrows the
bank’s notes of overall face value F/, and at ¢t = 1 he is obliged to
pay E(1+ r) kg corn back to the bank.

The timing of events is as follows. At t = 0, each bank posts the
aggregate face value of notes that it will issue, D, and the interest
rate that it will charge, r. Observing all these offers, each entrepre-
neur then chooses one bank to go to and asks to borrow face value

payment incude Hart and Zingales (2015) and Williamson (1999). This abstrac-
tion is harmless in the baseline model where inflation is not addressed. Where it
is, as in section 5 below, the abstraction helps clarify the mechanism by which
QE works.

For the reason why that is the case, see Dang, Gorton, and Holmstrom (2012)
and Gorton and Pennacchi (1990).
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FE of the bank’s notes. If one bank’s notes are over-demanded, only a
fraction of the entrepreneurs have their demand met. Entrepreneurs
then use borrowed notes to hire workers and start the production.
Banks store their G units of corn.

At t = 1, entrepreneurs produce corn. They either repay E(1+7)
kg corn to the lender banks or default. In that case they give all
their output of corn to the banks. After receiving repayments from
the entrepreneurs, the sum total denoted by Y, banks redeem notes
from workers. If Y+G>Dtoa bank, its notes are redeemed at par.
If Y + G < D, the bank defaults and the notes are redeemed at a
fraction (Y 4+ G)/D of their par values. Finally, the agents consume
the corn in their possession.

In anticipation of the possibility of default, at ¢ = 0 a bank’s
notes are discounted with a factor of

0=Ejz [min (1, T)

Moving on to the equilibrium analysis, we figure out two bench-
mark allocations.

(2)

2.1 The First-Best and Second-Best Allocations

Efficiency concerns the number of workers allocated to entrepre-
neurs. Define the first-best allocation as the number of workers that
maximizes the social surplus of projects, which is A.L* — wL due
to universal risk neutrality and the opportunity cost of labor being
w. The first-best allocation is thus

LFB _ Aea I
w .

The second-best allocation is defined as the number of workers
that entrepreneurs would hire in the competitive equilibrium if the
friction of payment (in assumption 1) were absent but the real fric-
tion (in assumption 3) remained—that is, if entrepreneurs could hire
workers with their own promise to pay, but their wage offer could
not be conditional on the scale of their projects. The equilibrium
allocation is as follows.
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LEMMA 1. The second-best number of workers that entrepreneurs
hire is

158 — (qAa +(1- Q)A> e

w

Obviously, LB > LB, That is, the real friction induces the
entrepreneurs to hire too many workers[™ This fact engenders a
circumstance of banks over-lending, among remedies to which are
interest rate policy and capital adequacy regulation, as will be shown
in sections 4 and 6.

Below we first analyze the baseline model in which bank issuance
is subject to no borrowing constraints nor any other restrictions.
This analysis serves two purposes: (i) it studies the competitive equi-
librium of money creation by banks in the purest form; (ii) it bears
relevance to early periods of banking history.

3. The Least-Fettered Issuance

In the least-fettered issuance, banks can finance an unlimited quan-
tity of assets by issuing promises to pay. The equilibrium quantity is
of course limited, as examined below. We first consider the demand
side of the market for banks’ notes, then the supply side, and, finally,
the meeting of the two.

3.1 The Demand Side of the Market for Notes

Consider a representative entrepreneur who borrows from a bank
offering (D, r). If he borrows notes of a face value E, then they are
worth 0 F/, where the discount factor §, as will be shown, is a function
of (D,r). With these notes, he hires workers in a number of
oF

because they earn real wage w. At ¢ = 1, the entrepreneur either
repays E(1 + ) of corn to the bank or defaults. Thus, his decision
problem is

10For a more general analysis of this type of inefficiency, see Wang (2010).
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mngg[maX(KLa — E(1+7),0)],s.t.(3).

LEMMA 2. For any (w,d,r), the solution to the above problem sat-
isfies AL < E(1+ ). That is, entrepreneurs all default in the bad
state.

This lemma is driven by the assumption that A < A.«, which
says that the negative shock is severe enough to knock entrepreneurs
into default.

At the optimum, the demand of the representative entrepreneur
for the notes is

B(5,r) = (ﬁi) (i) (4)

and the number of workers that he hires and his profit are,
respectively,

L(R) = (ﬁ) o (5)

V(R) = q(1 - a) (Aa“> , (6)

wR

where

1+
R = 5 (7)

Note that, so defined, R is the actual interest rate and measures
the cost of borrowing: to obtain a means of payment that is worth
1, the entrepreneur borrows notes of face value 1/§, thus acquir-
ing a debt of (1 4 r)/J. Naturally, his scale of hiring and his profit,
both of which are real variables, are inversely related to the cost of
borrowing, namely, R.

Recall that the efficiency concerns only the number of the work-
ers hired by entrepreneurs, which depends only on the actual interest
rate. The efficiency of market equilibrium is thus determined solely
by the actual interest rate in equilibrium. Define RFE (R5B) as the
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value of the actual interest rate at which entrepreneurs hire the first-
best (second-best) number of workers, that is, L(R) = LP (L5P).
With (5),

A
FB _
R A
Aa

RSB —

qAa+ (1—q)A

After banks all have posted (D,r), each entrepreneur decides
which bank to go to. In the equilibriums of this subgame, an
entrepreneur gets the same expected profit, V, from any bank
that attracts a number of entrepreneurs . As entrepreneurs proﬁt
depends only on the actual interest rate, define R by V(R) V.
Then, R is the actual interest rate that prevails on the notes mar-
ket, conditional on banks’ choices of (D,r). Given that there is a
large number of banks, any single bank is too small to affect R with
its choice of (D,r) and takes it as given when making that choice.

3.2 The Supply Side of the Market for Notes

Consider a representative bank. To attract entrepreneurs, the bank’s
choice of (D, r) satisfies V(R) > V or, equivalently, (1 +r)/d < R.
While the interest rate r is directly chosen by the bank, the discount
factor of its notes ¢ is determined by (D,r). It depends on whether
the bank ever defaults or not, that is, whether D > Y 4+ G in some
state at t = 1. In the good state, Y = Y = D(1 + r) because the
entrepreneurs do not default. As a result, the bank does not default.
In the bad state, by lemma 2, all the entrepreneurs default and pass
the output of their projects on to the bank, of which the aggregate
value is given below.

"By offering (D, r), which determines &, each bank chooses an actual interest
rate R = (1+7)/6. No entrepreneur goes to a bank offering V/(R) < V when he
can get V elsewhere. On the other hand, if a bank offers V/(R) > V, it induces
over-demand for its notes (which is never optimal), so an entrepreneur coming to
it is served with such a probability { that [ - V(R) = V.
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LEMMA 3. The aggregate value of the bank’s loans in the bad state is

Y:jxD(l—i-r) (8)

«

In the bad state, the bank does not default if and only if
D <G +Y, which, with Y given by (8), is equivalent to

D-<1—A(1+T)>§G. 9)

Ao

On the left-hand side is the loss made by lending in the bad state,
D —Y. Thus, the inequality says that banks will stay solvent in the
bad state if and only if their lending scale, D, is not too large relative
to their wealth, G, so that the loss from loans can be absorbed by
the wealth. _

Substitute the value of Y given above into (2), and the discount
factor of the bank’s notes is determined by its choice of (D, r) via

5(D.r) = 1, if (9) is satisfied 10
(D7) = gx1+(1—gq) x(%—i—A%:T)),otherwise (10)
Now consider the representative bank’s decision problem at ¢ = 0.

Taking into account the possibility of default, its economic profit
with the choice of (D,r), denoted by II(D,r), is By max(G +Y —
D,0) - G.

LEMMA 4.

I(D,r) = D FR”;; - 5} . (11)

Therefore, the profit margin of lending—that is, the profit of
lending out a note of face value 1—is (1 + r) /RSB — §. Intuitively,
the present value of this note, which is part of the bank’s liability,

is 0, while the bank’s revenue from such lending is Ey (17/ D) =
(1+7)/RP.

12X <Y because A < A.a by assumption and A.a < Aa.
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The representative bank chooses (D, r) to maximize II(D,r) sub-
ject to the constraint that it can attract entrepreneurs, that is,

1+7r ~
< R. 1
5o =1 (12)

Given the scale of lending D, the bank wants to charge an interest
rate as high as possible so long as it can attract entrepreneurs. There-
fore, at the optimum, the constraint (12) is binding Hence, the
bank’s optimal choice of r as a function of its choice of D, denoted
by r(D), is determined by

1+7r ~
=R
5(D,r) ’
and banks’ problem becomes
Dé(D,r(D R
max (D,r(D)) x W—l .

As § > q always (because the bank always redeems its notes at
par in the good state), the following proposition is self-evident.

PROPOSITION 1. The solution to and the value of the representative
bank’s problem are

(i) if R> RSB, then D = 0o and I1 = oo;

(i1) if R = RSB, then I = 0, and the bank is indifferent to any
value of D, with r = r(D);

(iii) if}A% < RSB, then lending makes a loss, and thus D = 0 and
I1=0.
As was shown, the profit margin of lending equals § (ﬁ/ RSB — 1>

and is positive if and only if R > RSB, Moreover, if the profit mar-
gin of lending is positive, banks obtain II = co. That is because,

13Mathematically, given D, both ;T; — (D, r) and 5(1;)";) increase with r.
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despite their limited stocks of corn, they all have an unlimited lend-
ing capacity (i.e., D = c0), due to two reasons: (i) what banks lend
out is their promise to pay, essentially word of mouth, which they
can infinitely supply; (ii) banks are subject to no constraints on the
quantity of supply in the baseline model.

3.8 The Equilibrium: The Second-Best Allocation Attained

The prevailing actual interest rate, J/%, which plays the role of price,
clears the market for notes in equilibrium. We define the symmetric
equilibrium below and discuss other equilibriums later.

DEFINITION 1. A profile ({D,r, 6, E}; }AE) forms an equilibrium if

(i) given R, banks’ choice of (D,r) is optimal and thus given
in proposition 1. This choice determines 6 = 0(D,r) through

(10);

(ii) given that all banks offer the same (D,r,d), entrepreneurs
go to each bank with the same probability and, by the law of
large numbers, each bank receives N of them. Their demand
for notes, E, is optimal, that is, E = E(,1) given by (4);

(iii) the market clears: D = EM

In any equilibrium, banks neither obtain an infinitely large profit
nor abstain from lending, which, by proposition 1, is the case if and
only if

R = RSB,

Therefore, the real allocation in equilibrium is unique and conforms
with the second-best allocation, the one that would arise if the fric-
tion of payment were absent and entrepreneurs could hire workers
with their own promises to pay. Intuitively, what banks supply is a
means of payment, a homogeneous good. Furthermore, in this case
of unfettered issuance, they all have unlimited capacity. Therefore,

MNote that D is in the unit of N kg, while entrepreneurs’ demand is denoted
with the unit of kg.
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they are in Bertrand competition, which annihilates their profit mar-
gin. As a result, entrepreneurs overcome the friction of payment at
no costs and the real allocation is the one that would arise if the
friction were absent, that is, the second-best allocation. R

On the nominal side, however, there is indeterminacy. At R =
RSB by proposition 1, the profit margin of lending is 0, and indi-
vidual banks are indifferent to any quantity of issues, although in
aggregation their issues exactly suffice for entrepreneurs to hire L8
workers. This indeterminacy leads to a continuum of equilibriums
besides the symmetric one defined above. In the symmetric equilib-
rium, all banks issue the same quantity of notes and their notes are
discounted at the same factor; therefore, one bank’s notes are per-
fect substitutes for another’s. In asymmetric equilibriums, however,
some banks issue more than others despite ex ante being identical,
and see their notes more heavily discounted.

PROPOSITION 2. N
(i) In any equilibrium, independent of banks’ wealth G, R =
RSB | the profit margin of bank lending is 0, and the second-
best allocation s attained.

(ii) In any equilibm’umi a fraction of banks default at t = 1 upon
the realization of A = A if and only if banks’ wealth is below
a threshold G*, where

11—
6" = (o + (1-q)) - 4] (P20 04) 7
An intuition for result (i) is given above. As for (ii), note that,
given that banks are indifferent to any quantity of issues, the quan-
tity of money circulated—that is, the aggregate bank lending—is
determined by the demand side, namely entrepreneurs. Thus, the
aggregate bank issues are fixed at a quantity exactly sufficient for
entrepreneurs to hire the second-best number of workers. With this
scale of lending, if banks’ wealth, G, is sufficiently low—mnamely
G < G*—then it is insufficient to absorb the loss incurred in the
bad state and bank default occurs accordingly.
The baseline mode examined above, besides providing a sim-
ple framework to consider money creation by banks on competitive
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markets, also bears empirical relevance to the early periods of the
banking history during which a large number of banks issued their
own notes and discounted others’, such as the Free Banking Era in
the United States (1838-63) and a period between 1750 and 1844
in England Specifically, the baseline model derives a relationship
between the loan interest rate r, the discount factor J, the leverage
ratio A := D/G, and the risks of default 1 — ¢ of individual banks.
First, 1}” = ]?2, a constant across banks, by the binding constraint
(12). Therefore, the paper predicts that across banks, the gross inter-
est rate that a bank charges for loans (i.e., 1+7) is positively related
to and solely determined by the discount factor of its notes 6, inde-
pendent of the bank’s other attributes. Second, regarding the discount
factor, from (10) and binding (12) it follows that

Lif A< (1- 2 R)! )
0=19 ar(-gA ' . YA Byl 13
1—agar TAZ 0= 4R)

Therefore, the discount factor of a bank’s notes § is inversely related
to the bank’s default risk 1— and its leverage A (which is endoge-
nous). The first part of this prediction is empirically confirmed by
Gorton (1999), who studies the pricing of bank notes during the U.S.
Free Banking Era['7

The applicability of the baseline model to modern banking is
more limited. A fundamental assumption of the model, namely that
banks face no constraints in making loans, is probably far from real-
ity nowadays. In particular, due to this assumption, the baseline

5For the case of the United States, according to Gorton (1999), thousands of
different banks’ notes were in circulation, while for the case of England, Cameron
et al. (1967) report that in year 1810 there were 783 note-issuing county banks
in England.

5Tn the lower branch of (13) 86/9q share the sign of 1 — AE A™', which is

positive because in that branch A > (1 — iﬁ) , that is, A t<1— AAR

17Specifically, he found that possessing tralts of low default risks, such as being
a member of the Suffolk System or under a state-sponsored insurance, is nega-
tively correlated with the implied volatility of the bank, of which the discount
factor—or price, in his paper—is a decreasing function. Therefore, the low-risk
traits are associated with a higher value of §.
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model predicts that the aggregate quantity of bank credit is indepen-
dent of banks’ wealth, G, whereas the aftermath of the recent finan-
cial crisis witnesses that the banking sector reduces credit issuance
after suffering a severe loss. To give an account for this observation
in particular and to examine the modern banking in general, we shall
introduce a borrowing constraint to banks, as below.

4. Banks’ Wealth Matters in the Presence of a
Borrowing Constraint

In this section, we assume banks are subject to a borrowing con-
straint, that their equity value should never fall below (1 — M)G
The equity value is higher in the good state than it is in the bad
state. Thus, we only need to consider the constraint in the bad state,
which is G+Y — D > (1 — p)G. With Y = A(1 +r)/(Aa) x D by
(8) and rearrangement, it becomes

D [ _4d+r) T)} < uG. (14)
A«

The introduction of the constraint has two immediate implica-
tions. The first is that, because banks always maintain a positive
equity value, they never default. Therefore, their notes are not dis-
counted, that is, d = 1 and hence 1 4+ r = R hereafter. As a result,
the borrowing constraint (14) becomes

A ~
D-. (1 — R) < uG. (15)
Ao

The other implication is that, unlike in the preceding case of least-
fettered issuance, banks now are in Bertrand competition with lim-
ited capacities a la Kreps and Scheinkman (1983). With the borrow-
ing constraint, the market equilibrium is as follows.

'8 This borrowing constraint can be due to several reasons. One reason is that,
in modern times, bank default becomes very costly and banks’ managers want
to maintain solvency in any contingency, which is a special case of the above
constraint with x4 = 1. Another reason, as in Gertler and Kiyotaki (2010) and
Holmstrom and Tirole (1997), is that banks have a moral hazard issue: at ¢t = 1,
the owner of a bank—the banker—can abscond with a fraction of 1 — u of its
stored wealth to a remote island. Hence, banks’ equity value should never fall
below (1 — )G in any contingency.
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PROPOSITION 3.
(i) If G > iG*, then in all equilibriums the real allocation is the

same as in the case of least-fettered issuance: R= RSB the
profit margin of bank lending is 0, and L = L5B. If G < i G*
there is a unique equilibrium in which the profit margm of
bank lending is positive; and R > RSB and R is determined
by G through

_1

— A D
| (Aa\T" 1R
G-1(20) At som. a9
no\ we Rl—oc

i) If G decreases from 1G* to 0, the equilibrium interest rate,
o

ﬁ, increases from RSB to Aa/A and the number of work-
ers hired by entrepreneurs decreases from LB to LSB x

A 1—a
[anHlfq)A} '

The borrowing constraint limits banks’ capacity of issuance to
an endogenous proportion of their wealth. If their wealth is high
enough—that is, beyond iG*—then banks still possess a capacity
large enough to annihilate the profit margin of issuance, which leads
to the second-best allocation, as was in the case of least-fettered
issuance. Hence arises result (i).

If G < 1G*, banks’ wealth does not suffice to back an issuance of
that size. Xs a result, issuance bears a positive profit margin. This
positive profit margin drives all banks to issue as much as possi-
ble, until the borrowing constraint, (15), is binding. This clears the
indeterminacy in the quantity of individual banks’ issues and gives
rise to a unique equilibrium. It also shows that, now, the quantity
of money circulated is determined by the supply side—namely, the
banking sector—rather than by the demand side, as was in the case
of least-fettered issuance. Therefore, the lower the banks’ wealth, the
lower the total value of money that they supply and, as a result, the
higher the interest rate of borrowing (}A%) and the fewer the workers
that entrepreneurs hire.

The last comparative static, however, does not mean the aggre-
gate output always decreases with G for G < 1G* because of the

wedge between the first-best and second-best allocations, namely
L¥B < 5B, Define
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G'P = G(R"P),
where function G (]:2) is defined in equation (16); with RfP = A/A,,
B _ 1 =
G"7 = —(Aca — A)(Aca/w) T2
W

Then G¥P is the level of banks’ wealth at which the actual interest
rate exactly takes the first-best value and therefore the aggregate
output is maximized. GFE < iG* By proposition 3, then, there
are two types of efficiency:

(i) G < GFB.1In this case, R > RFB and L < L¥B. That is, rel-
ative to the first-best allocation, banks under-lend, whereby
the cost of bank credit is too high and the sector that depends
on it—namely entrepreneurs—obtains inadequate resources,
namely labor.

(ii) G > GFB. In this case, R < RFB and L > L¥B. That is,
relative to the first-best allocation, banks over-lend, whereby
the cost of bank credit is too low and the sector that depends
on it obtains excessive resources.

The existence of the second type of inefficiency is due to assump-
tion 3, which drives a wedge between the first-best and second-best
allocations. In the absence of this wedge, RF” would be equal to
RSB hence G(RFP) to 1 G*, and the case of bank over-lending would
not exist. This case of over-lending provides the paper with room to
accommodate interest rate policy and capital adequacy regulation,
as will be shown in section 6.

The first type of inefficiency is caused by inadequate creation of
money by banks. Can the central bank enlarge the money supply
through the banking system? It can, as we show in the next section,
with a policy which, because it eases the constraints imposed by a
dearth of money, is called the quantitative easing policy, or QE.

YThat is because RF? > RSB,iG* = G(R%P) and function G(R) is
decreasing.
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5. QE Reduces the Borrowing Constraint of Banks

The central bank (CB hereafter) in this economy is modeled as the
unique entity that is able to costlessly produce another means of pay-
ment which has no intrinsic values; to fix the idea, let it be shells.
Shells are different in nature to bank notes. The CB does not promise
to pay a holder of shells with any corn, the real good. Shells, there-
fore, are purely nominal. By contrast, a bank commits to redeem its
notes with the promised amounts of corn. Hence banks’ notes are
not nominal.

Although shells are fiat money and the model economy lasts for
only two dates, shells can circulate in it, whereby the CB can con-
duct meaningful monetary policy, such as the following QE. At ¢ =0
the CB announces a facility whereby each of the N banks can bor-
row up to S units of shells (again, one unit is defined as N kg) at
a small interest rate ¢ > 0. A borrower bank is obliged to repay
its debt to the CB at t = 1 either with shells or with corn, with a
fixed rate of exchanging corn for shells—for example, 1 kg corn for
1 kg shells. This exchange rate is arbitrary and is made to confer
a nominal value on shells, as in real life the Bank of England can
print an arbitrary number, like £10, on a piece of paper, and then
this piece of paper has a nominal value of £10 and can be used to
buy real goods of this value (e.g., two packs of cherries at M&S). As
such, we call 1 kg corn the par value of 1 kg shells, etc., although
shells are nominal. The banks that have used the CB’s facility thus
have two types of money to lend to entrepreneurs. One is their own
notes; the other is shells. We assume that no entrepreneurs borrow
both types of money, in order to avoid the unnecessary complication
of trying to determine which debt, of the two, is senior in the case of
default.

The contract of borrowing a bank’s notes is still represented by
(E,r), whereby the entrepreneur borrows the bank’s notes of face
value F at t = 0 and then owes it a debt of E/(1+4r), which he repays
at t = 1 with corn.

The contract of borrowing shells is similarly represented by
(Es,rs), whereby the entrepreneur borrows F kg shells at t = 0
and then owes the bank a debt of Es(1 + rg), which he repays at
t = 1 with either corn or shells, with 1 kg corn equivalent to 1 kg
shells.
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The timing of events at t = 0 is as follows. First, the CB chooses
S and publicly announces the policy. Then, banks decide the quan-
tity of shells to borrow from the CB, ) < S, and post offers of
(D,7;Q,7s). Based on these offers, entrepreneurs decide which bank
to go to and how much to borrow. Lastly, they use borrowed means
of payment (bank notes or shells) to hire workers and start the
production.

The timing of events at ¢ = 1 is as follows. First, entrepreneurs
produce corn. Second, the market for shells opens, on which the shell-
borrowing entrepreneurs use corn to buy shells from workers. Let Dy
(p1) denote the shell price in the good (bad) state. Third, entre-
preneurs settle their debts to the lender banks, using corn and/or
shells. Fourth, the market for shells may open the second time, on
which banks having excessive shells sell to banks in shortage. Lastly,
banks redeem their notes from workers and settle their debts to the
CB. At this stage, the CB may end up holding a certain quantity of
corn, which it will transfer to the agents of the economy before the
consumption starts.

Note that there is no surprise or nominal rigidity associated with
QE. All the private-sector agents (i.e., banks, entrepreneurs, and
workers) made decisions after having observed the CB’s move and
they can freely adjust their decisions with it. Still, QE produces real
effects in this economy in one equilibrium if G < iG* For any

G < GTB | moreover, there exists a unique value of S at which this
equilibrium attains the first-best allocation. This is the equilibrium
that we discuss below.

In this equilibrium, at ¢ = 0, workers believe that they will be
able to use shells to buy corn at ¢t = 1 and thus they accept a wage
payment with shells; and at t = 1, indeed shells receive a positive real
value, intuitively because they can be used to settle certain debts

20 A shells are fiat money, there is another equilibrium in which workers dis-
believe that shells will have real value at ¢ = 1 and thus do not accept to be
paid with shells at ¢ = 0, which are thus not circulated. This type of equilibrium
exists for fiat money in general. By contrast, it never exists for banks’ notes:
banks each have G units of corn, therefore their notes always have a positive
real value at t = 1; indeed, if a bank issues D < G, workers know, without any
equilibrium calculation, that its notes are worth par. This difference results from
the difference in nature between shells and banks’ notes stated at the beginning
of this section.



112 International Journal of Central Banking September 2019

that otherwise have to be settled with corn. To solve the equilibrium,
we first examine what happens at t = 1 and then what happens at
t = 0. Consider, first, the case in which S is below a threshold (which
is given in proposition 4 below) and therefore 75 > € in equilibrium.
In this case, all the banks borrow to the full capacity of QE, namely,
@ = S, and lend all the shells out to entrepreneurs. Therefore, at
the beginning of ¢ = 1, there are NS units of shells in workers’
hands and the aggregate debt of the shell-borrowing entrepreneurs
is NS x (1 +r,) units.

In the good state, as no entrepreneurs default, the shell price
P1 = 1. On the one hand, shells can never be worth more than their
nominal values: if the entrepreneurs use 1 kg corn only to buy less
than 1 kg shells, they will not buy them but instead use 1 kg corn
to settle a debt of 1 kg shells to the banks. On the other hand,
in the good state, it cannot be that p; < 1 either. Otherwise, the
shell-borrowing entrepreneurs would want only shells, not corn, to
repay all their debts. Their aggregate demand for shells would thus
be NS(1+rs), as they do not default. This demand, with 7, > 0, is
bigger than N.S, the supply of shells, leaving the market uncleared.

As p1 = 1, the entrepreneurs are indifferent to repaying their
banks with shells or with corn in the good state. As a result, some
banks may end up with more than S(1+ ¢€) units of shells, some less.
If so, the former wants to sell the excess to the latter and the second
shell market opens. On this market, the equilibrium shell price, pg,
equals 1 also, following the same argument as above. On the one
hand, it is impossible that pg > 1. On the other hand, if pg < 1,
banks all want to use only shells, not corn, to settle their debts to
the CB, and their aggregate demand would be NS(1 + €), greater
than the total supply, NS, thus leaving the market uncleared. This
argument holds true, and hence pg = 1 is the only market clearing
price, so long as € > 0, however small. To simplify exposition, in
what follows, we consider the limit case where ¢ — 0

2INote, however, that if ¢ = 0, then there is indeterminancy: any price
pe € [0,1] can clear this second shell market. If ¢ = 0, the aggregate excess
exactly equals the aggregate shortage. Then, the supply side is willing to sell all
the excessive shells at any pp > 0, while the demand side is willing to buy exactly
the same amount at any pp < 1.
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In the bad state, the output is low. Hence p; < 1, as will be ver-
ified later. Thus, the shell-borrowing entrepreneurs use only shells,
no corn, to repay the banks. Furthermore, in this state entrepre-
neurs all default according to lemma 2. This means all their outputs
are used to settle their debts to the banks. With these two facts
put together, all the shell-borrowing entrepreneurs’ output is used
to buy shells. Denote by Y, the total output of one bank’s shell-
borrowing entrepreneurs. Then the shell market clearing commands
that p1 x NS = NY;, or

Py =Y./S. (17)

With a calculation similar to that leading to equation (8), we find
p1 = A(1 + r5)/(Aa), which, as is shown below in proposition 4,
is smaller than 1 indeed, as was intuitively argued. Moreover, from
p1 = Y, /S it follows that the shell-borrowing entrepreneurs of one
bank altogether buy Y,/p; = S units of shells. Hence, each bank
ends up with having S units of shell equally and the second shell
market does not open in the bad state.

The value of 1 kg shells at ¢t = 0, pg, is the mean of their values
att = 1:

A(l+ry)
Aa
Workers thus accept a wage payment with w/py kg shells at ¢t = 0

in the equilibrium.
The effect of this policy is presented in the following proposition.

po=gx1+(1—¢q)x ) (18)

PROPOSITION 4. Suppose G < %G*.

(i) If QFE’s scale S < S(G) = %(i(}* — G), then there is
a unique equilibrium in which all the S units of shells are in

circulation. In this equilibrium, QF produces real effects: the
actual interest rate, R, is determined by S through

C(ANTE L-(1-q0( 1 WG\ _
oo (&) ()
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Moreover, the interest rate of lending shells is ry =

[qAa+(1—q)A]R—Ax . —
Fo (1_AR It satisfiesrs > 0 and A(1+7,)/(Aa) < 1,

as was said.

(ii) If S increases, R and ry decrease and L increases. At S =
S(G),R=R%B, r, =0 and L = LB.

QE works by increasing the real value of money that banks lend
out at ¢ = 0. That explains why, compared with the situation of its
absence (namely with S = 0), the cost of borrowing money (R) is
reduced, whereby entrepreneurs hire more workers. And the larger
the scale of QE (i.e., S), the greater are these effects (so long as S
is below S(G)).

The question is: how is QE able to make banks enlarge their
lending scale, backed by the same amount of wealth, without break-
ing the borrowing constraint? To answer this question, consider a
representative bank’s balance sheet at ¢ = 1, as shown in table 1.

Consider the bad state, in which the borrowing constraint is
binding. The constraint commands that G +Y + Y, — D — p1 S >
(1 — p)G. This inequality, with p; = Y;/S by (17), is equivalent to
G+Y — D > (1 — p)G, which leads to inequality (14), the same
borrowing constraint in the absence of QE. Therefore, the injection
of the fiat money with QE does not reduce the capacity of private
issuance at all. This is due to p; = Y5/S < poLsd which means
that in the bad state the shell price goes down, so that the real
value of a bank’s liability to the CB, p1S, falls enough to be cov-
ered by the value of the assets, Y,. The decrease in the real value
of shells means inflation. Put differently, QE enables banks to lend
more without breaking the borrowing constraint because it induces
inflation in the bad state, which lowers the real value of banks’ liabil-
ity to the CB. The inflation arises because shells are fiat money. The
CB never commits to redeem shells with a real good. Their value,
therefore, freely adjusts with the state of the economy. By contrast,
banks commit to redeem their notes (i.e., their promise to pay) at

22&<po ©p1<gx1+(1—-g) xp < p1 <1, which holds true by the
proposition.
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Table 1. The Balance Sheet (in real value) of the
Representative Bank with QE

Assets Liabilities

Corn Stored (G) Equity

Loans in Notes (V) Liability to the Note Holders (D)
Loans in Shells (V) Liability to the CB (p15)

a pre-specified, non-contingent, value[2d This difference in nature
between banks’ notes and shells, therefore, drives the functioning
of QE.

Remark: An abstraction of the model helps elucidate this mech-
anism of QE. That is the denomination of banks’ liabilities with corn,
the real good. In reality, however, typically they are denominated
with the fiat money currency of the economy. Incorporating this fea-
ture would not necessarily invalidate the working of the mechanism.
First, the aforementioned difference in nature between bank-created
money and currency is still there. Although banks now use the cur-
rency to redeem their liability, to obtain the currency they need to
expend real resources. Therefore, their liability still bears real oblig-
ations of repayment. In contrast, fiat money is not redeemable and
bears no such obligations. Second, it is true that if banks’ liability is
denominated with the currency, its real value falls under the negative
shocks, which improves banks’ conditions. However, a credit crunch
still happens. So long as they face a binding borrowing constraint,
they will still reduce lending if their wealth is profusely eaten off,
as is evident in the aftermath of the 2008-09 crisis. Third, in this
circumstance, if QE is able to raise banks’ lending capacities, it has
to ease their borrowing constraint. As it does not give real resources
to banks, to do so it has to further reduce the real value of banks’

23In the model economy, the value of these issues at ¢t = 1 could be made con-
tingent on the state in two ways. One is to let the specified value be contingent
on the state, which is disallowed by assumption 2. The other is default, which is
disallowed because of the borrowing constraint, (14). While default is disallowed
altogether because of the particular form that the constraint takes, in general so
long as any borrowing constraint restricts banks’ capacity, there is only a lim-
ited extent to which the value of their liabilities can adjust to the real economic
conditions.
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liability, and this can only be done via inflation. Fourth, this reduc-
tion can be done by the CB with QE, but not by banks themselves,
exactly because of the above said difference in nature between the
two types of money.

At the core is the point that this difference gives the CB leeway
to act that banks do not have. This point can be seen even more
clearly in a modified version of the setting where the CB implements
QE by directly lending shells to entrepreneurs (rather than through
banks) at interest rate r,, which would result in the same prices of
shells and the same allocation as in the original setting. Obviously,
in this setting the CB can lend out the currency, whereas banks can-
not lend more of their liabilities, because shells are not redeemable
but banks’ liabilities are. Moreover, if banks’ liabilities were now
denominated with the currency, this policy would still work. Actu-
ally it would work better because it would ease banks’ borrowing
constraint by inducing inflation, which enables them to enlarge the
lending capacity.

Returning to the model, while QE induces inflation in the bad
state, it causes deflation in the good state: py = 1 > pg. This result
might partly explain the lingering deflation pressure or the low infla-
tion observed during or after the implementation of QE in several
economies, such as the United Kingdom and the euro zone. This phe-
nomenon would be a puzzle if considered from the point of view of
the quantitative theory of money, given that QE enormously expands
the monetary base.

Thus far we have considered the case in which S < S(G) and
therefore rs > 0. Now we consider what happens if QE is in a bigger
scale. At S = S(G), R = R%B and ry = 0. By proposition 1(iii),
R can never fall below RSB otherwise banks would stop lending
altogether, not a case in equilibrium. Therefore, if the scale of QE
is larger than S(G), then R stays at RSP, r, stays at 0, and the
excessive shells beyond the threshold are not put into circulation;
indeed, with ry = 0, banks are indifferent regarding the quantity
of shells to borrow and lend. This result partly offers an expla-
nation for the phenomenon that, in certain economies such as the
United States and the euro zone, a substantial fraction of monetary
bases created with QE is not lent out but stays in banks’ reserve
accounts.



Vol. 15 No. 3 Banks’ Wealth, Banks’ Creation of Money 117

Now consider the optimal scale of QE. The first-best value of the
interest, rate is R = RFB. In the circumstance where G > GFB and
hence R < R¥B at S =0, any S > 0 only makes R still smaller and
efficiency even lower. Therefore, the optimal .S = 0, namely, the CB
should not implement QE at all in the circumstance of banks over-
lending. However, in the circumstance where G < G*P and hence
R>RFB at § = 0, there is a unique value of S at which QE drags
down R to RFB. This is summarized below.

PROPOSITION 5.
(i) If G > GFB | the optimal scale of QE is S = 0, that is, no
QF should be implemented.

(ii) If G < GFB | the optimal S = F(% - RFB:GQ) > 0, where
function F(-) is given by (19). At this scale QE attains the
first-best allocation (i.e., R= REB). Moreover, with optimal
QE, banks earn profit from lending shells (i.e., rs > 0), but

their overall profit is reduced compared with the case without
QE if G > G for some G < GFB.

According to the last result, although with QE banks receive
free funding from the CB and lend it at a positive interest rate,
surprisingly they lose from the policy, which thus does not subsi-
dize them. That is because to banks, besides this positive effect on
the scale, QE induces a negative, general equilibrium effect on the
profit margin by enlarging the lending capacities of all banks. As a
result, banks obtain a reduced profit from lending their notes. As
OF/0G < 0, if banks’ wealth is above a threshold (i.e., G), then the
scale of optimal QE is small enough. As a result, the positive effect
from the enlargement of the lending scale is small and dominated by
the negative effect from the reduction of the profit margin. However,
even in this case of banks all losing from the free funding of the CB,
given rg > 0, individual banks still strictly prefer taking it rather
than abstaining from it—thus QE can be conducted on a voluntary
basis. The reason is that a single bank takes the profit margin of
lending as given and neglects the effect on it of enlarging its own
capacity.

In the circumstance where G > G¥? and banks over-lend, we
have seen that QE does not help. What the CB can do is discussed
in the next section.
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6. Interest Rate Policy and Capital Adequacy
Regulation to Curb Bank Lending

If G > GTB, then banks over-lend, making the actual interest rate
too low, and entrepreneurs hire too many workers relative to the
first-best allocation. In this circumstance, it is usually expected that
the CB can help by setting a high policy interest rate. This idea is
explored in this section, where we show that interest rate policy pro-
duces real effects and is able to attain the first-best allocation if and
only if there is a nominal rigidity. In its absence, we show, capital
adequacy regulation is always a remedy.

To explain the meaning of nominal rigidity in this paper, we
define nominal wage as the total face value of banks’ notes that
workers receive as the wage payment. In the absence of any inter-
vention from the CB, the nominal wage is w because banks do not
default (due to the borrowing constraint (14)). The nominal rigidity
in this paper is defined as the friction that keeps the nominal wage
of workers staying at w and unchanged with the CB’s policy.

6.1 Interest Rate Policy Works If and Only If the Nominal
Rigidity Is Present

In the two-date economy of this paper, the CB sets the policy rate r,
by offering to workers a savings account which takes in the deposit
of banks’ notes at t = 0 and pays out with shells at ¢ = 1. Specif-
ically, if the CB receives a deposit of some banks’ notes of overall
face value F' kg corn at ¢ = 0, it issues to the depositor F'(1+r,) kg
shells at ¢ = 1. Moreover, by taking in the notes, the CB becomes a
creditor to the issuer banks and charges these banks an interest rate
of 1+ 7, + ¢ for some ¢ > 0. Thus it obliges these banks altogether
to pay back F(1+ 1, +¢) at t = 1, either with corn or with shells,
counting 1 kg corn equivalent to 1 kg shells. There is one equilib-
rium in which this policy is meaningful In this equilibrium if the
aggregate face value of notes deposited with the CB at ¢t = 0 is F
and consequently F'(1+r,) kg shells are created at ¢t = 1, then these

24 A5 shells are fiat money, there is an equilibrium in which no one believes that
shells have real value at ¢ = 1 and thus no one deposits any bank notes with the
CB at t = 0, which makes the policy rate meaningless.
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shells are priced at par (i.e., 1 kg shells worth 1 kg corn) at ¢ = 1.
On the one hand, they can never be priced above par. On the other
hand, shells are not priced below par either. Otherwise, the banks
indebted to the CB would want to use only shells to settle all their
debts. Thus, their aggregate demand for shells would be F'(147,+¢)
kg, but only F(1+ 7,) kg shells are created, insufficient to meet the
demand. The deposit of bank notes with the CB and the creation of
shells, however, will not actually happen in equilibrium. Banks will
pay their note holders the same interest rate of r, (or even a little
more) to stop them from depositing the notes with the CB and avoid
the payment of the even higher interest rate of 7, +¢. As a result
of the policy rate set at r,, therefore, a bank’s note of face value 1
issued at t = 0 is worth 1 +r, at ¢ = 1, and banks that issue notes
of aggregate face value D at t = 0 are in a liability of D(1 +r,) at
t=1.

Having explained how the interest rate policy is conducted in
this economy, we state its effects in the following proposition.

PROPOSITION 6. Suppose G > GF'B.

(i) If workers’ nominal wage adjusts with the policy rate, the
interest rate policy produces no real effects but deflates the
nominal wage to w/(1+rp).

(ii) If workers’ nominal wage stays at w invariant to the CB’s

policy rate, the equilibrium interest rate of bank lending, ﬁ,
increases with the policy rate r,. At a unique value of r,,

R = RFB gnd the first-best allocation is attained. With
the optimal interest rate policy, banks obtain zero profit if
G > G, where G5 = i[(qﬁa + (1 — q)A) — Al(Aca/w)T=
and satisfies G'P < G4 < iG*.

Intuitively, in both the regime of flexible nominal wage and that
of sticky nominal wage, a higher policy rate, by increasing the cost
of deposit, induces the bank to set a higher lending rate in the hope
of shifting the increased cost of deposit to entrepreneurs: r increases
with 7, in both regimes, as shown in the proof. As a result, in both
regimes, a higher policy rate reduces the quantity of bank credit that
entrepreneurs borrow. In the regime of flexible wage, this reduction
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produces no effect on the number of workers they employ because it
is exactly offset by the decrease in the nominal wage that workers
accept. In the regime of sticky wage, by contrast, the nominal wage
stays the same and this reduction in bank credit forces entrepre-
neurs to hire fewer workers. With a proper policy rate, the number
of workers they hire is brought down to the first-best level, that is,
the first-best allocation is attained. The decrease in entrepreneurs’
demand for bank credit subjects banks to stronger competition. As
a result, their profit margin of lending is nullified if their lending
capacity is not too small, that is, if their wealth is not too low—i.e.,
no less than Gj.

The interest rate policy, therefore, works to improve efficiency
over the market equilibrium if and only if the nominal rigidity is
present. However, regulation that sets a lower bound on banks’ cap-
ital adequacy ratio always works to curb the over-lending by banks
(if the CB has the authority for such regulation), as is shown below.

6.2 Capital Adequacy Regulation Always Works

The aggregate face value of money that is needed for entrepreneurs
to hire the first-best number of workers is wLf? := DB, Suppose
the CB imposes the constraint that banks cannot issue more than
DB /G times their wealth, G. Then, this constraint is binding in the
competitive equilibrium if G > GFB because, in its absence, banks
issue more than DB (as R < RP) by proposition 3, and thus
the constraint is violated. The constraint, therefore, is binding, so
banks issue DFP and the first-best allocation is attained. One way
to implement this constraint is to impose at ¢ = 0 a lower bound on
banks’ capital adequacy ratio, which is defined as the equity-to-asset
ratio in market value, that is, (G+Y — D)/(G+Y), where Y is the
value of banks’ loans at t = 0, that is, Y = ¢ x Y + (1 —q) x Y.
Define

FB ._ A.aG + (1 —q)A(l — a)DFB
"~ AeaG + [qAa + (1 — q)A]DFB’

which is the capital adequacy ratio if banks lend the first-best quan-
tity of money (as is shown in the proof of the following proposition).
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PROPOSITION 7. Suppose G > G¥B. If the CB imposes requlation
that restricts banks’ capital adequacy ratio from being smaller than
cFB | then banks issue the first-best quantity of money and the first-
best allocation is attained.

The intuition for why the regulation works is simple: the money
that banks create is their liability. Therefore, the scale of its issuance
is subject to the capital adequacy regulation. If the regulation is
tight, then banks are restricted from over-lending.

7. Conclusion

Banks are special because their liability, especially that in the form
of demand deposit, is widely accepted as a means of payment. Often,
real sectors need to borrow banks’ liability (so-called money or
credit) to obtain resources that they want. This interaction between
the real sectors and the banking sector on competitive markets,
as well as the central bank’s remedy to market inefficiency, is the
focus of this paper. It underlines the importance of banks’ aggre-
gate wealth. Depending on the size of this wealth, there are two
types of inefficiency.

If banks’ wealth is below a threshold, then they issue too lit-
tle money, with symptoms that the interest rate of bank credit
is too high and the sectors that depend on it obtain inadequate
resources. In this circumstance, the central bank can improve effi-
ciency by lending to all banks its fiat money at zero interest rate.
This policy, which bears the flavor of QE, works because of a dif-
ference in nature between bank-created money and fiat money. The
latter is not redeemable, whereas the former bears real obligations
of redemption. Furthermore, the policy induces deflation under the
positive productivity shock. Lastly, while the policy gives to banks
free funding, which they lend out at a positive interest rate, it does
not subsidize them unless their wealth is very low.

If banks’ wealth is above the threshold, on the other hand, banks
lend out too much money, with symptoms that the interest rate of
bank credit is too low and the resources are skewed to the sectors
that highly depend on it. To curb over-lending by banks, the central
bank may set a high policy rate, which, however, works if and only
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if the nominal wage cannot freely adjust with the policy. By con-
trast, the regulation that sets a tight capital adequacy ratio always
works because the money that banks create is their liability, and its
quantity is thus subject to the regulation.

Appendix: The Proofs

Proof of Lemma 1

In equilibrium, only one promised wage, denoted by F', prevails on
the market, as will be shown. Competitive equilibrium is thus defined
as a profile of (F, L), such that

(i) given that F' prevails on the market, the optimal demand for
labor of each entrepreneur is L;

(ii) given that each entrepreneur demands L workers, F' clears
the labor market.

The two conditions are elaborated as follows.
For (i), given F', a representative entrepreneur’s decision problem
on labor demand is

max q(AL* — FL) + (1 — ¢) max(AL® — FL,0),

where the “max” term appears because the entrepreneur might
default in the bad state. That is indeed the case at the optimum.
Otherwise, the entrepreneur’s problem is

mgxq(ZLa —FL)+(1—q)(AL® — FL).

The solution is L = (22 a)l . Then in the bad state his output is
A((AFO‘) -« , which is smaller than F - (AFO‘) , the wage obliga-
tion, because A < A.« as assumed in (1). Hence, he defaults in the
bad state, contradictory to what was supposed.

Defaulting in the bad state, entrepreneurs choose L to maximize
the profit in the good state, AL* — F L. Therefore, given F', the labor

demand is
Ao\ T"
L= (22 . 2
(F) (20)
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For (ii), as there are a lot more workers than entrepreneurs can
hire, the labor market is cleared by an expected wage income of
w, the output of workers in autarky. In the good state, the work-
ers hired get the promised wage, F. In the bad state, entrepreneurs
default and all the output goes to the workers, of which each obtains
AL®

£/~ = AL*"!. The labor market clears if

qF + (1 — Q)AL = w. (21)

Equations (20) and (21) together pin down L“F as given in the
lemma.
Now, show that only one F' prevails on the market If an entre-

preneur posts F', then by (20) he hires L = (42 )1 g workers whose

wage income is F' in the good state and ALY~ ! = ; F in the bad
state. Both increase with F'. Therefore, workers go only to entrepre-
neurs who post the highest F', and in competitive equilibrium, only
one F' prevails.

Q.E.D.

Proof of Lemma 2

Suppose, otherwise, an entrepreneur does not default in the bad
state. Then, his problem is

mgxq(ZLo‘ —E(14+r)+(1—-q)(AL* — E(1+7)) s.t. (3).

From the constraint, E = wL/§. Substitute it into the objective and
let v = w(1 +7)/d. Then, the problem becomes

max A LY —~L.

The solution is L = (Aeoz/v)ﬁ. At this scale, the entrepreneur
will default in the bad state: ALY < E(1 4 7)|p=wL/s;v=w(1+4r)/s &

AL® < yL & ALY™! < 4 1 & A < A.a, which is
L=(Aca/y) ==
assumed in (1)—hence a contraction to what was supposed.

Q.E.D.
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Proof of Lemma 3

As the entrepreneurs all default in the bad state and each hands
over his whole output, y, to the bank, the value of the bank’s loans
in the bad state, Y, equals y times the number of entrepreneurs that
the bank finances, D/E. With y = AL®, and E and L given by (4)
and (5),

¥y _AQ+r)
Aa

Then, Y =y-D/E =D -y/E = A(1+7r)/Aa- D, that is, (8).
QED.

. (22)

&

Proof of Lemma 4
I1(D,r) = By max(G +Y — D,0) — G = Eg max(Y — D, ~G) =

Eg [V + max(~D,~G - V)| - By
[f/ —min(D, G + Y)] = Ey {}7 — D x min(1, G;ﬁ?)} = D x
Ey — min(1, G+Y )], which, with 6 = min(1, GJFTY), equals D x

(¥
D

Ey % 5} = x[ 5+(1—q)%—6],Which,as?:D(1+r)and
D

Y= xf =(1+7), equalsDx[q(1+r)+(1—q) (1+7r)— 5}:
D [ 9]
Q.ED.

Proof of Proposition 2

Proof of proposition 2(i) has been shown in the main text. For propo-
sition 2(ii), prove the “if” part by reduction to absurdity. Suppose
that in one equilibrium, no banks default; namely, (9) is honored for
all banks. Then, for all banks 6 =1 and 1 +r = R|resu1t (i) = RSB,
By (9), each bank issues

A _s5\ _ GlgAa+ (1 —q)A]
DSG/<1_AaRS>_ (Ao—4)

With § = 1 and 147 = RSB, by (4) the demand by entrepreneurs is
E = (qAa+(1 —q)A)ﬁw%. If G < G*, then D < E, that is, the
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supply is below the demand—thus not in equilibrium. To prove the
“only if” part of proposition 2(ii), it suffices to show that if G > G*,
no banks default in the symmetric equilibrium, which is constructed
as follows. Banks all choose r = R°® — 1 and D to satisfy entrepre-
neurs’ demand for notes E = (qAa + (1 — q)A)ﬁw%. With this
value of (D,r), it is straightforward to check that if G > G*, the

no-default condition, (9), is honored and hence no banks default in
the bad state. Q.E.D.

Proof of Proposition 3

Note that, as there is no default, § = 1 and 1 +r = R. In any
equlhbrlum the actual interest rate that all banks offer equals the
market clearing rate, that is, R = R Asl+r=R and 0=1, by

(4), the demand by entrepreneurs is F = [Aa/(Rw )] Ta = E(R),
which decreases with R. Due to the borrowing constraint, (14), and
with R = R, the quantity of notes supply satisfies

A -1
D<,uG<1—Aa§> :zﬁ(ﬁ;G).

Moreover, if R > RSB , the profit margin of lending is positive, banks
want to lend as much as they can, and therefore the constraint is
binding. It follows that the supply function is
0if R < RSP
p(Rc)={ 0.D (B:G)lif R = RS
D (R;G) if k> RS®

The equilibrium value of R is determined by E (ﬁ) =D <§, G) .
For proposition 3(i), if G > iG*, then D (ﬁ, G) > E(}A%) for
R > RSB and D <1§, G) < E(fi) for R < RSB. Therefore, in equi-

librium R = RSB. Hence L = LS8 the second-best allocation is
attained—and the profit margin of lending is 0, both of which hold
in the case of least-fettered issuance.
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If G < iG*, D (R G) < E(R) for R < RSB. Therefore, in
equilibrium R > RSB and is determined by E(R) = D (fi G) or

equivalently, equation (16), replicated below:

G=G{R) =- (AO‘> - : ﬁ. (23)

no\ we R1_a
It is straightforward to show for this function G(-) that G’ < 0,
G(R3P) = %G* and G(Aa/A) = 0.

Furthermore, as all the banks issue D, there is no indeterminacy
in the scale of issuance by individual banks and the equilibrium
uniquely exists. R

To prove proposition 3(ii), let R(G) be the inverse function
of G(R). Then, in the equilibrium R = R(G) if G < iG*. As
G(R) is decreasing, so is ﬁ(G) Moreover, ﬁ(iG*) = RSB and
R(0) = Aa/A because G(RSB) = iG* and G(Aa/A) = 0. With
R = ﬁ, the number of workers hired in equilibrium, by (5), is
L = (Aa/ wR)ﬁ, which decreases with R. Thus, L increases with
G. Moreover, L = L58 at R = RSP which holds if G = %G*. At
the other end, if G = 0, then R= Aa/A. As L is in proportion to

~ 1 S $B . 1
(1/R)7==, we have L = L8 x (R%B/R)T=a = LB x [ijm]l—a =

SB A =
L [an+(1—q)é] '
.D.

Proof of Proposition /

For proposition 4(i), to characterize the equilibrium, observe that
if QE’s scale S is small enough—the threshold for which will
be found later—then R > RSB still holds and rs > 0. That
is, lending bears a positive profit margin. It has two implica-
tions: (a) both notes and shells are lent out; and (b) they are
lent in the maximum quantity, that is, banks’ borrowing con-
straint (15) is binding and all the S units of shells are in
circulation.

From implication (a) it follows that the actual interest rates of

borrowing the two types of money are equalized, and equal to ]?i, the
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market rate. Following the discussion in subsection 3.1, the actual
interest rate of borrowing shells is (1+475)/po, while the actual inter-
est rate of borrowing banks’ notes is 1 + r (since 6 = 1 as banks do
not default). Therefore,

From implication (b), the quantity of notes issued is D =
pG /(1 — %ﬁ). Given that they are not discounted (i.e., 6 = 1)
and the ex ante value of shells per unit is py, the aggregate value
of means of payment supplied is pgS + D, which, when the market
clears, equals the wage payment that entrepreneurs demand to hire
workers:

nG

PO T AR (Aa)

(25)

By (5), the number of workers they hire is

L= <Aa> =3 (26)

w

These four equations (note that (24) has two) together with equa-
tion (18) (which settles pg), as shown below, determine a unique pro-
file of (po, rs, 7, ﬁ, L) in equilibrium—thus, the equilibrium in which
shells circulate exists uniquely. Moving on to show that, we first
derive equations (19). By (24), 1 + r4 = Rpp. Substituting it into
(18) and rearranging, we have

o q
P 1 )A/(Aa) R 27

Substitute it and (26) into (25), rearrange, let # = A/(Aa) - R, and
we come to (19):

() )
<

It is straightforward to verify that (a) F’(0) 0; (b) equation
F(#) = 0 is equivalent to (16). Thus, at S = 0, R = R(G),

F6).  (28)
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where E(G) is the interest rate determined by (16) in proposition 3,
namely the actual interest rate without QE; and (c) at R = RB,
F(%RSB) = S(G). It follows that for any S < S(G), equation (28)
determines a unique R € (RSB, R(G)]; hence S(G) is the thresh-
old that was to be found at the beginning of the proof. After R
is found, it uniquely determines r, L, and py, respectively, through
equations (24), (26), and (27). It also uniquely determines r, by
putting equations (24) and (27) together, which leads to
[qAa + (1 —q)A]R — Aa

T Aa—(1- AR (29)

Therefore, any S € [0, S(G)) pins down a unique equilibrium profile
of (po,rs,T, R, L).

By (29), r, > 0 & R > R & § < S(G). Morcover,
A(l+7,)/(Aa) <1 147, < Aa/Al ) < qR/[1—(1—q)A/(Aa)-
R < Aa/A & R < Aa/Alz g < R(G) < Aa/A, which is
affirmed by proposition 3(ii).

For proposition 4(ii), as F’(#) < 0, we have 6, and thus R,
decrease with S. By property (c) of function F(-) above, R = RSB
at S = S(G). By (29), rs increases with R and rs =0 at R = RSB,
Therefore, rs decreases with S and equals 0 at S = S(G).

Q.E.D.

Proof of Proposition 5

Result (i) is proved in the main text. As for (ii), as G < GFB,
R(G) > RB > RSB Note that R = R(G) at § =0 and R = RSB
at S = S(G). Therefore, there is a unlque S between 0 and S(G)
at which R = RFB and this S equals F( - RFBY by (19). As for
the profit of banks, in the unique equlhbrlum each bank serves N
entrepreneurs and the profit obtained from one of them, 7, is the
difference of the social value of his project minus his profit from it;
that is, 7 = A.L* —wL — V. With L and V given by (5) and (6)
and R = ﬁ,

~ —1

7= <‘i‘“>la (gAa+ (1 —q)A) - R« (R — R°P).
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Note that 7 increases with R for R € [RSB, LRSB]. Define G =
G(LRSB). Then, if G > G, we have R< R(G) < R(G) = LRSB for
any S > 0. Therefore, QE of any S > 0—in particular, the optimal

one—lowers 7 and hence reduces banks’ profit by decreasing R.
Q.E.D.

Proof of Proposition 6

(i) The equilibrium is found in a way parallel to that of propo-
sition 3: first find the demand for notes given R then the
supply, and finally the equlhbrlum value of R. Given R entre-
preneurs hire L = (%) =% RT- workers by (5). With flexible
nominal wage, workers accept a nominal wage of w/(1+ ).
Therefore, the demand for notes is

1

i e
E* (ﬁ) =w <Aa> R .

w 147,
Now consider the supply side. By borrowing face value F,
an entrepreneur hires E(14r,)/w workers, which means that
d = 1+, in equation (3). Hence if a bank charges interest
r, the actual rate of its loans is R = (1 +r)/(1 + ). At the

optimum, all banks offer R = }A%, the market clearing rate. It
follows that

1—{—r:§(1—i—rp).

That is, banks mark up the interest rate on loans to pass the
cost of deposit due to the interest rate policy on to entrepre-
neurs. If a bank issues notes of aggregate face value D, then
at t = 1, with the interest rate policy, its liability to the note
holders is D(1+r,). The equity value in the bad state is thus
G+Y — D(1+1,), which, by the borrowing constraint, cannot
be smaller than (1 —p)G. With Y = %D, this constraint
is equivalent to

D(1+r,) < puG+ MD, (30)

Ao
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~

which, with 14+ r = R(1 + ), is equivalent to

D < 1leGrp (1 — ;11§>1 =D <I§;G).

According to proposition 1, if R = RSB the profit margin
of lending is zero and banks are indifferent in any D, while
if R > RSB, the profit margin is positive and banks want
to lend as much as they can, that is, the above borrowing
constraint is binding. Hence, the supply of notes is

0if R < RSB
D* <}§; G) _}) [0,D (fz; G>] if B RSB
D (ﬁi, G) if R > RSB

Observe that in equation E* <I§> =D <]?i, G), the fac-
tor 1 + r, is canceled out, and the equation is equivalent to
E (ﬁ) =D (}AE, G), where E(-) and D () are the demand
and maximum supply functions of notes in proposition 3,
namely in the absence of the policy. It follows that £* (E) =
l)*(ﬁ;G)ifandonbrﬁl?(ﬁ)::l)<§;G>,whmEAD()is
the supply functions of notes in proposition 3. That is, the
equilibrium R in the presence of the interest rate policy is

the same as that in its absence. Therefore, the interest rate
policy produces no real effects.

In the circumstance where the nominal wage of workers stays
at w invariant to the policy rate r,, if an entrepreneur bor-
rows notes of face value E, he still hires F/w (rather than
E(1 + rp)/w) workers. This implies (a) that the aggregate
demand for notes is wL (rather than wL/(1 + r,)), which
is equalized to the aggregate supply D in equilibrium; and
(b) that the discount factor in (3) is 6 = 1, whereby the
actual interest rate to entrepreneurs is R = 1 + r (rather

than R = (14 7)/(1+7p)). Given R, L = (32)Ta RT« by
~ -1

(5). It follows from implication (a) that D = w(%)ﬁRm.
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At the optimum all banks choose R = R which together with
implication (b) means 1+ 7 = — R. Substitute these into (30)
and banks’ borrowing constraint becomes

()7 [0 -AR) s @

This borrowing constraint is binding if the profit margin of lend-
ing is positive, as before. Given that the workers’ real wage is now
w(1 + rp), the profit to a bank from lending to one entrepreneur
becomes A, L* — w(l + r,)L — V. With L and V as functions of
R = R given by (5) and (6), the profit margin with sticky wage is
[Za/(waﬁ)]ﬁ[ﬁ/RSB — (1 + 7p)]. This profit margin never goes
below 0. Therefore,

1+r, < R/R5P, (32)

which implies that R > RSB,

The equilibrium actual interest rate Ris pinned down by condi-
tions (31) and (32), and the fact that one of them must be binding:
if (32) is not binding—that is, if the profit margin of issuance is
positive—then banks keep issuing notes until the no-default con-
straint, (31), is binding. Note that (31) is equivalent to

147, < ®(R), (33)
where
11—« A
®(R) = '“GLRl % 4 =R, (34)
(Aa) == Aa

and obviously ®(-) > 0, and the inverse function, ®~!(-), exists.
Then in equilibrium, inequalities (33) and (32) hold, and one of
them must be binding. Therefore,

1+ 7, =min <§/RSB, @(E)) .= H(R). (35)

We only need to consider function H (-) over R > RSB,
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CLAIM P6. Over R > RSP, if G > 1G*, H(R) = R/R5F; and if
G < ﬁG*, then

~ [ ®®R)if R<R*
H(R)_{ R/RSB if R > R* }

where

uG
Proof. Let x(R) = ®(R) — R/R%B for R > 0. Then x(R) = 0 has
two roots: 0 and R*. Then (a) R* > RS if and only if G < iG*;
(b) x <0 for R € (0,R*) and x > 0 for R > R*, because x'(0) < 0.
These two results lead to the claim. Q.E.D.

” (36)

With help of the claim, we solve R as a function of rp from (35)
as follows. If G > %G*, R=R%(1+r,). IfG< iG*, then

B o~ (1+7“p)1frp<7“
RSB (1 +41p) if r, > ’

where 7 = R*/R55 —1, which, as x(R*) = 0, also equals ®(R*)—1;
hence r;j >0 R*>RBaGE< iG*.

In both cases, R increases with the policy rate r, to infinity. And
at r, = 0, namely in the absence of the CB’s intervention, R < RFB
in this circumstance of banks over-lending. Therefore, there exists a
unique policy rate at which R = RFB and the first- best allocation
is attained.

Banks obtain zero profit if the non-negative profit constraint,
(32), is binding, namely H (R) = R/RSB, which, by claim P6, is
the case if R > R*. With the optimal policy rate, R = RFB_ and
hence banks obtain zero profit if RF? > R*, which is equlvalent to
G >G4 := i[(qumL(l—q)A)—A](Aea/w)ﬁ. It is straightforward
to check that GB < G, < %G*. Q.E.D.

Proof of Proposition 7

According to the discussion of subsection 3.2, Y = D(1 +r) and
Y = A/(Aa)xD(14r). Therefore, Y = [q+(1—q)A/(Aa)] x D(1+7).
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Moreover, at the optimum, banks all offer 1 +r = R. Tt follows that
if banks issue D, the capital adequacy ratio is

o GH{la+ (- 9)A/(Aa)|R ~ D
G+la+(1-qA/(Aa)]RD

If banks’ issuance is at the first quantity and the first-best allocation
is attained, then D = DB and R = R in the above formula and
the capital adequacy ratio equals

FB . Ac.aG + (17— QA1 — a)DFB .
AcaG + [qAa+ (1 — q)A]DFB

The regulation restricts ¢ > ¢Z. To prove the proposition, it
suffices to show that this restriction is equivalent to D < DFB,
the constraint which, as we saw in the main text, will lead to the
first-best allocation. This equivalence follows from two observations:

(i) ¢ = P if D = DFP and (ii) ¢ decreases with D because
c = D = ¢(D, R) and moreover, 8% <0

 G+la+(1-q)A/(Aa)]RD
and ST% > 0 while R decreases with D.

Q.E.D.

References

Allen, F., and D. Gale. 1998. “Optimal Financial Crises.” Journal
of Finance 53 (4): 1245-84.

Brunnermeier, M., and Y. Sannikov. 2013. “The I-Theory of Money.”
Working Paper, Princeton University.

Cameron, R., O. Crisp, H. T. Patrick, and R. Tilly. 1967. Banking
in the Farly Stages of Industrialization. Oxford University Press.

Cavalcanti, R., A. Erosa, and T. Temzelides. 1999. “Private Money
and Reserve Management in a Random-Matching Model.” Jour-
nal of Political Economy 107 (5): 929-45.

Chen, S.-H. 2018. “The Credit Channel Transmission Mechanism
and the Nonlinear Growth and Welfare Effects of Inflation and
Taxes.” Economic Inquiry 56 (2): 724-44.

Dang, T., G. Gorton, and B. Holmstrom. 2012. “Ignorance, Debt
and Financial Crises.” Mimeo.



134 International Journal of Central Banking September 2019

Diamond, D., and R. Rajan. 2006. “Money in a Theory of Banking.”
American Economic Review 96 (1): 30-53.

Donaldson, J. D., G. Piacentino, and A. Thakor. 2018. “Warehouse
Banking.” Journal of Financial Economics 129 (2): 250-67.
Gertler, M., and P. Karadi. 2011. “A Model of Unconventional Mon-
etary Policy.” Journal of Monetary Economics 58 (1): 17-34.
Gertler, M., and N. Kiyotaki. 2010. “Financial Intermediation and
Credit Policy in Business Cycle Analysis.” In Handbook of Mone-
tary Economics, Vol. 3A, ed. B. M. Friedman and M. Woodford,

547-99 (chapter 11). North-Holland.

Goodfriend, M., and B. McCallum. 2007. “Banking and Interest
Rates in Monetary Policy Analysis: A Quantitative Exploration.”
Journal of Monetary Economics 54 (5): 1480-1507.

Gorton, G. 1999. “Pricing Free Bank Notes.” Journal of Monetary
Economics 44 (1): 33-64.

Gorton, G., and G. Pennacchi. 1990. “Financial Intermediaries and
Liquidity Creation.” Journal of Finance 45 (1): 49-71.

Gorton, G., and A. Winton. 2003. “Financial Intermediation.” In
The Handbook of the Economics of Finance: Corporate Finance,
Vol. 1, ed. G. Constantinides, M. Harris, and R. Stulz, 431-552
(chapter 8). Amsterdam: Elsevier Science.

Hart, O., and L. Zingales. 2015. “Liquidity and Inefficient Invest-
ment.” Journal of the European Economic Association 13 (5):
737-69.

Holmstrom, B., and J. Tirole. 1997. “Financial Intermediation,
Loanable Funds, and the Real Sector.” Quarterly Journal of
Economics 112 (3): 663-91.

Jakab, Z., and M. Kumhof. 2015. “Banks Are Not Intermediaries of
Loanable Funds — And Why This Matters.” Working Paper No.
529, Bank of England.

Jensen, M. C., and W. H. Meckling. 1976. “Theory of the Firm:
Managerial Behavior, Agency Costs and Ownership Structure.”
Journal of Financial Economics 3 (4): 305-60.

Kiyotaki, N., and J. Moore. 2001. “Evil is the Root of All Money.”
Clarendon Lecture No. 1, Oxford University.

Kreps, D., and J. Scheinkman. 1983. “Quantity Precommitment and
Bertrand Competition Yields Cournot Outcomes.” Bell Journal
of Economics 14 (2): 326-37.



Vol. 15 No. 3 Banks’ Wealth, Banks’ Creation of Money 135

Mishkin, F. S. 2016. The Economics of Money, Banking, and Finan-
ctal Markets. 11th edition. Pearson Education.

Monnet, C., and D. Sanches. 2015. “Private Money and Bank-
ing Regulation.” Journal of Money, Credit and Banking 47 (6):
1031-62.

Samuelson, P. 1958. “An Exact Consumption-Loan Model of Inter-
est with or without the Social Contrivance of Money.” Journal
of Political Economy 66: 467-82.

Stein, J. 2012. “Monetary Policy as Financial Stability Regulation.”
Quarterly Journal of Economics 127 (1): 57-95.

Tobin, J. 1963. “Commercial Banks as Creators of Money?” In Bank-
ing and Monetary Studies, ed. D. Carson, for the Comptroller of
the Currency, U.S. Treasury. Richard D. Irwin.

Wang, T. 2010. “Risk Sharing, (Over)Leverage, and the Dimensions
of Competition.” Mimeo.

. 2015. “Competition and Increasing Returns to Scale: A
Model of Bank Size.” Economic Journal 125 (585): 989-1014.
Williamson, S. 1999. “Private Money.” Journal of Money, Credit

and Banking 31 (August): 469-91.




Banks” Wealth, Banks’ Creation of Money;,
and Central Banking*

Tianxi Wang

University of Essex

Banks are special in that their liabilities are widely
accepted as a means of payment, thereby often needed by real
sectors to obtain resources. This paper studies this interaction
between the banking sector and real sectors on competitive
markets and the policy response of the central bank to mar-
ket inefficiency, which is determined by the aggregate wealth of
banks. In the circumstance of a credit crunch, the central bank
improves efficiency by allowing banks to borrow its fiat money
at zero interest up to a limit. This policy bears the flavor of
quantitative easing policies (QE). It produces real effects in
the absence of surprises and nominal rigidity. The mechanism
in which it works depends on a difference in nature between
bank-created money and fiat money. Furthermore, this policy,
while expanding the money supply, induces deflation under the
positive productivity shock. Lastly, this paper explains when
interest rate policy and capital adequacy regulation are among
the optimal policies within a unified model.

JEL Codes: E5, E65, G21.

“The community cannot get rid of its currency supply... The
‘hot potato’ analogy truly applies. For bank-created money,
however, there is an economic mechanism of extinction as well
as creation, contraction as well as expansion.”

James Tobin (1963)
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1. Introduction

Commercial banks are special in that their liability, especially that
in the form of demand deposit, is widely accepted as a means of
payment whereas rarely so are the liabilities of non-bank firms
or households. Due to this difference, real-sector firms often need
to borrow a bank’s liability (usually called money in everyday lan-
guage) as a means of paying for resources that they want. Banks’
decisions on the price and quantity of money in lending and the
competition between them, therefore, have a profound impact on the
economic activity of real sectors, which, inversely, affects the deci-
sions of and competition between banks. Furthermore, often, the
central bank’s policy produces effects by affecting banks’ lending
decisions and is based on its ability to create an alternative means
of payment, namely fiat money. While money creation by banks
is well known and widely introduced in macroeconomic textbooks,
these interactions between real sectors, the banking sector, and the
central bank in relation to means of payment have not been stud-
ied much yet a relationship which this paper makes an attempt to
understand. Specifically, it presents a general equilibrium analysis of
money creation by banks and of how certain policies of the central
bank improve efficiency over the market allocations. This analysis

1Often lay people perceive that depositing cash is to let the bank store the
money deposited. However, this perception is wrong. Depositing is an exchange
of cash to the bank’s liability, which is what the depositor owns with the bank
account and, when he makes a purchase with the account, is what he uses for the
payment.

2The interaction between the banking sector and real sectors is studied in the
literature on financial intermediation, where money creation by banks is not a
concern; see Gorton and Winton (2003) for a survey. A strand of literature uses
search-matching frameworks—see, e.g., Cavalcanti, Erosa, and Temzalides (1999)
and Williamson (1999)—to examine how and when certain privately issued claims
circulate as a means of payment, but has difficulty accommodating banks’ deci-
sion on the price and scale of lending and competition between them. Lastly, New
Keynesian literature and the literature that uses frameworks of cash in advance
(CIA) both study monetary policy. However, the former abstracts banks com-
pletely, while the latter, when concerned with money creation by banks, lets the
scale of banks’ lending be pinned down either by a binding reserve constraint
(see, e.g., Goodfriend and McCallum 2007) or by an exogenous rule of holding
excessive reserves (see, e.g., Chen 2018 and Mishkin 2016), which leaves little role
for banks’ own decisions.



Vol. 15 No. 3 Banks’ Wealth, Banks’ Creation of Money 91

Figure 1. The Balance Sheet of the European Central
Bank (ECB) and the Consumer Price Index in the
Euro Area over Jan. 1, 2008—Oct. 10, 2017
(with Jan. 1, 2008 = 100)
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Source of the Data: www.https://fred.stlouisfed.org/.
Note: The three hikes in the ECB’s balance sheet during the period are associ-
ated with only slight price increases, if anything at all.

results in new insights on the mechanism in which the quantita-
tive easing policy (QE) works, based on which this paper offers an
explanation for the observation that QE, while causing enormous
monetary expansion, is associated with low inflation or even defla-
tion pressure in certain economies. One of them is the euro area, as
is illustrated in figure 1.

The model economy of the paper is populated by workers, entre-
preneurs, and banks. Workers can produce the consumption good,
corn, in autarky, or work for entrepreneurs. The specialty of banks is
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modeled with the assumption that workers accept banks’ promises to
pay, but not entrepreneurs’, as a means of wage payment. At date 0,
therefore, entrepreneurs first borrow banks’ promises to pay—more
specifically, notes that read like “X bank promises to pay the bearer
10 kilograms of corn tomorrow”—and then use these notes to hire
workers. As a result, entrepreneurs owe a debt to the lender banks
and banks owe a debt to the workers. At date 1, entrepreneurs pro-
duce corn and use it to settle their debts to the banks. Banks then
use this repayment and their own corn, which is stored over time
and represents their wealth, to redeem their notes from the workers
by fulfilling the promises written on the notes.

In this economy, the real resources are workers’ labor and entre-
preneurs’ capital, and efficiency is measured with the number of
workers that entrepreneurs hire. Banks matter, however, because
entrepreneurs need to borrow banks’ liabilities to hire workers. How
much banks lend in terms of real value determines how many work-
ers entrepreneurs hire and hence economic efficiency. The aggregate
lending of banks is in turn determined by competition between them.
What banks supply is a means of payment, which is a homoge-
nous good. They thus engage in Bertrand competition. Moreover,
what a bank lends is its liability. Hence the scale of its lending is
anchored to its wealth by a borrowing constraintF Put together,
banks are engaged in Bertrand competition with a limited capacity
a la Kreps and Scheinkman (1983). If the borrowing constraint is
binding, banks’ aggregate wealth determines the quantity of money
supplied to entrepreneurs, and hence efficiency. If this wealth is
below a threshold, the money supply is inadequate and so is the
number of workers that entrepreneurs hire.

This problem of meager bank wealth depressing economic activ-
ity has been diagnosed in many studies such as Gertler and Kiyotaki
(2010) and Holmstrom and Tirole (1997). However, these studies are
not concerned with means of payment. Hence they do not consider
the possibility of a remedy with the central bank (CB) issuing fiat
money. By contrast, in this paper the CB can offer a remedy by
allowing banks to borrow its fiat money at zero interest up to a

3This borrowing constraint could be due to a moral hazard friction & la Gertler
and Kiyotaki (2010) or Holmstrom and Tirole (1997), or due to the risk-shifting
problem & la Jensen and Meckling (1976).
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bound. We show that although the economy lasts for only two peri-
ods, in one equilibrium the fiat money circulates, flowing through
banks to entrepreneurs, who thereby hire more workers. That is, the
policy eases the constraints imposed upon their economic activity
by an inadequate supply of bank-created money. Hence, the policy
is called quantitative easing policy, or QE.

QE enables banks to raise lending capacity without violating the
borrowing constraint, while backed by the same amount of wealth. It
does so because fiat money is different in nature from bank-created
money. A central bank never commits to redeem its fiat money at a
specified value, whereas bank-created money is the bank’s liability,
which it commits to redeem at a pre-specified value and thus bears
a real obligation of repayment@ It is to this difference in nature
that Tobin (1963) alludes above. As fiat money is not redeemable,
its value freely adjusts with the state of the economy. In particular,
its value falls in the event of the negative productivity shock, which
means inflation. Inflation reduces the real value of banks’ liability
to the CB and thus reduces their borrowing constraint, giving them
room to increase lending

While QE induces inflation in the event of the negative shock,
it induces deflation in the event of the positive shock. This result
might partly explain the aforementioned observation that in some
economies QFE causes a great monetary expansion on the one hand
and is accompanied by or followed by lingering low inflation or even
deflation pressure on the other hand, which is a puzzle if considered
from the point of view of quantitative theory of money. A key dif-
ference in this paper is that the money created with QE is utilized
to expand real economic activity, resulting in a rise in the output of
goods, which keeps the price down. Indeed, all the QE-created money

“In the model economy, this fact is straightforward because banks use corn,
the real good, to redeem their liability. Even if they redeem it with fiat money,
which is typically the case in modern times, they still need to spend real resources
to obtain it. Hence bank-created money still bears real obligations of repayment.
For more discussion, see the remark in section 5.

5The point that monetary policy can help banks by affecting the real value
of their liabilities is also considered by Diamond and Rajan (2006). The way
in which fiat money circulates in the model economy is also in Allen and Gale
(1998). However, these papers are not concerned with banks lending their liabil-
ities to real sectors to be used as means of payment, nor with the inefficiency
related to banks’ wealth, nor with the quantitative easing policy.
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is utilized this way if the scale of QE is below a threshold. If it is
beyond it, the excess is not put into circulation, we also find. This
finding partly explains another related observation, that in some
economies a substantial fraction of the monetary bases created with
QE is not lent out but stays in banks’ reserve accounts.

This paper is in line with nascent literature that examines banks’
specialty of their liability being accepted as a means of payment.
Most closely related is Donaldson, Piacentino, and Thakor (2018).
Both their paper and this one consider how banks’ issuance of
means of payment affects the real economy as well as policy implica-
tions. The two papers, however, have different focuses. Their paper
explains how this specialty of banks is derived from their supe-
rior technology of warehousing, while this paper emphasizes the
importance of banks’ wealth for economic efficiency. Also the policy
implications are different. Their paper shows that, contrary to the
received wisdom, a higher central bank rate could raise bank lending,
while this paper considers QE. Jakab and Kumhof (2015) describe
in detail how banks create money with double bookkeeping. They
focus on the quantitative implications of this facet of banking in a
full-fledged dynamic stochastic framework, but are not concerned
with economic efficiency and policy responses, on which this paper
focuses.

Since the recent crisis, many studies have examined QE; see
Gertler and Karadi (2011) and Gertler and Kiyotaki (2010), among
others. Their diagnosis on the source of the problem is shared by this
paper: banks’ wealth is too low, causing inadequate lendingﬁ How-
ever, those studies model banks not as issuers of means of payment
but as intermediaries of trading real goods. As a result, in those
studies what the government issues must be backed by tax incomes
and is essentially the sovereign debt, whereas what the central bank
issues in this paper is purely nominal. Furthermore, the mechanism
by which QE works is different. In those studies, it works by trans-
ferring wealth to banks, whereas in this paper it works by reducing
the real value of banks’ liability via inflation.

5This is also true in a study by Brunnermeier and Sannikov (2013), where
money plays the role of a saving instrument, as in Samuelson (1958), rather than
the role of means of payment.



Vol. 15 No. 3 Banks’ Wealth, Banks’ Creation of Money 95

Other cases of inefficiency in connection with private issuance
of means of payment are considered by Hart and Zingales (2015),
Monnet and Sanches (2015), and Stein (2012). In Hart and Zin-
gales (2015) and Stein (2012) inefficiency is driven by fire-sale exter-
nalities. In Monnet and Sanches (2015) inefficiency arises because
banks offer a return rate on the liability side that is lower than the
inverse of time discount. Besides this difference in the source of inef-
ficiency, none of those studies considers the circumstance of banks
under-lending or the policy of QE, as this paper does.

The rest of the paper is organized as follows. Section 2 sets up
the model. Section 3 analyzes a benchmark case where banks face
no borrowing constraint and are thus subject to unfettered forces of
competition. This analysis not only examines the bank competition
in the purest form but also bears relevance to the historical bank-
ing. Section 4 introduces the borrowing constraint of banks. Section
5 studies QE, and section 6 studies interest rate policy and capital
adequacy regulation. Section 7 concludes. All proofs are relegated
to the appendix.

2. The Model

The economy has one storable good, corn, used as the numeraire,
and lasts for two days. Contracting and production occur at ¢ = 0,
yielding and consumption at ¢t = 1. There are N banks, N? entrepre-
neurs, and N3 workers, where N is a large number (later, in section
5, the central bank will be introduced)[] Thus, banks are in perfect
competition and each serves a large number of entrepreneurs; and
there are more workers than entrepreneurs can hire. All agents are
risk neutral and protected by limited liability.

Workers either produce w kilograms (kg) of corn in autarky or are
hired by entrepreneurs, who each have h units of human or physical
capital. If an entrepreneur hires L workers at ¢ = 0, then his project
yields at t =1

y = A’hlfaLa,

"A setting with the same feature is to be found in Wang (2015), where a
continuum of [0,1] and [0,1] x [0,1] instead of N and N? is used. These two
representations are equivalent.
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where 0 < o < 1. Without losing any generality, normalize h = 1.
Productivity, A, is subject to a common shock. At ¢ = 0, it is com-
mon knowledge that the good state with A = A occurs with proba-
bility ¢ > 0 and the bad state with A = A occurs with probability
1—¢q>0.Let A, = qA + (1 — ¢)A denote the mean. Assume the
following;:

0< A< Aa. (1)

As there are more workers than can be hired by entrepreneurs,
in equilibrium workers are indifferent in working for the latter or in
autarky. Therefore they earn a real wage of w. This wage is inde-
pendent of economic activity of the other sectors, which gives a
convenience for exposition.

Banks each have G units of corn, where a unit is defined as N
kg and used wherever banks are concerned. Banks supply no real
resources for corn production. What makes banks relevant is due to
the following assumption.

AssuMPTION 1. Workers do not accept entrepreneurs’ promise to
pay but banks’ as a means of wage payment.

This assumption captures the specialty of banks explicated in
the Introduction. According to Kiyotaki and Moore (2001), this dif-
ference between banks and entrepreneurs arises because the former
has stronger commitment power than the latter.

Due to this assumption, entrepreneurs cannot hire workers at
t = 0 with a promise to pay them later at ¢ = 1. To hire workers,
entrepreneurs need to borrow banks’ promise to pay them at ¢t = 1.
We assume that banks have no difficulty enforcing repayment from
entrepreneurs and hence this borrowing is feasible. To fix the idea,
suppose that banks’ promises to pay are printed on notes. That is,
a note issued by a bank reads that this bank promises to pay the
bearer of this note with a certain quantity of corn at t = 18 This
quantity is the note’s face value or par value.

81n the model economy banks promise to pay the real good in redeeming their
liability, whereas in modern times, they typically redeem it with fiat money, the
central bank’s issues. Other instances of claims on real goods used as a means of
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ASSUMPTION 2. The face values of banks’ notes cannot be contingent
on the realization of A.

This assumption captures the observation that in real life a pri-
vate security that serves as a means of payment—such as demand
deposit, promissory notes, cheques, or trade credit—commonly bears
fixed claims and is of debt, and is rarely a contingent claim

Besides the friction of payment, entrepreneurs lack commitment
power in another dimension.

ASSUMPTION 3. Entrepreneurs are unable to make commitment on
the scale of their projects in terms of the number of workers they
will hire.

This friction is real in the sense that it is unrelated to means
of payment. In the absence of the friction, a bank would be willing
to lower the interest rate, denoted by r, to a borrower entrepreneur
who commits to a smaller scale, because thereby his project delivers
a higher average return rate. This, however, would give entrepre-
neurs an incentive to borrow from multiple banks, each in a small
amount and thus at a favorable rate. The presence of the real fric-
tion, therefore, is justified if entrepreneurs cannot be prevented from
doing so. The importance of its presence is that it engenders a wedge
between the first- and second-best allocations, as will be shown.

Due to the friction, a bank posts a single interest rate r for loans
of any size E rather than a menu of r (E). A loan contract is repre-
sented by a profile of (E,r): at t = 0 the entrepreneur borrows the
bank’s notes of overall face value F/, and at ¢t = 1 he is obliged to
pay E(1+ r) kg corn back to the bank.

The timing of events is as follows. At t = 0, each bank posts the
aggregate face value of notes that it will issue, D, and the interest
rate that it will charge, r. Observing all these offers, each entrepre-
neur then chooses one bank to go to and asks to borrow face value

payment incude Hart and Zingales (2015) and Williamson (1999). This abstrac-
tion is harmless in the baseline model where inflation is not addressed. Where it
is, as in section 5 below, the abstraction helps clarify the mechanism by which
QE works.

For the reason why that is the case, see Dang, Gorton, and Holmstrom (2012)
and Gorton and Pennacchi (1990).
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FE of the bank’s notes. If one bank’s notes are over-demanded, only a
fraction of the entrepreneurs have their demand met. Entrepreneurs
then use borrowed notes to hire workers and start the production.
Banks store their G units of corn.

At t = 1, entrepreneurs produce corn. They either repay E(1+7)
kg corn to the lender banks or default. In that case they give all
their output of corn to the banks. After receiving repayments from
the entrepreneurs, the sum total denoted by Y, banks redeem notes
from workers. If Y+G>Dtoa bank, its notes are redeemed at par.
If Y + G < D, the bank defaults and the notes are redeemed at a
fraction (Y 4+ G)/D of their par values. Finally, the agents consume
the corn in their possession.

In anticipation of the possibility of default, at ¢ = 0 a bank’s
notes are discounted with a factor of

0=Ejz [min (1, T)

Moving on to the equilibrium analysis, we figure out two bench-
mark allocations.

(2)

2.1 The First-Best and Second-Best Allocations

Efficiency concerns the number of workers allocated to entrepre-
neurs. Define the first-best allocation as the number of workers that
maximizes the social surplus of projects, which is A.L* — wL due
to universal risk neutrality and the opportunity cost of labor being
w. The first-best allocation is thus

LFB _ Aea I
w .

The second-best allocation is defined as the number of workers
that entrepreneurs would hire in the competitive equilibrium if the
friction of payment (in assumption 1) were absent but the real fric-
tion (in assumption 3) remained—that is, if entrepreneurs could hire
workers with their own promise to pay, but their wage offer could
not be conditional on the scale of their projects. The equilibrium
allocation is as follows.
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LEMMA 1. The second-best number of workers that entrepreneurs
hire is

158 — (qAa +(1- Q)A> e

w

Obviously, LB > LB, That is, the real friction induces the
entrepreneurs to hire too many workers[™ This fact engenders a
circumstance of banks over-lending, among remedies to which are
interest rate policy and capital adequacy regulation, as will be shown
in sections 4 and 6.

Below we first analyze the baseline model in which bank issuance
is subject to no borrowing constraints nor any other restrictions.
This analysis serves two purposes: (i) it studies the competitive equi-
librium of money creation by banks in the purest form; (ii) it bears
relevance to early periods of banking history.

3. The Least-Fettered Issuance

In the least-fettered issuance, banks can finance an unlimited quan-
tity of assets by issuing promises to pay. The equilibrium quantity is
of course limited, as examined below. We first consider the demand
side of the market for banks’ notes, then the supply side, and, finally,
the meeting of the two.

3.1 The Demand Side of the Market for Notes

Consider a representative entrepreneur who borrows from a bank
offering (D, r). If he borrows notes of a face value E, then they are
worth 0 F/, where the discount factor §, as will be shown, is a function
of (D,r). With these notes, he hires workers in a number of
oF

because they earn real wage w. At ¢ = 1, the entrepreneur either
repays E(1 + ) of corn to the bank or defaults. Thus, his decision
problem is

10For a more general analysis of this type of inefficiency, see Wang (2010).



100 International Journal of Central Banking September 2019

mngg[maX(KLa — E(1+7),0)],s.t.(3).

LEMMA 2. For any (w,d,r), the solution to the above problem sat-
isfies AL < E(1+ ). That is, entrepreneurs all default in the bad
state.

This lemma is driven by the assumption that A < A.«, which
says that the negative shock is severe enough to knock entrepreneurs
into default.

At the optimum, the demand of the representative entrepreneur
for the notes is

B(5,r) = (ﬁi) (i) (4)

and the number of workers that he hires and his profit are,
respectively,

L(R) = (ﬁ) o (5)

V(R) = q(1 - a) (Aa“> , (6)

wR

where

1+
R = 5 (7)

Note that, so defined, R is the actual interest rate and measures
the cost of borrowing: to obtain a means of payment that is worth
1, the entrepreneur borrows notes of face value 1/§, thus acquir-
ing a debt of (1 4 r)/J. Naturally, his scale of hiring and his profit,
both of which are real variables, are inversely related to the cost of
borrowing, namely, R.

Recall that the efficiency concerns only the number of the work-
ers hired by entrepreneurs, which depends only on the actual interest
rate. The efficiency of market equilibrium is thus determined solely
by the actual interest rate in equilibrium. Define RFE (R5B) as the
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value of the actual interest rate at which entrepreneurs hire the first-
best (second-best) number of workers, that is, L(R) = LP (L5P).
With (5),

A
FB _
R A
Aa

RSB —

qAa+ (1—q)A

After banks all have posted (D,r), each entrepreneur decides
which bank to go to. In the equilibriums of this subgame, an
entrepreneur gets the same expected profit, V, from any bank
that attracts a number of entrepreneurs . As entrepreneurs proﬁt
depends only on the actual interest rate, define R by V(R) V.
Then, R is the actual interest rate that prevails on the notes mar-
ket, conditional on banks’ choices of (D,r). Given that there is a
large number of banks, any single bank is too small to affect R with
its choice of (D,r) and takes it as given when making that choice.

3.2 The Supply Side of the Market for Notes

Consider a representative bank. To attract entrepreneurs, the bank’s
choice of (D, r) satisfies V(R) > V or, equivalently, (1 +r)/d < R.
While the interest rate r is directly chosen by the bank, the discount
factor of its notes ¢ is determined by (D,r). It depends on whether
the bank ever defaults or not, that is, whether D > Y 4+ G in some
state at t = 1. In the good state, Y = Y = D(1 + r) because the
entrepreneurs do not default. As a result, the bank does not default.
In the bad state, by lemma 2, all the entrepreneurs default and pass
the output of their projects on to the bank, of which the aggregate
value is given below.

"By offering (D, r), which determines &, each bank chooses an actual interest
rate R = (1+7)/6. No entrepreneur goes to a bank offering V/(R) < V when he
can get V elsewhere. On the other hand, if a bank offers V/(R) > V, it induces
over-demand for its notes (which is never optimal), so an entrepreneur coming to
it is served with such a probability { that [ - V(R) = V.
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LEMMA 3. The aggregate value of the bank’s loans in the bad state is

Y:jxD(l—i-r) (8)

«

In the bad state, the bank does not default if and only if
D <G +Y, which, with Y given by (8), is equivalent to

D-<1—A(1+T)>§G. 9)

Ao

On the left-hand side is the loss made by lending in the bad state,
D —Y. Thus, the inequality says that banks will stay solvent in the
bad state if and only if their lending scale, D, is not too large relative
to their wealth, G, so that the loss from loans can be absorbed by
the wealth. _

Substitute the value of Y given above into (2), and the discount
factor of the bank’s notes is determined by its choice of (D, r) via

5(D.r) = 1, if (9) is satisfied 10
(D7) = gx1+(1—gq) x(%—i—A%:T)),otherwise (10)
Now consider the representative bank’s decision problem at ¢ = 0.

Taking into account the possibility of default, its economic profit
with the choice of (D,r), denoted by II(D,r), is By max(G +Y —
D,0) - G.

LEMMA 4.

I(D,r) = D FR”;; - 5} . (11)

Therefore, the profit margin of lending—that is, the profit of
lending out a note of face value 1—is (1 + r) /RSB — §. Intuitively,
the present value of this note, which is part of the bank’s liability,

is 0, while the bank’s revenue from such lending is Ey (17/ D) =
(1+7)/RP.

12X <Y because A < A.a by assumption and A.a < Aa.
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The representative bank chooses (D, r) to maximize II(D,r) sub-
ject to the constraint that it can attract entrepreneurs, that is,

1+7r ~
< R. 1
5o =1 (12)

Given the scale of lending D, the bank wants to charge an interest
rate as high as possible so long as it can attract entrepreneurs. There-
fore, at the optimum, the constraint (12) is binding Hence, the
bank’s optimal choice of r as a function of its choice of D, denoted
by r(D), is determined by

1+7r ~
=R
5(D,r) ’
and banks’ problem becomes
Dé(D,r(D R
max (D,r(D)) x W—l .

As § > q always (because the bank always redeems its notes at
par in the good state), the following proposition is self-evident.

PROPOSITION 1. The solution to and the value of the representative
bank’s problem are

(i) if R> RSB, then D = 0o and I1 = oo;

(i1) if R = RSB, then I = 0, and the bank is indifferent to any
value of D, with r = r(D);

(iii) if}A% < RSB, then lending makes a loss, and thus D = 0 and
I1=0.
As was shown, the profit margin of lending equals § (ﬁ/ RSB — 1>

and is positive if and only if R > RSB, Moreover, if the profit mar-
gin of lending is positive, banks obtain II = co. That is because,

13Mathematically, given D, both ;T; — (D, r) and 5(1;)";) increase with r.
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despite their limited stocks of corn, they all have an unlimited lend-
ing capacity (i.e., D = c0), due to two reasons: (i) what banks lend
out is their promise to pay, essentially word of mouth, which they
can infinitely supply; (ii) banks are subject to no constraints on the
quantity of supply in the baseline model.

3.8 The Equilibrium: The Second-Best Allocation Attained

The prevailing actual interest rate, J/%, which plays the role of price,
clears the market for notes in equilibrium. We define the symmetric
equilibrium below and discuss other equilibriums later.

DEFINITION 1. A profile ({D,r, 6, E}; }AE) forms an equilibrium if

(i) given R, banks’ choice of (D,r) is optimal and thus given
in proposition 1. This choice determines 6 = 0(D,r) through

(10);

(ii) given that all banks offer the same (D,r,d), entrepreneurs
go to each bank with the same probability and, by the law of
large numbers, each bank receives N of them. Their demand
for notes, E, is optimal, that is, E = E(,1) given by (4);

(iii) the market clears: D = EM

In any equilibrium, banks neither obtain an infinitely large profit
nor abstain from lending, which, by proposition 1, is the case if and
only if

R = RSB,

Therefore, the real allocation in equilibrium is unique and conforms
with the second-best allocation, the one that would arise if the fric-
tion of payment were absent and entrepreneurs could hire workers
with their own promises to pay. Intuitively, what banks supply is a
means of payment, a homogeneous good. Furthermore, in this case
of unfettered issuance, they all have unlimited capacity. Therefore,

MNote that D is in the unit of N kg, while entrepreneurs’ demand is denoted
with the unit of kg.
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they are in Bertrand competition, which annihilates their profit mar-
gin. As a result, entrepreneurs overcome the friction of payment at
no costs and the real allocation is the one that would arise if the
friction were absent, that is, the second-best allocation. R

On the nominal side, however, there is indeterminacy. At R =
RSB by proposition 1, the profit margin of lending is 0, and indi-
vidual banks are indifferent to any quantity of issues, although in
aggregation their issues exactly suffice for entrepreneurs to hire L8
workers. This indeterminacy leads to a continuum of equilibriums
besides the symmetric one defined above. In the symmetric equilib-
rium, all banks issue the same quantity of notes and their notes are
discounted at the same factor; therefore, one bank’s notes are per-
fect substitutes for another’s. In asymmetric equilibriums, however,
some banks issue more than others despite ex ante being identical,
and see their notes more heavily discounted.

PROPOSITION 2. N
(i) In any equilibrium, independent of banks’ wealth G, R =
RSB | the profit margin of bank lending is 0, and the second-
best allocation s attained.

(ii) In any equilibm’umi a fraction of banks default at t = 1 upon
the realization of A = A if and only if banks’ wealth is below
a threshold G*, where

11—
6" = (o + (1-q)) - 4] (P20 04) 7
An intuition for result (i) is given above. As for (ii), note that,
given that banks are indifferent to any quantity of issues, the quan-
tity of money circulated—that is, the aggregate bank lending—is
determined by the demand side, namely entrepreneurs. Thus, the
aggregate bank issues are fixed at a quantity exactly sufficient for
entrepreneurs to hire the second-best number of workers. With this
scale of lending, if banks’ wealth, G, is sufficiently low—mnamely
G < G*—then it is insufficient to absorb the loss incurred in the
bad state and bank default occurs accordingly.
The baseline mode examined above, besides providing a sim-
ple framework to consider money creation by banks on competitive
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markets, also bears empirical relevance to the early periods of the
banking history during which a large number of banks issued their
own notes and discounted others’, such as the Free Banking Era in
the United States (1838-63) and a period between 1750 and 1844
in England Specifically, the baseline model derives a relationship
between the loan interest rate r, the discount factor J, the leverage
ratio A := D/G, and the risks of default 1 — ¢ of individual banks.
First, 1}” = ]?2, a constant across banks, by the binding constraint
(12). Therefore, the paper predicts that across banks, the gross inter-
est rate that a bank charges for loans (i.e., 1+7) is positively related
to and solely determined by the discount factor of its notes 6, inde-
pendent of the bank’s other attributes. Second, regarding the discount
factor, from (10) and binding (12) it follows that

Lif A< (1- 2 R)! )
0=19 ar(-gA ' . YA Byl 13
1—agar TAZ 0= 4R)

Therefore, the discount factor of a bank’s notes § is inversely related
to the bank’s default risk 1— and its leverage A (which is endoge-
nous). The first part of this prediction is empirically confirmed by
Gorton (1999), who studies the pricing of bank notes during the U.S.
Free Banking Era['7

The applicability of the baseline model to modern banking is
more limited. A fundamental assumption of the model, namely that
banks face no constraints in making loans, is probably far from real-
ity nowadays. In particular, due to this assumption, the baseline

5For the case of the United States, according to Gorton (1999), thousands of
different banks’ notes were in circulation, while for the case of England, Cameron
et al. (1967) report that in year 1810 there were 783 note-issuing county banks
in England.

5Tn the lower branch of (13) 86/9q share the sign of 1 — AE A™', which is

positive because in that branch A > (1 — iﬁ) , that is, A t<1— AAR

17Specifically, he found that possessing tralts of low default risks, such as being
a member of the Suffolk System or under a state-sponsored insurance, is nega-
tively correlated with the implied volatility of the bank, of which the discount
factor—or price, in his paper—is a decreasing function. Therefore, the low-risk
traits are associated with a higher value of §.
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model predicts that the aggregate quantity of bank credit is indepen-
dent of banks’ wealth, G, whereas the aftermath of the recent finan-
cial crisis witnesses that the banking sector reduces credit issuance
after suffering a severe loss. To give an account for this observation
in particular and to examine the modern banking in general, we shall
introduce a borrowing constraint to banks, as below.

4. Banks’ Wealth Matters in the Presence of a
Borrowing Constraint

In this section, we assume banks are subject to a borrowing con-
straint, that their equity value should never fall below (1 — M)G
The equity value is higher in the good state than it is in the bad
state. Thus, we only need to consider the constraint in the bad state,
which is G+Y — D > (1 — p)G. With Y = A(1 +r)/(Aa) x D by
(8) and rearrangement, it becomes

D [ _4d+r) T)} < uG. (14)
A«

The introduction of the constraint has two immediate implica-
tions. The first is that, because banks always maintain a positive
equity value, they never default. Therefore, their notes are not dis-
counted, that is, d = 1 and hence 1 4+ r = R hereafter. As a result,
the borrowing constraint (14) becomes

A ~
D-. (1 — R) < uG. (15)
Ao

The other implication is that, unlike in the preceding case of least-
fettered issuance, banks now are in Bertrand competition with lim-
ited capacities a la Kreps and Scheinkman (1983). With the borrow-
ing constraint, the market equilibrium is as follows.

'8 This borrowing constraint can be due to several reasons. One reason is that,
in modern times, bank default becomes very costly and banks’ managers want
to maintain solvency in any contingency, which is a special case of the above
constraint with x4 = 1. Another reason, as in Gertler and Kiyotaki (2010) and
Holmstrom and Tirole (1997), is that banks have a moral hazard issue: at ¢t = 1,
the owner of a bank—the banker—can abscond with a fraction of 1 — u of its
stored wealth to a remote island. Hence, banks’ equity value should never fall
below (1 — )G in any contingency.
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PROPOSITION 3.
(i) If G > iG*, then in all equilibriums the real allocation is the

same as in the case of least-fettered issuance: R= RSB the
profit margin of bank lending is 0, and L = L5B. If G < i G*
there is a unique equilibrium in which the profit margm of
bank lending is positive; and R > RSB and R is determined
by G through

_1

— A D
| (Aa\T" 1R
G-1(20) At som. a9
no\ we Rl—oc

i) If G decreases from 1G* to 0, the equilibrium interest rate,
o

ﬁ, increases from RSB to Aa/A and the number of work-
ers hired by entrepreneurs decreases from LB to LSB x

A 1—a
[anHlfq)A} '

The borrowing constraint limits banks’ capacity of issuance to
an endogenous proportion of their wealth. If their wealth is high
enough—that is, beyond iG*—then banks still possess a capacity
large enough to annihilate the profit margin of issuance, which leads
to the second-best allocation, as was in the case of least-fettered
issuance. Hence arises result (i).

If G < 1G*, banks’ wealth does not suffice to back an issuance of
that size. Xs a result, issuance bears a positive profit margin. This
positive profit margin drives all banks to issue as much as possi-
ble, until the borrowing constraint, (15), is binding. This clears the
indeterminacy in the quantity of individual banks’ issues and gives
rise to a unique equilibrium. It also shows that, now, the quantity
of money circulated is determined by the supply side—namely, the
banking sector—rather than by the demand side, as was in the case
of least-fettered issuance. Therefore, the lower the banks’ wealth, the
lower the total value of money that they supply and, as a result, the
higher the interest rate of borrowing (}A%) and the fewer the workers
that entrepreneurs hire.

The last comparative static, however, does not mean the aggre-
gate output always decreases with G for G < 1G* because of the

wedge between the first-best and second-best allocations, namely
L¥B < 5B, Define
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G'P = G(R"P),
where function G (]:2) is defined in equation (16); with RfP = A/A,,
B _ 1 =
G"7 = —(Aca — A)(Aca/w) T2
W

Then G¥P is the level of banks’ wealth at which the actual interest
rate exactly takes the first-best value and therefore the aggregate
output is maximized. GFE < iG* By proposition 3, then, there
are two types of efficiency:

(i) G < GFB.1In this case, R > RFB and L < L¥B. That is, rel-
ative to the first-best allocation, banks under-lend, whereby
the cost of bank credit is too high and the sector that depends
on it—namely entrepreneurs—obtains inadequate resources,
namely labor.

(ii) G > GFB. In this case, R < RFB and L > L¥B. That is,
relative to the first-best allocation, banks over-lend, whereby
the cost of bank credit is too low and the sector that depends
on it obtains excessive resources.

The existence of the second type of inefficiency is due to assump-
tion 3, which drives a wedge between the first-best and second-best
allocations. In the absence of this wedge, RF” would be equal to
RSB hence G(RFP) to 1 G*, and the case of bank over-lending would
not exist. This case of over-lending provides the paper with room to
accommodate interest rate policy and capital adequacy regulation,
as will be shown in section 6.

The first type of inefficiency is caused by inadequate creation of
money by banks. Can the central bank enlarge the money supply
through the banking system? It can, as we show in the next section,
with a policy which, because it eases the constraints imposed by a
dearth of money, is called the quantitative easing policy, or QE.

YThat is because RF? > RSB,iG* = G(R%P) and function G(R) is
decreasing.
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5. QE Reduces the Borrowing Constraint of Banks

The central bank (CB hereafter) in this economy is modeled as the
unique entity that is able to costlessly produce another means of pay-
ment which has no intrinsic values; to fix the idea, let it be shells.
Shells are different in nature to bank notes. The CB does not promise
to pay a holder of shells with any corn, the real good. Shells, there-
fore, are purely nominal. By contrast, a bank commits to redeem its
notes with the promised amounts of corn. Hence banks’ notes are
not nominal.

Although shells are fiat money and the model economy lasts for
only two dates, shells can circulate in it, whereby the CB can con-
duct meaningful monetary policy, such as the following QE. At ¢ =0
the CB announces a facility whereby each of the N banks can bor-
row up to S units of shells (again, one unit is defined as N kg) at
a small interest rate ¢ > 0. A borrower bank is obliged to repay
its debt to the CB at t = 1 either with shells or with corn, with a
fixed rate of exchanging corn for shells—for example, 1 kg corn for
1 kg shells. This exchange rate is arbitrary and is made to confer
a nominal value on shells, as in real life the Bank of England can
print an arbitrary number, like £10, on a piece of paper, and then
this piece of paper has a nominal value of £10 and can be used to
buy real goods of this value (e.g., two packs of cherries at M&S). As
such, we call 1 kg corn the par value of 1 kg shells, etc., although
shells are nominal. The banks that have used the CB’s facility thus
have two types of money to lend to entrepreneurs. One is their own
notes; the other is shells. We assume that no entrepreneurs borrow
both types of money, in order to avoid the unnecessary complication
of trying to determine which debt, of the two, is senior in the case of
default.

The contract of borrowing a bank’s notes is still represented by
(E,r), whereby the entrepreneur borrows the bank’s notes of face
value F at t = 0 and then owes it a debt of E/(1+4r), which he repays
at t = 1 with corn.

The contract of borrowing shells is similarly represented by
(Es,rs), whereby the entrepreneur borrows F kg shells at t = 0
and then owes the bank a debt of Es(1 + rg), which he repays at
t = 1 with either corn or shells, with 1 kg corn equivalent to 1 kg
shells.
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The timing of events at t = 0 is as follows. First, the CB chooses
S and publicly announces the policy. Then, banks decide the quan-
tity of shells to borrow from the CB, ) < S, and post offers of
(D,7;Q,7s). Based on these offers, entrepreneurs decide which bank
to go to and how much to borrow. Lastly, they use borrowed means
of payment (bank notes or shells) to hire workers and start the
production.

The timing of events at ¢ = 1 is as follows. First, entrepreneurs
produce corn. Second, the market for shells opens, on which the shell-
borrowing entrepreneurs use corn to buy shells from workers. Let Dy
(p1) denote the shell price in the good (bad) state. Third, entre-
preneurs settle their debts to the lender banks, using corn and/or
shells. Fourth, the market for shells may open the second time, on
which banks having excessive shells sell to banks in shortage. Lastly,
banks redeem their notes from workers and settle their debts to the
CB. At this stage, the CB may end up holding a certain quantity of
corn, which it will transfer to the agents of the economy before the
consumption starts.

Note that there is no surprise or nominal rigidity associated with
QE. All the private-sector agents (i.e., banks, entrepreneurs, and
workers) made decisions after having observed the CB’s move and
they can freely adjust their decisions with it. Still, QE produces real
effects in this economy in one equilibrium if G < iG* For any

G < GTB | moreover, there exists a unique value of S at which this
equilibrium attains the first-best allocation. This is the equilibrium
that we discuss below.

In this equilibrium, at ¢ = 0, workers believe that they will be
able to use shells to buy corn at ¢t = 1 and thus they accept a wage
payment with shells; and at t = 1, indeed shells receive a positive real
value, intuitively because they can be used to settle certain debts

20 A shells are fiat money, there is another equilibrium in which workers dis-
believe that shells will have real value at ¢ = 1 and thus do not accept to be
paid with shells at ¢ = 0, which are thus not circulated. This type of equilibrium
exists for fiat money in general. By contrast, it never exists for banks’ notes:
banks each have G units of corn, therefore their notes always have a positive
real value at t = 1; indeed, if a bank issues D < G, workers know, without any
equilibrium calculation, that its notes are worth par. This difference results from
the difference in nature between shells and banks’ notes stated at the beginning
of this section.
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that otherwise have to be settled with corn. To solve the equilibrium,
we first examine what happens at t = 1 and then what happens at
t = 0. Consider, first, the case in which S is below a threshold (which
is given in proposition 4 below) and therefore 75 > € in equilibrium.
In this case, all the banks borrow to the full capacity of QE, namely,
@ = S, and lend all the shells out to entrepreneurs. Therefore, at
the beginning of ¢ = 1, there are NS units of shells in workers’
hands and the aggregate debt of the shell-borrowing entrepreneurs
is NS x (1 +r,) units.

In the good state, as no entrepreneurs default, the shell price
P1 = 1. On the one hand, shells can never be worth more than their
nominal values: if the entrepreneurs use 1 kg corn only to buy less
than 1 kg shells, they will not buy them but instead use 1 kg corn
to settle a debt of 1 kg shells to the banks. On the other hand,
in the good state, it cannot be that p; < 1 either. Otherwise, the
shell-borrowing entrepreneurs would want only shells, not corn, to
repay all their debts. Their aggregate demand for shells would thus
be NS(1+rs), as they do not default. This demand, with 7, > 0, is
bigger than N.S, the supply of shells, leaving the market uncleared.

As p1 = 1, the entrepreneurs are indifferent to repaying their
banks with shells or with corn in the good state. As a result, some
banks may end up with more than S(1+ ¢€) units of shells, some less.
If so, the former wants to sell the excess to the latter and the second
shell market opens. On this market, the equilibrium shell price, pg,
equals 1 also, following the same argument as above. On the one
hand, it is impossible that pg > 1. On the other hand, if pg < 1,
banks all want to use only shells, not corn, to settle their debts to
the CB, and their aggregate demand would be NS(1 + €), greater
than the total supply, NS, thus leaving the market uncleared. This
argument holds true, and hence pg = 1 is the only market clearing
price, so long as € > 0, however small. To simplify exposition, in
what follows, we consider the limit case where ¢ — 0

2INote, however, that if ¢ = 0, then there is indeterminancy: any price
pe € [0,1] can clear this second shell market. If ¢ = 0, the aggregate excess
exactly equals the aggregate shortage. Then, the supply side is willing to sell all
the excessive shells at any pp > 0, while the demand side is willing to buy exactly
the same amount at any pp < 1.
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In the bad state, the output is low. Hence p; < 1, as will be ver-
ified later. Thus, the shell-borrowing entrepreneurs use only shells,
no corn, to repay the banks. Furthermore, in this state entrepre-
neurs all default according to lemma 2. This means all their outputs
are used to settle their debts to the banks. With these two facts
put together, all the shell-borrowing entrepreneurs’ output is used
to buy shells. Denote by Y, the total output of one bank’s shell-
borrowing entrepreneurs. Then the shell market clearing commands
that p1 x NS = NY;, or

Py =Y./S. (17)

With a calculation similar to that leading to equation (8), we find
p1 = A(1 + r5)/(Aa), which, as is shown below in proposition 4,
is smaller than 1 indeed, as was intuitively argued. Moreover, from
p1 = Y, /S it follows that the shell-borrowing entrepreneurs of one
bank altogether buy Y,/p; = S units of shells. Hence, each bank
ends up with having S units of shell equally and the second shell
market does not open in the bad state.

The value of 1 kg shells at ¢t = 0, pg, is the mean of their values
att = 1:

A(l+ry)
Aa
Workers thus accept a wage payment with w/py kg shells at ¢t = 0

in the equilibrium.
The effect of this policy is presented in the following proposition.

po=gx1+(1—¢q)x ) (18)

PROPOSITION 4. Suppose G < %G*.

(i) If QFE’s scale S < S(G) = %(i(}* — G), then there is
a unique equilibrium in which all the S units of shells are in

circulation. In this equilibrium, QF produces real effects: the
actual interest rate, R, is determined by S through

C(ANTE L-(1-q0( 1 WG\ _
oo (&) ()
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Moreover, the interest rate of lending shells is ry =

[qAa+(1—q)A]R—Ax . —
Fo (1_AR It satisfiesrs > 0 and A(1+7,)/(Aa) < 1,

as was said.

(ii) If S increases, R and ry decrease and L increases. At S =
S(G),R=R%B, r, =0 and L = LB.

QE works by increasing the real value of money that banks lend
out at ¢ = 0. That explains why, compared with the situation of its
absence (namely with S = 0), the cost of borrowing money (R) is
reduced, whereby entrepreneurs hire more workers. And the larger
the scale of QE (i.e., S), the greater are these effects (so long as S
is below S(G)).

The question is: how is QE able to make banks enlarge their
lending scale, backed by the same amount of wealth, without break-
ing the borrowing constraint? To answer this question, consider a
representative bank’s balance sheet at ¢ = 1, as shown in table 1.

Consider the bad state, in which the borrowing constraint is
binding. The constraint commands that G +Y + Y, — D — p1 S >
(1 — p)G. This inequality, with p; = Y;/S by (17), is equivalent to
G+Y — D > (1 — p)G, which leads to inequality (14), the same
borrowing constraint in the absence of QE. Therefore, the injection
of the fiat money with QE does not reduce the capacity of private
issuance at all. This is due to p; = Y5/S < poLsd which means
that in the bad state the shell price goes down, so that the real
value of a bank’s liability to the CB, p1S, falls enough to be cov-
ered by the value of the assets, Y,. The decrease in the real value
of shells means inflation. Put differently, QE enables banks to lend
more without breaking the borrowing constraint because it induces
inflation in the bad state, which lowers the real value of banks’ liabil-
ity to the CB. The inflation arises because shells are fiat money. The
CB never commits to redeem shells with a real good. Their value,
therefore, freely adjusts with the state of the economy. By contrast,
banks commit to redeem their notes (i.e., their promise to pay) at

22&<po ©p1<gx1+(1—-g) xp < p1 <1, which holds true by the
proposition.
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Table 1. The Balance Sheet (in real value) of the
Representative Bank with QE

Assets Liabilities

Corn Stored (G) Equity

Loans in Notes (V) Liability to the Note Holders (D)
Loans in Shells (V) Liability to the CB (p15)

a pre-specified, non-contingent, value[2d This difference in nature
between banks’ notes and shells, therefore, drives the functioning
of QE.

Remark: An abstraction of the model helps elucidate this mech-
anism of QE. That is the denomination of banks’ liabilities with corn,
the real good. In reality, however, typically they are denominated
with the fiat money currency of the economy. Incorporating this fea-
ture would not necessarily invalidate the working of the mechanism.
First, the aforementioned difference in nature between bank-created
money and currency is still there. Although banks now use the cur-
rency to redeem their liability, to obtain the currency they need to
expend real resources. Therefore, their liability still bears real oblig-
ations of repayment. In contrast, fiat money is not redeemable and
bears no such obligations. Second, it is true that if banks’ liability is
denominated with the currency, its real value falls under the negative
shocks, which improves banks’ conditions. However, a credit crunch
still happens. So long as they face a binding borrowing constraint,
they will still reduce lending if their wealth is profusely eaten off,
as is evident in the aftermath of the 2008-09 crisis. Third, in this
circumstance, if QE is able to raise banks’ lending capacities, it has
to ease their borrowing constraint. As it does not give real resources
to banks, to do so it has to further reduce the real value of banks’

23In the model economy, the value of these issues at ¢t = 1 could be made con-
tingent on the state in two ways. One is to let the specified value be contingent
on the state, which is disallowed by assumption 2. The other is default, which is
disallowed because of the borrowing constraint, (14). While default is disallowed
altogether because of the particular form that the constraint takes, in general so
long as any borrowing constraint restricts banks’ capacity, there is only a lim-
ited extent to which the value of their liabilities can adjust to the real economic
conditions.
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liability, and this can only be done via inflation. Fourth, this reduc-
tion can be done by the CB with QE, but not by banks themselves,
exactly because of the above said difference in nature between the
two types of money.

At the core is the point that this difference gives the CB leeway
to act that banks do not have. This point can be seen even more
clearly in a modified version of the setting where the CB implements
QE by directly lending shells to entrepreneurs (rather than through
banks) at interest rate r,, which would result in the same prices of
shells and the same allocation as in the original setting. Obviously,
in this setting the CB can lend out the currency, whereas banks can-
not lend more of their liabilities, because shells are not redeemable
but banks’ liabilities are. Moreover, if banks’ liabilities were now
denominated with the currency, this policy would still work. Actu-
ally it would work better because it would ease banks’ borrowing
constraint by inducing inflation, which enables them to enlarge the
lending capacity.

Returning to the model, while QE induces inflation in the bad
state, it causes deflation in the good state: py = 1 > pg. This result
might partly explain the lingering deflation pressure or the low infla-
tion observed during or after the implementation of QE in several
economies, such as the United Kingdom and the euro zone. This phe-
nomenon would be a puzzle if considered from the point of view of
the quantitative theory of money, given that QE enormously expands
the monetary base.

Thus far we have considered the case in which S < S(G) and
therefore rs > 0. Now we consider what happens if QE is in a bigger
scale. At S = S(G), R = R%B and ry = 0. By proposition 1(iii),
R can never fall below RSB otherwise banks would stop lending
altogether, not a case in equilibrium. Therefore, if the scale of QE
is larger than S(G), then R stays at RSP, r, stays at 0, and the
excessive shells beyond the threshold are not put into circulation;
indeed, with ry = 0, banks are indifferent regarding the quantity
of shells to borrow and lend. This result partly offers an expla-
nation for the phenomenon that, in certain economies such as the
United States and the euro zone, a substantial fraction of monetary
bases created with QE is not lent out but stays in banks’ reserve
accounts.
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Now consider the optimal scale of QE. The first-best value of the
interest, rate is R = RFB. In the circumstance where G > GFB and
hence R < R¥B at S =0, any S > 0 only makes R still smaller and
efficiency even lower. Therefore, the optimal .S = 0, namely, the CB
should not implement QE at all in the circumstance of banks over-
lending. However, in the circumstance where G < G*P and hence
R>RFB at § = 0, there is a unique value of S at which QE drags
down R to RFB. This is summarized below.

PROPOSITION 5.
(i) If G > GFB | the optimal scale of QE is S = 0, that is, no
QF should be implemented.

(ii) If G < GFB | the optimal S = F(% - RFB:GQ) > 0, where
function F(-) is given by (19). At this scale QE attains the
first-best allocation (i.e., R= REB). Moreover, with optimal
QE, banks earn profit from lending shells (i.e., rs > 0), but

their overall profit is reduced compared with the case without
QE if G > G for some G < GFB.

According to the last result, although with QE banks receive
free funding from the CB and lend it at a positive interest rate,
surprisingly they lose from the policy, which thus does not subsi-
dize them. That is because to banks, besides this positive effect on
the scale, QE induces a negative, general equilibrium effect on the
profit margin by enlarging the lending capacities of all banks. As a
result, banks obtain a reduced profit from lending their notes. As
OF/0G < 0, if banks’ wealth is above a threshold (i.e., G), then the
scale of optimal QE is small enough. As a result, the positive effect
from the enlargement of the lending scale is small and dominated by
the negative effect from the reduction of the profit margin. However,
even in this case of banks all losing from the free funding of the CB,
given rg > 0, individual banks still strictly prefer taking it rather
than abstaining from it—thus QE can be conducted on a voluntary
basis. The reason is that a single bank takes the profit margin of
lending as given and neglects the effect on it of enlarging its own
capacity.

In the circumstance where G > G¥? and banks over-lend, we
have seen that QE does not help. What the CB can do is discussed
in the next section.
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6. Interest Rate Policy and Capital Adequacy
Regulation to Curb Bank Lending

If G > GTB, then banks over-lend, making the actual interest rate
too low, and entrepreneurs hire too many workers relative to the
first-best allocation. In this circumstance, it is usually expected that
the CB can help by setting a high policy interest rate. This idea is
explored in this section, where we show that interest rate policy pro-
duces real effects and is able to attain the first-best allocation if and
only if there is a nominal rigidity. In its absence, we show, capital
adequacy regulation is always a remedy.

To explain the meaning of nominal rigidity in this paper, we
define nominal wage as the total face value of banks’ notes that
workers receive as the wage payment. In the absence of any inter-
vention from the CB, the nominal wage is w because banks do not
default (due to the borrowing constraint (14)). The nominal rigidity
in this paper is defined as the friction that keeps the nominal wage
of workers staying at w and unchanged with the CB’s policy.

6.1 Interest Rate Policy Works If and Only If the Nominal
Rigidity Is Present

In the two-date economy of this paper, the CB sets the policy rate r,
by offering to workers a savings account which takes in the deposit
of banks’ notes at t = 0 and pays out with shells at ¢ = 1. Specif-
ically, if the CB receives a deposit of some banks’ notes of overall
face value F' kg corn at ¢ = 0, it issues to the depositor F'(1+r,) kg
shells at ¢ = 1. Moreover, by taking in the notes, the CB becomes a
creditor to the issuer banks and charges these banks an interest rate
of 1+ 7, + ¢ for some ¢ > 0. Thus it obliges these banks altogether
to pay back F(1+ 1, +¢) at t = 1, either with corn or with shells,
counting 1 kg corn equivalent to 1 kg shells. There is one equilib-
rium in which this policy is meaningful In this equilibrium if the
aggregate face value of notes deposited with the CB at ¢t = 0 is F
and consequently F'(1+r,) kg shells are created at ¢t = 1, then these

24 A5 shells are fiat money, there is an equilibrium in which no one believes that
shells have real value at ¢ = 1 and thus no one deposits any bank notes with the
CB at t = 0, which makes the policy rate meaningless.
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shells are priced at par (i.e., 1 kg shells worth 1 kg corn) at ¢ = 1.
On the one hand, they can never be priced above par. On the other
hand, shells are not priced below par either. Otherwise, the banks
indebted to the CB would want to use only shells to settle all their
debts. Thus, their aggregate demand for shells would be F'(147,+¢)
kg, but only F(1+ 7,) kg shells are created, insufficient to meet the
demand. The deposit of bank notes with the CB and the creation of
shells, however, will not actually happen in equilibrium. Banks will
pay their note holders the same interest rate of r, (or even a little
more) to stop them from depositing the notes with the CB and avoid
the payment of the even higher interest rate of 7, +¢. As a result
of the policy rate set at r,, therefore, a bank’s note of face value 1
issued at t = 0 is worth 1 +r, at ¢ = 1, and banks that issue notes
of aggregate face value D at t = 0 are in a liability of D(1 +r,) at
t=1.

Having explained how the interest rate policy is conducted in
this economy, we state its effects in the following proposition.

PROPOSITION 6. Suppose G > GF'B.

(i) If workers’ nominal wage adjusts with the policy rate, the
interest rate policy produces no real effects but deflates the
nominal wage to w/(1+rp).

(ii) If workers’ nominal wage stays at w invariant to the CB’s

policy rate, the equilibrium interest rate of bank lending, ﬁ,
increases with the policy rate r,. At a unique value of r,,

R = RFB gnd the first-best allocation is attained. With
the optimal interest rate policy, banks obtain zero profit if
G > G, where G5 = i[(qﬁa + (1 — q)A) — Al(Aca/w)T=
and satisfies G'P < G4 < iG*.

Intuitively, in both the regime of flexible nominal wage and that
of sticky nominal wage, a higher policy rate, by increasing the cost
of deposit, induces the bank to set a higher lending rate in the hope
of shifting the increased cost of deposit to entrepreneurs: r increases
with 7, in both regimes, as shown in the proof. As a result, in both
regimes, a higher policy rate reduces the quantity of bank credit that
entrepreneurs borrow. In the regime of flexible wage, this reduction
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produces no effect on the number of workers they employ because it
is exactly offset by the decrease in the nominal wage that workers
accept. In the regime of sticky wage, by contrast, the nominal wage
stays the same and this reduction in bank credit forces entrepre-
neurs to hire fewer workers. With a proper policy rate, the number
of workers they hire is brought down to the first-best level, that is,
the first-best allocation is attained. The decrease in entrepreneurs’
demand for bank credit subjects banks to stronger competition. As
a result, their profit margin of lending is nullified if their lending
capacity is not too small, that is, if their wealth is not too low—i.e.,
no less than Gj.

The interest rate policy, therefore, works to improve efficiency
over the market equilibrium if and only if the nominal rigidity is
present. However, regulation that sets a lower bound on banks’ cap-
ital adequacy ratio always works to curb the over-lending by banks
(if the CB has the authority for such regulation), as is shown below.

6.2 Capital Adequacy Regulation Always Works

The aggregate face value of money that is needed for entrepreneurs
to hire the first-best number of workers is wLf? := DB, Suppose
the CB imposes the constraint that banks cannot issue more than
DB /G times their wealth, G. Then, this constraint is binding in the
competitive equilibrium if G > GFB because, in its absence, banks
issue more than DB (as R < RP) by proposition 3, and thus
the constraint is violated. The constraint, therefore, is binding, so
banks issue DFP and the first-best allocation is attained. One way
to implement this constraint is to impose at ¢ = 0 a lower bound on
banks’ capital adequacy ratio, which is defined as the equity-to-asset
ratio in market value, that is, (G+Y — D)/(G+Y), where Y is the
value of banks’ loans at t = 0, that is, Y = ¢ x Y + (1 —q) x Y.
Define

FB ._ A.aG + (1 —q)A(l — a)DFB
"~ AeaG + [qAa + (1 — q)A]DFB’

which is the capital adequacy ratio if banks lend the first-best quan-
tity of money (as is shown in the proof of the following proposition).
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PROPOSITION 7. Suppose G > G¥B. If the CB imposes requlation
that restricts banks’ capital adequacy ratio from being smaller than
cFB | then banks issue the first-best quantity of money and the first-
best allocation is attained.

The intuition for why the regulation works is simple: the money
that banks create is their liability. Therefore, the scale of its issuance
is subject to the capital adequacy regulation. If the regulation is
tight, then banks are restricted from over-lending.

7. Conclusion

Banks are special because their liability, especially that in the form
of demand deposit, is widely accepted as a means of payment. Often,
real sectors need to borrow banks’ liability (so-called money or
credit) to obtain resources that they want. This interaction between
the real sectors and the banking sector on competitive markets,
as well as the central bank’s remedy to market inefficiency, is the
focus of this paper. It underlines the importance of banks’ aggre-
gate wealth. Depending on the size of this wealth, there are two
types of inefficiency.

If banks’ wealth is below a threshold, then they issue too lit-
tle money, with symptoms that the interest rate of bank credit
is too high and the sectors that depend on it obtain inadequate
resources. In this circumstance, the central bank can improve effi-
ciency by lending to all banks its fiat money at zero interest rate.
This policy, which bears the flavor of QE, works because of a dif-
ference in nature between bank-created money and fiat money. The
latter is not redeemable, whereas the former bears real obligations
of redemption. Furthermore, the policy induces deflation under the
positive productivity shock. Lastly, while the policy gives to banks
free funding, which they lend out at a positive interest rate, it does
not subsidize them unless their wealth is very low.

If banks’ wealth is above the threshold, on the other hand, banks
lend out too much money, with symptoms that the interest rate of
bank credit is too low and the resources are skewed to the sectors
that highly depend on it. To curb over-lending by banks, the central
bank may set a high policy rate, which, however, works if and only
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if the nominal wage cannot freely adjust with the policy. By con-
trast, the regulation that sets a tight capital adequacy ratio always
works because the money that banks create is their liability, and its
quantity is thus subject to the regulation.

Appendix: The Proofs

Proof of Lemma 1

In equilibrium, only one promised wage, denoted by F', prevails on
the market, as will be shown. Competitive equilibrium is thus defined
as a profile of (F, L), such that

(i) given that F' prevails on the market, the optimal demand for
labor of each entrepreneur is L;

(ii) given that each entrepreneur demands L workers, F' clears
the labor market.

The two conditions are elaborated as follows.
For (i), given F', a representative entrepreneur’s decision problem
on labor demand is

max q(AL* — FL) + (1 — ¢) max(AL® — FL,0),

where the “max” term appears because the entrepreneur might
default in the bad state. That is indeed the case at the optimum.
Otherwise, the entrepreneur’s problem is

mgxq(ZLa —FL)+(1—q)(AL® — FL).

The solution is L = (22 a)l . Then in the bad state his output is
A((AFO‘) -« , which is smaller than F - (AFO‘) , the wage obliga-
tion, because A < A.« as assumed in (1). Hence, he defaults in the
bad state, contradictory to what was supposed.

Defaulting in the bad state, entrepreneurs choose L to maximize
the profit in the good state, AL* — F L. Therefore, given F', the labor

demand is
Ao\ T"
L= (22 . 2
(F) (20)
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For (ii), as there are a lot more workers than entrepreneurs can
hire, the labor market is cleared by an expected wage income of
w, the output of workers in autarky. In the good state, the work-
ers hired get the promised wage, F. In the bad state, entrepreneurs
default and all the output goes to the workers, of which each obtains
AL®

£/~ = AL*"!. The labor market clears if

qF + (1 — Q)AL = w. (21)

Equations (20) and (21) together pin down L“F as given in the
lemma.
Now, show that only one F' prevails on the market If an entre-

preneur posts F', then by (20) he hires L = (42 )1 g workers whose

wage income is F' in the good state and ALY~ ! = ; F in the bad
state. Both increase with F'. Therefore, workers go only to entrepre-
neurs who post the highest F', and in competitive equilibrium, only
one F' prevails.

Q.E.D.

Proof of Lemma 2

Suppose, otherwise, an entrepreneur does not default in the bad
state. Then, his problem is

mgxq(ZLo‘ —E(14+r)+(1—-q)(AL* — E(1+7)) s.t. (3).

From the constraint, E = wL/§. Substitute it into the objective and
let v = w(1 +7)/d. Then, the problem becomes

max A LY —~L.

The solution is L = (Aeoz/v)ﬁ. At this scale, the entrepreneur
will default in the bad state: ALY < E(1 4 7)|p=wL/s;v=w(1+4r)/s &

AL® < yL & ALY™! < 4 1 & A < A.a, which is
L=(Aca/y) ==
assumed in (1)—hence a contraction to what was supposed.

Q.E.D.
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Proof of Lemma 3

As the entrepreneurs all default in the bad state and each hands
over his whole output, y, to the bank, the value of the bank’s loans
in the bad state, Y, equals y times the number of entrepreneurs that
the bank finances, D/E. With y = AL®, and E and L given by (4)
and (5),

¥y _AQ+r)
Aa

Then, Y =y-D/E =D -y/E = A(1+7r)/Aa- D, that is, (8).
QED.

. (22)

&

Proof of Lemma 4
I1(D,r) = By max(G +Y — D,0) — G = Eg max(Y — D, ~G) =

Eg [V + max(~D,~G - V)| - By
[f/ —min(D, G + Y)] = Ey {}7 — D x min(1, G;ﬁ?)} = D x
Ey — min(1, G+Y )], which, with 6 = min(1, GJFTY), equals D x

(¥
D

Ey % 5} = x[ 5+(1—q)%—6],Which,as?:D(1+r)and
D

Y= xf =(1+7), equalsDx[q(1+r)+(1—q) (1+7r)— 5}:
D [ 9]
Q.ED.

Proof of Proposition 2

Proof of proposition 2(i) has been shown in the main text. For propo-
sition 2(ii), prove the “if” part by reduction to absurdity. Suppose
that in one equilibrium, no banks default; namely, (9) is honored for
all banks. Then, for all banks 6 =1 and 1 +r = R|resu1t (i) = RSB,
By (9), each bank issues

A _s5\ _ GlgAa+ (1 —q)A]
DSG/<1_AaRS>_ (Ao—4)

With § = 1 and 147 = RSB, by (4) the demand by entrepreneurs is
E = (qAa+(1 —q)A)ﬁw%. If G < G*, then D < E, that is, the
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supply is below the demand—thus not in equilibrium. To prove the
“only if” part of proposition 2(ii), it suffices to show that if G > G*,
no banks default in the symmetric equilibrium, which is constructed
as follows. Banks all choose r = R°® — 1 and D to satisfy entrepre-
neurs’ demand for notes E = (qAa + (1 — q)A)ﬁw%. With this
value of (D,r), it is straightforward to check that if G > G*, the

no-default condition, (9), is honored and hence no banks default in
the bad state. Q.E.D.

Proof of Proposition 3

Note that, as there is no default, § = 1 and 1 +r = R. In any
equlhbrlum the actual interest rate that all banks offer equals the
market clearing rate, that is, R = R Asl+r=R and 0=1, by

(4), the demand by entrepreneurs is F = [Aa/(Rw )] Ta = E(R),
which decreases with R. Due to the borrowing constraint, (14), and
with R = R, the quantity of notes supply satisfies

A -1
D<,uG<1—Aa§> :zﬁ(ﬁ;G).

Moreover, if R > RSB , the profit margin of lending is positive, banks
want to lend as much as they can, and therefore the constraint is
binding. It follows that the supply function is
0if R < RSP
p(Rc)={ 0.D (B:G)lif R = RS
D (R;G) if k> RS®

The equilibrium value of R is determined by E (ﬁ) =D <§, G) .
For proposition 3(i), if G > iG*, then D (ﬁ, G) > E(}A%) for
R > RSB and D <1§, G) < E(fi) for R < RSB. Therefore, in equi-

librium R = RSB. Hence L = LS8 the second-best allocation is
attained—and the profit margin of lending is 0, both of which hold
in the case of least-fettered issuance.
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If G < iG*, D (R G) < E(R) for R < RSB. Therefore, in
equilibrium R > RSB and is determined by E(R) = D (fi G) or

equivalently, equation (16), replicated below:

G=G{R) =- (AO‘> - : ﬁ. (23)

no\ we R1_a
It is straightforward to show for this function G(-) that G’ < 0,
G(R3P) = %G* and G(Aa/A) = 0.

Furthermore, as all the banks issue D, there is no indeterminacy
in the scale of issuance by individual banks and the equilibrium
uniquely exists. R

To prove proposition 3(ii), let R(G) be the inverse function
of G(R). Then, in the equilibrium R = R(G) if G < iG*. As
G(R) is decreasing, so is ﬁ(G) Moreover, ﬁ(iG*) = RSB and
R(0) = Aa/A because G(RSB) = iG* and G(Aa/A) = 0. With
R = ﬁ, the number of workers hired in equilibrium, by (5), is
L = (Aa/ wR)ﬁ, which decreases with R. Thus, L increases with
G. Moreover, L = L58 at R = RSP which holds if G = %G*. At
the other end, if G = 0, then R= Aa/A. As L is in proportion to

~ 1 S $B . 1
(1/R)7==, we have L = L8 x (R%B/R)T=a = LB x [ijm]l—a =

SB A =
L [an+(1—q)é] '
.D.

Proof of Proposition /

For proposition 4(i), to characterize the equilibrium, observe that
if QE’s scale S is small enough—the threshold for which will
be found later—then R > RSB still holds and rs > 0. That
is, lending bears a positive profit margin. It has two implica-
tions: (a) both notes and shells are lent out; and (b) they are
lent in the maximum quantity, that is, banks’ borrowing con-
straint (15) is binding and all the S units of shells are in
circulation.

From implication (a) it follows that the actual interest rates of

borrowing the two types of money are equalized, and equal to ]?i, the
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market rate. Following the discussion in subsection 3.1, the actual
interest rate of borrowing shells is (1+475)/po, while the actual inter-
est rate of borrowing banks’ notes is 1 + r (since 6 = 1 as banks do
not default). Therefore,

From implication (b), the quantity of notes issued is D =
pG /(1 — %ﬁ). Given that they are not discounted (i.e., 6 = 1)
and the ex ante value of shells per unit is py, the aggregate value
of means of payment supplied is pgS + D, which, when the market
clears, equals the wage payment that entrepreneurs demand to hire
workers:

nG

PO T AR (Aa)

(25)

By (5), the number of workers they hire is

L= <Aa> =3 (26)

w

These four equations (note that (24) has two) together with equa-
tion (18) (which settles pg), as shown below, determine a unique pro-
file of (po, rs, 7, ﬁ, L) in equilibrium—thus, the equilibrium in which
shells circulate exists uniquely. Moving on to show that, we first
derive equations (19). By (24), 1 + r4 = Rpp. Substituting it into
(18) and rearranging, we have

o q
P 1 )A/(Aa) R 27

Substitute it and (26) into (25), rearrange, let # = A/(Aa) - R, and
we come to (19):

() )
<

It is straightforward to verify that (a) F’(0) 0; (b) equation
F(#) = 0 is equivalent to (16). Thus, at S = 0, R = R(G),

F6).  (28)
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where E(G) is the interest rate determined by (16) in proposition 3,
namely the actual interest rate without QE; and (c) at R = RB,
F(%RSB) = S(G). It follows that for any S < S(G), equation (28)
determines a unique R € (RSB, R(G)]; hence S(G) is the thresh-
old that was to be found at the beginning of the proof. After R
is found, it uniquely determines r, L, and py, respectively, through
equations (24), (26), and (27). It also uniquely determines r, by
putting equations (24) and (27) together, which leads to
[qAa + (1 —q)A]R — Aa

T Aa—(1- AR (29)

Therefore, any S € [0, S(G)) pins down a unique equilibrium profile
of (po,rs,T, R, L).

By (29), r, > 0 & R > R & § < S(G). Morcover,
A(l+7,)/(Aa) <1 147, < Aa/Al ) < qR/[1—(1—q)A/(Aa)-
R < Aa/A & R < Aa/Alz g < R(G) < Aa/A, which is
affirmed by proposition 3(ii).

For proposition 4(ii), as F’(#) < 0, we have 6, and thus R,
decrease with S. By property (c) of function F(-) above, R = RSB
at S = S(G). By (29), rs increases with R and rs =0 at R = RSB,
Therefore, rs decreases with S and equals 0 at S = S(G).

Q.E.D.

Proof of Proposition 5

Result (i) is proved in the main text. As for (ii), as G < GFB,
R(G) > RB > RSB Note that R = R(G) at § =0 and R = RSB
at S = S(G). Therefore, there is a unlque S between 0 and S(G)
at which R = RFB and this S equals F( - RFBY by (19). As for
the profit of banks, in the unique equlhbrlum each bank serves N
entrepreneurs and the profit obtained from one of them, 7, is the
difference of the social value of his project minus his profit from it;
that is, 7 = A.L* —wL — V. With L and V given by (5) and (6)
and R = ﬁ,

~ —1

7= <‘i‘“>la (gAa+ (1 —q)A) - R« (R — R°P).
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Note that 7 increases with R for R € [RSB, LRSB]. Define G =
G(LRSB). Then, if G > G, we have R< R(G) < R(G) = LRSB for
any S > 0. Therefore, QE of any S > 0—in particular, the optimal

one—lowers 7 and hence reduces banks’ profit by decreasing R.
Q.E.D.

Proof of Proposition 6

(i) The equilibrium is found in a way parallel to that of propo-
sition 3: first find the demand for notes given R then the
supply, and finally the equlhbrlum value of R. Given R entre-
preneurs hire L = (%) =% RT- workers by (5). With flexible
nominal wage, workers accept a nominal wage of w/(1+ ).
Therefore, the demand for notes is

1

i e
E* (ﬁ) =w <Aa> R .

w 147,
Now consider the supply side. By borrowing face value F,
an entrepreneur hires E(14r,)/w workers, which means that
d = 1+, in equation (3). Hence if a bank charges interest
r, the actual rate of its loans is R = (1 +r)/(1 + ). At the

optimum, all banks offer R = }A%, the market clearing rate. It
follows that

1—{—r:§(1—i—rp).

That is, banks mark up the interest rate on loans to pass the
cost of deposit due to the interest rate policy on to entrepre-
neurs. If a bank issues notes of aggregate face value D, then
at t = 1, with the interest rate policy, its liability to the note
holders is D(1+r,). The equity value in the bad state is thus
G+Y — D(1+1,), which, by the borrowing constraint, cannot
be smaller than (1 —p)G. With Y = %D, this constraint
is equivalent to

D(1+r,) < puG+ MD, (30)

Ao
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~

which, with 14+ r = R(1 + ), is equivalent to

D < 1leGrp (1 — ;11§>1 =D <I§;G).

According to proposition 1, if R = RSB the profit margin
of lending is zero and banks are indifferent in any D, while
if R > RSB, the profit margin is positive and banks want
to lend as much as they can, that is, the above borrowing
constraint is binding. Hence, the supply of notes is

0if R < RSB
D* <}§; G) _}) [0,D (fz; G>] if B RSB
D (ﬁi, G) if R > RSB

Observe that in equation E* <I§> =D <]?i, G), the fac-
tor 1 + r, is canceled out, and the equation is equivalent to
E (ﬁ) =D (}AE, G), where E(-) and D () are the demand
and maximum supply functions of notes in proposition 3,
namely in the absence of the policy. It follows that £* (E) =
l)*(ﬁ;G)ifandonbrﬁl?(ﬁ)::l)<§;G>,whmEAD()is
the supply functions of notes in proposition 3. That is, the
equilibrium R in the presence of the interest rate policy is

the same as that in its absence. Therefore, the interest rate
policy produces no real effects.

In the circumstance where the nominal wage of workers stays
at w invariant to the policy rate r,, if an entrepreneur bor-
rows notes of face value E, he still hires F/w (rather than
E(1 + rp)/w) workers. This implies (a) that the aggregate
demand for notes is wL (rather than wL/(1 + r,)), which
is equalized to the aggregate supply D in equilibrium; and
(b) that the discount factor in (3) is 6 = 1, whereby the
actual interest rate to entrepreneurs is R = 1 + r (rather

than R = (14 7)/(1+7p)). Given R, L = (32)Ta RT« by
~ -1

(5). It follows from implication (a) that D = w(%)ﬁRm.
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At the optimum all banks choose R = R which together with
implication (b) means 1+ 7 = — R. Substitute these into (30)
and banks’ borrowing constraint becomes

()7 [0 -AR) s @

This borrowing constraint is binding if the profit margin of lend-
ing is positive, as before. Given that the workers’ real wage is now
w(1 + rp), the profit to a bank from lending to one entrepreneur
becomes A, L* — w(l + r,)L — V. With L and V as functions of
R = R given by (5) and (6), the profit margin with sticky wage is
[Za/(waﬁ)]ﬁ[ﬁ/RSB — (1 + 7p)]. This profit margin never goes
below 0. Therefore,

1+r, < R/R5P, (32)

which implies that R > RSB,

The equilibrium actual interest rate Ris pinned down by condi-
tions (31) and (32), and the fact that one of them must be binding:
if (32) is not binding—that is, if the profit margin of issuance is
positive—then banks keep issuing notes until the no-default con-
straint, (31), is binding. Note that (31) is equivalent to

147, < ®(R), (33)
where
11—« A
®(R) = '“GLRl % 4 =R, (34)
(Aa) == Aa

and obviously ®(-) > 0, and the inverse function, ®~!(-), exists.
Then in equilibrium, inequalities (33) and (32) hold, and one of
them must be binding. Therefore,

1+ 7, =min <§/RSB, @(E)) .= H(R). (35)

We only need to consider function H (-) over R > RSB,
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CLAIM P6. Over R > RSP, if G > 1G*, H(R) = R/R5F; and if
G < ﬁG*, then

~ [ ®®R)if R<R*
H(R)_{ R/RSB if R > R* }

where

uG
Proof. Let x(R) = ®(R) — R/R%B for R > 0. Then x(R) = 0 has
two roots: 0 and R*. Then (a) R* > RS if and only if G < iG*;
(b) x <0 for R € (0,R*) and x > 0 for R > R*, because x'(0) < 0.
These two results lead to the claim. Q.E.D.

” (36)

With help of the claim, we solve R as a function of rp from (35)
as follows. If G > %G*, R=R%(1+r,). IfG< iG*, then

B o~ (1+7“p)1frp<7“
RSB (1 +41p) if r, > ’

where 7 = R*/R55 —1, which, as x(R*) = 0, also equals ®(R*)—1;
hence r;j >0 R*>RBaGE< iG*.

In both cases, R increases with the policy rate r, to infinity. And
at r, = 0, namely in the absence of the CB’s intervention, R < RFB
in this circumstance of banks over-lending. Therefore, there exists a
unique policy rate at which R = RFB and the first- best allocation
is attained.

Banks obtain zero profit if the non-negative profit constraint,
(32), is binding, namely H (R) = R/RSB, which, by claim P6, is
the case if R > R*. With the optimal policy rate, R = RFB_ and
hence banks obtain zero profit if RF? > R*, which is equlvalent to
G >G4 := i[(qumL(l—q)A)—A](Aea/w)ﬁ. It is straightforward
to check that GB < G, < %G*. Q.E.D.

Proof of Proposition 7

According to the discussion of subsection 3.2, Y = D(1 +r) and
Y = A/(Aa)xD(14r). Therefore, Y = [q+(1—q)A/(Aa)] x D(1+7).
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Moreover, at the optimum, banks all offer 1 +r = R. Tt follows that
if banks issue D, the capital adequacy ratio is

o GH{la+ (- 9)A/(Aa)|R ~ D
G+la+(1-qA/(Aa)]RD

If banks’ issuance is at the first quantity and the first-best allocation
is attained, then D = DB and R = R in the above formula and
the capital adequacy ratio equals

FB . Ac.aG + (17— QA1 — a)DFB .
AcaG + [qAa+ (1 — q)A]DFB

The regulation restricts ¢ > ¢Z. To prove the proposition, it
suffices to show that this restriction is equivalent to D < DFB,
the constraint which, as we saw in the main text, will lead to the
first-best allocation. This equivalence follows from two observations:

(i) ¢ = P if D = DFP and (ii) ¢ decreases with D because
c = D = ¢(D, R) and moreover, 8% <0

 G+la+(1-q)A/(Aa)]RD
and ST% > 0 while R decreases with D.

Q.E.D.
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The macroeconomic effects of capital shortfalls in the finan-
cial intermediation sector are compared across five dynamic
equilibrium models for policy analysis. Although all the mod-
els considered share antecedents and a methodological core,
each model emphasizes different transmission channels. This
approach delivers model-based confidence intervals for the real
and financial effects of shocks originating in the financial sec-
tor. The width of 90 percent confidence interval for the GDP
response to a banking-sector shock produced by a VAR is
comparable to the range of outcomes featured in our model-
comparison exercise.

JEL Codes: E32, E44, EAT.

1. Introduction

The financial crisis has proved a catalyst for academic research to
incorporate financial frictions and an explicit role for an interme-
diation sector in a general equilibrium framework. In addition, the
crisis has reignited the interest in the causes and consequences of
shocks affecting the balance sheet of banks, as shown for instance
by the increased reliance on regulatory stress tests as an instrument
of macroprudential policy.

*We thank Joe LaBriola for excellent research assistance. The views expressed
in this paper are solely the responsibility of the authors and should not be inter-
preted as reflecting the views of the Board of Governors of the Federal Reserve
System or of any other person associated with the Federal Reserve System.
Corresponding author (Iacoviello) e-mail: matteo.iacoviello@frb.gov.
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In this paper, we argue that this research can offer insights into
the propagation of capital shortfalls in the intermediation sector to
the rest of the economy. Some of this research has been mirrored
and expanded at the Federal Reserve Board by different groups of
economists. This paper includes models developed by five of these
groups. Our original contribution lies in the meta-analysis of results
from the different models rather than in the formulation of the mod-
els themselves]Y Although all the models presented share common
antecedents and a common methodological core, they have evolved
in complementary directions. Accordingly, comparisons of simulation
results from these models, with an eye to identifying the structural
features chiefly responsible for quantitative differences, can provide
a useful assessment of the spillover effects of shortfalls in capital to
the rest of the macroeconomy. Moreover, to the extent that quanti-
tative models are needed for policy analysis, and to the extent that
different models give starkly different quantitative predictions, it is
useful to investigate the origins of these differences.

Each of the models presented emphasizes different aspects of the
nexus between a financial sector and the rest of the economy.

(i) The model by Ilacoviello allows two financial frictions to
coexist in that both bankers and entrepreneurs are con-
strained in how much they can borrow from patient savers.
A key feature of the model is that entrepreneurs own com-
mercial real estate, which enters the production function for
final goods and which can be posted as collateral against
loans.

(ii) The model by Covas and Driscoll also features credit con-
straints on bankers and entrepreneurs. In addition, a corpo-
rate sector is included so that the banking sector need not
fund the entire economy. A key distinction of their approach
is that the model is solved with global non-linear methods,
rather than by a linear approximation that imposes that all
credit constraints are always binding.

'Each of the five models in this paper is described more fully in related work
cited below.
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(iii) The model by Kiley and Sim is set up to study the interac-
tion between financial frictions and monetary policy. In all
the models covered here, financial intermediaries have access
to debt markets and retained earnings. In addition, a key
feature of the model developed by Kiley and Sim is that
financial intermediaries can access external equity markets
to finance their investments, which allows them an explicit
treatment of dilution costs related to the expansion of exter-
nal equity.

(iv) The interaction between inside and outside equity is also at
the center of Queralto’s model. An agency problem justifies
the constraints on borrowing faced by the financial sector in
his model. The agency problem is devised in such a way that
financial intermediaries face a tradeoff between short-term
debt and outside equity. In turn, this endogenous tradeoff is
affected differently by different sources of fluctuations.

(v) Finally, the model developed by Guerrieri and Jahan-Parvar
is geared to the analysis of monetary policy and takes into
account the zero lower bound on nominal interest rates. A
salient characteristic of the model is the interaction between
two groups of firms. One group of firms can only raise exter-
nal funds through financial intermediaries, while the other
group of firms has direct access to financing from households.

To facilitate comparisons across models, each of the self-
contained model sections to follow considers one particular form of
capital shortfall, namely a transfer of funds from the banking sector
to the household sector. This transfer takes place in a lump-sum
fashion and does not distort at the margin the actions of the house-
hold sector. Accordingly, it could also be thought of as a shock that
simply destroys some assets on the balance sheet of the banking
sector. While each model has features that can be used to analyze
a plethora of distinct financial shocks, the baseline transfer shock
has the virtue of being easily implemented and comparable across
all models. In addition, the baseline transfer shock is a initially a
“pure” financial shock in that it does not imply, per se, the deple-
tion of real resources. In that respect, it is fair to characterize the
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macro repercussions as “spillover effects” from the financial sector
to the rest of the macroeconomy.

Each model section presents results for the evolution of key macro
variables, such as aggregate output, consumption, and investment.
It also reports some key financial variables, such as bank capital and
spreads between interest rates on deposits and on loans.

Rather than coordinating on the same structural parameters
across different models, each model adopts a parameterization best
suited to its specific features. Sensitivity analysis with respect to
key parameters focuses on plausible changes in calibration that can
result in large differences in macro outcomes. From this sensitivity
analysis, we learn, for instance, that the choice of labor supply elas-
ticity, while having very little bearing on financial outcomes, can
exert an outsize influence on the macro spillover effects of financial
shocks. More broadly, we highlight that features unrelated to the
modeling of financial frictions can be just as important in determin-
ing the macroeconomic impact of financial shocks as specific aspects
of the financial frictions.

In addition to the effects of the baseline transfer shock, each
model section presents the effects of a distinct financial shock that
leads to a shortfall in capital for the banking sector, e.g., a housing
shock or a change in capital requirements. These additional shocks
are calibrated to produce a capital shortfall that is comparable to
that of the transfer shock. Because each distinct shock considered
has different propagation channels, this exercise provides additional
insights on the mechanisms by which financial shocks affect the
macroeconomy.

Our model comparisons can deliver “model-based confidence
intervals” relative to the effects of financial shocks. The results are
informative about the importance of different modeling approaches
in influencing the quantitative implications of standardized shocks.
Moreover, the sensitivity analysis regarding parameter choices is
meant to produce envelope results relative to the possible spillover
effects of capital shortfalls. By harmonizing the calibration of the
different models, we confirmed that the differences in results high-
lighted are extant economic differences, rather than differences
merely driven by plausible alternative calibrations. Finally, the com-
parison of shocks other than the baseline transfer shocks across
models reinforces the intuition that the underlying causes of a
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capital shortfall in the financial sector are important in predicting
the subsequent spillover effects to the rest of the economy

The rest of the paper proceeds as follows. Section 2 describes the
calibration of the baseline transfer shock. Each of the sections from
3 to 7 describes results from individual models. Section 8 provides a
horizontal comparison of the effects of the baseline transfer shocks
across models. Section 9 concludes. An online appendix, available
at http://www.ijcb.org, provides additional details on each of the
models.

2. Calibration of the Baseline Transfer Shock

In order to provide informative comparisons across the linear and
non-linear models considered, the calibration of the size for the base-
line transfer shock is chosen to be large but empirically realistic. We
consider a transfer shock in line with the results from the stress
tests for the U.S. banking sector mandated by the Financial Reform
Act. These stress tests, whose main goal is to assess the solvency of
the banking system in the face of rapidly deteriorating macroeco-
nomic conditions, provide useful information regarding the magni-
tude of empirically relevant capital shortfalls. We use the results for
the Comprehensive Capital Analysis and Review (CCAR) of 2013.
According to these results, under a severely adverse scenario for the
U.S. economy, total projected losses of the eighteen bank holding
companies included in the stress test amounted to a cumulative total
of $462 billion for the nine quarters from 2012:Q4 through 2014:Q4.
For context, these losses are conditional on a scenario designed to
be comparable to the Great Recession

These losses amount to about 3 percent of 2012 GDP. Only the
top eighteen banks by assets were included in the stress-test exer-
cise. To calibrate the baseline transfer shock to capture plausible
losses for the entire banking system and not just the largest banks,

2As pointed out in Wieland et al. (2012), model comparison exercises have
helped produce influential insights, such as the robustness of the Taylor rule
across many models, but are infrequent and costly, because they require the
input of many teams of researchers.

3Cumulative losses are disclosed in a press release issued by the Federal
Reserve, available at http://www.federalreserve.gov/newsevents/press/bcreg/
dfast_2013_results_20130314.pdf.
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we scale up the magnitude of the transfer to reflect that the CCAR
banks account for about 60 percent of banking assets (the sum of
assets of depository institutions and bank holding companies in the
flow of funds). Furthermore, a second rescaling is applied to reflect
that traditional banks account for about two-thirds of the asset of
the banking sector, defined as traditional banking institutions in
addition to bank-like institutionsH

Accordingly, the baseline transfer shock entails a reduction in
assets equal to 7.5 percent of GDP (=3%/0.6/0.66) cumulatively
over the first nine quarters following the transfer. The shock is
phased in using an autoregressive process of order 1 with a per-
sistence equal to 0.9. The desired cumulative transfer over nine
quarters is used to pin down the initial innovation to the shock
process (roughly 1.2 percent of GDP). Given these choices, after ten
years, the total cumulative transfer amounts to about 12 percent
of GDP.

3. Matteo Iacoviello: An Estimated Model of Banks
with Financing Frictions

3.1 Model Description

The economy in lacoviello (2015) features four agents: patient
households (savers), impatient households (borrowers), bankers,
and entrepreneurs. In the following, we present key elements of
Tacoviello’s model abstracting from a variety of frictions—such
as habits, adjustment costs, and variable capital utilization—
that bolster the empirical realism of the model. The full model
description (including the calibrated parameters for the exercises

4The share of assets of traditional banking institutions is derived from
the following flow of funds series: 1 — ((FL704090005.Q + FL734090005.Q) /
((FL413065005.Q + FL674090005.QQ + FL614090005.Q + FL664090005.Q +
FL504090005.Q) + (FL704090005.Q + FL734090005.Q))), that is: 1 — ((Total
Financial Assets of Private Depository Institutions + Total Financial Assets
of Holding companies)/((Agency- and GSE-backed mortgage pools; total mort-
gages; asset + Issuers of asset-backed securities; total financial assets + Finance
companies; total financial assets + Security brokers and dealers; total finan-
cial assets + Funding corporations; total financial assets) + (Total Financial
Assets of Private Depository Institutions + Total Financial Assets of Holding
companies))).
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below) can be found in the online appendix accompanying this
paper.

Each agent has a unit mass/ Households work, consume and
buy real estate, and make one-period deposits into a bank. The
household sector in the aggregate is the net saver. Entrepreneurs
accumulate real estate, hire households, and borrow from banks.
In between the households and the entrepreneurs, bankers inter-
mediate funds. The nature of the banking activity implies that
bankers are borrowers when it comes to their relationship with
households, and are lenders when it comes to their relationship
with the credit-dependent sector—entrepreneurs—of the economy.
Tacoviello designs preferences in a way that two frictions coexist
and interact in the model’s equilibrium: first, bankers are credit
constrained in how much they can borrow from the patient savers;
second, entrepreneurs are credit constrained in how much they can
borrow from bankers.

Entrepreneurs own housing Hg ¢, priced at g;, which, combined
with household labor, is used by final good firms to produce the final
output Y;. They are subject to a borrowing constraint of the form

Legs <mgk} <RQt+1 HE,t) —mNWhNg . (1)
Et+1

Here, Lg; are loans that banks extend to entrepreneurs (yield-
ing a gross return Rpg,). The borrowing constraint states that
entrepreneurs cannot borrow more than a fraction mpyg of the
expected value of their housing stock, discounted by the inter-
est rate. The constraint also stipulates that a fraction my of the
wage bill Wg +Ng,; must be paid in advance. Entrepreneurs dis-
count the future more heavily than households and bankers: this
assumption guarantees that the borrowing constraint will bind
in a neighborhood of the steady state. Denoting with Ag; the
Lagrange multiplier on the borrowing constraint, and with ucpg ¢

SExcept for the introduction of the banking sector, the model structure closely
follows a flexible price version of the basic model in Iacoviello (2005), where
credit-constrained entrepreneurs borrow from households directly. Here, banks
intermediate between households and entrepreneurs.
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the entrepreneur’s marginal utility of consumption, the first-order
condition for loans is

(1= Xgt)ucet = PEE(RE t+1UCE1+1)- (2)

This first-order condition shows that the credit constraint intro-
duces a wedge in the intertemporal optimization condition of the
entrepreneur. Additionally, when this first-order condition is com-
bined with the entrepreneur’s factor demands for Ny and Hg, the
borrowing constraint acts as a tax not just on the demand for credit
but also on the demand for the factors of production.

The other key agents in the model are the bankers, who solve
the following problem:

o0
max Z B log Cp 4,
t=0

where Op < [y, and where By is the household’s discount factor,
subject to

Cpit+Ruyi—1Di—1+Lgs =D+ RgLpi—1 — &, (3)

where D, denotes household deposits (yielding Ry ), L+ are loans
to entrepreneurs, Cp; is bankers’ consumption, and &; are loan
losses suffered by bankers in the conduct of their business. This
formulation is analogous to a formulation where bankers maxi-
mize a convex function of dividends (discounted at rate Sp), once
Cp is reinterpreted as the residual income of the bankers, after
depositors have been repaid and loans have been issued. Iacoviello
assumes that bankers are constrained in their ability to issue lia-
bilities by the amount of equity capital in their portfolio. This
constraint can be motivated by regulatory concerns or by stan-
dard moral hazard problems. Letting Kp; = Lg; — & — Dy
denote bank capital at the end of the period (after loan losses
caused by transfer shocks have been realized), a capital require-
ment can be reinterpreted as a standard borrowing constraint,
such as

Dy <vg (Lpt —€t). (4)
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Above, the left-hand side denotes banks’ liabilities D;, while the
right-hand side denotes which fraction of each of the banks’ assets
can be used as collateral.

Let mp,; = BpE; ( COp.¢ ) denote the bankers’ stochastic dis-

CB,t+1
count factor, and let Ap; denote the multiplier on the bankers’
capital requirement. The optimality conditions for deposits and
loans are, respectively,

1-—- )\B,t =L (mB,tRH,t) 5 (5)
1 —vpAp:t = Ey (mp1RE141) - (6)

The interpretation of the two first-order conditions is straightfor-
ward. Consider the ways that bankers can increase their consump-
tion by one extra unit today:

(i) Bankers can borrow from households, increasing deposits D,
by one unit today: in doing so, the banker reduces its equity
by one unit, thus tightening the capital requirement one-for-
one and reducing the utility value of an extra deposit by Ap ;.
Overall, today’s payoff from the deposit is 1 —Ap ;. The next-
period cost is given by the stochastic discount factor times
the interest rate Ry.

(ii) Bankers can consume more today by reducing loans by one
unit. When lending less, bankers face a tighter capital require-
ment, since the reduction in loans mechanically translates
into a reduction in equity. The utility cost of tightening the
borrowing constraint through lower loans is equal to YA ;.
Intuitively, the higher the value of loans as collateral for the
bank activity (the higher vg is), the larger is the utility cost
of not making loans. Overall, today’s cost of making a loan is
1—~EAB,+. The next-period benefit is given by the stochastic
discount factor times the interest rate Rg.

For bankers to be indifferent between collecting deposits (bor-
rowing) and making loans (saving), the returns across assets must
be equalized. Given that Ry is determined from the household prob-
lem, bankers will be borrowing constrained, and Ap will be positive,
so long as mp ¢ is sufficiently lower than the inverse of Ry . In turn,
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if Ap is positive, the required return on loans Rg will be higher,
the lower g is. Intuitively, the lower g is, the lower is the liquid-
ity value of loans in relaxing the bankers’ borrowing constraint, and
the higher is the compensation required by bankers to be indifferent
between lending and borrowing. Moreover, loans will pay a return
that is (near the steady state) higher than the cost of deposits,
since, so long as vg is lower than one, loans are less liquid than the
deposits.

The bankers’ capital requirement on the one hand, and the entre-
preneurs’ credit constraint on the other, create a wedge between
steady-state output in absence of financial frictions and output when
financial frictions are present. The capital requirement on banks lim-
its the amount of savings that banks can transform into loans. Like-
wise, the credit constraint on entrepreneurs limits the amount of
loans that can be invested for production. Both forces lower steady-
state output.

3.2 Transfer Shock

Analogous forces are also at work for shocks that move the econ-
omy away from the steady state, to the extent that these shocks
tighten or loosen the severity of the borrowing constraints. To illus-
trate their importance, consider the dynamic effects of a transfer
shock €;. An interpretation of this shock is that it captures losses
for the banking system caused by a wave of defaults. Figure 1 plots
a dynamic simulation for the model economy. The stochastic process
for &; follows:

gt = 0.981571 + L. (7)

The transfer shock is calibrated as already discussed in section 2.
The shock impairs the bankers’ balance sheet, by reducing the value
of bank assets (total loans minus loan losses) relative to the lia-
bilities (household deposits): at that point, in absence of any fur-
ther adjustment to either loans or deposits, bankers would have
a capital asset ratio that is below target. Bankers could restore
their capital-to-asset ratio either deleveraging (reducing deposits
from households) or reducing consumption in order to restore the
equity cushion. If reducing consumption is costly, bankers reduce
loans and give rise to a vicious, dynamic cycle of reductions in
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Figure 1. Transfer Shock in Iacoviello’s Model
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both loans and deposits, which propagates the credit crunch. In
particular, the decline in loans to the credit-dependent sector of
the economy (entrepreneurs) acts as a drag on consumption and
productive investment. It drags investment down because credit-
constrained entrepreneurs reduce their real estate holdings and
labor demand as credit supply is reduced. And it drags consump-
tion down because the decline in labor demand and the reduc-
tion in entrepreneurial investment induce a decline in total out-
put. All told, GDP declines almost 5 percent after about one
year

3.3 Robustness Analysis

Figure 2 presents robustness analysis around the baseline parameter-
ization. In the benchmark case, labor supply elasticity is 2, and the
capital share of credit-constrained entrepreneurs is about one-half. A
higher labor supply elasticity and capital share of constrained entre-
preneurs both work to reinforce, as one would expect, the effects of
a shock to bank capital. A lower labor supply elasticity (slightly less
than 1) and a 25 percent share of credit-constrained entrepreneurs
both work to reduce the magnitude of the decline in output from 5 to
3 percent. Conversely, a higher labor supply elasticity (around 5) and
a 75 percent share of credit-constrained entrepreneurs concomitantly
boost the decline in economic activity from 5 to 7 percent.

Figure 3 considers the effects of another shock that endogenously
leads to a reduction in bank capital, namely a decline in hous-
ing prices. Through a decline in lending activity, consumption, and
investment, the shock to housing prices leads to a reduction in bank
capital, even in the absence of direct shocks to bank capital (such as
those taking place with the transfer shock). When the housing price
shock is sized to reduce bank equity by 10 percent (namely, the same
percent decline in bank equity following the transfer shock), aggre-
gate output falls by approximately 4 percent, slightly less than in
the case of the transfer shock.

5An additional force that reduces output in the wake of a transfer shock is
a negative wealth effect on labor supply for the households who receive funds
from the bank. This effect contributes to less than one-quarter of the decline in
output.
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Figure 2. Transfer Shock in Iacoviello’s Model:
Robustness Analysis
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Figure 3. Transfer Shock vis-a-vis a Housing Price Shock
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4. Francisco Covas and John Driscoll: A Non-linear
Model of Borrowing Constraints

4.1  Model Description

The model of this section is also described in Covas and Driscoll
(2013). That paper evaluates the aggregate effects of imposing a
liquidity coverage ratio requirement in addition to a risk-based cap-
ital requirement on the banking sector. Covas and Driscoll sketch
key features of their model belowE The model is based on that of
Aiyagari (1994), in which a continuum of heterogeneous workers are
subject to idiosyncratic labor income risk under the presence of a
borrowing constraint. In addition, the model adds heterogeneous
entrepreneurs who face investment risk under the presence of a bor-
rowing constraint and heterogeneous bankers which are subject to
profitability risk and a capital requirementﬁ The model with work-
ers and entrepreneurs is very similar to the model specifications used
by Angeletos (2007) and Covas (2006). The banker’s problem is sim-
ilar to the partial equilibrium setup analyzed by De Nicolo, Gamba,
and Lucchetta (2013). The key frictions in the banking sector are
the capital requirement and the inability of bankers to issue out-
side equity, that is, all the increase in equity occurs via retained
earnings. The combination of these two frictions and the fact that
entrepreneurs are assumed to be bank dependent creates a setting
in which the Modigliani-Miller theorem does not applyﬁ As a result,
an exogenous shock to bankers’ equity leads to adjustments in the
supply of credit by banks and loan spreads, with corresponding real
effects.

"The full model description (including the calibrated parameters for the
exercises below) can be found in the online appendix accompanying this
paper.

8To better preserve comparability with the other models, for the simulations
below the liquidity requirement is not included.

9The assumption of bank dependence for the entrepreneurial sector is in accor-
dance with the literature on the credit channel of monetary policy, which also
assumes that some firms, particularly smaller ones, do not have the same amount
of access to other forms of finance.
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Workers supply one exogenous unit of labor to the entrepre-
neurs and a corporate sector. They are subject to labor produc-
tivity shocks that affect their earnings. They choose consumption,
deposits, and asset holdings to maximize utility subject to a bor-
rowing constraint. Entrepreneurs can invest in an individual-specific
risky technology and in riskless securities. They supply one exoge-
nous unit of labor to their entrepreneurial businesses and also to
the corporate sector. Entrepreneurs choose consumption, invest-
ment, and loans (from the banking sector) to maximize lifetime
utility subject to a borrowing constraint. The reliance on bank
loans as a form of finance and the presence of a borrowing con-
straint violate the Modigliani-Miller theorem for the entrepreneur-
ial sector, in which changes in the quantity and price of bank
loans force entrepreneurs to chance the consumption and investment
choices.

Bankers hold loans and riskless securities; the latter, which are
assumed to be in positive net supply, may also be used to fund
loans, and therefore net securities holdings may be negative. Loans
mature at a constant rate and have a constant servicing cost; to
capture the illiquidity of loans relative to securities, banks pay
(asymmetric) adjustment costs to changing the quantity of loans
outstanding. In addition, loans and other banking activities gen-
erate non-interest income which is a concave function of the size
of the loan portfolio and is subject to idiosyncratic profitability
shocks. Loans are funded through deposits and equity. Banks face a
risk-based capital constraint, in which the amount of equity must
be at least equal to a risk-weighted sum of loans and securities
(the latter of which has a zero risk weight). Bankers maximize
utility subject to the above constraints. In equilibrium, banks will
choose to hold a (precautionary) buffer of equity capital above the
requirement; however, the capital constraint may still bind for some
banks. As mentioned earlier, bankers are not allowed to issue out-
side equity, and the increase in capital has to be done via retained
earnings.

The model is completed by a corporate sector, which produces
output with capital supplied by workers and labor supplied by both
workers and entrepreneurs. This sector is included so that the bank-
ing sector need not fund the entire economy.
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Table 1. Selected Moments of Covas and Driscoll’s Model

Moments Data Model
Tier 1 Capital Ratio 10.0 9.7
Share of Constrained Banks 0.1 0.3
Leverage Ratio 7.0 6.3
Adjusted Return on Assets, % (AR) 2.9 3.4
Cross-Sectional Volatility of Adjusted 1.3 14
Return on Assets
Safe Assets Held by Banks, % 33.1 34.4
Ratio of Interest Income to Non-interest Income 1.3 0.3
Share of Non-interest Expenses 3.0 8.5
Return on Securities, % (AR) 0.5 0.5
Loan Rate, % (AR) 4.0 4.1
Consumption to Output 0.7 0.7
Banking Assets to Output 0.9 1.2
Safe-to-Total Assets 0.3 0.3
Memo: Deposit Rate, % (AR) 0.1 0.1

Notes: Moments are based on sample averages using quarterly observations between
1997:Q1 and 2012:Q3, with the exception of the percentage of safe assets held
by banks, which is only available starting in 2001:Q1, and averages for the ratio
of interest income to non-interest income and banking assets to output are cal-
culated only for the period after the fourth quarter of 2008 when investment
banks became bank holding companies. The adjusted return on assets is defined
as net income excluding income taxes and salaries and employee benefits. The per-
centage of safe assets held by banks includes all assets with a zero risk weight
plus assets with a 20 percent risk weight. The sample includes all bank hold-
ing companies and commercial banks that are not part of a BHC, or that are
part of a BHC which does not file the Y-9C report. The share of constrained
banks is estimated using banks’ responses in the Senior Loan Officer Opin-
ion Survey and reported by Bassett and Covas (2013). The safe-asset share is
obtained from Gorton, Lewellen, and Metrick (2012). All interest rates reported are
annual.

In steady-state equilibrium, the loan, security, and deposit mar-
kets clear, factor prices equal marginal products, and distribu-
tions of agents’ characteristics are invariant. The model is cali-
brated so that parameters from the bankers’ problem match certain
moments from bank holding company Call Report data as sum-
marized in table 1. A summary of the calibration of the model is
provided in the online appendix. The model is solved numerically
by iterating the policy function over time, as in Coleman (1990).
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Table 2. Details of the Transfer Shock in Covas and
Driscoll’s Model

Sector Year 1 Year 2
Workers 0.9 0.6
Entrepreneurs 0.2 0.2
Bankers -37.3 —24.5

Note: Entries in the table denote the size of transfer in each year as a percent of the
steady-state level of wealth of each sector.

The steady-state solution also solves for the loan rate, the return
on securities, and the capital-labor ratio of the corporate sector
using a quasi-Newton method. Finally, the simulation results pre-
sented below are based on transition dynamics which simulate the
evolution of the density function for each sector using the opti-
mal policy functions and the time path for the loan rate, the
return on securities, and the capital-labor ratio of the corporate
sector.

4.2 Transfer Shock

The baseline simulation reports the effects of a transfer of wealth
from bankers to entrepreneurs and workers equivalent to 7.5 per-
cent of steady-state output, in line with the calibration of the shock
discussed in section 2. Furthermore, we assume that 60 percent of
the transfer occurs in the first year, and 40 percent in the sec-
ond year (hewing closely to the quarterly autoregressive progress
with a coefficient of 0.9 as for the other models in this paper).
The transfer of wealth between the three sectors is assumed to
be unexpected in both years. Table 2 gives the size of the trans-
fer in each year relative to the level of steady-state wealth of each
sector.

The large reduction in bankers’ wealth drives down bank equity
by about 35 percent in the first year and 50 percent in the second
year, as seen in figure 4. This generates a reduction in the aver-
age tier 1 ratio of 300 basis points in the first year and 70 basis
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Figure 4. Transfer Shock in the Covas/Driscoll Model
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points in the second year. Despite the larger decrease in wealth in
the second year, the decrease in the tier 1 ratio is lower in the sec-
ond year because the large majority of banks have a binding tier
1 capital ratio which cannot go below 6 percent. In order to meet
the capital requirement, banks slash consumption (i.e., dividends)
by 40 percent in the first year and 60 percent in the second year,
reduce loan outstandings by about 8 percent in the first year and
23 percent in the second year, and increase holdings of securities
by 10 and 35 percent in years 1 and 2, respectivelyl™] The abrupt
reduction in loans hinges partially on the assumption that bankers
do not have access to outside equity and in our model all equity
capital accumulation is done via retained earnings. The magnitude
of the transfer shock would likely be dampened if banks had access
to outside equity or started the exercise with a larger capital buffer.
The reduction in the supply of loans by banks causes the loan rate to
increase by about 30 basis points in the first year and 65 basis points
in the second year, and, similarly, the rate on securities to fall by
40 and 110 basis points, respectively. The change in these two inter-
est rates combined implies that the loan spread would increase by
70 basis points in the first year and 170 basis points in the second
year.

The transfer shock initially benefits the entrepreneurs, with both
wealth and consumption increasing by small amounts for the first
two years. However, the increase in the loan rate reduces investment
by entrepreneurs and causes their wealth and consumption to fall in
subsequent years. As a result, entrepreneurs’ capital and holdings of
securities fall, as do their labor demand and output. Investment is
initially negative, before rising as the economy returns to its steady
state.

Throughout the transition period, workers are better off, as they
receive the benefit of increased wealth without incurring the direct
cost of higher loan rates since they do not borrow from banks. In
response to an increase in wealth, workers increase consumption and
savings. Some of the increase in savings is done through the accumu-
lation of capital that is rented to the corporate sector, whose output
rises as a result.

9Based on Call Report data, total loans at commercial banks declined by 10
and 6 percent in 2009 and 2010, respectively.
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In the aggregate, consumption and output both fall by about
3 percent in the second year of the transfer shock, and investment
declines by about 1 percent. The decline in investment is less pro-
nounced relative to the decline in outt because of the large boom

in investment in the corporate sector

4.8  Sensitivity Analysis

A key feature of the model is the capital requirement for bankers.
As shown in table 1, the capital requirement constraint binds for
about one-third of banks in the steady state. The capital con-
straint is the key friction in the banking sector, and for that
reason we conduct two types of sensitivity analysis. In the first
exercise, we reduce the fraction of capital-constrained bankers to
about half of the steady-state share. We do so by increasing the
discount factor of bankers, which increases the size of the capi-
tal buffer above the minimum capital requirement. In the second
exercise, we also increase the amount of equity held by bankers.
However, we do so by raising the capital requirement, and so the
capital buffer above the minimum remains relatively unchanged.
We show in figure 5 that these two experiments generate different
sets of aggregate responses, and we conclude that the key driver
of bankers’ responses following the transfer shock is the share of
capital-constrained banks.

Reducing the share of capital-constrained banks reduces the
effects of the transfer shock—output and consumption now both
decline by about 0.6 percent in the first year and 1 percent in the
second year. Since bankers have larger capital buffers when the trans-
fer shock occurs, the responses of bank loans and the correspond-
ing interest rate are considerably less pronounced in this case. In
particular, the transfer shock now increases the loan rate only by
20 basis points, and the return on securities declines by 10 basis

"This result is a bit counterintuitive. The reason is that the transfer shock
is very large and bankers cannot absorb more deposits because the capital con-
straint binds for almost all banks. In equilibrium, workers invest even more in
the corporate sector. In the next section, we reduce the share of constrained
banks and get the standard result that the response of investment is larger (more
negative) than the response of output.
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Figure 5. Transfer Shock in the Covas/Driscoll Model:
Robustness Analysis
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calibration.
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points. As a result, the spillover effects of the shock in the banking
sector to the entrepreneurial and worker sectors are considerably
smaller.

Finally, increasing the size of the capital requirement and requir-
ing bankers to hold more equity prior to the transfer shock generates
very similar responses in aggregate output and consumption relative
to the baseline case. This suggests that the key mechanism in this
model is driven by likelihood of banks to be capital constrained and
not the level of equity held by banks. An important assumption
in the model is that banks are not allowed to violate the capital
requirement of 10 percent. Taken together, these two experiments
suggest that allowing banks to go below the capital requirement at
the same time the transfer shock occurs would yield sizable wel-
fare gains relative to the case in which capital requirements are left
unchanged.

4.4 Responses to an Alternative Shock Affecting the Balance
Sheet of Banks

A final alternative looks at the effect of another shock: a reduction
in bank revenues. In particular, we model the decrease in bank rev-
enues by assuming a persistence shock to the non-interest component
of bank revenues. Bankers are assumed to have perfect foresight of
the shock. The shock is calibrated so that the change in wealth of
bankers is roughly the same as the change of wealth induced by the
transfer shock in the baseline calibration.

As seen in figure 6, the effect of the revenue shock reduces aggre-
gate output by about 5 percent in the first year and 4.5 percent
in the second year, which is considerably more than the response
found above for the case of the transfer shock. This is not sur-
prising since in this exercise bankers’ wealth is no longer trans-
ferred to the entrepreneurial and workers’ sectors. As a result,
the reduction in output driven by the entrepreneurial sector is
not partially offset by the increase in output in the corporate
sector. Finally, consumption falls by substantially less—bottoming
out at about a 3 percent reduction since bankers have perfect
foresight of the shock and are able to smooth consumption more
effectively.
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Figure 6. Transfer Shock vs. Bank Revenue Shock
in the Covas/Driscoll Model
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5. Michael Kiley and Jae Sim: Intermediary Leverage,
Macroeconomic Dynamics, and Macroprudential
Policy

5.1 Model Description

Kiley and Sim (2013, KS below) study the nexus between macro-
prudential policy and monetary policy. To that end, Kiley and
Sim develop a macroeconomic model in which the financial inter-
mediaries mix debt and equity capital to finance their invest-
ments subject to financial frictions that make intermediary choice
of capital structure deviate from the Miller-Modigliani theorem
within an otherwise standard dynamic general equilibrium model
of the type used in monetary policy analysis such as that found
in Smets and Wouters (2007). Thus, the capital structure of inter-
mediaries in KS is optimized to balance the benefits of lever-
age and the costs of bankruptcy under the costly recapital-
ization option rather than being imposed by a regulatory fiat,
a feature that helps explain the role of an unregulated finan-
cial sector in the propagation of macroeconomic shocks. The
description below sketches the main details of the model and its
calibration['?

The model economy consists of (i) a representative household,
(ii) a representative firm producing intermediate goods, (iii) a con-
tinuum of monopolistically competitive retailers, (iv) a represen-
tative firm producing investment goods, and (v) a continuum of
financial intermediaries. A key assumption that makes the model’s
asset pricing implication in sharp contrast with that of friction-
less neoclassical models is that the representative household lacks
the knowledge needed to manage financial investments, and thus
turns to the financial intermediaries that have special knowledge
in selecting and managing financial projects but face financial fric-
tion in funding their operations. This delegation of investment
function from a financially unconstrained agent to a constrained
agent with limits of arbitrage makes the model’s propagation mech-
anism of financial disturbances drastically different from that of

12A detailed description can be found in the online appendix.
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frictionless business cycle models through the dynamics of pecuniary
externality

The important role of liquidity condition of financial interme-
diaries in asset price dynamics can be seen in the following asset
pricing equation of KS:

1 [RA REB
1=E,{ MB [ l_(1-m t“}}, 8
t{ By [ Tl ( t)Ht—i-l ®)

where Mft 41 is the intermediary pricing kernel, m; is the capital
ratio optimally chosen by the intermediaries, and Rﬁrl /41 and
RP. | /Ii41 are intermediaries’ real return on assets and borrowing
rates. Equation (8) summarizes all the important deviations of the
model from standard asset pricing models: (i) (8) is a levered asset
pricing formula, and the net asset returns is scaled up by a fac-
tor 1/my; (ii) the intermediary pricing kernel is a filtered version
of the household’s stochastic discounting factor, where the filter is
due to the liquidity condition of the intermediaries measured by the
ratio of shadow value of internal funds today versus tomorrow, i.e.,
Mﬁ_,'_l = ]Et+1[)\t+1|Qt+1]/]Et[)\t’Qt] . Mt7t+1) where Et[At|Qt] meas-
ures the ex ante shadow value of internal funds based on all the
available macroeconomic information (£2;); (iii) the return on asset
deviates from the frictionless counterpart because, first, raising out-
side capital is costly due to dilution effectdd and thus lowers the
effective return on equity, and second, the limited liability of finan-
cial intermediaries create a strictly positive value of default option,
which then interacts with risk-taking of intermediaries [

3A similar assumption also plays an important role in the majority of the
recently developed macroeconomic models featuring intermediary funding con-
straints such as Brunnermeier and Sannikov (2014), Gertler and Karadi (2011),
Gertler and Kiyotaki (2010), and He and Krishnamurthy (2012).

MDilution costs arise when firms announce new offerings of seasoned equities
and the announcement leads to a drop in the market value of existing shares.
The dominant interpretation of the phenomenon in the literature is provided
by Myers and Majluf (1984), who show that asymmetric information in capital
markets may lead uninformed investors to discount the value of new shares to
avoid lemons, which then causes the market value of existing shares to drop by
arbitrage.

1511 contrast to the majority of this literature, defaults of financial institutions
are equilibrium outcomes. In this aspect, the model is akin to Brunnermeier and
Sannikov (2014).
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5.2  Calibration

The calibration of parameters regarding preferences and technol-
ogy reflects conventional values. The constant relative risk aversion,
habit formation, and the elasticity of labor supply are set equal to
3, 0.8., and 3, respectively, to be consistent with the micro-level
evidence. The capital share of production function is set equal to
0.4. The quadratic adjustment cost of investment is chosen as 2.
KS does not posit a utilization cost of capital and takes a constant
depreciation rate of 0.025. The quadratic cost of price adjustment
is set equal to 120. This choice is equivalent to a quarter fraction
of firms resetting prices at any point in time given the steady-state
markup of 1.11. Inflation indexation and wage rigidity are not con-
sidered for the transparency of the results. The monetary policy
reaction function parameters are chosen as 1.5, 0.125, and 0.8 for
inflation gap, production-based output gap, and monetary policy
inertia, respectively (see the online appendix for details).

There are parameters associated with the long-run capital struc-
ture, dilution cost of equity issuance, corporate income tax shield,
bankruptcy cost of failed institution, and idiosyncratic volatility.
The dilution cost is set to 0.15 in the steady state, which is in the
middle of the range reported in corporate finance literature. The
tax differential between corporate and personal income tax rates is
set to 0.20. Given all other parameters, the idiosyncratic volatility
is chosen to match the 0.40 capital ratio, which facilitates the com-
parison with other papers in this literature. The bankruptcy cost is
then specified as 3 percent of the size of the balance sheet to match
the steady-state, short-term funding spreads

5.8 Impact of Balance Sheet Shock: Baseline Results
and Robustness

To illustrate the importance of the intermediary liquidity position on
macroeconomic outcomes, we consider a financial shock that trans-
fers a certain amount of resources from financial intermediaries to

16 All parameter values are broadly consistent with the original choices made
in KS.
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the representative household in a lump-sum fashion. This stylized
shock helps highlight the role of financial market friction in the
model since it does not directly affect the marginal productivity
of physical capital in the economy and thus would have no impact
on the allocation of real resources in a frictionless economy because,
first, the investment decisions of the financial intermediaries are not
affected by their liquidity condition, and second, the loss in the
wealth of households due to the decline in the value of equities of
financial institutions is exactly offset by the positive wealth trans-
fer to households. The size and persistence of the shock follow the
calibration choices discussed in section 2.

Figure 7 shows the impact of the shock on the real economy
and financial markets. By construction, the shock does not have any
impact if the financial friction in the model is taken out. However,
as shown in the figure, the shock leads to a massive contraction in
the real economy: maximum contraction on output, consumption,
and investment amount to 2.5 percent, 0.6 percent, and 11 percent,
respectively.

The reason for this strong reaction of the real economy can be
found in the response of financial markets also shown in figure 7. On
the impact, the default rate of intermediaries shoots up 0.5 percent-
age point. This is due to both the direct hit to the internal funding
condition by the transfer shock and the indirect result of the endoge-
nous decline in the asset prices. While the financial intermediaries
try to raise outside capital as shown by the stiff increase in equity
issuance, as much as 20 percent relative to its normal level, doing so
in the KS model is costly due to a dilution cost. Finally, the increased
cost of capital is passed through to the lending spreads, resulting
in a large reduction in overall credit and a sizable contraction in
economic activity.

The results shown in figure 7 are sensitive to calibration choices.
Among others, the relative risk aversion turns out to be very impor-
tant in assessing the overall impact of the balance sheet transfer
shock, as shown in figure 8. On impact, household consumption
increases moderately, as a decline in household wealth, stemming
from the reduced value of intermediary shares, is not perfectly offset
by the transfer shock under the financial friction. This initial increase
in consumption plays an important role in determining the overall
size of the impact, as consumption accounts for about 80 percent of
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Figure 7. Transfer Shock in the Kiley/Sim Model
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total spending in the model. Having a lower degree of relative risk
aversion makes the initial hump of household consumption bigger,
reducing the size of overall impact on the economy. For instance,
setting the parameter equal to 1 (log utility) reduces the maximum
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Figure 8. Transfer Shock in the Kiley/Sim Model:
Sensitivity Analysis
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impact on the output to 2 percent, about 50 bps lower than what is
shown in the ﬁgure

5.4 Alternative Financial Shock: Dilution Cost Shock

KS uses the balance sheet shock only as an illustration device. A
financial shock that plays a more important role is a shock to the
cost of raising outside equity—what we call a dilution cost shock.
This shock has more desirable features in generating an economic
crisis induced by stressed financial system. Financial stresses are
usually associated with greater uncertainty, which can aggravate the
asymmetric information in financial markets and lead to a greater
lemon premium that elevates the cost of equity capital for financial
intermediaries.

Figure 9 reports the impact of a dilution shock on the real econ-
omy and financial markets when calibrated to match the initial
capital shortfall induced by the transfer shock. For ease of compar-
ison, the persistence of the shock is set the same as in the transfer
shock. As shown in the figure, the shock elevates dilution costs by
a little less than 5 percentage points. The contour of the dynamic
responses of real variables is broadly similar to those in the case of
transfer shock.

While the peak impacts on output, consumption, and investment
are about half the size of the peak impacts of the transfer shock, the
shock and the propagation mechanisms appear empirically relevant.
In contrast to the case of the transfer shock, equity issuance shows
a hump-shaped response. Facing a greater cost of raising outside
equity, the intermediaries can only gradually recapitalize in response
to the shortfall in capital, which is, unlike in the case of transfer
shock, entirely due to the endogenous fall in asset prices resulting
from preemptive downsizing of intermediary balance sheets. As a

1"The degree of nominal rigidity, and hence the flatness of the Phillips curve, is
also important. For instance, halving the price adjustment cost to let the impact
of the shock be absorbed by greater adjustment in prices reduces the maximum
response of output by 30 bps. However, even with completely frictionless price
setting, the maximum impact is reduced only by 60 bps. Finally, the size of
investment adjustment friction also matters. While a greater adjustment friction
in this sector increases the asset price volatility in general, it leads to a smoother
response in aggregate investment and output. As a result, for instance, doubling
the size of this friction can reduce the maximum impact on the output by 60 bps.
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Figure 9. Effects of a Dilution Cost Shock vs. a Transfer
Shock in the Kiley/Sim Model

Cumulative Transfer / Dilution Cost Output

-

PPt. Dev. From SS
N A OO 0O O N

Percent Dev. From SS

Investment

Percent Dev. From SS
Percent Dev. From SS
|
o

10 20 30 40

Default Rate Spread Lending-Deposit Rate (AR, 1-year)
15

PPt. Dev. From SS
PPt. Dev. From SS

20 30 40

25+
200
> 15 N

10 AN

Percent Dev. From SS
Percent Dev. From SS

10 20 30 40 20 30 40
Quarters Quarters

Transfer Shock (Baseline)
----- Dilution Cost Shock

Notes: The dilution shock raises the dilution costs by a little less than 5 per-

centage points. The shock is sized to match the initial capital shortfall induced
by the baseline transfer shock.



Vol. 15 No. 3 Macroeconomic Effects of Banking-Sector Losses 169

consequence, the capital shortfall persists, and the resulting defaults
and elevated funding costs persist as well, prolonging the downturn
in a way consistent with recent experience.

6. Albert Queralto: Banks and Outside Equity

6.1 Model Description

The model of this section builds on recent papers that introduce
financial intermediation in a business cycle framework—for example,
Gertler and Karadi (2011) and Gertler and Kiyotaki (2010). These
papers extend the basic financial accelerator mechanism developed
by Bernanke and Gertler (1989) and Kiyotaki and Moore (1997)
to financial intermediaries (banks) in order to capture a disruption
of intermediation. In this class of models, banks borrow short-term
non-contingent debt from depositors and use these funds (together
with their own internal funds) to make loans to non-financial firms.
As in the earlier literature on the financial accelerator, financial
market frictions are endogenized by introducing an agency problem
that potentially constrains the ability of banks to obtain funds from
depositors. When the constraint binds, the balance sheets limit the
ability of banks to obtain deposits. In this instance, the constraint
effectively introduces a wedge between loan and deposit rates, which
rises as the balance sheets of banks deteriorate. This raises the cost
of credit that non-financial borrowers face. In this way, when banks
are highly leveraged, adverse returns to their balance sheet may lead
to sharp increases in credit spreads and declines in investment and
economic activity

Key to motivating a crisis within these frameworks is the heavy
reliance of banks on short-term debt. This feature makes these insti-
tutions highly exposed to the risk of adverse returns to their balance
sheet in way that is consistent with recent experience. Within these
frameworks and most others in this class, however, by assumption
the only way banks can obtain external funds is by issuing short-term
debt. Thus, in their present form, these models are not equipped to

8The full model description can be found in the online appendix accompanying
this paper.
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address how the financial system found itself so vulnerable in the
first place.

In the model analyzed here, banks are allowed to issue outside
equity as well as short-term debt[™ This feature makes bank risk
exposure an endogenous choice, as outside equity allows banks to
share risk with equity holders. The goal is to have a model that
can not only capture a crisis when financial institutions are highly
vulnerable to risk, but also account for why these institutions adopt
such a risky balance sheet structure in the first place. Accordingly,
the model extends the agency problem between banks and savers to
allow intermediaries a meaningful tradeoff between short-term debt
and equity. Ultimately, a bank’s decision over its balance sheet will
depend on its perceptions of risk. Thus, the model allows a quanti-
tative analysis of the interplay between risk perceptions by banks,
the liability structure that they choose, and the vulnerability of the
economy to a crisis.

The production side of the model is analogous to a standard
frictionless real business cycle (RBC) economy. The production func-
tion, capital accumulation, and resource constraint are as follows:

Y, = AKOLI, (9)
K1 =Y [(1 - 6) Ky + 1], (10)
vi-ook [ (2] 1 (1)

where Y;, Ky, L;, I;, and C; denote output, physical capital, labor,
investment, and consumption, respectively. In (10), 1;11 is a capital
quality shock, which serves as a trigger of movements in the quality
of banks’ assets. It can be thought of as capturing a form of economic
obsolescence 29

9The structure of the model closely follows Gertler, Kiyotaki, and Queralto
(2012). See their paper for a complete description.

20Gee the appendix of Gertler, Kiyotaki, and Queralto (2012) for a micro-
foundation of the capital quality shock along these lines. This appendix is
available as supplementary material at Elsevier’s website: http://www.journals.
elsevier.com/journal-of-monetary-economics/ .
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The preference structure follows Miao and Wang (2010), in turn
based on Greenwood, Hercowitz, and Huffman (1988) (GHH here-
after). The preference specification allows for (internal) habit forma-
tion and, as in GHH, abstracts from wealth effects on labor supply.
The household’s problem is as follows:

e} 1—~
1
max Et ZﬁT tﬁ (CT - hCT_l - 1_):80L71_+Lp> 5
T=t

subject to

Ci+ Dpyt+qieg = Wily + 11y — Ty + Ry Dy, p 1
+ [Ze + (1 = 6)qe] Yrer—1. (12)

Note that the household has access to non-contingent riskless short-
term debt (deposits), denoted Dy, ; and paying gross interest Ry, as
well as bank (outside) equity, e;!] The price of a unit of outside
equity is ¢, and Z; denotes the flow returns at ¢ generated by one
unit of the bank’s assets. The units of outside equity are normalized
so that each unit is a claim to the future returns of one unit of the
asset held by the bank.

Fach bank raises funds by issuing deposits d; and outside equity
to purchase producers’ equity, s¢, at price Q;:

Qist = ny + qreq + dy. (13)

The evolution of a bank’s net worth (or inside equity), n, is as
follows:

ne = [Zy + (1 = 0)Qe] Yese—1 — [Z1 + (1 — §)qu]hrer—1 — Redy—q _(gtj
14

Above, & is a capital transfer which subtracts from the bank’s
resources at the beginning of the period. It is assumed to be taken
from the bankers and given to the households, and therefore only
has effects insofar as net worth constrains banks’ ability to obtain

2Z1Qutside equity refers to equity issued by banks and held by households,
while inside equity (or net worth) refers to the accumulated retained earnings of
a banker who manages an intermediary.
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funds. Accordingly, in the RBC version of the model, the effects of
the transfer are nil, as it is just a redistribution of wealth within the
representative household.

From equation (14), note that the use of outside equity reduces
the impact of return fluctuations on net worth. When e is higher,
movements in returns to the bank’s assets are passed on to out-
side equity holders (households) to a greater extent, thus acting as
a hedge. By contrast, deposit financing is risky for the bank, since
its cost is non-contingent. In our quantitative analysis, we interpret
outside equity as capturing securities that allow banks to share risk
with the security holders broadly. In particular, we assume that out-
side equity in the model corresponds to common equity, while inside
equity, n, corresponds to the sum of preferred equity and subor-
dinate debt. We calibrate the parameters of the model so that the
ratio of outside to inside equity in the steady state equals two-thirds,
which roughly matches the U.S. banking sector prior to the crisis.

The value of the bank at the end of period ¢ is

Vi = V(st, z,ne) = By Z (1—0)o" "As s, (15)
T=t+1
where z; = X°t and o is the banker’s survival probability. After

Qyst’
obtaining funds, the banker may default on debt and divert a frac-

tion ©(x;) of assets. The incentive constraint for the bank not to
steal is

V(st,xt,nt) Z @(It)QtSt. (16)

The divertable fraction is a convex function of x;:

K
O(z) =0 (1 +exy + 533%) . (17)

We assume that the amount divertable is increasing in the degree
of outside equity z;, and therefore the constraint of the bank is
tighter the larger is xt This represents a cost of outside equity
which the bank trades off against its hedging benefit.

22The idea is that short-term deposits give banks less discretion over payouts
than equity, and therefore offer more discipline over bank managers than does
outside equity. This idea is due to Calomiris and Kahn (1991).
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Table 3. Calibrated Parameters in Queralto’s Model

v 2 Risk Aversion
Jé] 0.99 Discount Factor
« 0.33 Capital Share
) 0.025 Depreciation Rate
X 0.25 Utility Weight of Labor
%) 1/3 Inverse Frisch Elasticity of Labor Supply
If"/f 1 Inverse Elasticity of Investment to the
Price of Capital
h 0.75 Habit Parameter
o 0.9685 Survival Rate of Bankers
13 0.0289 Transfer to Entering Bankers
Asset Diversion Parameters
0 0.264
€ —1.21
K 13.41

6.2 Calibration and Model Solution

Table 3 reports the baseline parameter values. The preference and
technology parameters are set to reasonably conventional values.
The banking-sector parameters are chosen to match salient features
of the U.S. financial intermediation sector.

In the model, bank balance sheet structure depends on risk per-
ceptions. It is thus important to take risk into account in the compu-
tation of the model. Similar to Coeurdacier, Rey, and Winant (2011),
a “risk-adjusted” steady state is constructed, where given agents’
perceptions of second moments, variables remain unchanged if the
realization of the (mean-zero) exogenous disturbance is zero. The
risk-adjusted steady state differs from the non-stochastic state only
by terms that are second order. These second-order terms, which
depend on variances and covariances of the endogenous variables,
pin down banks’ balance sheet. Model dynamics are then analyzed
by computing a first-order log-linear approximation around the risk-
adjusted steady state.

To calculate the relevant second moments, we use an iterative
procedure. We first log-linearize the model around the non-stochastic
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steady state. We then use the second moments calculated from this
exercise to compute the risk-adjusted steady state. We repeat the
exercise, this time calculating the moments from the risk-adjusted
steady state. We keep iterating until the moments generated by the
first-order approximation around the risk-adjusted steady state are
consistent with the moments used to construct it 2

6.3 Transfer Shock

Figure 10 plots a dynamic simulation of the model economy fol-
lowing a transfer shock. Here the amount of exogenous volatility
is calibrated as the average between a low-risk economy (meant to
reproduce the Great Moderation period) and a high-risk economy
(which captures the period of volatility in the two decades prior
to the Great Moderation). The idea is that the aftermath of the
Global Financial Crisis is characterized by heightened uncertainty
relative to the Great Moderation, but risk is still not as high as in
the high-volatility period of the 1960s and 1970s. The size and per-
sistence of the transfer shock follow the calibration choices discussed
in section 2.

The loss in capital in the intermediation sector worsens the
agency problem between banks and their creditors, leading the credit
spread to rise by more than 100 basis points. With their balance
sheets impaired, banks’ ability to lend is diminished, and aggre-
gate investment and asset prices drop as a result. Along the way,
the financial accelerator mechanism operates, as drops in bank net
worth and in the asset price QQ; reinforce each other. All told, out-
put falls by about 1 percentage point, and investment drops by more
than 3 percentage points.

6.4 Robustness Analysis

Several authors have suggested that the low volatility during the
Great Moderation period may have induced a sense of compla-
cency about risk in financial markets, which ultimately contributed

238ee the appendix of Gertler, Kiyotaki, and Queralto (2012) for details.
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Figure 10. Transfer Shock in Queralto’s Model
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to the vulnerability of the system once the crisis hit. To illustrate
this possibility, figure 11 performs robustness analysis by modifying
the level of exogenous risk. The low-risk economy features standard
deviations of the shock processes so that the standard deviation
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Figure 11. Transfer Shock in Queralto’s Model:
Sensitivity Analysis
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Notes: “Low Risk” refers to an economy in which the standard deviation of the
exogenous capital quality shock is 0.69 percent. In the “High Risk” economy, the
standard deviation of the capital quality shock equals 2.07 percent. For ease of
comparison, “Benchmark” reports again the results for the benchmark calibra-
tion of the Queralto model that sets the standard deviation of the capital quality
shock at an intermediate value.
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of annual output growth corresponds roughly to that in the Great
Moderation period, while the high-risk economy features a level of
risk corresponding to the period of volatility in the two decades
prior.

When risk is high, the effects of the shock are weaker, and with
low risk the effects are stronger. The reason is straightforward: the
anticipation of high risk induces banks to substitute outside equity
for short-term debt, as higher risk increases the hedging value of
outside equity. When the shock hits, outside equity acts as a buffer
in two ways. First, it moderates the drop in inside equity induced
by the decline in asset values. Second, as the effects of the shock
unfold after the initiating disturbance, banks are able to relax their
borrowing constraint a bit by substituting short-term debt for out-
side equity (recall that short-term debt permits creditors greater
discipline over bankers).

The differences in exogenous risk lead to quantitatively signif-
icant differences in the effects of the transfer shock. When risk is
high, the peak decline in investment moderates from over 3 percent
in the baseline case to a little above 21/4 percent, and the peak out-
put loss is less than 3/4 percent, compared with about 1 percent in
the baseline case. Conversely, when exogenous risk is low—Ileading
banks to adopt a more risky balance sheet structure—investment
drops 33/4 percent at its trough. The drop in output reaches nearly
11/4 percent.

Figure 12 compares the effects of the transfer shock (in the low-
risk economy) with those of a decline in capital quality, where the
magnitude of the latter is calibrated to induce the same average
decline in bank net worth as the transfer shock over the five years
following the shock. The effects of the capital quality shock are con-
siderably larger, leading output to drop more than 2 percent at the
trough. The reason is that the decline in capital quality effectively
leads to a reduction in the amount of physical capital in the econ-
omy, and therefore has adverse effects even in an economy with no
financial frictions, as indicated by the dotted line. On the other
hand, the degree of financial-sector spillovers (i.e., the contraction
over and above what would happen in a frictionless economy) is
comparable across the two shocks (recall that the transfer shock is
only a redistribution of resources within the representative house-
hold, and therefore has no effects in a frictionless economy).
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Figure 12. Transfer Shock vs. Capital Quality Shock in

Queralto’s Model
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economy.
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7. Luca Guerrieri and Mohammad Jahan-Parvar: Capital
Shortfalls in a Two-Sector Production Economy

7.1 Model Description

Guerrieri and Jahan-Parvar consider the effects of sectoral and
aggregate financial shocks in a two-sector model. Firms in one sector
have access to equity markets, while firms in the other sector can
only finance capital purchases through credit extended by financial
intermediaries (hereafter, banks, for short). The interactions of these
two types of firms can buffet the macro effects of shocks that reduce
the equity position of banks. The demand for capital by equity-
financed firms acts to curb equilibrium movements in the price of
capital which otherwise amplifies the macro response to variation in
credit from the banking sector. However, aggregate valuation shocks
that affect both equity markets and banks continue to have siz-
able macro repercussions. Apart from sensitivity analysis relative
to the size of the credit-dependent sector, the results highlight the
implication of the zero lower bound on policy interest rates for the
transmission of the baseline transfer shock.

The model is an extension of Gertler and Karadi (2011), hereafter
abbreviated as GK. The extension is that not all firms are depen-
dent on bank credit. Firms in the equity-financed sector are able to
write a financing contract directly with households. A special case
of the model with all firms financed by household equity reproduces
the one-sector model considered by Boldrin, Christiano, and Fisher
(2001). In the model, final goods are a Cobb-Douglas composite of
goods produced by firms that are credit dependent and by firms
that are equity financed. A retail sector purchases the intermediate
goods and repackages them for consumers in a way that supports the
inclusion of nominal rigidities. Monetary policy follows an interest
rate reaction function that responds to current inflation and allows
for interest rate smoothing. Production subsidies, in the absence
of financial frictions, reproduce the efficient allocations in steady
state. The description that follows highlights the credit-related fric-
tion but leaves the full description of the model for the online
appendix.

The key financial friction for bank-dependent firms follows
Gertler and Karadi (2011). Banks lend funds obtained from
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households to non-financial firms. Let Ny(j) be the amount of
wealth—or net worth—that a banker j has at the end of period t.

QiSL(j) = Ni(§) + Dy(5) (18)

Deposits Dy(j) pay a return (1 + R;) at time ¢ + 1. Thus D;(j) may
be thought of as the debt of bank j, and N(j) as its capital. Credit
extended to firms S}(j) earns the stochastic return (1 + RY,) at
time ¢t + 1. Over time, the capital of banks evolves as the difference
between earnings on assets and interest payments on deposits:

Ney1(j) = (1+ Rg—sl—l)QtSt(j) — (L + R¢)D¢(j)- (19)

Because banks may be financially constrained, they have an
incentive to retain earnings, but bank capital does not expand
indefinitely, because bankers cease operations with iid probability
1 — 0 each period. Upon exiting, a banker becomes a worker and
all retained earnings are transferred back to his original household.
Each period, a fraction 1 — 6 of all workers is selected to join the
existing bankers and receives a startup transfer, so that the fraction
of household members acting as workers and bankers is constant
over time.

The objective of bank j is to maximize expected terminal wealth,
given by

oo

gpax, Vi(j) = By Z (1= 0) 0y ap1ri[(RY 145 — Reqi) QuaiSLys(5)
tri =0

+ (1 + Reyi) Neyi (7)) (20)

where ;14144 is the stochastic discount factor of households.

An agency problem limits the ability of banks to attract deposits.
At the beginning of each period, a banker can choose to transfer a
fraction A of assets (in period ¢ those assets equal Q+S;(j)) back to
his household. If the banker makes the transfer, depositors will force
the bank into bankruptcy and recover the remaining fraction 1 — A
of assets. Thus, households are willing to make deposits only if the
incentive-compatibility constraint is satisfied:

Vi(5) = AQ:Se(j)- (21)
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When solving the model with a standard first-order perturbation
solution, we assume that this constraint binds always with equality.

The setup of GK is nested and is reproduced when the share
of equity-financed firms in production is zero. The model departs
from GK along a few dimensions. Notably, unlike in GK, capacity
utilization is constant; monetary policy responds only to inflation
and to a lag of the monetary policy rate, and does not attempt
to stabilize output around its steady-state value; the Frisch elas-
ticity of labor supply is set to one, at the upper range of micro
estimates, but well below the elasticity in GK. In the two-sector
model, the equity- and credit-dependent firms produce intermediate
goods that are necessary to produce an undifferentiated final good
using a Cobb-Douglas production function. The sectoral shares are
set to 0.5. A retail sector produces differentiated goods that are
subject to nominal rigidities

7.2 Baseline Shock and Comparisons with One-Sector Model

Figure 13 shows the effects of the baseline transfer shock from banks
to households in our two-sector model. The shock is calibrated as
discussed in section 2. The macro effects of the shock are modest.
The drop in aggregate output grows in magnitude over two years to a
peak of 0.45 percent of its steady-state value. The modest size of the
spillover effects of the shock is related to the fact that the reduction
in the demand for capital by credit-dependent firms is compensated
by an increase in demand from the equity-financed firms.

As shown in figure 14, the macro spillover effects of the baseline
transfer shock are greatly amplified in a one-sector model in which
all firms are credit dependent. The main reason for this amplification
is that lack of access to alternative funding leads to a large reaction
in the equilibrium price of capital. In turn, in the one-sector model,
the drop in the price of capital boosts the magnitude of the drop in
bank capital and leads to a further curtailing of credit supply. By
contrast, in a two-sector model, the price of capital barely responds
to a transfer shock. Higher demand for capital from equity-financed
firms acts to reduce downward pressures on the equilibrium price

Z4Notice that when either A = 0 or when all firms are equity financed, a mon-
etary policy rule that stabilizes inflation would reproduce the allocations chosen
by the benevolent planner.
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Figure 13. Transfer Shock in Guerrieri/Jahan-Parvar
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Figure 14. Transfer Shock in the Guerrieri/Jahan-Parvar
Model: Sensitivity Analysis
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of capital. This stability in the price of capital has one principal
implication—it reduces the endogenous response of bank equity to
the exogenous transfer shock.

7.8 Sensitivity Analysis: The Response to an Economy-Wide
Shock

The benchmark model introduced in section 7.2 focuses on a sector-
specific shock whose aggregate effects are buffeted by the reaction
of the other sector. This section considers the implications of an
economy-wide valuation shock, following Albuquerque, Eichenbaum,
and Rebelo (2012). Accordingly, the discount factor of households
drops and the risk-free interest rate increases. The size of the shocks
is set to match the average endogenous shortfall in bank capital
from the baseline transfer shock (taking into account the equilibrium
response of capital prices) over the first nine quarters.

Figure 15 reports the comparison of the impact of a valua-
tion shock with that of a transfer shock in the baseline two-sector
model. In this case, the macro effects of a financial shock are
much closer to those that obtain in the special case of one-sector
model in which all firms are credit dependent. Similar to GK and
in contrast to the benchmark model, an economy-wide shock can
cause a significant drop in output and investment. Since house-
holds own all the assets in the economy, a shock that lowers the
discount factor implies less appetite for risk and a reduction in
the funds available to both equity-financed firms and banks. The
aggregate nature of the valuation shock dampens the role played by
the equity-financed firms in counterbalancing the shocks to banks
in the benchmark model. Accordingly, the equilibrium loan rate
rises to compensate the shortage of available funds, resulting in
a large drop in investment. Similar to GK, the macro spillovers
of the financial shocks are amplified by a fall in the price of
capital.

The benchmark model implies that the presence of additional
financial assets issued by firms that are capable of direct interme-
diation with the households can mitigate the impact of a finan-
cial shock to banks. However, shocks that affect both equity- and
credit-financed firms still lead to sizable macro spillover effects com-
parable to those that obtain in a one-sector model with all firms
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Figure 15. Transfer Shock vs. Valuation Shock in
Guerrieri/Jahan-Parvar Model
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credit dependent. The analysis also highlights that shocks that
have comparable impacts on the equity position of banks can have
dramatically different macro spillover effects.

7.4 The Response to the Baseline Transfer Shock
at the Zero Lower Bound

We revisit this amplification for the baseline transfer shock in our
two-sector model against a deep recession that brings the economy
to the zero lower bound. In the model, the deposit contract between
banks and households is tantamount to an indexed bond with matu-
rity equal to one quarter. In normal times, the real return on deposits
hews closely to the nominal deposit rate and to the monetary policy
rate. However, at the zero lower bound there can be a decoupling
between the real return on deposits and nominal short-term interest
rate.

The stylized shock that leads the economy to the zero lower
bound is a shock to preferences. The utility function of the rep-
resentative household is modified as follows:

o - i ) X 1+e

— [ 71— C - t+1 )

Ut Et E ﬁ [log(Ct+ ’)/CH_' 1te¢€ t) 71 T EL + (22)
=0

where, again, C; denotes consumption of final goods, and L; denotes
hours worked. The term €. is a shock to consumption preferences.
The shock itself is assumed to follow an autoregressive process of
order 1, with a persistence coeflicient equal to 0.7. The shock is
sized so that households expect the policy interest rate to remain
at the zero lower bound for six quarters in the absence of addi-
tional shocks. For the purpose of this section, the model is solved
using a piecewise linear solution technique as developed by Guerrieri
and lacoviello (2015). As shown in Bodenstein, Erceg, and Guerrieri
(2009), the particular mix of shocks that leads to recession and the
attainment of the zero lower bound have a role in determining the
marginal effects of additional shocks that is well summarized by the
expected duration of the zero lower bound.

Figure 16 shows the effect of the transfer shock from banks to
households under two configurations. In one case the transfer shock
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Figure 16. Transfer Shock at the Zero Lower Bound in
Guerrieri/Jahan-Parvar Model
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occurs against the background of a deep recession and the responses
are shown in deviation from the outlook for the economy that agents
expected prior to the realization of the transfer shock. In the other
case, the responses are shown in deviation from their steady-state
values (interpreted as “normal times” given the linear approximation
used to solve the model).

Since banks cannot attract deposits at negative nominal rates, in
the face of deflationary shocks, such as the transfer shock considered,
the real return on deposits rises instead of falling. The unexpected
rise in real deposit rate, equal in size but opposite in sign to the
response of inflation in deviation from baseline, amplifies the drop
in bank equity relative to normal times. In turn, the further drop in
bank equity amplifies the rationing of credit and the contraction of
investment and output relative to normal times, away from the zero
lower bound.

It is well understood that the amplification of the responses of
the economy to contractionary shocks in a liquidity trap is driven by
the evolution of inflation expectations. In the model, the deflation-
ary effects of the shock are kept to a relatively modest size—inflation
drops % percentage point at its nadir—principally by monetary pol-
icy. The policy rule is anticipated to respond aggressively to stabilize
inflation away from the zero lower bound. The credible response of
monetary policy away from the zero lower bound provides forward
guidance. By contrast, with a less aggressive monetary policy rule,
inflation is more volatile and the zero lower bound would amplify
the effects of contractionary shocks in a more pronounced fashion.
Similarly, the expected duration of the zero lower bound is a key
determinant of the non-linear amplification effects at the zero lower
bound. For an extended discussion of these issues see Bodenstein,
Erceg, and Guerrieri (2009) and Bodenstein, Guerrieri, and Gust
(2013).

8. Horizontal Comparison of Results

Table 4 summarizes the choices available to financial intermedi-
aries that are salient in the reaction to a capital shortfall. The
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summary hews closely to the action set available to banks in reac-
tion to changes in capital requirements, as summarized in an interim
report of the BIS Macroeconomic Assessment Group (BCBS 2010).
In addition to issuing new equity and to increasing retained earnings,
the BIS report highlights that banks may in fact attempt to increase
risk-weighted assets by shifting balance sheet composition towards
less risky assets in ways not captured by any of the models presented
here. Another feature not captured by any of the models presented is
the possibility that banks could speed up the recapitalization process
by increasing fees or, more generally, other sources of non-interest
income. The table highlights that the models presented do in fact
expand a core framework in complementary directions. Nonethe-
less, one source of homogeneity across models is that the financial
sector is engaged in liquidity provision, and not in liquidity transfor-
mation, which could contribute to understating the macroeconomic
repercussions of financial shocks.

Figure 17 provides a horizontal comparison of the effects of the
baseline transfer shock across models. The responses shown are in
deviation from each model’s steady state For completeness, table 5
reports key steady-state values for each of the models.

As shown in the top-left panel of the figure, the size of the transfer
shock is standardized [Y Despite the standardization of the cumula-
tive transfer, the hit to bank equity across models differs greatly.

25This approach hews closely to actual practice in several model comparison
exercises in the literature: see, e.g., the work in Wieland et al. (2012) and refer-
ences therein, which mostly compares model dynamics in deviation from each
model’s respective steady state. Steady-state comparisons could be useful to
study, but, in keeping with common practice, we do not attempt to do so here.
Our approach follows the common practice at many central banks that typi-
cally separates the construction of the baseline outlook from the construction of
scenarios around the baseline outlook itself. Often, a common baseline is con-
structed using a combination of large-scale models, nowcasting, and judgmental
projections. However, the scenarios are routinely constructed using a diverse set
of models, where each model response is constructed in deviations from each
model’s baseline, and only later added to the common baseline.

26Notice that to facilitate the comparison of the results of the model of Covas
and Driscoll, calibrated at a yearly frequency, we have interpolated the model’s
responses to quarterly frequency using splines.
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Figure 17. Horizontal Model Comparison
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In the general equilibrium approach common to all the models, the
exogenous shortfall has drastically varied implications for bank net
equity. Apart from additional model-specific mechanisms, bank net
equity does not simply reflect the size of the exogenous transfer
shock because the general equilibrium nature of the models imply
important movements in asset prices, which feed back into the deter-
mination of the hit to bank net equity. At one end of the extreme,
the multi-sector model of Guerrieri and Jahan-Parvar implies only
a modest drop in bank net equity which mounts as the transfer
shock builds in size. Demand from firms not reliant on bank credit
keeps asset prices afloat 27 At the other end of the spectrum, in the
model by Covas and Driscoll, the anticipated drop in credit result-
ing from the mounting transfer shock leads to a sizable fall in bank
equity since their non-linear modeling approach does not assume
capital constraints that bind all the time. Accordingly, banks can
lower their equilibrium capital ratios offset the effect of the capital
shortfall shock.

Across all models, the drop in net equity leads to a contraction in
the supply of credit and an increase in the spread between interest
rates on lending and on deposits. Despite differences in magnitudes,
the persistence of the movements is elevated across all models and
reflects the persistence of the drop in net equity. In this respect, the
model of Kiley and Sim is an outlier in our group. In that model,
access to outside equity allows for a quicker recapitalization of the
financial sector that reduces the persistence of the drop in net equity
and of the change in spreads between lending and deposit rates.
While firms in the model of Queralto also have access to outside
equity that could potentially curb the persistence of the response of
bank equity in a similar fashion, in that model outside equity is inter-
twined with the specification of the principal-agent problem at the
core of the model in such a way that financial intermediaries prefer to
avoid recapitalizing more quickly and rely more prominently on the
accumulation of internal equity through retained earnings. Because

2TAs shown above, even in the model of Guerrieri and Jahan-Parvar, an
economy-wide shock would lead to large reductions in asset prices more closely
comparable to those obtained in the other models presented.
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these modeling differences ride through general equilibrium chan-
nels, a limited information approach to the estimation of the cost
of issuance of outside equity would be ill suited to discriminating
between these different results.

Notably, some of the differences in the response of net equity in
the model by Covas and Driscoll are made more apparent by a dif-
ferent calibration approach that focuses on matching details of the
commercial banking sector, rather than a stylized overall financial
sector in the other models, and results in a magnification in the drop
of bank capital in percent terms.

The disparities in the behavior of bank equity account to a large
extent for the different spillover effects to the rest of the macroecon-
omy, as made apparent by the right column of figure 17. Focusing
again on outliers, the drop in investment ranges between about 2
and 14 percent. A variety of modeling choices accounts for these dis-
parities. The responses in the model of Guerrieri and Jahan-Parvar
and in the model of Covas and Driscoll are compressed due to the
interaction among sectors—the sector-specific transfer shock is com-
pensated by increased lending from complementary sources. Such
mechanism, by contrast, is muted in lacoviello’s model and Kiley
and Sim’s model. In Tacoviello’s model, even if 50 percent of capital
is produced by unconstrained firms, the complementarities across
constrained and unconstrained firms are such that unconstrained
firms cannot undo the drop in labor and capital demand that follow
a credit crunch. Similar mechanisms also apply to Kiley and Sim’s
model.

The consumption side reflects an even broader range of out-
comes. In some models, the baseline financial shock boosts aggregate
consumption—the transfer shock considered is a windfall for the
household sector. In other models, such as that of Covas and Driscoll
and that of Iacoviello, the windfall is offset by the fact that the
banking sector cuts dividends sharply in order to boost the recap-
italization process by retaining earnings. The models of Queralto
and of Guerrieri and Jahan-Parvar do not embed this mechanism,
as dividends are not explicitly modeled.

Finally, all models predict a contraction in output, but the mag-
nitudes differ greatly, ranging from a 5 percent contraction of the
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model of Tacoviello to a contraction below 0.5 percent in the model
by Guerrieri and Jahan-Parvar. Apart from the interaction across
sectors, sensitivity analysis to parametric assumptions brings out
the importance of the interaction between financial frictions and the
labor market to gauge the effects on aggregate output. With capital
predetermined in all models and with the transfer shock not able
to affect real assets on impact, the immediate fall in output has to
ride through a contraction in hours worked. In this respect, apart
from extant differences in modeling approaches, different calibra-
tion choices regarding the Frisch elasticity of labor supply across
the models play an important role in determining disparities in
results.

8.1 Harmonized Calibration

Table 6 summarizes key parameters across models, including the
Frisch elasticity of labor supply. To gauge the importance of differ-
ences related to alternative calibration choices, we also considered
a harmonized calibration, reported in the last column of the table.
As some of the parameters govern features not included across all
of the models considered, for ease of comparison, where necessary,
we shut down some of the missing features, as in the case of adjust-
ment costs for loans or deposits, or for consumption habits. For the
other parameters we settled on representative estimates from the
literature.

Figure 18 compares the effects of the baseline transfer shock
across models under the harmonized calibration of table 623 The
harmonization of the parameter values slightly compresses the range
of model responses, but, even with a common calibration, there
remain substantial differences across models. In sum, the figure rein-
forces the headline finding of our analysis that economic modeling
choices (more so than different parameter choices) can dramatically
affect the results across models to the same size shock.

2Parameters not included in table 6 are unchanged relative to the calibration
tables in the online appendix.



September 2019

International Journal of Central Banking

196

"UOTJRI(I[ed POZIUOULIRY] © 10] WSSO siojourered o) syrodel ), uwno)) ‘[9POwW yoes ul pesn siojowrered o) 110dal g—g suwnio)) :930N

I 1 € co'1 0 e Aousery Ajddng 1oqer ypsiig

T ! 4 PR 4 T SPIOYOSTIOY 0] UOISIOAY HSTYH

0 ¢80 GL0 L€°0 0 970 syqeq wondumsuoy)

811s0da(] 10 sueOT 10§

OoN ON OoN OoN SOX SoX $1500) JUAUISN(PY 919, oIy

66°0 66°0 66°0 G86°0 886°0 GL6°0 1072%,] JUNOdSI(] 9FRIIAY
6c00 gz00 6eoo Ge00 1¢0°0 ge00 ojey uoremaIda( Telden)
€€0 €€0 €e0 70 9¢€°0 geo areys reyden
anfeA TeareJ-uerfer | ojerang) | wig /A9y | [[0ISLI(T | O[[o1A0D€e] I9jomeIeJ

peziuourielf | /IISLLIaNL) /seao)

uoljeaqi[e)) pozZIuowLIR}] ‘9 9[qel,




Vol. 15 No. 3

Macroeconomic Effects of Banking-Sector Losses

197

Figure 18. Horizontal Model Comparison with
Harmonized Calibration
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8.2 VAR Estimates

In order to check if any of the models presented are outliers rela-
tive to simple empirical evidence, we considered a variety of vector
autoregressions. Capital shortfalls can stem from sources ranging
from changes in the valuation of available-for-sale assets on the port-
folio of banks to reductions in income. The simple empirical evidence
presented below focuses on increases in charge-offs on loans and
leases.

We run a bivariate VAR of U.S. real GDP growth and charge-off
rates on loans and leases for the period 1985:Q1-2016:Q3 using four
lags Using a simple recursive identification scheme, we identify
two shocks: a macro shock, an innovation to GDP that contempo-
raneously affects loan charge-offs; and a loan charge-off shock (a
banking shock), which does not affect GDP contemporaneously. We
then rescale the loan charge-off shock so that, when expressed as
a fraction of GDP, total loan charge-offs rise after nine quarters so
as to imply a shortfall sized at 7.5 percent of GDP, just like in our
model comparison exercise. The VAR results are shown in figure 19.
The shock to loan charge-offs, shown in the bottom row, produces a
mean contraction for GDP in the neighborhood of 3 percent after two
years. The shaded areas in the figure represent 90 percent bootstrap
confidence intervals.

Figure 20 overlays the 90 percent confidence interval for the GDP
response from the VAR with the model responses under the origi-
nal calibrations (top panel of the figure) and under the harmonized
calibrations (bottom panel of the figure). From this comparison we
conclude that the range of outcomes consistent with sampling uncer-
tainty from the empirical VAR is similar to the range of outcomes
from our models. Moreover, this range of uncertainty is also consis-
tent with the outcomes from simple empirical frameworks presented,
for instance, in BCBS (2010).

29Charge-offs are expressed as a share of GDP by multiplying loan charge-off
rates at all insured commercial banks (Haver mnemonic: DYQUSECON) by loans
and leases in bank credit (FABWAQUSECON) and dividing by nominal GDP
(GDPQUSECON).
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Figure 19. Responses Estimated Using a VAR
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Figure 20. Comparing Model Uncertainty and VAR
Sampling Uncertainty
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shows analogous model responses under a harmonized calibration. See table 5 for
the calibration details.
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9. Conclusions

Despite a common core, models that emphasize a complementary
set of linkages between the financial and the real sectors produce a
wide array of predictions for the macroeconomic effects of a short-
fall in capital. All the models presented imply that the baseline
shock that produces a capital shortfall similar in size to that gauged
under the U.S. stress-test program would lead to a contraction in
output. However, the size of this contraction varies greatly across
models.
We draw the following conclusions:

e General equilibrium channels can exert a large influence on
the spillover effects of capital shortfalls through the response
of asset prices such as the price of capital and interest rate
spreads.

e The interaction between alternative sectors that can provide
financing is an important determinant of the availability of
credit and of the size of the macroeconomic consequences of
shortfalls in capital. In turn, important implications of this
interaction ride through asset prices.

e The modeling of alternative sources of financing can lead to
large differences in results. The interaction among alterna-
tive financing sources can generate subtle differences across
models. For instance, recapitalization associated with outside
equity can be influenced by readily measurable costs, such as
costs of issuance, as well as by more subtle structural fea-
tures of the economy, such as the effect of outside equity on
incentives of banks.

e If the financial shock does not imply the destruction of phys-
ical resources, as for our baseline transfer shock, the macro-
economic spillover has to work through a contraction in hours
worked on impact. Accordingly, refinements of the linkages
between financial frictions and frictions in the labor mar-
ket would bolster our understanding of the macro effects of
financial shocks.

e Finally, sensitivity analysis shows that the sources of shocks to
financial positions can have a large influence on their macro-
economic effects.
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1. Matteo Iacoviello: An Estimated Model of Banks with
Financing Frictions

This appendix contains the complete set of equations for the model
described in section 3 of the paper “Macroeconomic Effects of
Banking-Sector Losses across Structural Models.” The material bor-
rows heavily on the technical appendix of the paper “Financial
Business Cycles,” described in Iacoviello (2015).

1.1 The Dynamic Model
1.1.1 Household Savers

Savers (denoted with subscript g) choose consumption C, housing
H, and hours N to solve

max Y B (Aps (1= n)log (Cry — nClhi-1)
t=0

+jAj,tAp,t lOg HH,t —+ T log (1 — NH,t))

subject to
Ky
Cuy+ A + Dy +q (Hyy — Hygg—1) +ackm e + acpm
it
1 —0kmy
= | Rmpzxm, + Ak, Kpi1+Rui—1Di—1 +WgNoy,
4

(1.1)

where the adjustment costs take the following form,

b (Kt — KH,t71)2

GCKH t =

2 Ky
_ épu (Dy — Dy—1)*
aCDH,t - 2 .D ?

and the depreciation function is

Sxrt = Okn + b (0525, + (L — i) zxme + (0.5¢ — 1))
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where (f; = 19‘5[{ is a parameter measuring the curvature of the

utilization rate function. (y = 0 implies (}; = 0; (g approach-
ing 1 implies (}; approaches infinity and Jdxm ¢ stays constant.
by = ﬁ%{ + 1 — gy and implies a unitary steady-state utiliza-
tion rate. ac measures a quadratic adjustment cost for changing the
quantity ¢ between time ¢ and time ¢ 4+ 1. The adjustment cost is
external. Habits are external too.

The household problem yields, denoting with wcp; =

ﬁ and ugp = % the marginal utilities of con-
sumption and housing,
8CLCDH7t
ot | 1+ —F4+— | = BaRuucH i+1 (1.2)
0D,
TH
1%.%4 . 1.3
H,tWCH,t 1— Ny (1.3)
1 GacKH t
1 JECKH
Apc, MOt < " oK,
_ 1 —0rH t+1
= Bu | Rmi+12kH,041 + 4., ) tcHin (1.4)
Kt+1
qucH,: = UgHt + BHQ+1UCH 141 (1.5)
Ry =0 (2km,t) 5 (1.6)

where Ak ; is an investment shock, A, ; is a consumption preference
shock, and A, ; is a housing demand shock.

1.1.2 Household Borrowers

They solve

max Y B% (Ap: (1 —n)log (Cse —nCse-1)
t=0

—f—jAAj’tAAp’tL log HS',t + TlOg (]- - Nsvt))
subject to

Cst++q(Hsy — Hst—1)+ Rst—1Lst—1 — €m + acss
=Lss+WsiNs (1.7)
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and to

Ls; < psLsi—1+ (1 —ps)msAumm, tR+1H —E€H,t, (1.8)
t

where e+ is the borrower repayment shock; Ay is a loan-to-value
ratio shock. The adjustment cost is

bss (Lsy — Lgy 1)

acgss .t =
2 Lg
.. . . A
The first-order conditions are, denoting with ucs: = C;”t and
jA; L A
UHSt = ];If% the marginal utilities of consumption and hous-

ing, and with Ag ;ucg + the (normalized) multiplier on the borrowing
constraint,

dac
<1 Y t) ucs,t = PBs (Rt — psAsiri) ucsrr (1.9)

Ts
W, = — 1.10
S,tUCs t 1— NS,t ( )

qi+1
Rs

<Qt — st (L= ps) msAmm ) ucst = UHSt + BSQ+1UCS, t4+1-

(1.11)

1.1.3 Bankers

Bankers solve
max Z Bilog (Cp i —nCpi-1)
t=0

subject to

Cpt+ Ryt-1Di—1+ Lgs+ Lsy +acpp + acgp,t + acsp
=Di+ RgiLgi—1+ RsiLsi—1—€p: —€st, (1.12)

where ep; is the entrepreneur repayment shock. The adjustment
costs are
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¢pp (D; — D;_1)?

aCpB,t =

2 D
wenp — 2EB (Lgt—Lgi_1)°
=
’ 2 Lg
e _ ¢sp (Lst — LS,t—l)2
SB.t 9 Ls .

Denote e; = eg+eg,. Let Ly = Lg 1+ Lg . The banker’s constraint
is a capital adequacy constraint of the form

(Lt =Dy —€¢) > pp (Lg—1 — Dy—1 — €4-1)

bank equity

+ (=) (1 =pp) (Lt — &)

bank assets

stating that bank equity (after losses) must exceed a fraction of bank
assets, allowing for a partial adjustment in bank capital given by pp.
Such constraint can be rewritten as a leverage constraint of the form

Dy <pp(Di-1— (Lgt-1+Lst—1— (ept—1+€st-1)))
+ (1 — (1 — 'y) (1 — pD)) (LEt +Lss— (EE,t + 85’,5)) . (1.13)

The first-order conditions to the banker’s problem imply, choos-
ing D, Lg, Lg and letting Ap ;ucp, be the normalized multiplier on
the borrowing constraint,

8acDB
<1 — ABt — ’t> uct = B (Rut — PDABt+1) UOB 141

0D,
(1.14)
OacEBi
1—(ve (1 —=pp)+pp)AB: + UCB,t
OLg
= BB (REt+1 — PDAB,t+1) UCB t+1 (1.15)
Odac
1—(vs(1—pp)+pp)ABt+ S0 UCB,t
OLg

= Bp (Rst — ppAB,t+1) UCB t41- (1.16)
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1.1.4 Entrepreneurs

Entrepreneurs obtain loans and produce goods (including capital).
Entrepreneurs hire workers and demand capital supplied by the
household sector,

max Z B log (Cet —nCEt-1),

t=0
subject to
Kg
Cgt+ 2 +qHp:+ReLg i1 +WaiNui +WsNs
Kt
+ Ryzxm, e K e—1
=Y+ T’tKE,t—l +qHpi1+Legi+epy
K.t
+ ackp,t + acgp (1.17)

and to

Yi = Az (zem i Ko e-1)™ (ZKE,tKE,t—l)a(liu)

x Hy, (N o0 IN{ o7, (1.18)

where Az, is a shock to total factor productivity. The adjustment
costs are

oxe (Kpt — KE,t—1)2

ACKE t =

2 Kg
WCpp, — ¢EE (LEs — LE,t—1)2
t — .
’ 2 Lg

Note that symmetrically to the household problem entrepreneurs
are subject to an investment shock, can adjust the capital utilization
rate, and pay a quadratic capital adjustment cost. The depreciation
rate is governed by

dkEt = OKkE + bkE (0.5C’EZ%E¢ + (1 —=Cg) zre.t + (0.5¢E — 1)) ,
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where setting bxg = 5% + 1 — dkxg implies a unitary steady-state
utilization rate.

Entrepreneurs are subject to a borrowing/pay-in-advance con-
straint that acts as a wedge on the capital and labor demand. The
constraint is

Lgi=pelpi1+ (1 —pr)Aup:

q
X (mHR l Hpi+mgKpy —my (Wg i Nu o+ Ws,th,t)>-
E,t+1
(1.19)
Letting ucg,: be the marginal utility of consumption and

AEucE,+ the normalized borrowing constraint, the first-order con-
ditions for Ly, Kg, and Hg are

Oac
1—-Ag:+ LB ucet = B (REt+1 — PEAEt+1) UCE, t4+1
OLg ¢
(1.20)
OacKE,t
1+ —— - Ag:(1 —pg)mrAME: | UcE ¢
OKE ¢
=0 (1 = 0kEt+1 + RK t+12KE t41) UCE,t+1 (1.21)
<Qt — gt (1—pR) mHAME,thH_l ) UCE,t
Et+1
= BEqi+1 (1 + Rv1) UcE,t41- (1.22)

Additionally, these conditions can be combined with those of the
“production arm” of the firm, giving

apYs = Rk 12kptKE -1 (
a(l—w)Ys=RyizratKui—1 (

vY; = Ry qiHEp 1 (1.25
1l-—a—-v)(1-0)Y; =Wu Nyt (1+mnAue i \et) (
(1-a—-v)oYy =WsNs: (1 +mnAueiAEr) (
(

Rk =10 (zkm4)-
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1.1.5 FEquilibrium

Market clearing is implied by Walras’s law by aggregating all the
budget constraints. For housing, we have the following market clear-
ing condition:

Hyy+ Hsy+ Hpy = 1. (1.29)

The model dynamics (except for the stochastic properties of the
exogenous shocks, described separately below) are fully described by
equations (1.1) to (1.29). These equations—together with the def-
inition of the depreciation rate functions and the adjustment cost
functions given above—represent a dynamic system in the following
twenty-nine endogenous variables:

e Fourteen quantities: Y, Hg, Hy, Hs, Kg, Ky, Ny, Ng, Cp,
CEg, Cu, Cs, zKkH, 2KE-

Three loans and deposits: Lg, Lg, D.

Three prices: ¢, Wy, Ws.

Six interest rates: Ryx, Ry, Ry, Rg, Rs, Ry.

Three Lagrange multipliers: Ag, Ag, Ap.

1.1.6 Shocks

The shocks obey the following stochastic processes:

EBt = PrefE -1+ UR:, UR ~ N(0,0p)
EHt = Poh€Ht—1 + VHt, unr ~ N(0,0pp)
log A+ =pjlogAji1+v+, u;j ~N(0,0;)
log A = prlog Axt—1+ vk, ux ~ N(0,0%)
log AvEe .t = pmelog Aue -1 + Ve, ume ~ N(0,0me)
log Ayvier e = pmnlog Ay e—1 + Ve e, umna ~ N(O, 0mn)
log Ay, = pplog Aps—1+vpt, up ~ N(0,0p)
log Azt =prlogAzi—1+ v, uy~ N(0,0,).
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1.2  Calibration

11

Table 1.1 Calibrated Parameters for the Extended Model

Calibrated Parameter Value
Household-Saver (HS) Discount Factor Bu 0.9925
Household-Borrower (HB) Discount Factor Bs 0.94
Banker Discount Factor OB 0.945
Entrepreneur (E) Discount Factor e 0.94
Total Capital Share in Production @ 0.35
Loan-to-Value Ratio on Housing, HB ms 0.9
Loan-to-Value Ratio on Housing, E myg 0.9
Loan-to-Value Ratio on Capital, E mi 0.9
Wage Bill Paid in Advance my 1
Liabilities-to-Assets Ratio for Banker YE, VS 0.9
Housing Preference Share j 0.075
Capital Depreciation Rates OkE,0KH 0.035
Labor Supply Parameter T 2
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Table 1.2 Estimated Structural Parameters

and Shock Processes

Estimated Parameter Value
A. Estimated Structural Parameters
Habit in Consumption n 0.46
D Adj. Cost, Banks ®pB 0.14
D Adj. Cost, Household Saver (HS) dpH 0.10
K Adj. Cost, Entrepreneurs (E) OKE 0.59
K Adj. Cost, Household Saver (HS) OKH 1.73
Loan to E Adj. Cost, Banks OEB 0.07
Loan to E Adj. Cost, E OEE 0.06
Loan to HB Adj. Cost, Banks osB 0.47
Loan to HB Adj. Cost, HH Borrower HB oss 0.37
Capital Share of E I 0.46
Housing Share of E v 0.04
Inertia in Capital Adequacy Constraint PD 0.24
Inertia in E Borrowing Constraint PE 0.65
Inertia in HB Borrowing Constraint ps 0.70
Wage Share HB o 0.33
Curvature for Utilization Function E (e 0.42
Curvature for Utilization Function HS §:; 0.38
B. Estimated Shock Processes

Autocorrelation E Default Shock Dbe 0.932
Autocorrelation HB Default Shock Pbh 0.969
Autocorrelation Housing Demand Shcok Pj 0.992
Autocorrelation Investment Shock Pk 0.916
Autocorrelation LTV Shock, E Pme 0.839
Autocorrelation LTV Shock, HB Pmh 0.873
Autocorrelation Preference Shock Pp 0.994
Autocorrelation Technology Shock Pz 0.988
St. Dev., Default Shock, E Obe 0.0011
St. Dev., Default Shock, HB Obh 0.0013
St. Dev., Housing Demand Shock 0j 0.0346
St. Dev., Investment Shock Ok 0.0081
St. Dev., LTV Shock, E Ome 0.0204
St. Dev., LTV Shock, HB Omh 0.0115
St. Dev., Preference Shock Op 0.0205
St. Dev., Technology Shock 0 0.0070
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2. Francisco Covas and John Driscoll: A Non-linear
Model of Borrowing Constraints

2.1 Introduction

In this appendix, we describe the setup of the model by Covas
and Driscoll included in “Macroeconomic Effects of Banking-Sector
Losses across Structural Models.” We construct a general equilib-
rium model augmenting that of Aiyagari (1994) by having three
types of agents that face uninsurable risks: workers, entrepreneurs,
and bankers. Workers supply labor to entrepreneurs and face labor
productivity shocks which dictate their earning potential. Entrepre-
neurs can invest in their own technology and face investment risk
shocks which determine their potential profitability. Bankers play
the role of financial intermediaries in this economy by accepting
deposits from workers and making loans to entrepreneurs. In addi-
tion, bankers can also invest in riskless securities. Bankers are sub-
ject to revenue shocks that determine their potential profitability.
An important feature of the banker’s problem is the presence of
occasionally binding capital and liquidity constraints.

2.2  The Model

The model includes three groups of agents: workers, entrepreneurs,
and bankers. We describe the economic problems faced by each group
of agents below.

2.2.1 Workers

As in Aiyagari (1994) workers are heterogeneous with respect to
wealth holdings and earnings ability. Since there are idiosyncratic
shocks, the variables of the model will differ across workers. To
simplify notation, we do not index the variables to indicate this
cross-sectional variation. Let ¢’ denote the worker’s consumption
in period ¢, di’ denote the deposit holdings, and a}’ denote the
worker’s asset holdings in the same period, and ¢; is a labor-efficiency
process which follows a first-order Markov process. Workers choose
consumption to maximize expected lifetime utility
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0o
EO Z ﬂfyu(c;‘,wv ;&U—&—l)v
t=0

subject to the following budget constraint:
¢ +df +afy =we + RPdY + Ral,

where 0 < 3, < 1 is the worker’s discount factor, w is the worker’s
wage rate, R is the gross rate on deposits, and R is gross return
on capital. We assume workers are subject to an ad hoc borrowing
constraint; that is, a’,; > a, where a < 0. The wage rate and the
return on capital are determined in general equilibrium such that
labor and corporate capital markets clear in the steady state. Note
that we have introduced a demand for deposits by assuming that
their holdings bring utility to the worker. However, the deposit rate
is assumed to be exogenous since, as described later, bankers take
as given the stock of deposits supplied by the workers.

Let v* (e, x,,) be the optimal value function for a worker with
earnings ability € and cash on hand xw The worker’s optimiza-
tion problem can be specified in terms of the following dynamic
programming problem:

v (€6, xy) = max u(cw,dy,) + BuElv(e, xy,)]el, (2.1)

/
Cuw,d},,al,

st. cp+d,+al, =z,
zl, =we + RPd,, + Radl,
a,, > a.

The full list of parameters of the worker’s problem is shown at the
top of table 2.1.

2.2.2 Entrepreneurs

Entrepreneurs are also heterogeneous with respect to wealth hold-
ings and productivity of the individual-specific technology that they

!Because the worker’s problem is recursive, the subscript ¢ is omitted in the
current period, and a prime denotes the value of the variables one period ahead.
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Table 2.1 Parameter Values under Baseline Calibration

Parameter Description Value
Workers’ Parameters
Bw Discount Factor 0.96
Y Coefficient of Relative Risk Aversion 2.0
w Weight on Consumption 0.97
De Persistence of Earnings Risk 0.80
Oc Unconditional s.d. of Earnings Risk 0.16
a Borrowing Constraint 0.0
Nw Mass of Workers 0.666
Entrepreneurs’ Parameters
Be Discount Factor 0.95
Ye Coefficient of Relative Risk Aversion 2.0
Dz Persistence of Productivity Risk 0.70
o, Unconditional s.d. of Productivity Risk 0.22
K Borrowing Constraint 0.50
« Capital Share 0.45
v Labor Share 0.35
1) Depreciation Rate 0.08
Ne Mass of Entrepreneurs 0.333
Bankers’ Parameters
6 Discount Factor 0.95
Yo Coefficient of Relative Risk Aversion 1.0
X Capital Requirements 0.06
5 Loan Maturity 0.24
Qyp Curvature of Loan Revenues 0.75
0o Persistence of Shock to Loan Revenues 0.70
o9 Unconditional s.d. of Shock to Loan Revenues 0.09
Pd Persistence of Shock to Deposits 0.80
o4 Unconditional s.d. of Shock to Deposits 0.15
bp Intermediation Cost 0.15
vo Adjustment Cost for Decreasing Loans 0.04
vt Adjustment Cost for Increasing Loans 0.02
Corporate Sector’s Parameters

Qe Capital Share 0.36
Oc Depreciation Rate 0.08
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operate. Entrepreneurs choose consumption to maximize expected
lifetime utility

EO Z ﬂzu(cf)v
t=0

where 0 < (. < 1 is the entrepreneur’s discount factor. Each
period, the entrepreneur can invest in an individual-specific technol-
ogy (risky investment) or invest its savings in securities. The risky
technology available to the entrepreneur is represented by

Yt = th(kt, lt)7

where z; denotes productivity, k; is the capital stock in the risky
investment, and [; is labor. This investment is risky because the stock
of capital is chosen before productivity is observed. The labor input
is chosen after observing productivity. The idiosyncratic produc-
tivity process follows a first-order Markov process. As is standard,
capital depreciates at a fixed rate 4.

In addition, the entrepreneur is allowed to borrow to finance
consumption and the risky investment. Let bf,; denote the amount
borrowed by the entrepreneur and R* denote the gross rate on bank
loans. The loan rate is determined in general equilibrium. Borrow-
ing is constrained, for reasons of moral hazard and adverse selection
that are not explicitly modeled, to be no more than a fraction of
entrepreneurial capital:

biy1 > —K ki1,

where k represents the fraction of capital that can be pledged at the
bank as collateral. Entrepreneurs that are not borrowing to finance
investment can save through a riskless security, denoted by s¢ with a
gross return R which will also be determined in general equilibrium.

Under this set of assumptions, the entrepreneur’s budget con-
straint is as follows:

¢t + kg1 + b + 3§+1 =y,
wip = 201 f (ks lepr) + (1= lip)w

+ (1= 8)kpp1 + REVE 4 + R 8§,
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where z{ denotes the entrepreneur’s period-t wealth. It should be
noted that the entrepreneur can also supply labor to the corporate
sector or other entrepreneurial businesses.

Let v¢(z,x.) be the optimal value function for an entrepreneur
with productivity z and wealth er The entrepreneur’s optimiza-
tion problem can be specified in terms of the following dynamic
programming problem:

v9(2,2.) = max u(ce) + BeEv(Z, z))|2], (2.2)

Ce,k’ bl s’

st cet+ kK + s+, =z,
o =w( K w) + (1 -6k + RMY, + R,
0>0b, > —kk,

sh >0,

K >0,
where 7(z’, k'; w) represents the operating profits of the entrepre-
neur’s and incorporates the static optimization labor choice. From
the properties of the utility and production functions of the entre-
preneur, the optimal levels of consumption and the risky investment
are always strictly positive. The constraints that may be binding are
the choices of bank loans, b, and security holdings, s.. The full list

of parameters of the entrepreneur’s problem is shown in the middle
panel of table 2.1.

2.2.3 Bankers

Bankers are heterogeneous with respect to wealth holdings, loan
balances, deposit balances, and productivity. Bankers choose con-
sumption to maximize expected lifetime utility

Eo ) Brulc)),
t=0

where 0 < (B < 1 is the banker’s discount factor.

2Because the entrepreneur’s problem is recursive, the subscript ¢ is omitted
in the current period, and we let the prime denote the value of the variables one
period ahead.
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Bankers hold two types of assets—risky loans (b) and risk-
less securities (s)—and fund those assets with deposits (d) and
equity (e). Loans can also be funded by short-selling securities—
implying s can be negative.

Each period, the banker chooses the amount of loans it makes
to the entrepreneurs, denoted by b4 1. Loans, which are assumed
to mature at a rate , yield both interest and non-interest income
(the latter arises, for example, from fees, which in practice are a
substantial part of bank income). Banks may differ in their ability
to extract net revenue from loans due to (unmodeled) differences in
their ability to screen applicants or monitor borrowers, or in mar-
ket power. For analytical convenience, we represent net revenue in
period t from the existing stock of loans b; as

Yo = (R* — ¢p)be + 019(by),

where 6; denotes the idiosyncratic productivity of the bank, the
function g(b;) exhibits decreasing returns to scale, and ¢, is the cost
of operating the loan technology.

The banks also face adjustment costs in changing the quantity
of loans, which allows us to capture the relative illiquidity of such
assets. The adjustment costs are parametrized by

_ bii1 — 0b \ 2
U(byy1,6b) = V;(tﬂbt) by,
t

where

— t - — -
vw=v 1{bt+125bt} +v 1{bt+1<5bt}'

In our calibration, we will assume that the cost of adjusting the
stock of loans downwards is much greater than the cost of adjusting
it upwards—reflecting the idea that calling in or selling loans is more
costly than originating loans.

Gross returns from the bank’s securities holdings is given by

S
yf = R” sy,

which may be negative if the bank is short-selling securities. The
banker’s budget constraint is written as follows:

CS +bip1+ 841 +Hdip1 = xfg’ — U(bys1, 0by),
ab = (R* — ¢p)bigr + 0i419(bey1) + R¥sp41 + RPdyyq,
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where :cf denotes the banker’s period-t wealth and d;; 1 the stock of
deposits. The bank borrows through deposits that it receives from
the workers, but it can also borrow by selling securities to other
bankers or entrepreneurs. For simplicity, we assume the share of
deposits received by each bank is exogenous and follows a four-
state first-order Markov chain (see section 2.4.3 of this appendix for
further details). However, borrowing from entrepreneurs and other
bankers is endogenous and is constrained by capital requirements.
Letting e;y1 denote banks’ equity, the capital requirement may be
written as

et+1 > Xbiy1,

which is equivalent to a risk-based capital requirement, giving a
zero risk weight to securities. The capital requirement may in
turn be rewritten in terms of securities holdings as follows (since
€i+1 = IL'? — \I’(bt—i-l, 5bt) — Cg):

Se1 > (X — D)beg1 — diga.

We also impose a liquidity requirement, in which we assume that
cash on hand—which consists of the return on existing securities
holdings, R®s;41m, and the net revenue from paydowns on existing
loans, b, ;—must be sufficient to satisfy demand for deposit with-
drawals under a liquidity stress scenario and interest payments on
deposits. This can be represented as

RSSt+1 + 5bt+1 Z (d{s—1,1}+ - RDdt+1), (23)

where d,_1 13+ represents a decline in the stock of deposits (note
that d < 0). Since d; follows a Markov chain, if in period ¢ the bank is
in state s, then deposit withdrawals correspond to state {s—1,1}7.
The stringency of the liquidity requirement is given by the assump-
tion about the relative size of the bad deposits realization It will
be calibrated through an assumption of how quickly deposits would
run off in a crisis situation.

3When not in a crisis, the deposits runoff will be smaller, and the constraint
will not bind.
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Let v°(6, 2%, b, d") be the optimal value function for a banker with
wealth 2°, loans b, deposits d’, and productivity 6. The banker’s opti-
mization problem can be specified in terms of the following dynamic
programming problem:

020, 2, b,d") = max u(cb) + BpE[v(x}, b, d",0)|0,d], (2.4)

cp,b’ s’
st. cp+b +5 +d =z, — U, 6b),
vy, = (R = ¢p)b' + 0'g(b) + R®s' + RPd,
6/ Z Xb/,
RS 46V > (d(s_1.1y+ — RPd).

Banker’s Capital Constraint. The balance sheet constraint
of the banker is given by

b +s =x, —cp — b, 0b) —d,

where the left-hand side of this expression is the banker’s assets,
b’ +s', and the right-hand side is the banker’s equity, e, = —cp —
O (b, b), and debt, —d’. The capital constraint can be written as

ey > xb'
b/+8/+d/sz/
d>(x—-1b —5.

Banker’s First-Order Conditions. The first-order conditions
for b’ and s’ are as follows:

o® (', b) _ ov, Oz, 0w |, =
[H oy ]uc(c) = [ {3% T O B e R T
81)(; 8:61,
UC(C) = ﬁbE |:axb 83/ e,d/:| + )\ + ,URS,

where X is the Lagrange multiplier associated with the capital con-
straint and p is the Lagrange multiplier associated with the liquidity
constraint. Note that the envelope conditions are
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81)() _

871‘1, = uc(c)
vy _ —u <C)87<1>
ob NTob”

Using the envelope condition on the set of first-order conditions, one
obtains

12900

= G E [(9/913(5’) +Rp — ¢y — W)Uc(c/)

H,d’]
+ (1 —=x)\+du

uc(c) = BFE {Rsuc(c’)

9, d’] + A+ uRs.

2.2.4 Corporate Sector

In this economy there is also a corporate sector that uses a constant-
returns-to-scale Cobb-Douglas production function, which uses the
capital and labor or workers and entrepreneurs as inputs. The aggre-
gate technology is represented by

Y, = F(Ky, Ly),

and aggregate capital, Ky, is assumed to depreciate at rate 6.

2.2.5 Equilibrium

Definition 1 summarizes the steady-state equilibrium in this
economy.

DEFINITION 1. The steady-state equilibrium in this economy 1is
a value function for the worker, v¥(e,x"), for the entrepreneur
ve(z,2%), and for the banker, v®(0,xy,b,d"); the worker’s pol-
icy functions {c*(e,x"),d"(e,x"),a" (e, z™)}; the entrepreneur’s
policy functions {c®(z,x.), k(z,2e), l(z,x.),b(2, ), a%(2,z¢) }; the
banker’s policy functions {c®(zy, b,0,d"), b°(xp,b,0,d"), s(xp,b,0,d"),
d(xp,b,0,d")}; a constant cross-sectional distribution of worker’s
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characteristics, Ty (€, ") with mass ny; a constant cross-sectional
distribution of entrepreneur’s characteristics, I'c(z,x¢) with mass
Ne; a constant cross-sectional distribution of banker’s charac-
teristics, Ty(xp,b,0,d"), with mass (1 — n, — ne); and prices
(RP,RE RS R,w), such that

(i) Given RP, R, and w, the worker’s policy functions solve the
worker’s decision problem (2.1).

(ii) Given R, RY, and w, the entrepreneur’s policy functions solve
the entrepreneur’s decision problem (2.2).

(iii) Given RP, RY, and R®, the banker’s policy functions solve
the banker’s decision problem (2.4).

(iv) The loan, securities, and deposit markets clear:

776/19e dle + (1 — nw — Me) /bb dl'y = 0, (Loan market)
S = ne/se dle + (1 — nw — 1e) / s dTy, (Securities market)

Nw /dw dly + (1 =0y — 1) /db dl'y = 0. (Deposit market)
(v) Corporate-sector capital and labor are given by

K:nw/awdfw

L:(nw+776)_776/ld]:‘6'

(vi) Given K and L, the factor prices are equal to factor marginal
productivities:

R=1+Fx(K,L)—§,
w = Fp(K,L).
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(vii) Given the policy functions of workers, entrepreneurs, and
bankers, the probability measures of workers, 'y, entrepre-
neurs, I'c, and bankers, I'y, are invariant.

2.3 Calibration

The properties of the model can be evaluated only numerically. We
assign functional forms and parameters values to obtain the solution
of the model and conduct comparative statics exercises. We choose
one period in the model to represent one year.

2.8.1 Workers’ and Entrepreneurs’ Problems

The parameters of the workers’ and entrepreneurs’ problems are
fairly standard, with the exception of the discount factor of entre-
preneurs, which is chosen to match the loan rate. The period utility
of the workers is assumed to have the following form:

ueendy) = £ ) 4 (1= ()

where w is the relative weight on the marginal utility of consump-
tion and deposits and 7, is the risk-aversion parameter. We set ~,,
to 2, a number often used in representative-agent macroeconomic
models. We set w equal to 0.97 to match the ratio of banking assets
relative to output, since this parameter controls the stock of deposits
in our economy. The discount factor of workers is set at 0.96, which
is standard.

We adopt a constant relative risk-aversion (CRRA) specification
for the utility function of entrepreneurs:

€

u(ce) T

We set 7. to 2, close to that of Quadrini (2000). The idiosyn-
cratic earnings process of workers is first-order Markov with the
serial correlation parameter, p., set to 0.80 and the unconditional
standard deviation, o, set to 0.16. Although we lack direct infor-
mation to calibrate the stochastic process for entrepreneurs, we make
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the reasonable assumption that the process should be persistent
and consistent with the evidence provided by Hamilton (2000) and
Moskowitz and Vissing-Jergensen (2002) that the idiosyncratic risk
facing entrepreneurs is larger than the idiosyncratic risk facing work-
ers. Hence, we set the serial correlation of entrepreneurs to 0.70 and
the unconditional standard deviation to 0.22.

As is standard in the business cycle literature, we choose a depre-
ciation rate J of 8 percent for the entrepreneurial as well as the
corporate sector. The degree of decreasing returns to scale for entre-
preneurs is equal to 0.80—slightly less than Cagetti and De Nardi
(2006)—with capital and labor shares of 0.45 and 0.35, respectively.
As in Aiyagari (1994), we assume workers are not allowed to have
negative assets, and let the maximum leverage ratio of entrepreneurs
be at about 50 percent, which corresponds to x set to 0.5

The discount factor of entrepreneurs is chosen to match the aver-
age loan rate between 1997 and 2012. Based on bank holding com-
pany and Call Report data, the weighted average real interest rate
charged on loans of all types was 4.6 percent. By setting G, to 0.95,
we obtain approximately this calibration.

2.3.2 Bankers’ Problem

We divide the set of parameters of the bankers’ problem into two
parts: (i) parameters set externally, and (ii) parameters set inter-
nally. The parameters set externally are taken directly from outside
sources. These include the loan maturity, §, and the capital con-
straint parameter, x. In addition, we assume the banker has log
utility to minimize the amount of precautionary savings induced
by the occasionally binding capital constraint. The remaining nine
parameters of the banker’s problem are determined so that a set
of nine moments in the model are close to a set of nine moments
available in the bank holding company and commercial bank Call
Reports. The lower panel in table 2.1 reports the parameter values
assumed in the parametrization of the banker’s problem.

We now describe the parameters set externally. For the capital
constraint we assume that the minimum capital requirement in the

4Leverage is defined as debt to assets, that is, —b/k. At the constraint b = —kk,
the maximum leverage in the model is equal to K = 0.50.
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model is equal to 6 percent, which corresponds to the minimum tier
1 ratio a bank must maintain to be considered well capitalized. Thus,
x equals 0.06. The loan maturity parameter, d, is set to 0.24 so that
the average maturity of loans is 4.2 years based on the maturity
buckets available on banks’ Call Reports.

The parameters set internally—namely the banker’s discount fac-
tor, the intermediation cost, the parameters of the banker’s loan
technology, the persistence and standard deviation of the shock
to deposits, and the adjustment cost parameters—are chosen to
match a set of nine moments calculated from regulatory reports.
The moments selected are (i) tier 1 capital ratio, (ii) the fraction of
capital-constrained banks, (iii) leverage ratio, (iv) adjusted return
on assets, (v) the cross-sectional volatility of adjusted return on
assets, (vi) the share of assets with a zero or 20 percent Basel
I risk weight, (vii) the share of interest income relative to total
revenues, (viii) the share of non-interest expenses, and (ix) the
return on securities. The upper panel of table 2.2 presents a com-
parison between the data and the model for this selected set of
moments. Given the relatively large number of parameters and
that we are solving the model using non-linear methods, it is dif-
ficult to match closely the moments of the model with those in the
data.

As discussed above, the supplies of certain types of safe assets
such as U.S. Treasury securities, Agency debt, and municipal bonds
are not directly modeled in our framework. We capture the supply
of these assets using the parameter S. We calibrate this parameter
using the estimates of the share of safe assets provided by Gor-
ton, Lewellen, and Metrick (2012). Specifically, that paper estimates
that during the post-war period the safe-asset share has fluctuated
between 30 and 35 percent. In the model we define the safe-asset
share as follows. The numerator includes bank deposits, the exoge-
nous amount of safe assets, S, and the amount of borrowing by banks
in the securities market. The denominator includes all assets in the
economy for each of the three types of agents: workers’ deposits and
corporate-sector assets; entrepreneurs’ capital and securities; and
bankers’ loans and securities. By setting S to 9, we obtain a safe-
asset share of 33 percent in our calibrated model. The solution of the
model is obtained via computational methods and additional details
are provided in section 2.4 below.
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Table 2.2 Selected Moments

Moment Data Model
Tier 1 Capital Ratio 10.0 9.7
Share of Constrained Banks 0.1 0.3
Leverage Ratio 7.0 6.3
Adjusted Return on Assets 2.9 3.4
Cross-Sectional Volatility of Adjusted 1.3 14
Return on Assets
% Safe Assets Held by Banks 33.1 34.4
Share of Interest Income in Revenues 1.3 0.3
Share of Non-interest Expenses 3.0 8.5
Return on Securities 0.5 0.5
Loan Rate 4.0 4.1
Consumption to Output 0.7 0.7
Banking Assets to Output 0.9 1.2
Safe-to-Total Assets 0.3 0.3
Memo: Deposit Rate 0.1 0.1
% Labor in Entrepreneurial Sector — 37.6
% Labor in Corporate Sector — 62.4
% Output of Entrepreneurial Sector — 48.6
% Output of Corporate Sector — 44.0
% Output of Banking Sector — 7.5

Notes: Moments are based on sample averages using quarterly observations between
1997:Q1 and 2012:Q3, with the exception of the percentage of safe assets held by
banks, which is only available starting in 2001:Q1, and averages for share of interest
income in revenues and banking assets to output are calculated only for the period
after the fourth quarter of 2008 when investment banks became bank holding com-
panies. The adjusted return on assets is defined as net income excluding income
taxes and salaries and employee benefits. The percentage of safe assets held by banks
includes all assets with a zero and with a 20 percent risk weight. The deposit rate
is a parameter. The sample includes all banking holding companies and commercial
banks that are not part of a BHC, or that are part of a BHC which does not file
the Y-9C report. The share of constrained banks is based on banks’ responses in the
Senior Loan Officer Opinion Survey. The safe-asset share is obtained from Gorton,
Lewellen, and Metrick (2012).

2.4 Solution Techniques
2.4.1 Numerical Solution

The numerical algorithm solves the banker’s problem by solving for
a fixed point in the consumption function by time iteration as in
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Coleman (1990). The policy function ¢ (6, xp, b, d') is approximated
using piecewise bilinear interpolation of the state variables x; and
b. The variables x; and b are discretized in a non-uniformly spaced
grid points with 100 nodes each. More grid points are allocated to
lower levels of each state variable. The two stochastic processes, 6
and d’, are discretized into five and four states, respectively, using
the method proposed by Tauchen (1986). The policy functions of
consumption for workers and entrepreneurs are also solved by time
iteration. Because the state space is smaller, the variables z,, and
x, are discretized in a non-uniformly spaced grid with 900 nodes.
The invariant distributions of bankers, workers, and entrepreneurs
are derived by computing the inverse decision rules on a finer grid
than the one used to compute the optimal decision rules. Finally,
the equilibrium prices are determined using a standard quasi-newton
method.

2.4.2 Transitional Dynamics

The transition to the new stationary equilibrium is calculated assum-
ing the new steady state is reached after sixty periods (7' = 60). We
take as inputs the steady-state distribution of agents in period ¢t = 1
(prior to the change in policy); guesses for the path of RF, R® and
K/L between t = 1 and t = T; and the optimal decision functions
at the new steady state. Using those guesses we solve the prob-
lem of each agent backwards in time, for t =T —1,...,1. With the
time-series sequence of decision rules for each agent, we simulate the
dynamics of the distribution for workers, entrepreneurs, and bankers
and check if the loan market, the deposit market, and goods market
clear. If these markets are not in equilibrium, we update the path
of R, R®, and K/L using a simple linear updating rule. Finally,
after convergence of the algorithm, we compare the simulated dis-
tribution at T' = 60 with the steady-state distribution of each agent
type obtained after the change in the policy parameters.

2.4.8 Markov Chains

Both the revenue and deposit shocks of the banker follow a first-
order Markov process with five and four states, respectively. The
Markov-chain process for the revenue process is as follows:



28 International Journal of Central Banking September 2019

6 = [0.69;0.83;1.0; 1.21; 1.46]

[0.42 0.55 0.03 0.00 0.00]
0.05 0.62 0.33 0.00 0.00
0.00 0.15 0.70 0.15 0.00
0.00 0.00 0.33 0.62 0.05
0.00 0.00 0.03 0.55 0.42

(0, 0) =

As for the deposit shock process, we assume
d = [0.47;0.78;1.28;2.12]

0.75 0.25 0.00 0.00
0.02 0.89 0.09 0.00
TI(d'|d) = [0.00 0.09 0.89 0.02
0.00 0.00 025 0.75

3. Michael Kiley and Jae Sim: Intermediary Leverage,
Macroeconomic Dynamics, and Macroprudential
Policy

This appendix provides the description of the structure of the
model and the estimation/calibration strategy used in Kiley and
Sim (2015). Since the focus of the analysis is on the financial inter-
mediary, the description is more in detail for the sector. However,
the description of the other sectors will be very brief.

3.1 Model without Pigovian Tax

The model economy consists of (i) a representative household, (ii)
a representative firm producing intermediate goods, (iii) a contin-
uum of monopolistically competitive retailers, (iv) a representative
firm producing investment goods, and (v) a continuum of financial
intermediaries.

3.1.1 The Financial Intermediary Sector

Financial intermediaries fund investment projects by issuing debt
and equity securities. Debt is tax advantaged and is subject to
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default, while equity issuance is associated with a sizable issuance
cost. We adopt the following timing convention: a time period is
split into two subperiods where lending and borrowing (e.g., asset
and liability) decisions have to be made in the first half of period
t; idiosyncratic shocks to the returns of the projects are realized in
the second half of period ¢, at which point lending and borrowing
decisions cannot be reversed (until period ¢ + 1).

3.1.2 Debt Contract

We denote the return on intermediary project by 1 + rﬁrl =
err1(1 + r{yy), where r{l | is the aggregate component and €41
is the idiosyncratic component. The latter follows a time-varying
log-normal distribution: loge; ~ N(—0.502,02). The time-varying
volatility follows:

logoy = (1 — py)loga + pologoi_1 + 05Vst, Vot ~ N(0,1). (3.1)

We let Fy(-) = F(+|ot) denote the cumulative distribution function of
€ given the realization of o;. We also denote the fraction of balance
sheet asset funded through equity by m;. 1 —m; then represents the
fraction funded by debts. For each unit of debt financing, the finan-
cial intermediary owes 1+ (1 —7.)rf |, where r7 | is the borrowing
rate and T, is a flat-rate corporate income tax rate. The intermediary
is insolvent when the realized return is below its debt obligation:

err1(l+ 7"tA+1) <[+ (1= 7e)rda] (1 —me).
We define the default threshold shock as

1+(1- Tc)rg_l
1+ r;“H

(1 —my). (3.2)

D
€1

Using the default threshold, investors’ participation constraint can
be expressed as

D
€41
1-— ™y S Et{Mt,t-i-l |:(1 — ’I’])/ 6(1 + ’I"é,'_l)dFt_A'_l(E)
0

+ /EOO (L—my)(1+ Til)dFtH] }, (3:3)

D
t4+1
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where the default recovery is discounted by a factor 1 — n owing to
bankruptcy costs and M; ;11 is the stochastic discount factor of the
representative household.

3.1.8 Intermediary Equity Finance

We denote the dividend payouts of the intermediary by D,;. When Dy
is negative, it should be interpreted as equity issuance. We express
equity-related cash flow ¢(D;) as

— Dt if Dt Z 0
P(Dy) = { —(1—¢)D; if D; <O0. (3.4)
Note that —(1 — ¢)Dy < —D; when D; is negative. This implies
that the actual cash flow from the equity issuance of — Dy is strictly
less than —D; owing to equity dilution cost ¢ € (0, 1). The dilution
cost is a transfer from old shareholders to new shareholders. In gen-
eral equilibrium, both are an identical entity. As a result, investors,
as a whole, do not gain from this dilution cost. In the extreme of
¢ = 1, this would be equivalent to the assumption that the inter-
mediary cannot issue equities. We denote the number of claims that
the intermediary purchases by S; and its unit price by Q;. The flow
of funds constraint for the intermediary is

QiS5 = max{0, & (1 + ") = [1+ (1 = 7)r J(1 = me1)} Q4151
+ (1 = me)QiSt — @¢(Dy). (3.5)

We define an equity-financing trigger € as the level of idiosyn-
cratic shock below which financial intermediary must raise external
funds. The shock threshold can be found by setting ¢(D;) = 0 and
solves (3.5) for €, guessing that at this level of shock, the interme-
diary does not default, i.e., £ > eP:

1+ (1—71)rP mQy
E t
€ = (1 —my_
t ( -1) 1+7rf (1+7)Qi-151-1
_ 6tD 4 myQy (3.6)

(14+7rMQi—15i—1

(3.6) shows that e > eP indeed.
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8.1.4 Value Mazimization

The intermediary problem is presented in two stages. We denote the
ex ante value of the intermediary by J; prior to the realization of
the idiosyncratic shock. We denote the ex post value V;(IV;) after
the realization. Before the realization of the idiosyncratic shock, the
intermediary solves

Jo= max  {E{[Dy] +E;[My 1B [Vigr (Neg)]] }

B
QtStymt:€t+1

s.t. (3.3) and (3.5), (3.7)

where the expectation operator Ef[-] is defined with respect to e.
After the realization of the idiosyncratic shock, the intermediary
solves

Vi(Ny) = max {D; +E;[Myy11Ji41]} st (3.5). (3.8)

We denote the shadow value of the flow of funds constraint (3.5) by
At. The first-order condition for (3.8) is

1 ifDy >0

A= { 1/(1—¢) if D; <0. (3.9)

What matters for the investment problem is not A, but its expected
value E$[)\;]. Using (3.6) and (3.9), one can evaluate the expected
value as

Fy(ef
ES[\] =1 — Fy(eF) + 1t(_t(p) =1+ uF(ef)y>1, p=-—-".

We define standardized default and equity issuance thresholds as

stD+1 = J{_&l(log eﬂl + 0.50‘t2+1) and sﬂl = U;rll (log eﬂl + 0.50,52“),
respectively. The appendix of Kiley and Sim (2015) derives the first-
order conditions of problem (3.7) as

Q¢S 11 = Et{Mt 1, : [1 + Tt+1 (1—=mg)[l+(1- )Tt+1]] }
(3.11)
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my s Ef[A\] = 9t{1 —Eq [Mt,t+1 <(1 — )y ®(s¢}1)

Te — 13"
- aga) | (3.12)
d(sP
6{11 0 =E, l:Mt,tJrl (1(:;:31 —[1+ Nt+1q)(3£1-1)]> (1+ 7’24+1)]

)¢(875D+1 — 0t41)
D
Ot+1€¢41
D
+ ! (1 - CD(StD-i-l) - ¢(8t+1)>} (1+ rﬁrl)}

-7 Ot+1

(z)(StD—l—l) Te :|

D
Ut+16t+1 1-— Te

+ et]Et{Mt,t+1 [(1 -n

+ 0 (1 — mt) Et |:Mt7t+1 (313)

where 0, is the shadow value of the constraint (3.3), the intermediary
asset pricing kernel is given by

Ef 1 [Aet1] 1+ p®(sf )

= , 3.14
tt+1 1+NCI)(SF) ( )

and the modified asset return 1+ 77}, is defined as

L+ pue1 @ (8851 — 0e41)
1 +M‘I)(SF+1)
EtDJrl(I)(StDJrl) - q)(StDJrl — 0y)

(1 =) [1 + pe1®(sf, )]

1478, =

(L+74).  (3.15)

The appendix of Kiley and Sim (2015) further shows that the ana-
lytical solution for (3.15) is given by

1+ pu1®(sfyy — 0er1)
1 "‘N‘I)(Sf-i-l)
eﬂlé(sﬂl) — (I>(5£r1 — 01)
(1= @)1+ per1®(s;4)]

1+78, =

+

(L+7r).  (3.16)
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3.1.5 Production and Investment

There is a competitive industry that produces intermediate goods
using a constant-returns-to-scale technology; without loss of gener-
ality, we assume the existence of a representative firm. The firm
combines capital (K) and labor (H) to produce the intermediate
goods using a Cobb-Douglas production function,

YM = HOK}! ™, (3.17)
where the technology shock follows a Markov process,
loga; = pglogai—1 + 04vat, Vet ~ N(0,1). (3.18)

The intermediate goods producer issues state-contingent claims
St to a financial intermediary and uses the proceeds to finance
capital purchases, Q:K;,1. No arbitrage implies that the price of
the state-contingent claim must be equal to Q; such that Q;S; =
Q:Ki11. The firm’s static profit per unit of capital is determined by
the capital share of revenue, i.e., rX = (1 — a)PMY;/K;, where PM
is the relative price of the intermediate goods. The aggregate return
on asset is given by

14 = (1—7)(1— Of)PtMYC;/Kt +[1-(01- 75)5]Qt. (3.19)

To endogenize the price of capital, we introduce a competitive
investment-goods industry, which produces investment goods by
combining and consumption goods and undepreciated capital using
a quadratic adjustment cost of investment, x;/2(I;/I;_1 — 1)%I;_1,
where x; follows a Markov process,

log x: = (1 — py)log X + py log Xt—1 + oy Uye, vyt ~ N(0,1).
(3.20)

The optimization condition of the investment-goods firm leads to a
well-known investment Euler equation.
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3.1.6 Households

The preferences of the representative household is specified as

) 1
Zﬁs [1 —[(Crrs = hCrps1)' ™7 = 1] - ?Htlfs , (321)

where C; is consumption, H; is hours worked, § is the time dis-
count factor, v governs the curvature in the utility function, h is the
external habit, and v is the inverse of the Frisch elasticity of labor
supply. The household problem is to optimize over the choices of
intermediary bond holdings, intermediary equity holdings, risk-free
nominal bond holdings, and labor hours. Of these we skip the static
optimizing condition for hours.

The household invests in a perfectly diversified portfolio of inter-
mediary debts, By = [[1 — my_1(i)]Q¢—1S;—1di. The optimization
condition for bond investment leads to the participation constraint
3.3).
( %‘he appendix of Kiley and Sim (2015) shows that the optimiza-
tion condition of equity investment in intermediary shares satisfies

Ef i [max{D;y1,0} + (1 — @yp1) min{D;11,0}] + P2,
Pts ’
(3.22)

1=E; | M4

where P is the ex-dividend price of an intermediary share. In
our symmetric equilibrium, P(i) = P? for all i € [0,1] because
E{[Mi 441+ Ji41] does not depend on 1ntermed1ary specific Varlablesﬁ
Finally, the household’s optimizing condition for risk-free bond
holding leads to the well-known consumption Euler equation:

1= Et [Mt,t+1RtEt] . (323)
We assume that the “risk premium” follows a Markov process,

logE; = p=logZi_1 + ogvae, wv=r ~ N(0,1). (3.24)

SIn general equilibrium, the existing shareholders and the investors in the new
shares are the same entity, the representative household. Hence, costly equity
financing does not create a wealth effect for the household, but affects the aggre-
gate allocation through the marginal efficiency conditions of the intermediaries.
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8.1.7 Nominal Rigidity and Monetary Policy

To generate nominal rigidity, we assume that the retailers
face a quadratic cost in adjusting their prices P:(i) given by
XP/2 (Pi(i)/Pie1 (i) — (ﬁl_“Hf_l))2 Y:, where Y; is the CES aggre-
gate of the differentiated products with an elasticity of substitution
¢, which follows a Markov process,

loger = (1 — p)logé + pcloger—1 + 0-v4, ver ~ N(0,1). (3.25)

k is the inflation indexation parameter. The optimal pricing decision
leads to a well-known Phillips curve, which is both backward and
forward looking.

Monetary policy is specified by the following Taylor rule:

II/11 11 Y, —Y* Ty * Y, ray7l-pr
R, = R/%, {6 <Ht> <tY* ) (n;) ] exp(ef?),
(3.26)

where ef is iid monetary policy shock.

3.1.8 Fiscal Policy

The fiscal policy is simply dictated by the period-by-period bal-
anced budget constraint. The revenues for government come from
two sources: corporate income tax of the financial intermediaries
and lump-sum tax on households. The proceeds from the corpo-
rate income tax are assumed to be transferred back to the financial
intermediaries in a lump-sum fashion. We also assume that the dis-
tortionary subsidies on product prices and wages are funded by the
lump-sum tax on the households. In addition, fluctuations in gov-
ernment purchases are a source of autonomous demand shocks, as
in Smets and Wouters (2007).

3.2 Pigovian Tax

When the Pigovian tax is introduced, the flow of funds constraint
facing the intermediaries becomes
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Q+S: = max{0, (1 + 7‘24) —[14+(1- TC)T‘tB](l —me—1)}Qr—15—1
+ (1 —=7")(1 — my)QeSt — @(Dy), (3.27)

where T is the lump-sum transfer of the proceeds from the leverage
taxation. In equilibrium 77(1 — m,;)QS; = T}, though T} is taken
as given by the intermediaries. The default threshold is now given
by

1+(1- TC)TE_1:| ‘ (3.28)

D _
€41 < €4 = (1 —my) [ 11 A
t+1

Following the same steps, one can derive the following efficiency
conditions:

1
mt—i-’i'gn(l —mt)

QtSt 1= Et |:Mti+1
x L+l — (1 =—m)l+ (1 —7e)rE )] (3.29)

E, [Mt,t-i—l[l - q)(st[jrl)]] }
(3.30)

Tc

my 1 —Tgn)EZ[)\t] = 9,5 {1 +

1—7,

‘I)(SBA)

PO Bl 0 )}
Pt+1

63_1 :0= Et {Mt,t+1 |:

)¢(35r1 — 0t41)
Ut+1€£r1

(1- 28 - ‘“3?“))] (i)

Ot41

D
1 —Tco1€

+ 6,E, {Mt,tJrl [(1 -1

+0; (1 —my) E, {Mt,t+1
(3.31)

3.3  Calibration/Estimation of Key Parameters

Our approach involves calibration of certain parameters and estima-
tion of others—we assign parameters to each category based on the
degree to which observed fluctuations in the data are likely to be
informative about parameter values. Our estimation is informed by
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eight macroeconomic time series. The first six are among those in
Smets and Wouters (2007), given below.

Change in output per capita = §; — 91
Change in consumption per capita = ¢ — ¢;_1
Change in investment per capita = 2 — #;_1
Change in nominal wage per capita = wW; — Wy_1
Change in hours worked per capita = Zt — Zt—l
GDP price inflation = 7,
Nominal federal funds rate = 7;

In each case, lowercase letters refer to the natural logarithm of a
variable, and we remove the mean from the series prior to estimation.
The last two time series used in estimation are data on long-
run expected inflation from the Survey of Professional Forecasters

and the excess bond premium from Gilchrist and Zakrajsek (2012),
which we link to the model by

40
. . 1 .
Expected inflation = 0 jg_l Ey |7 5)

40
. 1 L
Excess bond premium = 20 ;1 B[Ry — Riyjl.

Table 3.1 summarizes the calibrated parameters. Tables 3.2 and
3.3 report the key estimated parameters and the variance decom-
position implied by the estimation results. Our estimation sample
spans the periods from 1965 to 2008.
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Table 3.1 Baseline Calibration

Description Calibration

Preferences and Production

Time Discounting Factor 6 =0.985
Value-Added Share of Labor a = 0.600
Depreciation Rate 60 =0.025

Financial Frictions

Liquidation Cost n = 0.050
Corporate Income Tax 7. = 0.200
Long-Run Level of Uncertainty o =0.030

Table 3.2 Posterior Moments of Key Parameters

Parameter Mean [0.05, 0.95]
Preferences

y 1.57 [1.41, 1.72]

h 0.37 [0.30, 0.44]

v 0.95 [0.63, 1.27]

Financial Friction

@ 0.24 [0.20, 0.28]

X 4.44 [3.76, 5.13]
Nominal Rigidities

5 51.69 [41.14, 59.06]

K 0.07 [0.01, 0.12]
Monetary Policy

PR 0.72 [0.68, 0.75]

Ty 0.02 [-0.01, 0.06]

TAy 0.53 [0.41, 0.64]

o 0.72 [0.59, 0.84]
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4. Albert Queralto: Banks and Outside Equity

This appendix provides details on the model by Gertler, Kiyotaki,
and Queralto (2012) included in “Macroeconomic Effects of
Banking-Sector Losses across Structural Models.” Section 4.1
describes the agents’ optimization problems. Section 4.2 contains
the model’s full set of equilibrium conditions. Section 4.3 describes
the calibration of the model parameters.

4.1  Model Setup
4.1.1 Households

The household chooses consumption, labor supply, riskless debt, and
outside equity (Ct, Lt, Dp, t, €:) to maximize

') - 1 X ) 1—v
B Y BT — (CT — hCrq — Lﬁ%@) (4.1)
T=t 1- v 1+ ¥

subject to

Ci+ Dp + qiee = WLy + 1y — T + Ry Dp g1
+[Ze+ (1= 0)qu] i€ (4.2)

Here ¢; is the price of a unit of outside equity, normalized so that
each equity is a claim to the future returns of one unit of the asset
that the bank holds. Z; is the flow returns generated by one unit
of the bank’s asset, d is the depreciation rate of capital, and 1, is
the capital quality shock. Thus, the total payoff at ¢ for a share of
outside equity acquired at t — 1 is [Z; + (1 — ) q¢]s.

W; is the wage rate, T} is lump-sum taxes, and II; is net profit
from both banks and non-financial firms.

4.1.2  Non-financial Firms

There are two types of non-financial firms: goods producers and
capital producers.
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4.1.8 Goods Producers

Competitive goods producers use capital K; and labor L; as inputs
to produce final goods. They operate a production function given by

Y, = K&Ly~°. (4.3)

Good producers purchase capital one period in advance. To
finance their capital purchases, they issue state-contingent securi-
ties to banks, at price @; (the price of a unit of physical capital).
Then, given capital, in period ¢ firms choose labor to satisfy

Y,

We=(1-a)—. 4.4

= -a)f (1.4)
Gross profits per unit of capital, Z;, are then
Y, - WL L\

7, = = — ) 4.5

(=T —a () (45)

Since there are no financial frictions between firms and banks,
through perfect competition the (gross) return on goods firms’ secu-
rities is ¢ [Z: + (1 — )@, and these firms earn zero residual profits
state by state.

4.1.4  Capital Producers

Capital producers make new capital goods using final output as
input, and are subject to adjustment costs given by f(I;/I;—1)I;,
with f(1) = f'(1) = 0 and f"(I;/I;—1) > 0. A capital producer
chooses I; to solve

max E, iAth {QTIT — [1 +f <IIT >] IT} ) (4.6)
T=t -1

Above, A; ; is the household’s discount factor between periods ¢
and 7.

4.1.5 Banks

Each bank raises funds by issuing deposits d; and outside equity to
purchase producers’ equity, s;:

Qtst = Ny + qi€t -+ Clt. (47)
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The evolution of a bank’s net worth (or inside equity), n¢, is

ng = [Ze + (1 = 0)Q¢) ¥est—1 — [Z¢ + (1 = 8)qe]vrer—1
— tht—l — €tNy_1. (48)

Above, €ny_1 is a capital transfer which subtracts from the
bank’s resources at the beginning of the period. We assume that
the transfer is equal to fraction €; of previous-period inside equity
ng_1, where €; is an exogenous stochastic process.

The value of the bank at the end of period ¢ is

‘/t = V(St,l’t, nt) = Et Z (1 — U)O'TitAt’TTLT, (49)
T=t+1

where z; = 2° and o is the banker’s survival probability. After

= Qs
obtaining funds, the banker may default on its debt and divert a
fraction O(x;) of assets. The incentive constraint for the bank not
to steal is

V(St, T, Tlt) > @(xt)QtSt‘ (410)
The divertable fraction is

O(z) =0 (1 + exy + gﬁ) . (4.11)

The bank’s problem is to choose assets and outside equity,
(st,x¢), to maximize (4.9) subject to (4.7), (4.8), and (4.10). To
solve the problem, we first conjecture that the bank’s value function
takes the following form:

Vi(st, ze,ne) = (st + Tefhe,t)QeSt + vine, (4.12)

where fi5+, pe+ and 14 are coefficients to be determined, which do
not depend on the bank’s individual state. The Lagrangian for the
bank’s problem, L;, is then

K
L= [(:us,t + fUtMe,t) Qs + l/mt] (T4+ X)) — N0 (1 + exy + 539?) ,

(4.13)
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where \; is the multiplier on (4.10).
As shown in the working paper version of Gertler, Kiyotaki, and
Queralto (2012), the bank’s optimality conditions are as follows:

Qtst = Pty (4.14)
4

O B@) — (or + Tarted) (4.15)

2 9 1/2
Ty = _Ms,t + (Ms,t) + 2 <1 _ 6#5,t>
Me,t lu’€7t K ILLevt

1
=z <’us’t> ,  where 2’ >0 given k> —é (4.16)
He,t 2

with

v =By [Ap1Q11 (Reg1 — €441)] ( )
Hs,t = E, [At+1Qt+1 (Rk,t+1 - Rt—i—l)} (4'18)
pret = B¢ [Ap1Qe 01 (Rey1 — Ret)] (4.19)
(4.20)

Y1 =1—0+0 V1 + b1 (s,t+1 + Tt fle,t41)] -

Note that the marginal value of inside equity, 14, includes the
term —e;yq, capturing the inside equity transfer in period t + 1.
Above, we have defined the rates of return to non-financial firms’
securities and to banks’ outside equity, Ry and R., respectively,
as

e wtw (4.21)
Rey =y 22t 1= 00 (4.22)
qt—1

4.2 Equilibrium Conditions

veon [ (e
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Q=141 <It ) * Itjtlf, <1tlt1>

L\, (L
CE A < t ) f ( t )] (4.24)
Qtst = (tht (425>
Si=I+ (1-9)K, (4.26)
Kiy1 = 1415 (4.27)

Ny =0{[Rit — Rt — (Re,t — Ri)w4—1] Qe—1St—1 + ReNe—1 }
+ (1= 0)8Qi-151-1 — &N;—1 (4.28)
1 =E; (At41Re41) (4.29)
0=E;[Aps1 (Ret+1 — Riy1)] (4.30)
A, = ptet (4.31)
Uc,t—1

¢ = 0(1+ex,+ 5 ) (fs,t + Tiflet) (432)
v =By [At+19t+1 (Rey1 — €t41)] (4.33)
st = By [Ap1Qep1 (Ric i1 — Rivr)] (4.34)
et = By [Aiy1Qip1 (Reg1 — Ret)] (4.35)

2 1/2
2y — Mt | [(lﬂ) +<1_6/‘5¢>] (4.36)
et et R et
Q1 =1—0+0 W1+ Grr1 (Ms,ir1 + Teg1fle,t1)] (4.37)
11—«
o) +0-0Q

J " o (4.38)
tf
11—«
a <f{—i) +(1=9)q
Rey =1y P~ (4.39)

(1-a) = <C’ hC X LH“O) - Lf  (4.40)
-« —uc - X .
Lt t= t =1 1 + (2 t t
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X -
uc,t = (Ct - h’Ct—l - L%+¢>

1+¢
X 1+ -
— BhE, (ct+1 — hCy — mLt +f> (4.41)
Y, = KOLy ™ (4.42)

The twenty equilibrium conditions (4.23)—(4.42) determine the
twenty endogenous variables Y;, Cy, Iy, Q¢, qi, ¢, Ni, Sty Kiq1, R,
Re,ta Rt+1, T, At, UC,ty Vty Us,ts He,t, Qt, Lt. The exogenous variables
are the capital quality shock, 1;, and the bank capital transfer, ¢;.

4.8  Calibration

Table 4.1 contains the values assigned to the model’s parameters.
We choose conventional values for the standard preference and tech-
nology parameters: v, 8, a, 4, X, ¢, h, and the elasticity of investment
to Q.

There are five parameters specific to our model: o, &, 0, €, and
k. We set the survival rate of bankers, o, to 0.9685, implying that
bankers survive for eight years on average. We set the remaining
four parameters to hit four targets. The first three targets involve
characteristics of the low-risk economy, which is meant to capture
the “Great Moderation” period. In particular, we target an aggre-
gate leverage ratio (assets to the sum of inside and outside equity)
of 4, an average credit spread of 100 basis points annually, and a
ratio of outside to inside equity of two-thirds. The final target is
having the aggregate leverage ratio fall by a third as the economy
moves from low to high risk. The choice of an aggregate leverage of 4
represents a first-pass attempt to average across sectors with vastly
different financial structures, from housing finance (featuring very
large leverage ratios) to other sectors of the economy where lever-
age is clearly lower. The target for the spread is based on a rough
average of the following spreads over the Great Moderation period:
mortgage rates relative to government bonds rates, BAA corporate
rates versus government bond rates, and commercial paper rates ver-
sus T-bill rates. The target of outside to inside equity approximates
the ratio of common equity to the sum of preferred equity and sub-
ordinate debt in the banking sector prior to the crisis. Finally, the
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Table 4.1 Calibration

~ 2 Risk Aversion

Ié] 0.99 Discount Factor

« 0.33 Capital Share

) 0.025 Depreciation Rate

X 0.25 Utility Weight of Labor

%) 1/3 Inverse Frisch Elasticity of Labor Supply

11"/f 1 Inverse Elasticity of Investment to the
Price of Capital

h 0.75 Habit Parameter

o 0.9685 Survival Rate of Bankers

13 0.0289 Transfer to Entering Bankers

0 0.264 Parameter in Asset Diversion Function (1)

€ —1.21 Parameter in Asset Diversion Function (2)

K 13.41 Parameter in Asset Diversion Function (3)

drop in the aggregate leverage ratio of a third as the economy moves
from low to high risk is a rough estimate of what would occur if the
financial system undid the buildup of leverage over the last decade.

5. Luca Guerrieri and Mohammad Jahan-Parvar: Capital
Shortfalls in a Two-Sector Production Economy

In this appendix we describe the setup of the model by Guerrieri and
Jahan-Parvar included in “Macroeconomic Effects of Banking-Sector
Losses across Structural Models.”

We build the model in layers. We start with a frictionless real
business cycle (RBC) model, decentralized in a way that firms oper-
ate for only two periods. In the first period they plan and raise
equity from households to buy capital and produce the following
period. The next layer puts financial intermediaries between house-
holds and firms introducing the same principal-agent problem con-
sidered by Gertler and Karadi (2011). Building up, we show how
to introduce a transfer shock from banks to households. Expanding
the one-sector model, we consider an environment in which a frac-
tion of firms can access equity markets directly, without having to
reach them through banks. Finally, we layer on nominal rigidities
and monetary policy.
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5.1 Asset Pricing in a Basic RBC Model
5.1.1 Production

The production technology of the representative firm is
Y, = A KO L (5.1)

Firms operate for only one period, but some of the planning for pro-
duction is done one period in advance. To operate capital in period
t 4+ 1, a firm must purchase it in period ¢. To do so, the firm issues
shares in period t. There are as many shares .S; as units of capital
purchased. By arbitrage, the current value of capital equals the value
of shares. Thus,

Qi Kiy1 = QS (5.2)

Let 741 denote the revenue of firms in period ¢+ 1 net of expenses.
Revenues include proceeds from the sale of output as well as from
the sale of the undepreciated fraction of capital. Expenses include
obligations connected with the servicing of shares and with the com-
pensation for labor services. Thus,

M1 = Y1 + Qi1 (1 — 8) Kyp1 — W1 Lipr — (1 + R ) Q:eSt.
(5.3)

At time t the problem of firms is to choose S; and K;y; to maxi-
mize the expected profits in period t+ 1, knowing that the firms will
be able to choose the optimal quantity of labor in that period. The
firm takes Q¢, Q¢y1, R{,,, and Wiy as given. This maximization
problem can be expressed as

Act+1
max F.( cht Max sy 1 (5.4)
St K41 ct Lt

subject to constraints of the production technology Y; = Atho‘Ltl_a
and financing Q4 K;y1 = Q1 S;. The solution of maxy, , m¢11 implies
that
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Y,
Wit = (1— ) Lt—“ (5.5)
t+1
Vi1
L =(1—-—a) —/—— 5.6
1 = oz)Wt+1 (5.6)

under all states of nature. Accordingly, maxg, r,,, Fymaxy, , m11
collapses to

A
max Et,B cttl [At+1Kt+1aLl_a

StKyy1,Liq1 Aet t+1
+Qt+1(1 —0)Kpy1 — Wi Ly — (1 + RfH)QtSt_ + (5.7)
Act+1 At+1Kt+1aL%ﬁl
A 1-— — L
141t Aoy ( a) Wit t+1
+ A5t (QeSt. — Q1K 41) . (5.8)

Notice that there is no expectation operator on the Lagrangian mul-
tipliers because those constraints hold under every state of nature.
The problem implies the following conditions:

0 Ae s
- =—Ep s (1+R{)Q: +XQr =0 (5.9)
St )\ct
0 Aet+1 | Yipa
=F 1-0
0K 1 8 ot aKt—‘,-l + Qi1 ( )
A Yii1
A L (1 —a) 2| 5.10
+ A1 8 Aot [( @) Wit 1 Q¢ ( )
8 )\ct+1 |: Y;erl :|
= 11—« - W +
OL¢41 & Act ( ) Ly s
)\ct—i-l |: 2 Y;‘/-i-l :|
A l—-a) ——— —1]. 5.11
B N, e ( ) LWt (5.11)
Working on S%’

Ac )
Aot = Etﬁ;—“(l + R (5.12)

ct
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_90
From R

AstQt = Etﬁ \ K
t+

Act+1 [ Y1
ct

+ Qey1(1— 5)]

Yiq1
oY1

TR VY et Ct“ [(1 — @)~ ] (5.13)
t ” t+1

Ae . Ae Y;
B R = B o s 00

Y,
ct+1 O‘Ktti
+ Ait+18 (1—a)——

Act Wi

(5.14)

Act+1 Act+1 [ 1 Y Qt+1]
E 1+ R:,,) =E - t1-s
tIB )\ct ( t+1) tﬂ )\ct QtaKt+1 ( ) Qt

A Yiq1
E.\ ct+1 1— Kigq
+ B 410 ., ( ) Whas

(5.15)

Yip1
Next work on E)L -. Again, since (1 — a) oy = Wiga,

0 Act+1 [ 2 Y ]
— = A l-a)"—————1| =0. 5.16
OL¢41 119 Act ( ) Ly aWigr (5.16)

Substituting (1 — «) z’t—i = Wi41 again in the equation above, one

can see that

0 Act+1
— =) l1—a)—1|=0 5.17
T = e (1) 1) 5.17)
Nes1 = 0. (5.18)

Then, combining the implications of 5 La Ka -=0 yields

)\ct—i-l )\ct—f—l 1 }/t—&-l
Ef——(+Ri,) = E —a +(1-46
tﬁ )\ct ( H_l) tﬁ /\ct Qt Kt—i—l ( )

Qt+1

Q1
(5.19)
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We can also think of this equation as determining the demand for
capital Ky;q (or loans S;). Remembering that K;1; is in the infor-
mation set at time ¢, and rearranging,

e .
K1 B, 78 (1+Riq)

)\ct
Aet+1 | 1 Qi1
=F —aY, 1-— K 2
th Act [Qta et (1-9) Q (5.20)
Ac s e 1
Kin B0 (14 Bi) - (1= 02| = B | v
(5.21)
Etﬂ;\f\t; [&aytﬂ]
Kt+1 - (522)

B (L4 Ripy) — (1-0)%2

Notice that firms will make zero profits under all states of nature
(and that’s why we can drop the expectation operator). Thus,

0=Yi11+ Qip1(1 = 8)Kip1 — Wig1Lipr — (14 R 1)QuS: (5.23)
I+ R{ 1)Q:S:. =Y + Qu1(1 = 0) Koy — Wipa Ly (5.24)

Yie1 + Qi41(1 —0)Kpp1 — Wip1 L

(1 + Rterl) = QtSt (5'25)
(1+R,,) = Vi1 + Qi41(1 — 0)Ky1 — Wi L (5.26)
Qth+1

Yigr + Quyr (1= 0)Kir — Wiga (1 — @) 3
1 s = L (5.27
1+ Ri) QiK1 (5:27)

1 aYg_H (1 — 5)

1+ R )= — + . 5.28
( ) Qi Ky Q¢ Qrn ( )

. .- . . ettt s .

This condition will also imply EB52*(1 + Ri,) =
EtﬁAjf—;l &a}é—i +(1— 5)%} derived above (if profits are
always zero, it does not matter how you discount them). To inter-
pret the zero-profit condition, notice that if (); is the price of capital
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normalized by the price of consumption, then 5 must be the cap-
ital obtamed by giving up one unit of consump‘mon That quantity
of capital Qt obtains a rental rate O%:f After production takes
place, the underpreciated portion can be resold at price Q¢y1, so the

same quantity of capital é obtains additionally capital gains equal
to (1 — 0)Q¢+1. Also note that because the condition above holds
under every state of nature, it can be written as

1 oY, (1-9)

Qi1 Kt Qi—1

Firms sell their output to households, to the government, and to
investment-goods producers. Consequently, the resource constraint
can be expressed as

(1+5) =

Q. (5.29)

Y, = Cy + I + Gy. (5.30)

5.1.2 Households

A representative household maximizes utility given by

e.]
i X 14e
ma. E " log(Ciai — vCypi1) — LT
C,. max t;ﬂ [ g(Crvi —YCrti-1) T4 o+

(5.31)

In the absence of financial frictions, households buy shares of firms
directly. Then, the budget constraint of households takes the follow-
ing form:

Co=Wily —T; — QeSe + (1 + R})Q¢-15t—1 — By + (1 + Ry—1) By 1.
(5.32)

There is a riskless government bond B;. In period ¢ households pur-
chase By of the riskless bond and earn (14 R;—_1)B;—; from previous
purchases. Households take R;, R;, Wy, and T} as given.

5.1.83 Capital-Producing Firms

The evolution of capital takes the form

KtJrl = Itn + (1 - (5) Kt. (533)
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Net investment is simply given by
The production technology for investment involves a quadratic

adjustment for current production relative to past production, thus
the supply of investment goods is given by

Iy 2
I = [1 - % (Ig"tl - 1) ] I (5.35)

Capital-producing firms solve the problem

o0 Ig ) 2
max By » 14 [Qt—i—i [1 - g <Igt+Z - 1> ] Il - If+i.] :
v 20 ti—1
(5.36)

In the maximization, @, is taken as given and 1 ¢4, is the stochastic
discount factor of households who own the capital-producing firms
(defined below).

5.1.4 Necessary Conditions for an Equilibrium

From the side of firms,

Kt+1 = St_ (537)
Y, = A, K,“LI°. (5.38)

From the solution of maxy,, , 1,

Li=(1-a) VYV;; (5.39)

From the zero-profit condition for firms,

o 1 avp (1-9)
(1+R)) = e + o Q. (5.40)
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From the problem for households,
i X rite
a Ui=FE log(Ciyi — vCiyi—1) — ——L; 7
Ct“’Lthé%Bm t tiz:;ﬂ [ g(Ctti —VCtti-1) 14e tHi

+ B Net4i (=Copi + Wi Lei — Tipi
— Qu4+iStvi + (1 4+ R ) Qi—14iSi—14i — Biys

+ (1 + Ri—144)Bi—144) (5.41)
oU; 1 ¥
= — At —Ef—— =0 5.42
0C Cy —vCi—1 ’ fﬂCtJrl —7Cy ( )
oU, R
TLE = —xLE + AW =0 (5.43)
oU, s
a5, ~ At Qi + BBt 11Qi(1+ Ri ;) =0 (5.44)
Act = ExBAct+1(1+ R q) (5.45)
oU,
L= A+ EBAts1(1+R) =0 (5.46)
0By
Act = EiBAerv1(1+ Ry) (5.47)
)\ct+1 1
E = . 5.48
"Nt B(1+ Ry) (5.48)
Define the stochastic discount factor 1; ;4; as Etﬁkf\t—:f =7 +1Rt'
The evolution of capital takes the form

From the maximization problem for capital-producing firms,

fo%) 2
¢ (I
mgax Et Z ?th’thi [QtJri []_ — 5 Igt-‘rl -1 If+l — Iig+z
It+i i=0 t+i—1
(5.50)
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0 ¢ (17 2 Iy bl
= =@, 1-= 1) |- el A ~1
or7 ~ ¥ [ s (7 RV
Il?—i—l Il?—i—l g
+ Yt i41Q1410 | —g — Wftﬂ' (5.51)
t

I
And from the resource constraint,

Finally, G; is set as a fixed share of Y; and the government’s budget
is balanced every period.

5.2 Introducing Financial Constraints Following Gertler and
Karadi (2011)

The problem of the firms is unchanged, but they are prevented from
issuing shares to households directly. Instead, they need to use finan-
cial intermediaries, which are dubbed “banks” and are described
below.

5.2.1 Households

The representative household has a continuum of members. A frac-
tion 1 — f of members in this continuum supplies labor to firms and
returns the wage earned to the household. A fraction f of members
in the continuum works as bankers. The consumption of workers
and bankers within the household is equalized. As before, the utility
function is

Ut = Et Zﬁz |:10g(0t+@' - ")/Ct+i71) - 1 _T_eLtlj‘_f . (553)
=0

However, in this case, the budget constraint takes the form
Ct - WtLt + Ht - Tt - Dt + (1 + Rtfl)thl' (554)

The term D, represents the amount of deposits with banks (not
owned by the household).

Because banks may be financially constrained, they have an
incentive to retain earnings. To avoid making the financial constraint
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irrelevant with iid probability 1—6, a banker exits next period. Upon
exiting, bankers transfer retained earnings back to the households
and become workers. Each period (1 — ) f workers are selected to
become bankers. These new bankers receive a startup transfer from
the family. By construction, the fraction of household members in
each group is constant over time. II; is net funds transferred to the
household from its banker members; that is, funds transferred from
existing bankers minus the funds transferred to new bankers.

5.2.2 Banks

Banks lend funds obtained from households to non-financial firms.
Let N;(j) be the amount of wealth—or net worth—that a banker j
has at the end of period t.

Qu5:(7) = Nie(4) + Di(4) (5.55)

As noted earlier, deposits D;(j) pay the non-state-contingent return
(1+ R;) at time ¢ + 1. Thus D;(j) may be thought of as the debt
of bank j, and N;(j) as its capital. As seen above, the shares S¢(j)
earn the stochastic return (14 R7, ) at time ¢ + 1.

Over time, the banker’s equity capital evolves as the difference
between earnings on assets and interest payments on liabilities:

Nep1(d) = (L4 Ry 1)QeSe(d) — (14 Re) D (3) (5.56)

D¢(j) = Q¢ S:(j) — Ne(4) (5.57)

Niv1(j ) (14 Rip1)QuSe(d) — (1 + Ry) (QeSe(5) — Ne(4))  (5.58)
Niva(j [ (1+ R ) —(1+ Rt)] Q+St(7) + (1 + Ry)Ne(j) (5.59)
Nt+1(]) = (R7y1 — Re) QeSi(5) + (1 + Re)Ni(j)- (5.60)

Let ¥y 445 = ﬂj Actti B the stochastic discount factor between
periods t and t + i. The banker’s objective is to maximize expected
terminal wealth, given by
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o

ma(;;) Vi(j) = Ey § (1= 0) 0" a1y [(Rip1es — Riti) QuaiSeti ()
St+i i=0
+ (1 + Reti) Newi(5)] - (5.61)

Notice that there is an asymmetry between period 0 and all
subsequent periods. If a bank has to quit in period 0, it does not
conduct any operations and revenues are 0. Since the banker will
not fund assets with a discounted return less than the discounted
cost of borrowing, for the bank to operate in period t + 4, it must
be that Eit 14144 (Rf+1+i — Rt+i) > 0, i.e., there are expected
positive excess returns from holding stocks even after discounting
and adjusting for risk through v ;y14. In the absence of financial
frictions, when Ey; ¢ 4144 (Rf+1+i — RtH) is positive, the bank will
want to expand its balance sheet by attracting additional deposits
from households.

To limit the ability of banks to attract deposits indefinitely, con-
sider the following agency problem. At the beginning of each period,
a banker can choose to transfer a fraction A of assets (in period ¢
those assets equal Q:S¢(j)) back to his household. If the banker
makes the transfer, depositors will force the bank into bankruptcy
and recover the remaining fraction 1 — X\ of assets. Thus, house-
holds are willing to make deposits only if the incentive-compatibility
constraint is satisfied:

Vi(§) = AQeSe(4)- (5.62)

This constraint says that the expected terminal wealth for period
t needs to be at least as large as the fraction of assets that can be
diverted in that period. The left-hand side is the cost of diverting
assets; the right-hand side is the benefit. When the constraint binds,
it affects the ability to raise deposits and will imply expected posi-
tive excess returns in equilibrium. Next we show that the ability of
the banks to attract deposits is related to their net worth. For this
purpose, it is useful to separate the recursive form of net worth into a
component that depends on total assets v:(j) and a component that
depends on net worth 7;(j). The form we are after is the following;:

Vi(j) = vQeSe(4) + neNe(5) (5.63)
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v (j) = By (1= 0) thy 11 (R7y — Re) + ¢t,t+19wvt+1(j)
(5.64)
ni) = B (1= 0) 4 vt (). (569
Notice that
Vi) = Ev Y (1= 0)0"¢ris11i (Rieysi — Rivs) QuaiSera(d)
i=0
+ Ey Z (1=0)0"¢rt114i(1 + Reyi) Nevi(5)- (5.66)
i=0
Define
00 = Be D (1= 0)8%bn s (R — Ris) Deseet)
= (5.67)
N ‘ £ Nigi(4)
m(j) = Ee Y (1= 0) 0"y ip11:(1+ Reyi) NG (5.68)
i=0
Then
Vi(j) = v () Qe Se(d) + ne(5)Ne(j)- (5.69)

Next write v(j) and 7¢(j) recursively. Start by pulling out the first
term in each summation,

o
)= B 10 s (s~ ) S
+ Z (1= 0) 0t o144 (R1 s — Rivi) Qe+iSt+i(J)

Q:S:(5)
(5.70)

i=1
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‘ N (g
ne(3) = Bt (1= 0) Yy 41 (1 + Rt)Nzg;
— ; Niyi(g)
1-— v (1 ; . 71
+ ;( 0) 0"t pr14i(1 + Reqs) NG) (5.71)
Now transform the summations so that they start from 0:
v (j) = Er (1= 0) e i1 (RE, — Ry)
S : Qt+1+iSt+1+i(J)
1051 - 0) ¢ (RS s — Repiai !
;( ) 0"t p421i (RY oy t+14i) 0:5,())
(5.72)
e (§) = By (1 = 0) Yy 141 (1 + Ry)
oo ) N l .
+0 Z (1—=0)0"11044(1 + Rt—i—l—i—i)t;\_]la)(]) . (5.73)
i=0 t

Express ;424 as a function of i1 424 . Remember that
'>\c j 1 'Ac 7
Vipg = B 55 Thus, Yip et = BT 582 and Y gio40 =

ct+1
B2+i ’\Lf\%“ Notice that

')\c i )\c
Yrppars =[S St (5.74)
)\ct >\ct+1
)\c ‘)\c 7
= TR (5.75)
ct ct+1
= Y1414 2+ (5.76)

Substituting ¢t7t+2+i = wt,t+lwt+1,t+2+i into the last equations for
v¢(j) and for 7:(j), one can see that

v(j) = Er (1= 0) vy 441 (R, — Re)
+ 0 41 Z (1-10) 9i¢t+1,t+2+i (Rf+2+i - Rt—l—l—i—i)

=0

Qt41+iSt+1+4i())
Q:S:(j) (5.77)
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ne(3) = Er (1= 0) Y141 (1 + Ry)

+ 001 Y (1= 0) 01 pori(1+ Rt+1+i)W-
i=0
(5.78)

But the above equations can also be written as

v (j) = Ee (1 — 0) Yy 01 (R4 — Ry)

S . .°] .
W ST (1 0) 0" irnri

=0

Qt+14iSt+1+i(J)
X s . — R i "
(B2 1) Qi+15t+1(7)

ne(j) = Er (1 = 0) ¢y 111(1 + Re)

+ 0ty 141

N . o0 )
+ 0y 141 t+1<]) (1 —=0)0"Yeq1 4424i(1 + Reg144)
Ne(4) i—0
oo Ner1+i(d)
Neya(4) 7

which yields

. o S, ' .
v (j) = Er (1 —0) 141 (Rt+1 — Rt) + 9¢t,t+1wm+1(])
QtSt(J)
(5.79)
. N, ' .
n(J) = Ee (1 = 0) Y1 (1 + Re) + 0hr 41 Ji;rz;;)mﬂ(ﬁ’ (5.80)
t
but remember that from the households’ problem F;( A;\t—:l =0 J:Rt)
. o S, ' .
ve(j) = Ee (1 — 0) Yy 41 (R7y 1 — Re) + 9¢t,t+1%17t+.1(‘7)vt+1(])
Q:S:(j)
(5.81)
. N, ' .
ne(3) = B (1 —0) + 0141 t+1(])77t+1(3)~ (5.82)

Ni(j)
Q.E.D.
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Since all banks have access to the same investment opportunities,
Qi415t41(4) Neta4i(4)
Q:Se(4) Nipa(d) -
Consequently, we can drop the dependence on j and simply carry

around v; and 7;. Notice that v; and 7; have an interesting interpreta-
tion: v is the expected discounted marginal gain of expanding assets
Q+S; by one unit holding net worth constant; 7, is the expected dis-
counted value of having another unit of net worth N(j) holding Q+S;
constant. Notice that v; is zero in a frictionless market without the
agency problem.

will be equalized across all j and similarly for

Substituting
V(i) = wQiSi(j) + meNe(5) (5.83)
into the incentive-compatibility constraint
Vi(j) = AQeS: (), (5.84)
one obtains that
0 QeS¢ (7) + mNe(j) 2 AQeS: (). (5.85)
When this constraint binds,
QuSili) = G2y M) (5.86)

Therefore, ﬁ is the ratio of assets to equity. This constraint
limits the leverage ratio of the intermediary to the point where
the banker’s incentive to cheat is exactly balanced by the costs.
Holding N;(j) constant, expanding S;(j) raises the banker’s incen-

tive to divert funds. To prove this, I need to show that ggﬁg% <

%%)(j) = A\Q;. From

UtQtSt(j) + UtNt(j) > )\QtSt(j)a (5'87)

given that 17 N¢(j7) > 0, it must be that the constraint binds if v; < A.
Additionally, we know that if the constraint binds, v; > 0. Hence,
for the constraint to bind, it must be that A > 0.

Using Q:S:(j) = (}\ﬁitvt)Nt(j) and the evolution of net worth
derived above,

Ni1(j) = (Riyy — Re) QeSie(j) + (1 + Re)Ne(j) (5.88)
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Niy1(j) = (Riy1 — Re) ~——=N:(j) + (1 + Ri)N.(j)

(A— )

= | (R, — ) B itv ) + (1 + Re) | Ni(4)- (5.89)

It also follows that N]ﬁf(l()] ), conditional on surviving, as used above,
is given by

N, 1(]) s n
]iz(j) = (R}, — Ry) G _t ™ + (14 Ry). (5.90)
In turn, %15728)(]) is given by
. Mt+1 .
Qu+15001() _ Tmver) Neva(d)
Q5G| oy NG
()\ntJrl ) n
= Sl - R +(1+Ry)| -
(/\itvt) ( t+1 t) ()\ . ,Ut) ( t)
(5.91)

Consequently, v; and 7; are equalized across all j and evolve accord-
ing to

v = Ep (1 —0) 141 (Rf+1 - Rt)

MNt+1
+ 0y 141 - vtﬂ) [( P — Re) h\ Ty (1 "’Rt)} ve1(7)
) (A=)
(5.92)
ne = Ey (1 —0) + 0141 [(Rfﬂ — Ry) O T ) +(1+ Rt)} Ne+1(7)-
(5.93)
Since ()\Ztﬁ is independent of j, one can aggregate across banks
to obtain
/ Q:S1(j / SN (5.94)
(A — ’Ut)
QiSt = Nt. (5.95)
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Finally, recognize that there is a distinction between the net worth
of continuing and new bankers. Aggregate net worth is the sum the
two types: Bankers that survive from period ¢t — 1 to period ¢ will
have aggregate net worth equal to

Tht—1

0| (R — Ri—1) Do)

+ (14 Re—1)| Ne—a. (5.96)

Assume that new bankers receive as endowment a fixed fraction
of the current value of the assets intermediated by exiting bankers
in the previous period, amounting to (1 — ) Q:S;—1. Assume that
the household transfers the fraction T

%9) of that amount to new
bankers. Thus, in the aggregate,

(1 — 0) QtSt—l = thSt—l- (597)

Then, current net worth is the sum of net worth carried from

the previous period by surviving firms 9[(R;§’ —Ri1) (Aitl;il) +

(1+ Rt_l)} N;_1, plus the net worth of new entrants, wQ:S;_1, i.e.,

Ny =106 (Rf — Rtfl) ) S + (1 + Rtfl) N1+ wQiSi_1.
()\ — Ut—l)
(5.98)

5.8 Introducing Transfer Shocks between Banks and

Households
Change the problem of the households to be

= i X 1+e¢
Ut = Et Zﬂ |:10g(Ct+i — ’YCtJrifl) — m[/til . (599)

i=0
However, in this case, the budget constraint takes the form
Ct = WtLt + Ht — Tt + TtNt — Dt + (1 + Rt—l)Dt—l- (5100)

Notice that BT, is a transfer shock from banks back to households
in a lump-sum fashion.
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5.3.1 Banks

Banks lend funds obtained from households to non-financial firms.
Let N;(j) be the amount of wealth—or net worth—that a banker j
has at the end of period t.

Q1S:(j) = Ne(j) (1 — 7¢) + Di(5) (5.101)

As noted earlier, deposits D;(j) pay the non-state-contingent return
(1 4+ R;) at time t + 1. Thus D;(j) may be thought of as the debt
of bank j, and N;(j) as its capital. As seen above, the shares S¢(j)
earn the stochastic return (14 R7, ) at time ¢ + 1.

Over time, the banker’s equity capital evolves as the difference
between earnings on assets and interest payments on liabilities:

Nep1(j) = (14 Rj,1)Q:S:(j) — (14 Re)Dy(5) (5.102)

Dy(j) = QeSe(4) — Ne(j) (1 — 7¢) (5.103)

Nep1(J) = 1+ Ri1)QeSe(5) — (14 Re) (QeSe(5) — Ne(j) (1 — 7))
(5.104)

Niep1(4) = [(1+ Ry 1) — (14 Ry)] QeSe(j) + (1 + R)Ny(§) (1 — 70)
(5.105)

Niw1(j) = (Riy — Re) QeSe(j) + (1 + R)Ny(j) (1 — 7). (5.106)

Let ¢y = 37 Ct:] be the stochastic discount factor between
periods t and ¢ 4 ¢. The banker’s objective is to maximize expected
terminal wealth, given by

oo

max Vt( ) E; Z (1 - 9) 9i¢t,t+1+i[(Rf+1+i - Rt+i) Qt+i5t+i(j)

st44(7) —o
+ (14 Reqi) Neti (5) (1 = 7o) (5.107)

Since the banker will not fund assets with a discounted return
less than the discounted cost of borrowing, for the bank to oper-
ate in period t + 7, it must be that Eyt)y 14144 (Rfﬂﬂ — RtJri) >0,
i.e., there are expected positive excess returns from holding stocks
even after discounting and adjusting for risk through % ;y14;. In
the absence of financial frictions, when Et); 14144 (RtS 14— Rtﬂ-) is
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positive, the bank will want to expand its balance sheet by attracting
additional deposits from households.

To limit the ability of banks to attract deposits indefinitely, con-
sider the following agency problem. At the beginning of each period,
a banker can choose to transfer a fraction A of assets (in period t
those assets equal Q:S¢(j)) back to his household. If the banker
makes the transfer, depositors will force the bank into bankruptcy
and recover the remaining fraction 1 — A of assets. Thus, house-
holds are willing to make deposits only if the incentive-compatibility
constraint is satisfied:

Vi(7) = AQeSi(3)- (5.108)

This constraint says that the expected terminal wealth for period
t needs to be at least as large as the fraction of assets that can be
diverted in that period. The left-hand side is the cost of diverting
assets; the right-hand side is the benefit. When the constraint binds,
it affects the ability to raise deposits and will imply expected posi-
tive excess returns in equilibrium. Next we show that the ability of
the banks to attract deposits is related to their net worth. For this
purpose, it is useful to separate the recursive form of net worth into
a component that depends on total assets v:(j) and a component
that depends on net worth 7:(j).
Notice that

Vi) = Er > (1= 0) 0" s11i (i1 s — Regs) QesiSeai ()
i=0
+Ep Y (1= 0) 0" e14i(1+ Reri) Nowi () (1= 7o) -
i=0
(5.109)
Define
, — ; Qi +iSi1i(J)
—EY (1-6)¢ i (Rip1ys — Resq) S22
v (4) t;( ) Yrt1+ (Rt+1+z Rt+) 0.5:)

(5.110)
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Niyi(d) (1 = Te44)
Ni(j) (1 —7)
(5.111)

n:(j) = Ey Z (1—0) 0" 14144 (1 + Regi)
i=0
Then
V(i) = v (3)QeSe(d) + ne(3)Ne(5) (1 —7¢) . (5.112)

Next write v(7) and 7:(j) recursively. Start by pulling out the first
term in each summation,

o(i
v(j) = B (1= 0) %41 (R — Re) gi&ig;
- ; Qt+iSt+i(4)
-0)6" i (Rip1ps — Rigi) ———7~>
+ 7;21 (1 ) ”‘/’t,t+1+ (Rt+l+z Rt+ ) QtSt (])
(5.113)
Ni(j) (1 =)

ne() = Er (1= 0) g 41 (1 + Rt)m

= Niyi(J) (L — Tegs)
+ 9 i(1+ Ry - .
2 (1= 00 iU+ Fe) = 5=
(5.114)
Now transform the summations so that they start from 0:
v(j) = E¢ (1 —0) Vi 41 (R§+1 - Rt)
= ; Qey1+iSt+1+:(j)
+0 1-0)6" i(Riioy; — R i :
ZZ%( ) 0' Pt i vovi(Rivoy t1+) 0:5:G)
(5.115)

n:(j) = Er (1= 0) Y 111(1 + Re)

+0 Z (1—6) 0" sy0ri(1+ Rt+1+z)Nt+1+(z(.)7)(1(1_—Tt7')t+i) ‘
i=0

(5.116)

Express 1 112+ as a function of ?/)t+1 t+2+4. Remember that 1, ¢4 ; =

i Aettj 1 ct+2 244 Act 4244
32550 Thus, P41 4424 = B2 S and P4 = B7TT S
Notice that
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1413 >\ct+2+i >\ct+1
Bo
)\ct )\ct+1

¢t,t+2+i -

_ ﬂ)\ct+151+i Act+2+i
)\ct >\ct+1

= VYt t+1Vt41,t42+i- (5.117)

Substituting ¢t,t+2+i = wt,t+lwt+l,t+2+i into the last equations for
v¢(j) and for 7:(j), one can see that

v (f) = Et (1= 0) Yre41 (Rf+1 - Rt)

+ 0 141 Z (1-90) 9i¢t+1,t+2+i (Rf+2+i - Rt+1+i)

i=0
Qt41+4iSt+1+4i(4)
Q:S:(J) (5.118)
Ne(3) = Bt (1 —0) Y 11(1 + Re)
+ 0ty 141 Z (1—=0)0"thri1,0424i(1 + Rt+1+i)w
i=0
(1 — Te44)
i (5.119)

But the above equations can also be written as

v(j) = B (1= 0) i1 (RE, — Ry)

Q1+1514+1(J) ;

0 _ 1—-6)0" i

+ 0y 111 0:5.0)) ;( ) 0" 1 142
Qr+1+iSt41+i(J)

S . _R Z

* (Bivoei i) Qt+15t+1(J)

Ne(4) = Bt (1 = 0) Y a41(1 + Re)

Niy1(j) (1= 7i41) ;
1— .
+ 0y 111 NG) (1=m) i:E ) ( 0) 0"tpy41 142+

Nip144(j) (1= Teq144)
Nep1(§) (I—7mq1)

X (14 Riy144)



Vol. 15 No. 3 Macroeconomic Effects of Banking-Sector Losses 67

which yields

Qi+15t41(7)

ve(7) = By (1= 0) s 441 (Rf_H - Rt) + 01 111 Q:5.() vey1(J)

(5.120)
ne(4) = Bt (1 = 0) Yr 01 (L + Re) + 09 041
Nit1(j) (1 = 141) :
. , 5.121
Nt(]) (1_Tt) 77t+1(]) ( )
but remember that from the households’ problem FE;3-5" Acttl
(1+Rt)’
. s S ]
w(j) = Ey (1= 0) e 41 (Riy — Re) + Hwt,tJrlM'UtJrl(])
Q+S:(j)
(5.122)
. N, ) (1 — 7 )
ne(5) = By (1 — 0) + 00y 441 e+107) ( t+1)m+1(]). (5.123)

Ne(j) (1—m)

Since all banks have access to the same investment opportunities,

Q‘éﬁix‘)@ will be equalized across all j and similarly for A;Q%T&(g)

Consequently, we can drop the dependence on j and simply carry
around v; and 7.
Substituting

Vi(4) = v@Q:S:(3) + meNe(4) (1 = 72) (5.124)
into the incentive-compatibility constraint
V(i) = AQeSe (), (5.125)
one obtains that
v QeSt(7) + meNe(5) (L — 1) = AQeSi()- (5.126)
When this constraint binds,

QiSi(j) = < Ne(§) (1 — 7). (5.127)

()\— Ut)
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Therefore, %m) is the ratio of assets to equity. This constraint

limits the leverzige ratio of the intermediary to the point where the
banker’s incentive to cheat is exactly balanced by the costs. Next

derve Y3 and V550
. s 77
) = [ (5 = RO 1 RO M1 =)
Niy1(5) [ m ]
= (Rl —R +(1+R)| (-
N:(5) (Riq t)()\_vt) ( )] ( +)

Taking the lead of Q¢S;(j) = (}\ o )Nt( j) (1 — 7) and dividing it by
Q:S:(j), one can see that

Qi+15t+1(4) (,\nth)N 1(J) (1 = Te41)

QiSi(j) (>\ 'Ut) N(j) (1 = 7)
()\Tlt+1 ) "
= o — Ry)~—" 1+R
o=y [( b~ ) C—w) 1+ t)]
X (1 — Tt+]_) .
Accordingly,

v (j) = Ey (1= 0)thy 41 (R, — Re)

MNt+1
+ 0y 141 Oﬁ;fl) [( i1 — Ry) L +(1+ Rt)}

G—on) (A=)

X (1= 7i41) vig1(J) (5.128)
77,5(]) = Et (1 — 9) + 0"(/1,5¢+1 |:(Rf+1 - Rt) ()\ t’U ) + (1 + Rt):|

— U
X (1= 7eq1) et (4)- (5.129)
Since i )\T:til) is independent of j, one can aggregate across banks

to obtain

Si( N, 1—m7)d 5.130
Jasioi= [ 5™ = ()1 = )i (5130)

QS = Ni(1 —73). (5.131)

()\ - vt)
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Finally, recognize that there is a distinction between the net worth
of continuing and new bankers. Aggregate net worth is the sum the
two types: Bankers that survive from period ¢ — 1 to period ¢ will
have aggregate net worth equal to

0 (R —Riy) "L 4 1+ R))| Ny (1= 1my). (5.132)
(A= ve-1)

Assume that new bankers receive as endowment a fixed fraction of

the current value of the assets intermediated by exiting bankers in

the previous period, amounting to (1 — 6)@Q;S;—1. Assume that

the household transfers the fraction (:"79) of that amount to new

1
bankers. Thus, in the aggregate,

w
Ntn = m (1 — 9) QtSt_l = (.UQtSt_l. (5133)
Then, current net worth is the sum of net worth carried from the pre-
vious period by surviving firms 6 (Rf — R;—1) &7211) + (14 Ri—1)]
Ni—1 (1 —7¢), plus the net worth of new entrants, w@;S;—1 (1 — 7¢),
ie.,

Ny =0 (R — Ri1) (ATﬁ + (14 Re1)

X Nt—l (1 — Tt—l) + thSt_l. (5134)

5.4 Introducing Heterogenous Firms

Now suppose that a fraction of firms can access equity markets
directly, without having to reach them through banks. Call the type
of such firms u. The other firms have to rely on banks to fund their
capital purchases. Call the type of such firms b. The cost structure
of the two types of firms will be different, and their products will
have different prices in equilibrium. Both types of firms will coexist
in equilibrium because the final consumption and investment goods
are assumed to be a composite of both types of intermediate goods
(possibly in different proportions).

5.4.1 Households

As before, the representative household has a continuum of mem-
bers. A fraction 1 — f of members in this continuum supplies labor
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to firms and returns the wage earned to the household. A fraction
f of members in the continuum works as bankers. The consumption
of workers and bankers within the household is equalized. As before,
the utility function is

U= ES [bg(cm ~ACri) = L LE| - (5139)
1=0

However, in this case, the budget constraint takes the form

Ce =W Ly + 11 = Ty + QuSy — (14 R{")Q¢—15{_1 + Dy
(14 Ri1)Ds_1. (5.136)

The term D, represents the amount of deposits with banks (not
owned by the household). R;_; is non-state contingent. When the
price of consumption is chosen to be the numeraire, the interest
rate on deposits is “risk free” (under other normalization of prices
deposits would not insure against the risk of changes in the price of
consumption). The term Sj* represents the shares issued by final
product firms that have direct access to equity markets. Shares
acquired the previous period pay the risky rate R;".

The division between bankers and workers within the represen-
tative family remains unchanged relative to the setup considered
before.

Households allocate consumption between two goods produced
by firms of type u and by firms of type b. The production of final
goods takes place through perfectly competitive firms. Their pro-
duction technology is

Y= (V) ()7 (5.137)

Each period they minimize the cost of production subject to meeting
demand:

min ww+$ﬁ+ﬁ(m4w&ﬂﬁf )(mm
Ytu’l/tb7PtF
We are using the prices of final goods to be the numeraire units,

hence the Lagrange multiplier on the technology of production P}
is set to 1.
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First-order conditions:

_F
oot (a0 ) <o

Y;
U F_F 1t
ey
PF
Y =o'y,
« tPtu
But P = 1:
1
u F
Vi =a Ytpftu

5.4.2  Output-Producing Firms

There are two kinds of firms: firms that have direct access to equity
markets and firms that have to use banks for their financing require-
ments. Both have production technologies

Y] = A KoL e, (5.139)

where j is either u for the firms that have access to equity markets
or b for the firms that have to use banks. Firms operate for only one
period, but some of the planning for production is done one period
in advance. To operate capital in period ¢ + 1, a firm must purchase
it in period ¢. To do so, the firm issues shares in period ¢. There are
as many shares S] as units of capital purchased. By arbitrage, the
current value of capital equals the value of shares. Thus,

QiKi, = Q.S (5.140)

Let 741 denote the revenue of firms in period ¢+ 1 net of expenses.
Revenues include proceeds from the sale of output as well as from
the sale of the undepreciated fraction of capital. Expenses include
obligations connected with the servicing of shares and with the com-
pensation for labor services. Thus,

T = PlaY 0+ Qua(1 = 0)K], — Wi L, — (1+ RI5)Q¢S]
(5.141)
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At time t the problem of firms is to choose S7 and K7 41 to maxi-
mize the expected profits in period ¢+ 1, knowing that the firms will
be able to choose the optimal quantity of labor in that period. The
firm takes Q¢, Q41, Ry, and Wiy as given. This maximization
problem can be expressed as

max Eymaxm] ;. (5.142)
Sthg-H L§+1

Notice that the equalization of Q); and Wy41 across types of firms
arises because of the absence of sector-specific frictions in physical
markets for labor and capital.

At time t the problem of firms is to choose S; and K;.1 to maxi-
mize the expected profits in period ¢+ 1, knowing that the firms will
be able to choose the optimal quantity of labor in that period. The
firm takes Q¢, Q¢41, Ry, and Wiy as given. This maximization
problem can be expressed as

Ac ;
ax max mj, (5.143)
J

t+1

max F;f3

ST,KYL, ct

subject to constraints of the production technology Ytj =
AthjaLgl_a and financing QtK§+1 = @S]. The solution of

R S
maXp; T implies that

Pl Y/
Wipr = (1 - a) =52 (5.144)
Lt+1
: Pl Y/
Ll =(1—-a) -t (5.145)
Wit

under all states of nature. Accordingly, maxg, r,,, Fy maxyr, , m11
collapses to

Ao , . )
max Etﬁil [Pt]—f—lAH-th—i-l L%-Ha + Q1 (1 - 5)K§+1
SeKiq1,Leqn )\ct

— Wi Ly — (14 R{7)Q4Sk.
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Jjl—a
t+1At+1Kt+1 Lt+1
Werr

+ M t+1tﬁ Ct—:l [(1 - Oé) - Lt+1
Ae

+ Ny <QtSt. - QtKi;l) : (5.146)

Notice that there is no expectation operator on the Lagrangian mul-
tipliers because those constraints hold under every state of nature.
The problem implies the following conditions:

0 Ae
- = —Ef at (1+Rt+1)Qt +AstQy =0 (5.147)
St >\ct
0 Actt1 Pgﬁyﬂl
- —E 1-6
0K, 8 Aoy « Kit + Qi1 ( )
Yit1
)\ct+1 aptj-i-lK
A 1—aq)———2u )\ 5.148
+ 1t+15 Aot [( @) Wit @@t ( )
0 )\ct—i-l Ptj—i-lift-f—l
= 1—a) 0w,
OLima B oy ( ) Lint t+1
Act+1 Pt+1Yt+1
+ A l—a) —/———— —1|. 5.149
P e [( P Lo (5:149)
Working on s%v
N = B, () | pis 5.150
L= B+ R (5.150)
)
From K

c )\ct—f—l 1 Pt IY;S 1 Qt+1
EB24H (1 4+ R E,f3 L g
! )\ct ( H_l) ! )\ct Qt Kg—i-l ( ) Qt

Pt+1Yt+1

C K]
+ B\ t+1 (1—-a) VViH1
Act t+1
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P, Y?
- Again, since (1 — a) =55 = Wiy,
t41

Next work on 5L L

0 Act+1 Act+1
= 0 A l—a)—1]=0 5.151
5r = BSR4 A5 N [ 0) =0 (5.15)
Alt—i—l - 0 (5152)
Then, combining the implications of 5 La 9 -=0 yields
A 1 P,Y! Qi+1
E Act+1 1+ R E ct+1 Pl e 2 +(1— +
W Act ( i) = Buf At | Qe K, 1-9) o
(5.153)

Notice that firms will make zero profits under all states of nature
(and that’s why we can drop the expectation operator). Thus,

0= Ptj+1 e+ Qe (1 5)Kt+1 Wt+1Lt+1 (1+ Rtﬂ)gtfé@
iapthrlYt% (1-9)
Qt Kth Q:

(1+ R, = Qt41- (5.155)

This condition will also imply FE;3 c‘“(l + R, Jr1) =

E.[(3 ”tl éa% +(1- 5)% derived above (if profits are

always zero, it does not matter how you discount them).

5.4.83 Capital-Producing Firms

The evolution of capital takes the form

Ky =11+ (1-90) K. (5.156)
Net investment is simply given by

I' = Ky — (1= 9) K. (5.157)

The production technology for investment involves a quadratic
adjustment for current production relative to past production, thus
the supply of investment goods is given by
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2
I = [1 _¢ ( ég - 1) ] s (5.158)
It 1

Capital-producing firms solve the problem

[e%e) Ig 2
H}anEtZlbt,tﬂ Qv [1— 4 (ﬁ,gtJrZ - 1) I, - Pz[tg—&-z
I i—0 t4i—1

(5.159)

In the maximization, @) is taken as given and 1)y ;; is the stochastic
discount factor of households who own the capital-producing firms
(defined below).

5.4.4 Banks

Banks lend funds obtained from households to non-financial firms.
Let N¢(j) be the amount of wealth—or net worth—that a banker j
has at the end of period t.

Q157 (4) = Ni(4) + Du(4) (5.160)

As noted earlier, deposits D;(j) pay the non-state-contingent return
(1 + R;) at time ¢t + 1. Thus D;(j) may be thought of as the debt
of bank j, and N;(j) as its capital. As seen above, the shares S?(j)
earn the stochastic return (1 + RY$ ) at time ¢ + 1.

Over time, the banker’s equity capital evolves as the difference
between earnings on assets and interest payments on liabilities:

Ney1(j) = (L+ RY)QeSe(4) — (1 + Re) Dy (5) (5.161)
Dt( ) = QtSt(j) - Nt(j) (5 62)
Ni1(§) = (1+ RY5)QeS:(5) — (1 + Re) (QuSi(5) — Nu(4))

5.163)

(
Nip1(§) = [(1+ Ry5y) — (14 R)] QuSy () + (1 + RNy (j)
(5.164)
(

Nit1(j) = (RYy — Re) QuSP(j) + (1 + Re)Ny(4). 5.165)

Let 44 = ﬂZ Actti he the stochastic discount factor between
periods t and t + i. The banker’s objective is to maximize expected
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terminal wealth, given by

[ee]

ahax, Vi) = Ev Y (1= 0) 0" a1l (RS 14y — Riva) QupsStei(d)
e+l i=0

+ (1 + Reyi) Neti(5)]- (5.166)

Since the banker will not fund assets with a discounted return less
than the discounted cost of borrowing, for the bank to operate in
period t 4 ¢, it must be that Et¢t,t+1+i (Rf—f—l—i-i - Rt+i) > 0, i.e.,
there are expected positive excess returns from holding stocks even
after discounting and adjusting for risk through )y ¢414;. In the
absence of financial frictions, when FE:; 4144 (Rf 1 Rt+i) is
positive, the bank will want to expand its balance sheet by attracting
additional deposits from households.

To limit the ability of banks to attract deposits indefinitely, now
impose the external requirement A;:

Ni(j) = AeQuSt (4)- (5.167)
Log-linearizing,
Ny
At = ——. 5.168
t QtSé) ( )

As before, then

t—1

1
Nt =0 |:(Rgs — Rt—l) b\ + (]. + Rt_]_):| Nt—l —|—th5§_1.

(5.169)

5.5 Introducing Nominal Rigidities
Modify the problem of households to be

U, = E; Zﬁl |:10g(Ct+i - ’YCt+i71) — 1 f_ 6Lii_f:| . (5170)
=0

However, in this case, the budget constraint takes the form

P.Cy = PW:Ly + P, — P/Ty + PQ: Sy — (1 4+ Rj“)PrQ—15¢ 4
+ P.Dy — (14+ Ri—1)P Dy ;. (5.171)
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Note that, despite writing the budget constraint in nominal terms,
we are guaranteeing a real return R;. In this respect, deposits are
akin to indexed bonds.

Consider the first order-condition with respect to deposit
holdings:

NetPr = EifAG 1 (1 + Res) Prsa = 0
Nt Pr = BN 1 (1+ Rig1) P

N
Act+1 Pria
AN P

E3 (1+Rip1)=1

Etﬁ%(l + Riyq) = 1
ct

Proceed as before, but modify the problem of producing firms.

The production technology of the representative firm is Y; =
(Y;“)« (Ytb)l_a . Firms operate for only one period, but some of the
planning for production is done one period in advance. To operate
capital in period ¢+ 1, a firm must purchase it in period ¢. To do so,
the firm issues shares in period ¢t. There are as many shares S; as
units of capital purchased. By arbitrage, the current value of capital
equals the value of shares. Thus,

PiQi K1 = PQiSt. (5.172)

Let m441 denote the revenue of firms in period ¢+ 1 net of expenses.
Revenues include proceeds from the sale of output as well as from
the sale of the undepreciated fraction of capital. Expenses include
obligations connected with the servicing of shares and with the com-
pensation for labor services. Thus,

Tt4+1 = O—t-‘rlY;H-l + Pt+1Qt+1(1 - 5)Kt+1 — Pt+1Wt+1Lt+1
— (L +771)PQ:Se. (5.173)

At time t the problem of firms is to choose S; and K;y; to maxi-
mize the expected profits in period ¢+ 1, knowing that the firms will
be able to choose the optimal quantity of labor in that period. The
firm takes Q¢, Q¢y1, i, , and Wy as given. This maximization
problem can be expressed as
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max  FEymy i/ max myyq (5.174)
St Kiq1 Litq

subject to constraints of the production technology Y; = A, K taL%_o‘
and financing Q;PiKi11 = Q¢F;S;. The solution of maxy,,, m 1
implies that

Y,
PrpaWir = (1—a) %2171?1 (5.175)
t+
Yig1 o441
L =(l—« 5.176
1 = (1) L7 (5176

under all states of nature. Accordingly, maxg, r,., By maxyr, , m i1
collapses to

1—
max Etmt+1/t [Ut+1At+1Kt+1aLt+{l + P1Qir1(1 —6) Ky qy
St Kit1,L141

—PryaiWipaLigr — (L +77,,) PiQiS: ]

-«
At+th+1aLt+1 Ot41
Wt+1 Pt+1

+ Ast (QeSt. — QK1) - (5.177)

Subject to the modifications above, the derivations follow closely
what we had in the absence of nominal rigidities. The conditions for
an equilibrium from the side of producing firms are as follows.

From the zero-profit condition,

0=01Yi1 + Pip1Qi41(1 = 0)Kip1 — PeyaWip1 L

+ At 1eMig1 /e (1-a) — Lt

— (1 + rerl)PtQtSt. (5178)
(1 + Tf—f-l)PtQtSt. = O't-&-lY;t—i-l + Qt+1Pt+1(1 — 5)Kt+1
— PeaWisi Lo (5.179)
s 01 Y1 Qe P (1 —0) Ky — PryaWiga L
(1+ Tt+1) =
PQ:S;.
(5.180)
s 01 Y1 QP (1= 0) Ky — PyaWig L
(L+7iq) =
PQiKit1.

(5.181)
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Or41Yer1 + Quy1Py1(1 — 0) Ky
—Py Wi (1 —a) GetrXerr

P W
1+7? — t+1Wit1
( 1) PQi K.
1 aop1Yiy1 | (1-9)
14+7ri,)=— P
( 1) 0, PKim PO, +1Q 11
(1+7r) = 1 aor1Yeyr P I (1—90) Py Ovir
T Qy P Ky P Q P
(1+7r,) = 1 ao1Yeys P I (1 —90) Py Ovir
T Qy P Ky P Q P
(1+7ri) 1 ao1Yiy n (1 —5)@ 1
A VA .
Pt?fl Qt Prr1Ki Q: +
Define
s 1+
Py
Accordingly,

1 aoy1Yiyr | (1-0)
1+ Riy) =~ + :
( t+1) Qt Pt+1Kt+1 Qt Qt+1

and from above,

o Yit1 011
Wt+1 Pt+1

Liyr=(1

The problem of the final firms is

(5.182)
(5.183)
(5.184)
(5.185)

(5.186)

(5.187)

(5.188)

max Ey Z Vepri {1+ 7p) Pogi (f) — 04} (1 = @ppti () Yo

Pyys(f) o
_140p
x (Pt+z' (f)> %
Py ’
where
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The first-order conditions are

- 146, B
(L+7) (1= gpe ()Y (282) 7
116, X
O D) o (L6 ()Y (PED) %
Ey : _ 140 =0
b o O¢p:
{0+ A - Y (BR) T
_146p
¢ O  Odp,t
|~ ran {0+ 7) P () = 0} Vi (Z522) 7 Z8meth) |
- 146, 1
23
(1+7) (1= dpy (£) Ve (252)
_1+6p
146, ot t p t
S {04 )~ w0 or () (40) o
Et i _1+46p =0
t g GP 6 t
s R0 o () T
p
: T 0% O¢p,
| Va1 {1+ 7p) Prg1 (f) = 041} Vi (Pﬁtilflf)) %(}gﬁ_
- 1;91) .
(L+7) (1= ope (£ Y (242) 7
146y
+{ 1+6, (1 +r )+ 1;0 Pta(tf)}(]‘ o ¢P,t (f))Y;g (Ptlgt )) Op
Er _Lop =0
P, fp  O¢p.t
S
(D) T o
|~V {1+ 1) Pria (f) — 041} Yea (%) %(}'gf)_
0p 0p o4
{1 B) 4+ 5} (- 0re ()
146p 1+6p
P, - 91, 7W o t
BV ()T A m) P - oY ()T R |0
1 T 0o
st {1+ 1) Pt () = 0} Y (Z) 7 200l
1 1460, o, s (f) _lgjp
[_E(1+Tp)+ 0, Pt(f}( ¢Pt(f)) ( )
1+9
t R 0 t =
By {1 +7) P () — o} Y (B2) 7 20l o

146,

P T 96pa
Vi1 {1+ 7) Prpr (f) = 0041} Ve (pt%(f)) Sopand)
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Due to symmetry,
[—é (1 —I—Tp) + 1+9p ‘;Dzi| (1 — ngt)Y
E, —{(1+rp) }Y;Pt‘%“ =0
— Pt ,t4+1 {(1 +7) - B } Y}+1Pt+1¢§$(}§f)
with the adjustment costs
_h (P Y
ope = 2 <7TPt—1 (f) 1>
Oons g, (LU 1)
BPt 7TPt_1 (f) 7I'Pt_1 (f)
dori ( P(f) ) P(f) 1
OP; 1 (f) wP 1 (f) TP—1 (f) Pi—1(f)
or
_ P (T
o= 2 (1)
a(bP,t o T Tt
8PtPt_¢p<7T 1)7'('
0

OP 1

As a small detour, let’s map the parameter ¢, into the parame-
terization of sticky price contracts following the Calvo scheme.
. But notice that with P = 1,

"t L2
ot _ o
P —

Py

o

Let 7y = my — 7. Let 6, =
in our model ¢ = 1 (since we impose 7, = 6,), so 6; =
H—F= P — 1. Standard results are that, under Calvo contracts,
the first-order approximation of the firms’ pricing equation yields

Ty = P41 + KpOi,
and where 1 — £ is the probability that a

where k), = 7(1*555)(1*5) ,
firm will be allowed to reoptimize its price. Now, consider the pricing
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condition for Rotemberg contracts:

[ +n)+ 52g] (- er) Y

E; —{(1+Tp)—%§}Yt¢p(%_ )% =0,
¢t,t+1 {(1 + Tp) — 103:: } th—i—léi)p (ﬂt;l _1 71',57:,1 T

with P = 1 in steady state. Using the first-order Taylor series expan-
sion around the steady-states m and o, we find

146,

0 0,

Yé—t - [(1 + Tp) - U] Y(bpﬁ—t + 5 [(1 + Tp) — O'] Y¢pﬁt+1.

But remembering 7, = 6,

_1+6,

p

0

Y6 —[(1+6p) — o] Yopre + B[(1+60p) — 0] Y dpfteyr.

Remembering that ¢ = 1 in steady state,

. ) 14+6, .
0pY opty = BO,Y QpTyi1 + LY 6,
P
. . 1+0,.
Ty = Bgy1 + Gy
020y
R R e—1)e,
Ty = Bgy1 + ( ) Ot.

Pp

Matching the coeflicients on marginal costs from Calvo and Rotem-

berg contracts, we obtain égg: = Kp Or
1+46

¢p = 02k £ .
php

Finally, monetary policy is set according to a interest rate reaction
function of the following form:

Ry = ¢r(Ri—1 — R) + (1 — ¢r) (m — pi).
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Table 5.1 Calibration
Parameter Description Sector
a=0.33 Share of Capital in Production Production
p=10.95 Autoregressive Coefficient of the
Productivity Growth Process
60 =0.025 Capital Depreciation Rate Capital-Producing
Firms
p=15 Investment Adjustment Capital-Producing
Coefficient Firms
6 =0.99 Household Subjective Discount Households
Factor
v =0.82 Habit Persistence Parameter
e =1.00 Inverse Frisch Elasticity of Labor
Supply
0 =0.97 Expected Number of Periods as Banks
Banker = 30
afp = 0.60 | Share of Bank-Financed Firms
& =0.88 Coefficient of Average Contract
Duration
0,=0.1 Steady-State Markup Nominal Rigidities
& = 0.88 Calvo Probability of
Not-Adjusting Price
or =0.7 Interest Rate Smoothing Monetary Policy
Rule
¢ =3 Weight on Inflation

5.6 Calibration

The share of output devoted to government spending is 20 percent.

The fraction of time spent working is 0.5 in steady state. Follow-
ing Gertler and Karadi (2011), the parameter 6 is set to deliver an

expected duration of a banker’s assignment of thirty-five quarters.
The steady-state loan-to-equity ratio is set to 4 and the steady-state

spread is 0.5 percent, or 2 percent when annualized. These latter

two steady-state choices are achieved by setting A to 0.60 and w to
0.0011. The persistence of the transfer shock to households is 0.9.
All the other calibrated parameters are shown in table 5.1.
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that renters did not experience an adverse wealth or collateral
shock when the housing market collapsed to identify a general
consumer credit supply shock. Our evidence suggests that a
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1. Introduction

Between 2008 and 2012, total household debt fell by about 6 per-
cent, and debt-to-income by about 10 percent These household
balance sheet adjustments are thought to have weighed on aggre-
gate consumption as the U.S. economy struggled to emerge from the
downturn. Mian, Rao, and Sufi (2012) (MRS hereafter) use regional
variation to assemble evidence on the links between declines in hous-
ing wealth, deleveraging, and changes in consumption expenditures
after the 2008-09 financial crisis. MRS argue that the combination of
a large accumulation of household debt in counties with high house
price appreciation before the mortgage crisis (here, “boom” coun-
ties) and the subsequent sharp decline in house prices in roughly the
same counties resulted in household deleveraging and a concomitant
reduction of household consumption expenditure. In support of their
story, MRS show that household consumption expenditures declined
more in boom counties than in non-boom counties.

One question that remains in this line of research is how the
household deleveraging was accomplished. MRS mention two pos-
sible, not necessarily mutually exclusive, mechanisms of deleverag-
ing. One possible mechanism for consumer deleveraging stems from
a demand-side story. In a simple model of household consumption
planning, homeowners would optimally choose to reduce their life-
time consumption, and thereby reduce their household debt, upon
perceiving a negative and permanent shock to their housing wealth
The second mechanism for household deleveraging focuses on credit
supply. MRS’s story here is that homeowners are forced to delever
because banks are less willing to lend to them, refinance their mort-
gages, or roll over existing debt because the value of their collateral
has declined  Our story is different. We show that credit supply was

!Federal Reserve Flow of Funds and National Income and Product Accounts,
2008:Q3-2012:Q1.

2One alternative demand story is that homeowners with limited self-control
may increase home equity borrowing when house prices climb in order to finance
greater current consumption (Laibson 1997) and then cut back on current con-
sumption and borrowing, perhaps out of remorse or excess prudence, when house
prices fall.

3Mortgage refinancing usually decreases mortgage debt. But it can also be
accompanied by an increase in total household debt through, for example, a
more than offsetting increase in credit card spending.
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tightened even for households without housing collateral. Hence, we
document an overall credit supply effect as an important factor in
the deleveraging process of households in the wake of the crisisf
To set the stage for our analysis, figure 1 presents the cumu-
lative tightening from 2008 through 2012 of lending standards in
boom versus non-boom counties for consumer installment loans and
credit card loans from the Federal Reserve Board’s Senior Loan
Officer Opinion Survey (SLOOS)E For both loan categories, banks
tightened lending standards markedly more in boom counties than
in non-boom countiesld This evidence supports the notion that
non-mortgage credit extension to consumers tightened significantly

4One other source of deleveraging came through the mortgage foreclosure
process. More than 4 million foreclosures took place in the housing crisis, with
the houses backing the defaulted mortgages remaining vacant or sold for con-
siderably lower amounts. This process had a large impact on bank profits, but
economic growth in the recovery was more closely linked to the decisions of
non-defaulting households regarding desired spending and borrowing and the
willingness of banks to lend to this population.

®Even in the credit card market, there is scope for geographic variation in
credit standards. Stango (2002) finds empirical evidence of switching costs for
consumers in the credit card market. In addition, only the top 50 of the 250
largest credit card issuers operate nationally. (Stango 2002, p. 481.)

SFigure 1 was prepared as follows: Every quarter, the SLOOS asks a panel
of large and medium-sized banks how their credit standards and terms have
changed over the past three months. Banks are asked to rate the direction and
extent of any change by picking one of five qualitative answers. For example,
banks are asked to pick one of the following answers characterizing the change in
their willingness to lend since the preceding survey: much less willing, somewhat
less willing, no change, somewhat more willing, or much more willing. For one
consumer installment loan question (asking about the bank’s change in its will-
ingness to make such loans) and one credit card loan question (asking about the
bank’s change in lending standards on such loans), we assigned numerical values
to each of the five choices and constructed, for each county, an index equal to the
sum of the SLOOS banks’ responses, with each bank’s response weighted by the
proportion of the total deposits at SLOOS banks’ branches in the county that
is held by that bank. Our values range from —2, for the most easing of credit
conditions, to 2, for the most tightening of credit conditions. For each county, we
then calculated running totals of these weighted sums over time to construct the
cumulative change in lending conditions since the beginning of 2008. So, although
in any single period, the weighted sum of responses can range between —2 and 2,
if banks are tightening or easing over consecutive time periods, the value of our
cumulative weighted sum can move outside of this range. The graphs in figure 1
depict the mean values of these running totals for boom and non-boom counties.

We note the sharp increase in the cumulative tightening of consumer install-
ment loan credit standards in the fourth quarter of 2011 in non-boom counties.
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more in boom counties than in non-boom counties in the aftermath
of the 2008-09 financial crisis. However, a tightening of credit stan-
dards by itself does not tell us whether those standards were tight-
ened mostly for homeowners due to declines in the value of their
housing collateral.

In this paper we attempt to identify a role for a general tight-
ening of credit supply in explaining the decline in household debt.
Using individual credit file data from 1999 through 2008, we estimate
a model of the level of debt in which we control for many factors
likely to affect the demand for such debt. We confirm the reasonable-
ness of the empirical results we obtain from estimating that model.
We then estimate a model of the probability of a consumer living in
a boom county, using the same controls as in our debt-level regres-
sions. Following this, we construct a sample of matched consumers,
with each consumer in a boom county matched to the consumer in
the non-boom county that has the closest predicted probability of
living in the boom county as the consumer in the non-boom county.
Within slices of the distribution of predicted debt for 2008:Q3, we
then compare the change in non-mortgage debt between 2008 and
2011 for the non-boom sample with the change in non-mortgage
debt for the boom sampleEI Finally, using the matched sample, we

The underlying data indicate fairly widespread tightening across the relevant
banks. Therefore, we simply accept the sharp increase as a feature of the data.

We also note that each bank’s response to the survey likely is weighted by the
distribution of its own deposits across boom versus non-boom counties. In prin-
ciple, this could temper any correlation between boom counties and changes in
credit standards as we measure them. For example, a bank may have a large share
of the total deposits in a boom county, but the share of its own deposits in boom
counties overall may be small. If such were the case, even though the bank likely
would respond on the basis of its being, in general, a non-boom county lender, its
response would be heavily weighted in our index for the particular boom county.
We observe, however, a strong correlation between county types and changes in
credit standards, in the expected direction. A contributing factor may be that,
in practice, banks that have large shares of the total deposits in boom counties
tend to also have large shares of their own deposits in boom counties.

"Since house price changes during the crisis were highly correlated with pre-
crisis house price appreciation (that is, whether or not a county was a boom
county (figure 7)), we are, in essence, assessing the effect of house price changes
between 2008 and 2011 on the change in debt between 2008 and 2011. We follow
MRS in differentiating counties according to their degree of pre-crisis house price
appreciation (high versus low) instead of according to their crisis-era house price
changes.
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Figure 1. Cumulative Tightening of Lending Standards in
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Source: Senior Loan Officer Opinion Survey and authors’ calculations (see text).
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estimate regressions of the change in non-mortgage debt, controlling
for boom county and interacting boom county with the homeowner
status of the consumer.

We rely on the following idea to identify general credit supply
effects. We make use of the fact that renters experienced neither an
adverse housing wealth shock in boom counties nor a drop in collat-
eral values. Hence, if the difference in debt reduction between renters
in boom counties and renters in non-boom counties is greater than
or equal to the difference between homeowners in boom counties and
homeowners in non-boom counties, this would indicate the presence
of general credit supply effects that are independent of house value
effects. If, on the other hand, the difference between renters in non-
boom counties and renters in boom counties is smaller than the dif-
ference between the debt reduction of homeowners in boom counties
versus that of homeowners in non-boom counties, we cannot identify
supply effects. Hence, our identification of credit supply effects relies
on a double difference-in-differences term. The first difference is the
one between boom and non-boom counties and the second is the
difference between homeowners and renters. One possible challenge
to our empirical approach is that the economic downturn affected
renters more in boom than in non-boom counties. For example, the
shock to consumer fundamentals (consumer expectations, incomes,
unemployment) may have been more severe for renter households
than for homeowner households. We check for this possibility and
find that boom versus non-boom county changes in median income
over this period across U.S. counties appear to be uncorrelated with
the percentile of the homeownership rate (see figure 2A). In addi-
tion, examining changes in the 20th percentile of income, we find
that counties at the higher end of the homeownership rate distribu-
tion show a more consistent pattern of deeper declines in income in
boom than in non-boom counties than do counties at the lower end
of the homeownership rate distribution. We also use Panel Study of
Income Dynamics (PSID) data to show that renter income growth
over our period did not vary significantly with pre-recession house
price growth across different markets (see figure 3). We take this
finding as supportive of our overall approach of using renters as a
control group for studying the impact of the housing bust on credit

supply.
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Figure 2. Changes in Median and 20th Percentile of
Household Income
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Source: American Community Survey and Federal Reserve Bank of San Fran-
cisco calculations.

Our results indicate the presence of general credit supply effects.
Controlling for demand for debt using our methodology, we find
stronger deleveraging in boom counties after the crisis, consistent
with MRS. However, this difference appears only for renters. We
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Figure 3. Changes in Median and 20th Percentile
Surveyed Income
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argue that, as renters were not hit by an adverse wealth shock, this
finding must be due to differences in the availability of credit in
boom versus non-boom counties. Finally, we trace the effect back
to weaker bank balance sheets in boom counties compared with
non-boom counties, using an instrumental-variables (IV) approach,
and map out the transmission channel from bank balance sheets to
household consumer borrowing.

This paper is an empirical microeconomic investigation. How-
ever, in the background, on the demand side, we have in mind a
general consumption-smoothing framework. A sharp unanticipated
drop in house prices may cause leveraged households to want to
reduce debt by way of a standard wealth effect. On the supply side,
the drop in collateral values may reduce the provision of credit to
households, which may result in a larger reduction in debt than the
wealth effect alone would have generated. Decreases in the provision
of credit due to the collateral channel are consistent with arguments
in Eggertsson and Krugman (2012) and Midrigan and Philippon
(2011). Of interest to us are various other sources of reduced credit
provision during this period. For example, see Damar, Gropp, and
Mordell (2012) for an empirical investigation using Canadian data
of the effect of bank financial distress on household consumption.
In addition, see Dynan and Edelberg (2013) for a comprehensive
list of potential supply and demand factors that may affect house-
hold leverage, and Bhutta (2013) for evidence of decreases in the
supply of mortgage credit since the housing bust. Brown, Stein,
and Zafar (2015) also use the Federal Reserve Bank of New York’s
(FRBNY'’s) Consumer Credit Panel to report interesting differences
in the way different demographic groups (e.g., older and prime home-
owners) substituted between home equity and credit card debt over
the sample period.

We complement the large literature that links household debt,
household wealth, and consumption with a focus on the Great
Recession. For example, Carroll (2013), Eggertsson and Krugman
(2012), Guerrieri and Lorenzoni (2011), Hall (2011), and Midri-
gan and Philippon (2011) all point to a high level of household
debt as an important precursor of the Great Recession. In these
expositions, a negative shock to homeowner collateral values causes
lenders to restrict credit to homeowners. We show, however, that the
effect coming from bank balance sheets and the consequent general
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restriction in credit supply for all borrowers may have been at least
as important as the channel these papers point to. Additional empir-
ical evidence linking high levels of household debt to economic down-
turns in a macroeconomic context can be found in Glick and Lansing
(2009, 2010), Jorda, Schularick, and Taylor (2012), and Mian and
Sufi (2010).

The paper is organized as follows. In section 2 we describe the
data. In section 3, we present the results of our pre-crisis debt-level
regressions. In section 4, we present the results of our post-crisis
debt-change regressions. Section 5 concludes.

2. Data

The data come from Equifax, a large credit-reporting agency. The
data span 1999:Q1 to 2011:Q4 and contain a large amount of infor-
mation on consumer liabilities—mortgage, home equity, auto, credit
card, etc., and some borrower characteristics such as age, risk score,
and delinquency status on their liabilitiesd All analysis is based on
data from the Federal Reserve Bank of New York’s Consumer Credit
Panel, which is a 5 percent random sample of consumers with credit
histories that is nationally representative in a given quarter and also
designed to reproduce the transitions of young and old into and out
of the credit poolﬁ To make the data set more manageable, we used
a 10 percent random sample of the Consumer Credit Panel, implying
a .5 percent random sample of the U.S. population with credit his-
tories. Consumers are located by the Zip code of their home mailing
address. After identifying the county of each residence and merging
with house price indexes available from CoreLogic, our sample con-
sists of over 900,000 individuals living in more than 1,100 counties
across the country.

The distribution of entry into and exit from our sample may
be seen in figure 4. On average, about 3,000 new credit histories
appear in our sample each quarter, offset somewhat by about 2,300

8The risk score is the Equifax Risk Score.
?See Lee and Van der Klaauw (2010) for a description of the sampling method-
ology used in the construction of the Consumer Credit Panel.
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Figure 4. Distribution of Entry into and Exit from Sample
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history terminations each quarter, so that our sample is slowly grow-
ing over time['d The commencement of a borrower history, however,

0Termination of a borrower record could take place for a variety of reasons,
including death or instances where a trade line (credit type) has no recorded
activity for a length of time greater than Equifax’s predefined limits. Also, the
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does appear closely related to age. The new borrowers entering the
sample had a median age of about twenty-eight, a number which
trended downward over the sample period. Newly appearing bor-
rowers had median risk scores of about 660, well below the overall
sample median of 712.

Only one-third of our sample of consumer histories spans the full
1999:Q1-2011:Q4 period. While this is still a substantial amount
of data, in this analysis we use the entire, unbalanced panel to
allow some of the compositional changes that we experienced over
the 2000s to enter into the analysis. As alluded to above, many
of the new entrants to the panel were young households with low
risk scores. These household borrowers were particularly suscep-
tible to the economic volatility that occurred at the end of our
sample, and we will want their credit experiences present in our
data. In many ways, this group bore the brunt of the shock that
hit the U.S. housing market starting in 2006. By contrast, a more
seasoned homeowner that bought in 1999 and stayed in the house
most likely experienced net house price appreciation over the entire
period Indeed, average risk scores for borrowers present for the
entire sample period actually increased over the thirteen-year period,
whereas average risk scores for the population at large fell quite
notably.

For a first glimpse at the loan balance data, we compare the
Flow of Funds data with the aggregated totals in our sample. While
the match is not perfect, the correlation of our total mortgage series
(figure 5) and total non-mortgage debt series (figure 6) with the
Flow of Funds counterpart is quite high. Throughout, we define
non-mortgage debt as the sum of auto, credit card, and other non-
mortgage consumer loan balances outstanding, excluding student
debt 29 This particular concept of non-mortgage debt does not match

Consumer Credit Panel draws from borrowers with specific sequences of digits
in their social security numbers. If an individual changes their social security
number, they could drop out of the sample.

1 Of course, the same homeowner may still have changed leverage over the
period and become underwater relative to their mortgage debt despite the overall
price appreciation.

120ur non-mortgage consumer debt excludes any consumer debt secured by a
house, so it excludes, for example, home equity debt. In the appendix, we discuss
results obtained when we add home equity debt to total non-mortgage debt.
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Figure 5. Total Mortgage Debt (includes home equity)
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the dynamics of the Flow of Funds, because we do not include stu-
dent loans in our measure. This choice was made because of the
uncertainties of measuring student loan debt as well as our desire to
focus on a non-mortgage debt series that is plausibly linked to debt
put in place to finance consumption.

As seen in figures 5 and 6, through the course of our sample
period, total mortgage debt more than doubled, peaking in 2008
and then falling by about 10 percent. Non-mortgage debt declined
somewhat more, as balances fell 15 percent from the peak.

Following MRS, our debt-level regressions use the estimates from
Saiz (2010) of the elasticity of local housing supply with respect
to price as a way of controlling for exogenous features of the land
that might lead to differential house price levels and, hence, differ-
ences in debt. For example, MRS present empirical evidence that,
in counties with highly inelastic housing supply and rapidly increas-
ing house prices during the boom, homeowners were especially likely
to increase their debt. We manually link the 806 MSA-level elastic-
ity estimates in Saiz (2010) to the counties in our data set. About
10 percent of our observations are from locales not covered by Saiz
(2010). Inspection reveals that the vast majority of these match fail-
ures are in less-populated areas. To conserve data, we assigned an
imputed elasticity equal to the sample maximum to these observa-
tions and included a missing elasticity dummy variable in all our
debt-level regression specifications.

At the individual borrower level, our debt-level regressions
include the number of inquiries made to Equifax over the preced-
ing four quarters regarding the consumer’s credit record as well as
the borrower’s age and risk score. The inquiries are usually made
as a result of the consumer seeking more credit and therefore are a
useful gauge of overall credit demand.

We also use information from the U.S. Census Bureau’s Amer-
ican Community Survey (ACS), based on pooled data from 2006
through 2010. These demographic data are at the census tract level.
All of the variables here are meant to proxy for income, wealth, fam-
ily attributes, and the many other factors that would be expected
to influence an individual’s demand for credit independent of their
influence through changes in credit record inquiries. Finally, we use
the unemployment rate, from the Bureau of Labor Statistics, which
is monthly and is at the county level. Many of our demographic
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variables are the same as those in Cohen-Cole (2011) and Musto
and Souleles (2006).

Table 1 gives some summary statistics on the demographic vari-
ables we use in the analysis.

3. Pre-crisis Debt-Level Regressions

The first step in establishing a benchmark for the demand for credit
takes the form of debt-level regressions as given by

Di=a+ f(Xi) +I'X +e¢, (1)

where D; is an individual debt category for individual ¢, X; con-
sists of borrower i’s age and risk score and the number of inquiries
requesting borrower i’s credit report in the previous twelve months,
and X is a vector of control variables at the census tract or county
level [ We estimate the above equation as a pooled regression on a
subsample of our data using observations from 1999:Q1 to 2008:QQ2,
the quarter at which total household debt peaked in our overall
sample. All debt categories are in logs. The results from the OLS
specifications may be found in table 2.

The number of credit report inquiries comes in strongly posi-
tive in all categories, as expected. Interestingly, we do not find a
particularly strong role for the supply elasticity in explaining cross-
sectional differences in consumer debt. Only for home equity does
the elasticity coefficient estimate have both the expected sign and
statistical and economic significance that would be fully consistent
with MRS. Since we are looking at the individual borrower level
and focusing on debt levels—not debt-to-income ratios—this result
is not necessarily a contradiction of the results in the MRS paper.
In addition, we include more control variables than MRS. This is an
important result for our study in that the supply elasticity is one
of only two variables in our set of controls that vary meaningfully

13The regression in equation (1) also contains a complete set of time dummies
to capture macroeconomic fluctuations over the period. The individual’s age and
risk score enter the equation as piecewise linear splines. Explanatory variables
also include squared terms of all the other non-categorical variables. We do not
report the coefficients on the time dummies, on the age or risk score splines, or
on the squared terms.
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Table 1. Summary Statistics

Std.
Mean | Dev. P25 p50 P75

Age 48.1 17.84 34 46 60
Credit Inquiries (Trailing 2.598 | 6.722 1 3 4

Twelve Month)
Risk Score 688.5 | 1074 610 710 781
County Unemployment 6.107 2.61 4.3 5.4 7.4
Housing Supply Elasticity | 1.729 0.95 0.998 | 1.645 | 2.175
High Small 23.614 | 10.867 | 15.878 | 24.924 | 29.427

Business Percent
Median Age 37.96 | 6.673 33 38 42
Median Homeownship 1,391 | 628.1 925 1,267 | 1,710

Costs (Monthly)
Median Rent (Monthly) 836.5 | 368.5 568 749 1,010
Median Tract Income 60,048 | 27,504 | 41,103 | 54,561 | 73,150

(Annual)
Median Year Moved into 2001 3.423 1999 2001 2003

Housing Unit

Percent Black 12.72 21.6 0.856 | 3.608 | 12.882
Percent College Education | 29.88 | 18.63 | 15.37 | 25.549 | 41.146
Percent Food Stamps 9.546 | 9.231 | 3.005 | 6.671 | 13.048
Percent High School Only | 27.92 | 10.64 | 20.525 | 28.436 | 35.524
Percent Hispanic 8.816 | 13.08 | 1.248 | 3.802 | 10.367
Percent Homeowner 66.39 | 21.45 | 52.99 | 70.729 | 83.521
Percent in Labor Force 66.14 | 8.403 | 61.52 | 66.887 | 71.604
Percent Male 0.487 | 0.037 | 0.466 | 0.487 | 0.508
Percent Married 49.48 12.93 | 41.453 | 50.95 | 59.097
Percent One Vehicle 95.2 10.06 | 95.643 | 98.273 | 99.426
Percent Some High 14.15 | 11.29 | 6.084 | 11.087 | 18.904
School

Percent Working 78.48 | T.787 | 74.452 | 79.756 | 83.893
Total Tract Population 4,990 | 2,038 | 3,618 | 4,799 6,115
Observations 16,024,144

Source: FRBNY Consumer Credit Panel/Equifax, Saiz (2010), and the 2010 Amer-
ican Community Survey.

Notes: The table shows the summary statistics (means and percentiles) of the
explanatory variables used in the debt-level and debt-change regressions. The sample
period is from 1999:Q1 to 2011:Q4. Age, credit inquiries, and risk score are observed at
the consumer level. The housing supply elasticity is taken from MSA-level estimates
in Saiz (2010) and mapped to the county level by the authors. All other variables are
observed at the county or census tract level.
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across counties. As we will see, there are not large differences in our
distribution of predicted debt levels across counties when we sort by
house price appreciation during the housing boom. This finding is
consistent with our finding of a muted role for cross-county variation
in supply elasticity.

The other variable in our set of controls that varies meaningfully
across counties is the current unemployment rate. As with all the
other controls, the presence of credit report inquiries in the regres-
sion complicates interpretation of the coefficients on the unemploy-
ment rate. However, we do note that the unemployment coefficient
for all but the mortgage category is positive. This finding is consis-
tent with the results in Hurst and Stafford (2004), who document
household consumption smoothing in the face of income shocks by
way of drawing on credit lines—particularly home equity credit.

4. Post-crisis Debt-Change Analysis

4.1 Empirical Setup

The ultimate objective of this paper is to ascertain whether a con-
tributing factor to households in counties with particularly strong
pre-crisis house price appreciation reducing their debt was because
they were unable to obtain the desired amount of credit. Follow-
ing MRS, we break our sample up into regional groupings accord-
ing to county house price appreciation during the 2001-06 period
(figure 7). We form a group of low-appreciation counties that were
in the bottom two deciles of boom-period house price appreciation
(“non-boom” counties). We also form a group of high-appreciation
counties from the top two deciles of this same distribution (“boom”
counties).

Disentangling the demand for credit from the supply of credit
is no easy task. Ideally, we would be able to identify consumers
with identical demand for credit but living in counties with differ-
ent exposures to house price shocks. Further, despite differing house
price shocks, we would like all other economic conditions in these dif-
ferent counties to evolve in exactly the same way. In this idealized
setting, with underlying credit demand controlled for, differences in
household debt changes across the counties would be interpreted as
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Figure 7. County-Level Deciles of House Price
Appreciation Rates
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Source: CoreLogic.

differences in credit availability. Using matching techniques and tak-
ing advantage of one group of households not directly affected by an
adverse housing shock, renters, we feel we come quite close to such
an idealized setting.

We proceed as follows. First, the data set does not contain a vari-
able identifying consumers as “homeowners” or “renters” directly.
Instead, we classify consumers with a mortgage outstanding as
“homeowners” and those that do not have mortgages as “renters.”14
This classifies those consumers that paid off their mortgages fully as

MThus, a “renter” is a long-term renter, and similarly for homeowners. When
working with a renter- and homeowner-only sample, this means that we will be
dropping consumers who switch tenure choice during our window of analysis. The
assumption also implies that our total sample size (column 1 of table 3) will be
greater than the sum of sample sizes of the renter- and homeowner-only samples
(columns 2 and 3 of table 3).
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renters, causing some measurement error. However, with a fully paid-
off mortgage, it does seem reasonable to classify these consumers as
not being subject to a severe housing shock, as while the value of
their home may have declined recently, they are likely to have owned
their home for a long time. In any case, the data suggest that the
values of the homes of these consumers were above the purchase
levels even after the collapse of the housing market in 2009-10.

Next, we perform a propensity-score matching exercise that pairs
consumers that are similar in terms of their probability of living in
a boom county but are different according to whether they actu-
ally live in a boom county or not. We perform the matching exercise
separately for homeowners and for renters. We then take a difference-
in-differences approach among the matched consumers within their
predicted 2008:Q2 total debt-level category, to investigate whether
we observe differences in deleveraging following the post-2008 boom.
Finally, we estimate a set of regressions of changes in debt at the indi-
vidual consumer level that allows us to control not just for proxies
for initial-period consumer-specific credit demand but also for differ-
ences in subsequent changes in the economic environment that might
have led to changes in demand as the housing bust and recession set
in in mid-2008.

Before presenting the results, we note that our identification
strategy requires that, conditional on our matching routine, renters
in boom counties differ from their counterparts in non-boom counties
only by their county of residence. One concern might be that once the
recession was under way, the effects of the economic slowdown were
stronger in boom counties, and renters there were disproportionately
affected compared with renters in non-boom counties. In the robust-
ness section we show that there is no evidence for such differential
exposure to the recession. Among other tests, we use data from the
PSID to show that renters did not suffer significantly larger income
declines in boom markets than in non-boom markets; nor did they
suffer significantly higher incidences of unemployment Compared
with homeowners, renters did indeed suffer larger income declines.

15The PSID does not allow us to identify individuals at the same county level
we use in our analysis, so we base our tests on whether renter income growth in the
states containing boom counties was different than growth in states containing
non-boom counties.
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But these growth rates do not vary across markets or with meas-
ures of pre-recession house price growth, leaving our identification
strategy intact.

The matching routine is based on a probit model of the assign-
ment of consumers into boom versus non-boom counties, estimated
separately for homeowners and renters['9 Our predictors in the pro-
bit model are the same variables as are in the debt-level regressions,
with the exception that we omit the squared terms for the demo-
graphic variables and we replace the spline terms for age and risk
score with the level of these variables. The fitted probabilities of
living in a boom county are estimated over all consumers present
in the data in 2008:Q2. Homeowners (renters) in the boom counties
are matched to homeowners (renters) in the non-boom counties by
virtue of the similarity of their fitted probabilities of living in the
boom county. We match with replacement.

Using this matched sample, we then take slices of the predicted
total debt distribution in our base year (2008:Q2) to focus on how
non-mortgage debt changed amongst the consumers as a function
of their overall level of indebtedness. In this spirit we focus on con-
sumers with low debt (less than 20th percentile of total predicted
debt in 2008:Q2), medium debt (40th-60th percentile of total pre-
dicted debt in 2008:Q2), and high debt ranges (greater than 80th
percentile). The predictions of total debt in 2008:Q3 are based on
the estimates of the debt-level regressions in column 1 of table 2.

Finally, we then compare the change in non-mortgage debt from
2008:QQ3 to 2011:Q4 for residents of boom counties with the same
difference for their matches in non-boom counties, again comparing
renters who, even in boom counties, were not subject to an adverse
housing wealth shock with homeowners who were.

4.2 Matching Results

The results from the probit estimation may be found in table 3. The
results suggest that consumers living in boom counties have a higher
rate of credit inquiries, on average. Homeowners in boom counties
also have higher risk scores than those in non-boom counties. As of

'We omit borrowers living in counties other than the bottom two and top two
deciles from all of the empirical analyses from here on in the paper.



Vol. 15 No. 3 Deleveraging and Consumer Credit Supply 227

Table 3. Probability of Living in
High-Appreciation County

All

Consumers | Homeowners Renters
b/se b/se b/se
Age 0.001*** 0.006™** 0.001*
(0.000) (0.001) (0.000)

Credit Inquiries (Trailing 0.031*** 0.071*** 0.026™**
Twelve Month) (0.002) (0.007) (0.003)
Risk Score 0.077 0.914™** 0.006
(0.054) (0.164) (0.069)

County Unemployment —0.151""* —0.216™*" —0.143***
(0.003) (0.008) (0.004)

High Small Business Percent 0.856™** 0.364*** 0.941***
(0.044) (0.104) (0.057)

Median Age 0.046™** 0.060™** 0.041***
(0.001) (0.003) (0.001)

Median Homeowner Cost 1.244*** 1.981*** 1.102***
(in logs) (0.022) (0.070) (0.028)

Median Rent (in logs) 1.775* 1.409"** 1.871*
(0.019) (0.044) (0.026)

Median Tract Income 1.240*** 1.237*** 1.168***
(0.036) (0.101) (0.045)
Median Year Moved into —0.001 —0.019"*~ 0.004
Housing Unit (0.002) (0.005) (0.003)

Percent Black —0.002*** —0.004*** —0.001***
(0.000) (0.001) (0.000)

Percent College —0.049"** —0.057"** —0.045"**
Education (0.001) (0.002) (0.001)

Percent Food Stamps —0.040"*" —0.033"** —0.041***
(0.001) (0.003) (0.001)

Percent High School Only —0.015™** —0.022"** —0.014™**
(0.001) (0.003) (0.001)

Percent Hispanic 0.050"** 0.065"** 0.046™**
(0.001) (0.002) (0.001)

Percent Homeowner —0.019**~ —0.022"*" —0.017"*
(0.001) (0.002) (0.001)

Percent in Labor Force —0.026™** —0.024"** —0.026™*"
(0.001) (0.003) (0.001)

Percent Male —1.562*** —2.264™** —1.468™**
(0.140) (0.399) (0.175)

(continued)
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Table 3. (Continued)

All
Consumers | Homeowners Renters
b/se b/se b/se
Percent Married —0.028™** —0.0417** —0.024***
(0.001) (0.002) (0.001)
Percent One Vehicle —0.058™"" —0.050""* —0.061"""
(0.001) (0.004) (0.001)
Percent Some High 0.008*** 0.004 0.010™**
School (0.001) (0.003) (0.001)
Percent Working —0.027*** —0.036™"* —0.025"*
(0.001) (0.004) (0.002)
Total Tract Population 0.386™"" 0.366™** 0.402***
(in logs) (0.013) (0.034) (0.017)
Constant —22.303""* 11.205 —30.062""*
(4.172) (10.815) (5.299)
Observations 143,523 22,998 87,801
Log Likelihood —42,789.858 —6,764.014 —26,074.814
Notes: This table presents the results from the probit model that forms the basis
for the propensity-score matching routine. The dependent variable is the binary vari-
able taking the value of one if a consumer lives in a high-appreciation boom county
in 2008:Q2, and zero if the consumer lives in a low-appreciation non-boom county.
Among the covariates, inquiries, age, and risk score are observed at the individual
level. All other controls are observed at the county or census tract level. The “All Con-
sumers” column reflects all records of consumers living in the boom and non-boom
counties in 2008:Q2. The “Homeowner” (“Renter”) column reflects all consumers
who have had a mortgage (no mortgage) continuously for three years leading up to
2008:Q2. *** ** and * denote significance at the 1 percent, 5 percent, and 10 percent
level, respectively.

2008, the geographic controls identify the boom counties as having
census tracts with somewhat better economic conditions as given by
a higher incidence of small business activity, lower unemployment,
and lower shares of households living on food stamps.

In figure 8, we plot the kernel density estimates of the fitted prob-
abilities of living in a boom county, conditional on actual county of
residence and conditional on our estimate of predicted total debt.
We focus on low-debt consumers (in the 20th percentile of the pre-
dicted debt distribution), consumers with predicted total debt in a
middle range (40th—60th percentile), and consumers with high levels
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Figure 8. Probability of Living in High-Appreciation
County: Owners and Renters
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of predicted debt (above the 80th percentile of predicted total debt).
We generally have ample common support for the two distributions
of fitted probabilities, meaning that for most of the boom county
consumers in these particular slices of the predicted total debt dis-
tribution, there exists a counterpart actually living in a non-boom
county with a similar propensity to live in a boom county. This
observation is equally valid for the sample of homeowners (figure
8A) as it is for the renter sample (figure 8B). For consumers with
high predicted levels of total debt, however, we see that there is less
common support in the distribution of fitted probabilities of living
in the boom counties. As can readily be seen in both the home-
owner and renter figures, there are relatively few individuals with
high predicted debt who live in a non-boom county but have attrib-
utes that give them a high probability of living in a boom county. We
have 1,284 renters with high predicted debt in non-boom counties
matched to the renters with high predicted debt in boom counties.
We have 192 homeowners with high predicted debt in non-boom
counties matched to the homeowners with high predicted debt in
boom counties.

In tables 4-6, we summarize the demographic variables in our
matched sample. As we would expect, once we have matched on
the consumer attributes from the probit regression (see tables 4—
6), the average characteristics of consumers in the remaining sam-
ple look quite similar. This basic conclusion holds when we restrict
our matching according to whether we observe a mortgage on the
consumers’ balance sheets (homeowners in table 4 and renters in
table 5). The main exception to this result, however, is the per-
cent Hispanic variable. Even after controlling for observables, our
matched sample consists of a higher percentage of borrowers in the
boom counties that live in census tracts with relatively high Hispanic
representation

With matches in hand we can then test for differences in debt
changes across counties and across different types of borrowers
(homeowners and renters). Before we do this, however, we note in
figure 9 that, unconditionally and in aggregate, we do see a notice-
able difference in declines in non-mortgage debt across non-boom

"This is not surprising, given the prevalence of boom counties in California
and other parts of the southwestern United States.
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Table 4. Characteristics of Matched Sample of
Consumers: All Borrowers

Non-boom Boom
Counties Counties
Std. Std.
Mean Dev. Mean Dev.
Age 49.32 18.3 48.41 18.05
Credit Inquiries (Trailing 1.639 2.691 1.645 2.492
Twelve Month)
Risk Score 690.2 1141 687.4 111.6
County Unemployment Rate 5.672 1.462 5.649 1.67
High Small Business Percent 22.2 14.5 23.6 10.6
Median Age 38.57 6.491 37.45 7.401
Median Ownership Costs 7.073 0.338 7.323 0.423
Median Rent 6.595 0.354 6.872 0.358
Median Tract Income 10.87 0.454 10.95 0.435
Median Year Moved into 2001 3.468 2001 3.384
Housing Unit
Percent Black 15.52 24.95 13.52 22.02
Percent College Education 29.6 18.62 28.78 18.08
Percent Food Stamps 9.707 9.908 8.744 8.721
Percent High School Only 28.25 10.55 26.17 9.727
Percent Hispanic 6.088 9.865 14.32 15.81
Percent Homeowner 68.71 21.64 62.11 23.19
Percent in Labor Force 65.52 8.629 65.44 8.725
Percent Male 48.5 4.17 48.7 3.75
Percent Married 49.11 14.93 47.93 12.17
Percent One Vehicle 96.5 5.759 93.45 12.25
Percent Some High School 12.93 10.14 16.93 13.37
Percent Working 78.14 8.369 76.59 7.708
Total Population 8.385 0.422 8.467 0.411
Observations 13,517 96,639

Source: FRBNY Consumer Credit Panel/Equifax.

Notes: This table presents the summary statistics for the matched sample of boom
and non-boom county consumers. All consumers in the boom counties are matched
to corresponding non-boom county consumers. The matching is done through a
propensity-score matching routine. The matching is done with replacement. Non-
matched consumers are dropped from the sample for purposes of calculating the

summary tables.
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Table 5. Characteristics of Matched Sample of
Consumers: Homeowners

Non-boom Boom
Counties Counties
Std. Std.
Mean Dev. Mean Dev.
Age 51.05 11.51 51.87 11.77
Credit Inquiries (Trailing 1.34 2.013 1.372 1.878
Twelve Month)
Risk Score 749.9 84.69 758.3 80.8
County Unemployment Rate 5.485 1.386 5.527 1.715
High Small Business Percent 23.5 15.5 24.6 10.2
Median Age 39.8 5.933 39.01 6.814
Median Ownership Costs 7.198 0.314 7.443 0.381
Median Rent 6.684 0.367 6.968 0.373
Median Tract Income 11.06 0.417 11.15 0.406
Median Year Moved in 2000 3.272 2000 3.513
Percent Black 9.234 18.11 8.463 15.47
Percent Food Stamps 6.588 7.208 5.796 6.118
Percent High School Only 25.84 10.56 23.89 9.873
Percent Hispanic 5.078 8.082 11.86 13.43
Percent Homeowner 75.48 18.49 71.84 18.88
Percent in Labor Force 66.75 7.851 66.21 7.907
Percent Male 48.8 3.79 48.9 3.25
Percent Married 54.63 13.23 53.18 10.76
Percent One Vehicle 97.96 3.552 96.89 6.615
Percent Some High School 9.753 8.384 12.6 11.16
Percent Working 79.92 6.522 78.13 6.575
Percent Colege Education 35.02 18.42 34.41 18.93
Total Population 4,962 1,949 5,336 2,307
Observations 2,143 14,809

Source: FRBNY Consumer Credit Panel/Equifax.

Notes: This table presents the summary statistics for the matched sample of boom
and non-boom county consumers. All consumers in the boom counties are matched
to corresponding non-boom county consumers. The matching is done through a
propensity-score matching routine. The matching is done with replacement. Non-
matched consumers are dropped from the sample for purposes of calculating the
summary tables. Homeowners are identified as consumers with positive mortgage
balances over the preceding twelve quarters.
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Table 6. Characteristics of Matched Sample of
Consumers: Renters

Non-boom Boom
Counties Counties
Std. Std.
Mean Dev. Mean Dev.
Age 52.05 19.47 50.64 18.9
Credit Inquiries (Trailing 1.553 2.685 1.514 2.442
Twelve Month)
Risk Score 679.9 115.2 678.1 112.5
County Unemployment Rate 5.729 1.47 5.676 1.633
High Small Business Percent 22 14.2 23.5 10.6
Median Age 38.34 6.622 37.27 7.533
Median Ownership Costs 7.026 0.339 7.292 0.433
Median Rent 6.558 0.339 6.849 0.354
Median Tract Income 10.81 0.448 10.9 0.431
Median Year Moved in 2001 3.533 2001 3.364
Percent Black 17.76 26.94 14.88 23.55
Percent College Education 27.72 18.5 27.57 17.66
Percent Food Stamps 10.95 10.68 9.425 9.127
Percent High School Only 29.1 10.46 26.67 9.649
Percent Hispanic 6.357 10.49 14.76 16.14
Percent Homeowner 66.6 21.8 59.77 23.48
Percent in Labor Force 64.79 8.805 65.12 8.96
Percent Male 48.4 4.31 48.6 3.86
Percent Married 47.1 14.84 46.58 12.15
Percent One Vehicle 96.02 6.201 92.64 13.02
Percent Some High School 14.2 10.58 17.88 13.56
Percent Working 77.36 8.9 76.19 7.952
Total Population 8.358 0.423 8.452 0.407
Observations 8,231 59,120

Source: FRBNY Consumer Credit Panel/Equifax.

Notes: This table presents the summary statistics for the matched sample of boom
and non-boom county consumers. All consumers in the boom counties are matched
to corresponding non-boom county consumers. The matching is done through a
propensity-score matching routine. The matching is done with replacement. Non-
matched consumers are dropped from the sample for purposes of calculating the
summary tables. Renters are identified as consumers with zero mortgage balances

over the preceding twelve quarters.
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Figure 9. Non-mortgage Debt in Matched Sample
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Source: FRBNY Consumer Credit Panel/Equifax.

and boom counties. Consumers in the boom counties reduced non-
mortgage debt at a faster pace early on in the recession, and con-
tinued to reduce debt for a longer period than their matched coun-
terparts in the non-boom counties.

The results of difference-in-difference tests are found in table 7,
where we report the difference in changes in debt levels between
the matched individuals. Negative numbers mean that individuals
living in boom counties reduced their debt levels more than did
their matched counterparts in non-boom counties. With the excep-
tion of low-debt homeowners, all statistically significant difference-
in-difference estimates are negative, and all of these indicate eco-
nomically important effects. In particular, for consumers with high
levels of predicted total debt (top two deciles of the predicted debt
distribution), we see more evidence of greater non-mortgage debt
reductions in boom counties than in non-boom counties for renters
than for homeowners.

4.8 Post-crisis Regressions on the Matched Sample

The results in table 7 suggest the possibility that an inward shift
in credit supply played an important role in the deleveraging of
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Table 7. Difference-in-Difference Results for
Non-mortgage Debt

Percentile of Total 20th 40th—60th 80th
Predicted Debt 2008:Q2 | Percentile | Percentile | Percentile
All Consumers .088 0.029 —.190***
(.061) (.060) (.021)
Homeowners .265* —.735%** —.536***
(.137) (.107) (.040)
Renters —0.010 —.144* —.814***
(.075) (.077) (.027)

Source: FRBNY Consumer Credit Panel/Equifax.

Notes: This table presents the results of differences-in-means t-tests of changes in
non-mortgage debt from 2008:Q3 to 2011:Q4 among consumers living in boom coun-
ties vs. consumers living in non-boom counties. All results are based on a sample
of matched consumers as described in the propensity-score matching method. With
consumers matched by propensity scores, we also filter by restricting the sample to
consist of matched consumers belonging to specific quantiles of the distribution of
predicted total debt in 2008:Q2. A negative difference in mean debt change signi-
fies that debt declined more in the boom counties than in the non-boom counties.
FkxF*and * denote significance at the 1 percent, 5 percent, and 10 percent level,
respectively.

households in boom counties. However, even though we control
for debt demand and household- and tract-level characteristics,
we would like to rule out that changes in these characteristics
between 2008 and 2011 drive the differences in deleveraging of
renters between boom and non-boom counties. Specifically, it is pos-
sible that renters fared worse from 2008 to 2011 in boom counties
than in non-boom counties and that this underlies our differences in
deleveraging. In order to address this point, we estimate variants of
the following regression:

ADZ‘72011,2008 = a+ p1BC + paBC x Renter; + psBC  risk;
+ 11X, + ©X + £Aue + ¢, (2)

where AD; 2011-2008 represents, for individual ¢, the difference
between their 2008:Q3 non-mortgage debt level and their 2011:Q4
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non-mortgage debt levelld The coefficients p1, p2, and ps on the
indicator variable BC' (“boom county”) are of most interest. The
first is intended to measure the degree to which households in boom
counties reduce debt more than those in non-boom counties, con-
trolling for changes in the non-house-price elements of the demand
for debt. The second allows us to see how that differential depends
on whether the borrower is a renter. The third allows us to see
how that differential depends on the risk score of the borrower.
We also include a triple interaction of boom county, renter sta-
tus, and risk score to further explore the patterns in consumer debt
reduction.

In all of the changes in debt regressions to follow, we work with
the matched sample of borrowers from the propensity-score match-
ing analysis above. That is, while we have both homeowners and
renters from the two groups of counties, a non-boom homeowner
only appears if it is matched to a homeowner in a boom county, and
similarly for renters. The controls in X; include, analogous to equa-
tion (1), the individual’s age and risk score, and the number of credit
report inquiries on the individual over the previous twelve months,
all as of 2008:Q3. In addition, X; includes the change in the indi-
vidual’s risk score between 2008 and 2011, whether the individual is
a homeowner, and the individual’s actual level of total debt, as of
2008:QQ3. The controls in X also include the census tract and county
level control variables as they appear in equation (1), with the excep-
tion of the unemployment rate, which, instead, enters equation (2)
as a change between 2008 and 2011.

Table 8 presents the results for non-mortgage debt-change regres-
sions. The coefficients on each of the individual level controls are
highly statistically significant. As expected, consumers with a low
risk score (<650) in 2008 tended to reduce non-mortgage debt more
than those with a higher risk score. However, those consumers with
risk scores that improved (i.e., a positive change in risk score
reduced debt more than consumers whose risk score worsened

180ur regression sample consists of pairs of individuals, matched on their prob-
ability of living in a boom county, within predicted 2008:Q2 debt ranges, as
described in the text above.

9Tn part this may just be due to reverse causality, as those who reduced debt
more may have been rewarded with a higher risk score.
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Table 8. Change in Non-mortgage Debt Regressions

(1) (2) (3) (4) (5)
Boom County —.076** —0.050 0.081 0.093 0.107
(0.039) (0.049) (0.065) (0.063) (0.067)
Borrower Age in —0.018*** | —0.018*** | —0.018*** | —0.018***
2008:Q3 (0.001) (0.001) (0.001) (0.001)
Borrower Credit 0.071*** 0.070*** 0.070*** 0.070***
Inquiries in 2008:Q3 (0.007) (0.007) (0.007) (0.007)
Borrower Total Debt —0.340*** | —0.340*** | —0.340*** | —0.340***
in 2008:Q3 (0.005) (0.005) (0.005) (0.005)
Change in Risk Score —0.007*** | —0.007*** | —0.007*** | —0.007***
(2008:Q3-2011:Q4) (0.000) (0.000) (0.000) (0.000)
Low Risk Score —1.250%** | —1.249*** | —1.167*** | —0.954***
(<650) in 2008:Q3 (0.031) (0.031) (0.071) (0.235)
Renter (2008:Q3- —1.819*** | —1.673*** | —1.694*** | —1.652***
2011:Q4) (0.052) (0.057) (0.059) (0.067)
Boom County x —0.170** | —0.146* —-0.167*
Renter (0.064) (0.068) (0.078)
Boom County x Low —0.094 —0.186
Risk Score (0.074) (0.252)
Renter x Low Risk —0.245
(0.253)
Boom County x 0.109
Renter x Low Risk (0.274)
Constant —0.562*** | 14.892 14.639 14.575 14.562
(0.036) (10.663) (10.673) (10.682) (10.678)
Observations 76,437 76,437 76,437 76,437 76,437
R-squared Adjusted .000 0.162 0.162 0.162 0.162
Notes: This table presents the results from the regressions of changes in non-mortgage
debt on the boom county dummy and control variables. The change in non-mortgage debt
is computed over 2008:Q3-2011:Q4. Among the covariates, age, credit inquiries, risk score,
and total debt are calculated for each consumer for the base year 2008:Q3. We also com-
pute a change in risk score over the 2008:QQ3-2011:QQ4 period. All regressions include tract-
and county-level controls, and clustered standard errors at the county level. *** ** and
* denote significance at the 1 percent, 5 percent, and 10 percent level, respectively.

Individuals with more inquiries tended to reduce debt less, as
expected. More debt in 2008 was correlated with greater reductions
in debt. All other factors held constant, renters reduced debt more
than homeowners. Again, this result points to the role of restricted
credit supply during the 2008:Q3-2011:Q4 period. Controlling for
the demographics we have available to us, we would naturally expect
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renters to reduce debt by less because their demand would not have
been affected by the negative wealth shock to housing.

The coefficients on the interaction between boom county and
renter in table 8, in columns 3-5, are negative and statistically signif-
icant. Living in a boom county strengthens the positive association
between renters and reduction in non-mortgage debt. This contrasts
with the lack of statistical significance of the effect of boom county
on homeowners (the coefficient on boom county by itself) in the
same specifications.

These results about the relationship between boom county and
debt reduction point towards a more subtle interpretation of the
determinants of household deleveraging during the aftermath of the
housing boom than is typically reported. We generally corroborate
the results in MRS with the positive association between boom
county and deleveraging and also the finding that borrowers enter-
ing our analysis period with relatively large overhangs of total debt
tended to delever more. However, the important point here is that
the effect of residence in a boom county on any non-mortgage debt
reduction tends to be larger for renters than for equivalent home-
owners. This is indicated by the negative coefficient on the interac-
tion between renter and boom county. This suggests that a general
negative credit supply shock contributed to debt reduction in the
post-2008 period. In addition, the lack of statistical significance of
the coefficient on the three-way interaction between boom county,
renter, and low risk score indicates that the cutback in supply was
not confined to the borrowers with the highest levels of credit risk.

4.4 1V Results

The findings above naturally suggest a story where a bank lend-
ing channel restricted consumers’ ability to borrow in the aftermath
of the housing boom. To explore this idea more fully, we compare
measures of bank conditions across the boom and non-boom counties
during the 2008:Q3-2011:Q4 period. We associate banks with local
markets on the basis of their headquarters of operation as reported
in the Federal Reserve’s Call Reports. When we restrict our analysis
to include only those commercial banks with less than $1 billion in
assets in 2008, we can be reasonably confident that our banks are
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Figure 10. Average Equity Capital Ratios by County
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small enough to be lending primarily in the counties where they are
headquartered

As a first pass, in figure 10 we plot the average equity capital ratio
of our sample of banks in both the boom and non-boom counties. As
the figure indicates, local banks in the boom counties suffered losses
during the recession and experienced a decline in their equity capital
ratios. Since new lending must be supported by equity capital, the
boom county banks were progressively more constrained in terms of
capital as the analysis period rolled forward from 2008:Q3 and into
2011. The figure also makes clear that if we find any evidence of bank
effects on consumer deleveraging, then the channel will be through
a change in bank conditions. Indeed, the figure shows that aver-
age equity capital ratios in the boom counties declined to become
more similar to the equity capital ratios observed in the non-boom
counties. Thus, our sample of banks clearly indicates that boom
county banks suffered a shock, but there is much less evidence of
the non-boom county banks experiencing a similar shock.

Proceeding more formally, we estimate an IV model, in which
we use boom county residence as an instrument for changes in bank

20The $1 billion asset threshold is a commonly used definition of a “community
bank” in the U.S. banking sector.
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capital of local banks. The model permits us to map out the trans-
mission channel from banks’ balance sheets to deleveraging. The
approach should map out the part of extra deleveraging in boom
counties due to differential changes in bank capital. Hence, a sig-
nificant coefficient in the IV model shows the relative differences in
deleveraging between homeowners and renters in boom versus non-
boom counties limited to differences in credit supply of banks. As
we are interested in the relative effect for homeowners and renters,
we estimate the model separately for the two groups.

The results are presented in table 9. Columns 1 and 3 show that
our instrument is strong: we obtain negative coefficients on the boom
county indicator and large negative t-statistics for both the home-
owner and renter samples. Economically, being headquartered in a
boom county is highly correlated with a strong decline in bank capi-
tal in the 2008 to 2011 period. In the second stage (columns 2 and 4
of table 9), we find that changes in bank capital and changes in debt
exhibit a negative and insignificant correlation for homeowners and
a positive and significant correlation for renters. This evidence sug-
gests that credit supply was important in the deleveraging of renters
and not in the deleveraging of homeowners. This confirms our earlier
findings that a significant part of the deleveraging process of house-
holds in the wake of the real estate boom before the crisis resulted
from more restrictive lending of banks that were trying to rebuild
capital after sustaining large losses.

5. Robustness

We conduct several robustness checks on our results. First, we inves-
tigate whether our results may be due to renters’ demand for debt
being more negatively affected by residence in a boom county than
homeowners’ demand for debt. Recall that it is not a problem if
renters overall (regardless of being in a boom or non-boom county)
were more affected by the economic downturn that followed the crisis
than homeowners. What is important for our identification strategy
to hold is that renters in boom counties were not more affected than
renters in non-boom counties. Hence, we examine this question in
detail here. Start with the observation that, according to the debt-
level regression results in table 2, income is correlated with auto
debt (positively) and credit card debt (negatively). No doubt some
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Table 9. Local Bank Conditions and Changes in
Non-mortgage Debt

Homeowners Only Renters Only
First Stage | Second Stage | First Stage | Second Stage
Change in Change in Change in Change in
Bank Non-mortgage Bank Non-mortgage
Dependent Variable Equity Debt Equity Debt
Boom County —0.014*** —0.016***
(0.002) (0.001)
Predicted Change in —5.462 5.871"
Bank Equity Capital (5.543) (2.935)
Constant 1.610 25.117
(24.098) (12.985)
Borrower Age in —0.011*** —0.019***
2008:Q3 (0.002) (0.001)
Borrower Credit —0.015 0.085***
Inquiries in 2008:Q3 (0.014) (0.006)
Borrower Total Debt in —0.141*** —0.344***
2008:Q3 (0.028) (0.004)
Change in Risk Score —0.005*** —0.007***
(2008:Q3-2011:Q4) (0.000) (0.000)
Low Risk Score (<650) —1.021""" —1.280"""
in 2008:Q3 (0.083) (0.034)
Demographic Controls Yes Yes Yes Yes
Observations 16,121 16,121 60,263 60,263
R-squared 0.024 0.016 0.026 0.175

Notes: The table reports the results of an instrumental-variables regression of the change
in non-mortgage debt (2008:Q3-2011:Q4) on a local banking conditions variable and con-
trols. The first stage is a regression of change in bank equity on the boom county indi-
cator variable and demographic controls. The second stage is a regression of change in
non-mortgage debt on the instrumented change in equity and the control variables. The
control variables include county- and tract-level demographic variables used in table 8 and
throughout the paper. The banking conditions variable is the average change in equity
capital ratio (2008:Q3-2011:Q4) for banks headquartered in the consumer’s county of res-
idence. The average equity capital ratio is instrumented using the boom county indicator.
A positive coefficient on the predicted change in equity capital variable indicates that
growth in non-morntgage debt is positively associated with growth in local bank equity
ratios. ¥** ** and * denote significance at the 1 percent, 5 percent, and 10 percent level,
respectively.

of this correlation is coming from the demand side and some from the
supply side. In any case, if there were an association between boom
versus non-boom county residence and changes in income, and if such
an association showed a differential boom effect for renters versus
homeowners, then our results might be due to differential demand
changes, not the presence of credit supply shocks.
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As a first piece of evidence consider figure 2. Figure 2 gives no
evidence of differential boom effects that would confound the inter-
pretation of our results. The figure uses data from the ACS vintages
that correspond most closely with 2008, the beginning of the window
over which we measure debt changes, and 2011, the end of the debt-
change window. In figure 2A, we plot changes in median household
income at the county level. In figure 2B, we plot changes in the 20th
percentile of household income. On the horizontal axis of the two
panels we plot the percentiles of the county homeownership rate,
increasing from left to right. In figure 2A, there is no association
between homeownership rate and any differences between changes
in income in boom versus non-boom counties. Changes in incomes
for boom counties that are systematically lower than changes in
incomes for non-boom counties (the gray line below the black line)
along with a shrinkage in this differential from left to right would
support a view of differential demand changes that would be detri-
mental to our argument. Figure 2A shows no such pattern. Neither
does figure 2B. In fact, figure 2B shows the opposite pattern. For
households at the 20th percentile of income, there appears to be a
more consistent pattern of deeper declines in income in boom than
in non-boom counties on the right side of the graph than on the left,
but the right side of the graph represents the high-homeownership
counties, not the low-homeownership counties.

We also conducted a similar exercise to the one depicted in figures
2A and 2B using data from the Panel Study of Income Dynamics
(PSID). The PSID allows us to look at the actual income distrib-
utions for both renters and homeowners, instead of using the local
homeownership rates as proxies for renting versus owning. One draw-
back to the PSID, however, is that it only identifies the state of
residence of the survey respondents. Thus, we cannot look at how
income changed for renters and owners in our specific boom and non-
boom counties, but are forced to analyze this at the state level. We
use observations on total family income from the family files in 2009
and 2011 waves, which corresponds most closely to the sample period
in our study. To parallel the analysis with the ACS data above, in
each wave we calculate the median and the 20th percentile of the
income distribution within each state, by renter and homeowner.
Our change in income measure is the (log) difference of incomes at
each of these percentiles. We then correlate these income changes



Vol. 15 No. 3 Deleveraging and Consumer Credit Supply 243

with the four-year past house price appreciation in the state. We
plot these relationships for the change in median income (figure 3A)
and the change in income at the 20th percentile (figure 3B). In the
figures, the dots depict the change in income and four-year change
in house prices for each state, with black representing the obser-
vations for homeowners and gray representing the observations for
renters. As we saw with the ACS data, at the aggregated market
level, changes in income do not vary systematically with house price
changes for renter households.

The analysis reported in figures 3A and 3B is conducted at the
state level. Differences in average renter and homeowner income
growth do not vary with the house price appreciation in their states
of residence. This level of aggregation parallels the analysis with the
ACS data in figures 2A and 2B. We can also use the PSID data to
track income growth at the family unit. We restrict our sample to
include observations on total family income only for individuals who
identified themselves as head of household and reported no change
in family composition between the 2009 and 2011 PSID waves.

In table 10 we report regressions of income growth on renter
status and our proxies for exposure to the housing market wealth
shock. The dependent variable is the log change in total income.
All regressions include a standard set of controls observed in 2009
(log income, age, and years of education). A household is considered
a renter if it rents in both the 2009 and 2011 waves. We use two
measures of exposure to the housing market shock. First, we use the
five-year state-level house price appreciation between 2001 and 2006,
similar to the measure that we use to define the boom and non-boom
counties in the main part of our analysis. We also include a “boom
state” indicator variable, equal to one for states with boom counties
from our earlier analysis and zero for states with non-boom coun-
ties 2] The regressions are weighted using the PSID cross-sectional
sampling weights.

In general, the results in table 10 are consistent with our earlier
results. Family income growth is negatively related to renter sta-
tus, suggesting that renters are more vulnerable than homeowners
to income shocks over the business cycle. However, the coefficient

2'We are forced to drop New York and North Carolina as states that have both
boom and non-boom counties.
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estimates on the interactions of renter status with past house price
appreciation and boom state are insignificant. We do not find evi-
dence that renter family income growth was systematically lower
in states corresponding to our boom markets. Thus, weak income
growth among the renter population in boom markets does not
appear to explain why renter households in these markets had sig-
nificantly weaker growth in credit during the economic recovery.

Perhaps renters’ optimism about the future declined more than
did homeowners’. Here, we do not have evidence on boom versus
non-boom, but we can proxy for renter versus owner. We investigate
the Michigan Index of Consumer Expectations and find no strong
evidence that this was true. We assume that income is positively cor-
related with homeownership. We find that the change in the Index
between 2008:Q3 and 2011:Q4 was —3.2 for the lowest income quar-
tile, —2.5 for the next highest quartile, —2.3 for the next highest
quartile, and —3.8 for the highest income quartile. Optimism about
the future declined the most for the group most likely to be home-
owners. We assume that demand for debt is positively associated
with optimism. Therefore, this result does not support the view that
renters’ demand declined more than homeowners’ demand.

There are several other assumptions in our research design that
need closer examination. First, our method of identifying homeown-
ers and renters as having (or not having) a mortgage balance is
somewhat restrictive. In table 11, we loosen this assumption. We
define homeowners in the usual way, as consumers who had a mort-
gage balance throughout the 2008:Q3-2011:Q4 period. Renters, by
contrast, include everyone else in the matched sample. This defini-
tion of renters encompasses the old definition and admits in other
consumers who may have transitioned between homeownership and
renter status. The results in table 11 generally confirm our earlier
debt-change regression results in table 8. The more expansive defi-
nition still shows that renters reduced debt significantly more than
homeowners, and particularly so in the boom counties. Indeed, the
boom county X renter interaction term in columns 3-5 is always
negative and significant at the 1 percent confidence level.

For another robustness check we run parallel debt-change regres-
sions using all consumers living in the boom and non-boom coun-
ties, and not just the consumers that have been matched. While we
believe that using some kind of matching approach is desirable to try
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Table 11. Change in Non-mortgage Debt Regressions:
Alternative Definition of Renters

) 2) 3) ) )
Boom County —0.092* —0.065 0.087 0.096 0.115
(0.037) (0.047) (0.062) (0.060) (0.065)
Borrower Age in —0.018"** | —0.018"** | —0.018*** | —0.018"**
2008:Q3 (0.001) (0.001) (0.001) (0.001)
Borrower Credit 0.064™** 0.064™** 0.064*** 0.064***
Inquiries in 2008:Q3 (0.007) (0.007) (0.007) (0.007)
Borrower Total Debt —0.331*** —0.331*** —0.331*** —0.331***
in 2008:Q3 (0.004) (0.004) (0.004) (0.004)
Change in Risk Score —0.007*** | —0.007*** | —0.007*** | —0.007***
(2008:Q3-2011:Q4) (0.000) (0.000) (0.000) (0.000)
Low Risk Score —1.289"*" | —1.289"** | —1.228"** | —0.927"**
(<650) in 2008:Q3 (0.031) (0.031) (0.071) (0.233)
Renter (2008:Q3- —1.669*** —1.503"** —1.517*** —1.460"""
2011:Q4) (0.043) (0.055) (0.058) (0.061)
Boom County X —0.194** —0.177** —0.204*"
Renter (0.062) (0.065) (0.071)
Boom County X Low —0.069 —0.187
Risk Score (0.076) (0.251)
Renter x Low Risk —0.343
(0.238)
Boom County x 0.138
Renter x Low Risk (0.259)
Constant —0.567"** 15.422 15.140 15.088 15.084
(0.035) (10.736) (10.746) (10.756) | (10.751)
Observations 83,071 83,071 83,071 83,071 83,071
R-squared Adjusted 0.000 0.157 0.157 0.157 0.157

Notes: This table presents the results from the regressions of changes in non-mortgage
debt on the boom county dummy and control variables. In this table the definition of renter
is expanded to include all consumers who do not have a mortgage balance for the entire
2008:QQ3-2011:Q4 sample period. Partial spells with mortgages are classified as renters.
The change in non-mortgage debt is computed over 2008:Q3-2011:Q4. Among the covari-
ates, age, credit inquiries, risk score, and total debt are calculated for each consumer for
the base year 2008:Q3. We also compute a change in risk score over the 2008:Q3-2011:Q4
period. All regressions include tract- and county-level controls, and clustered standard
errors at the county level. ¥** ** and * denote significance at the 1 percent, 5 percent,
and 10 percent level, respectively.

to put consumers on an even footing as of 2008:Q3, this robustness
check helps to alleviate concerns that the matching somehow selects
renters in the non-boom counties who were particularly sensitive
to changes in economic conditions. The results from this exercise
are in table 12. Again, we see that renters are still more likely to
have reduced their non-mortgage debt during the 2008:Q3-2011:Q4
period, and particularly so in the boom counties.
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Table 12. Change in Non-mortgage Debt Regressions:
Non-matched Sample

(1) @) ®) ) )
Boom County —0.142*** | —0.066 0.122* 0.149** 0.144*
(0.024) (0.039) (0.055) (0.055) (0.058)
Borrower Age in —0.020"** | —0.020** | —0.020"** | —0.020"**
2008:Q3 (0.001) (0.001) (0.001) (0.001)
Borrower Credit 0.066*** 0.066™** 0.065™** 0.065"**
Inquiries in 2008:Q3 (0.006) (0.006) (0.006) (0.006)
Borrower Total Debt —0.354"** —0.354*** —0.354*** —0.354***
in 2008:Q3 (0.005) (0.005) (0.005) (0.005)
Change in Risk Score —0.007"** | —0.007*** | —0.007*** | —0.007***
(2008:Q3-2011:Q4) (0.000) (0.000) (0.000) (0.000)
Low Risk Score —1.176*** | —1.175"** | —1.052"** | —1.032***
(<650) in 2008:Q3 (0.032) (0.032) (0.047) (0.120)
Renter (2008:Q3- —1.810*** —1.651*** —1.681*** —1.677"**
2011:Q4) (0.050) (0.047) (0.048) (0.052)
Boom County X —0.241"** | —0.192*** | —0.186*"
Renter (0.055) (0.057) (0.062)
Boom County X Low —0.181*** | —0.135
Risk Score (0.052) (0.152)
Renter X Low Risk —0.024
(0.123)
Boom County X —0.050
Renter X Low Risk (0.156)
Constant —0.461"** 7.967 7.508 7.455 7.471
(0.020) (8.606) (8.627) (8.677) (8.690)
Observations 107,686 107,686 107,686 107,686 107,686
R-squared Adjusted 0.000 0.163 0.164 0.164 0.164

Notes: This table presents the results from the regressions of changes in non-mortgage
debt on the boom county dummy and control variables. In this table the definition of renter
is expanded to include all consumers who do not have a mortgage balance for the entire
2008:Q3-2011:Q4 sample period. Partial spells with mortgages are classified as renters.
The change in non-mortgage debt is computed over 2008:Q3-2011:Q4. Among the covari-
ates, age, credit inquiries, risk score, and total debt are calculated for each consumer for
the base year 2008:QQ3. We also compute a change in risk score over the 2008:Q— 2011:Q4
period. All regressions include tract- and county-level controls, and clustered standard
errors at the county level. ¥** ** and * denote significance at the 1 percent, 5 percent,
and 10 percent level, respectively.

6. Conclusion

Previous empirical research has suggested that the tremendous blow
to the housing market contributed to the sharp drop in aggregate
consumer debt. We investigate whether such a link may be at least
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partially due to cutbacks in the supply of credit. First using the Fed-
eral Reserve Board’s Senior Loan Officer Opinion Survey, we show
that banks did indeed tighten credit standards in boom counties
more than in non-boom counties. In order to further explore the
role of credit supply conditions, we examine individual credit file
data. Here, we find evidence suggesting that credit supply effects
independent of collateral effects were important. In our estimations,
we find that, for non-mortgage debt, homeowners did not reduce
debt more in counties with large house price declines than in coun-
ties with small house price declines. In contrast, renters did reduce
debt more in the boom counties. Using an IV estimation, we map
out the transmission channel from banks with weak bank balance
sheets to a higher degree of deleveraging after the crisis. Our evi-
dence supports the view that a general tightening of credit supply
that was independent of the effects of the drop in value of housing
collateral contributed to cutbacks in consumer borrowing.

Appendix

As mentioned in the main text, we also conduct additional estima-
tions of the non-mortgage debt change regressions. Table 13 shows
that our main results hold up when we add home equity debt to non-
mortgage debt. When we excluded home equity debt, in table 8, we
saw that renters saw a negative effect on debt change from living in
a boom county, but that homeowners saw no effect from living in a
boom county. In most specifications in table 13, boom county has
no effect on the debt change of either homeowners or renters, either
by itself or in interaction with any other variable. The important
point here is that homeowners did not undergo a greater reduction
in debt in boom counties than in non-boom counties wherein that
differential was stronger than for renters. This too suggests that a
general negative credit supply shock contributed to debt reduction
in the post-2008 period.



Vol. 15 No. 3 Deleveraging and Consumer Credit Supply 249

Table 13. Change in Non-mortgage + Home Equity
Debt Regressions

(1) @) ) ) )
Boom County —0.023 —0.189 0.132 0.136 0.188
(0.048) (0.106) (0.096) (0.093) (0.102)
Borrower Age in —0.021"** | —0.021*** | —0.021™** | —0.021***
2008:Q3 (0.001) (0.001) (0.001) (0.001)
Borrower Credit 0.067*** 0.067"** 0.067*** 0.067"**
Inquiries in 2008:Q3 (0.008) (0.008) (0.008) (0.008)
Borrower Total Debt —0.437*** | —0.415*** | —0.415*** | —0.415***
in 2008:Q3 (0.012) (0.007) (0.007) (0.007)
Change in Risk Score —0.007"** | —0.007*** | —0.007*** | —0.007***
(2008:Q3-2011:Q4) (0.000) (0.000) (0.000) (0.000)
Low Risk Score —1.341"** | —1.340"** | —1.317"** | —1.002***
(<650) in 2008:Q3 (0.032) (0.032) (0.087) (0.289)
Renter (2008:Q3- —2.017*** —1.885*** —1.891*** —1.831***
2011:Q4) (0.060) (0.084) (0.089) (0.099)
Boom County X —0.153 —0.146 —0.220*
Renter (0.088) (0.096) (0.109)
Boom County X Low —0.027 —0.430
Risk Score (0.091) (0.314)
Renter X Low Risk —0.360
(0.304)
Boom County X 0.458
Renter X Low Risk (0.333)
Constant —0.817"** 11.137 10.898 10.880 10.799
(0.045) (13.509) (13.513) (13.517) (13.535)
Observations 76,437 76,437 76,437 76,437 76,437
R-squared Adjusted —0.000 0.140 0.140 0.140 0.140

Notes: This table presents the results from the regressions of changes in non-mortgage
debt plus home equity debt on the boom county dummy and control variables. The change
in non-mortgage debt is computed over 2008:Q3-2011:Q4. Among the covariates, age,
credit inquiries, risk score, and total debt are calculated for each consumer for the base
year 2008:Q3. We also compute a change in risk score over the 2008:Q— 2011:Q4 period.
All regressions include tract- and county-level controls, and clustered standard errors at
the county level. *** ** and * denote significance at the 1 percent, 5 percent, and 10
percent level, respectively.
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Since the crisis, however, trade finance has experienced episodes of
stress, particularly after the collapse of Lehman Brothers in Septem-
ber 2008 and again in late 2011, when several European banks were
under funding pressures In this context, understanding the dri-
vers of trade finance becomes important for two main reasons. First,
international trade is heavily dependent on trade finance since it
involves certain forms of commercial risks that are elevated relative
to domestic trade, such as payment risk and transportation risk, in
addition to exchange rate risk, which is unique to this line of activ-
ity. These risks are generally assumed by banks since importers and
exporters are often unwilling to bear them. Indeed, estimates for
the share of global trade relying on trade finance instruments range
from 30 to 40 percent (Committee on the Global Financial System
2014). This paper focuses on trade finance intermediated by banks 2

Second, research has shown that shocks to banks in general and
the supply of trade finance, in particular, affect exports and imports
and have contributed to the drop in trade in recent years (Ahn 2013;
Amiti and Weinstein 2011; Del Prete and Federico 2014; Niepmann
and Schmidt-Eisenlohr 2017; Paravisini et al. 2011). The importance
of trade finance in supporting the functioning of global trade is also
underscored by the fact that many multilateral and national insti-
tutions expanded their trade finance programs to facilitate exports
and imports in some emerging market and advanced economies fol-
lowing the call from leaders of the Group of Twenty (G-20) countries
in the aftermath of the global financial crisis

!Broadly speaking, the term “trade finance” refers to payment arrangements
between buyers and sellers. The focus of this paper is on the international dimen-
sion of trade finance, i.e., financing for cross-border transactions.

2Trade finance includes both bank-intermediated trade finance, in which banks
facilitate transactions between buyers and sellers, and non-bank trade finance,
in which buyers and sellers extend credit to each other; this paper focuses on
the first category only. Estimates for the share of global trade finance relying on
different financing options, including open accounts, interfirm trade credit, and
bank-intermediated trade finance, are much higher, in the range of 80 to 90 per-
cent (Auboin 2009). However, global estimates should be treated with caution, as
gauging the overall size of the bank-intermediated trade finance market requires
extrapolation from partial data, which makes these estimates imprecise.

3For a detailed discussion, see Asmundson et al. (2011) and CGFS (2014).
The G-20 communiqués, including the communiqué from the April 2009 summit,
can be found at http://www.g20.utoronto.ca/2009/2009communique 0402.html.
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Empirical work on the underlying causes as well as the impact
of the recent dislocations in trade finance has grown rapidly after
the global financial crisis. However, the evidence so far is largely
based on surveys or country-specific analyses using firm-level data
since cross-country analyses are absent due to the paucity of hard
data. As a consequence, many of the important policy questions
raised by the drop in trade finance during the global financial cri-
sis remain largely unanswered: Did declines in cross-border bank-
intermediated trade financing transmit financial shocks across bor-
ders? Or did they simply reflect the lesser need for trade financing
due, for instance, to weaker growth in trading partners, or subdued
domestic economic growth? In other words, did supply or demand
drive bank-intermediated trade finance during the global financial
crisis?

To shed some light on these issues, this paper presents fresh evi-
dence on the key determinants of bank-intermediated trade finance
using a unique, newly constructed panel data set on trade finance. As
such, this paper is the first attempt at understanding the determi-
nants of bank-intermediated trade finance for a set of countries and
thus makes an important contribution to the empirical literature in
this field. Our results indicate that both global and country-specific
factors, such as growth in trade flows and the funding availabil-
ity of domestic banks, are important determinants of trade finance.
The results are robust to alternative model specifications as well as
changes in the cross-sectional dimension of the data set. In partic-
ular, the main results hold when we use instrumental variables to
control for the potential endogeneity of trade flows growth. Results
are also robust to random-effects estimation, which we undertake in
order to address any potential small sample bias.

Overall, our findings suggest that the short-term, self-liquidating
nature of trade finance could generate some scope for negative exter-
nalities for the global economy, especially if the banking sector is
subject to global shocks. These externalities can be amplified if
a large number of banks simultaneously run down their liquidity
pool embodied in their trade finance portfolios. We elaborate on the
implications of the results in sections 5 and 6.

The remainder of the paper is structured as follows. Section 2
summarizes the related literature. Section 3 provides a brief descrip-
tion of trade finance instruments and summarizes the evolution of
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trade finance during the global financial crisis. Section 4 describes
the data, the empirical methodology, and the choice of explanatory
variables. Section 5 discusses the results and section 6 concludes.

2. Related Literature

Our work makes two key contributions to the empirical literature on
trade finance. First, it provides fresh evidence on the determinants
of bank-intermediated trade finance—an area that has been hitherto
unexplored due to the lack of hard data. Previous empirical work has
generally focused on firm-level data in a country-specific setting to
analyze firms’ choice with regard to different payment contracts. For
example, Ahn (2013) finds evidence of a substantial impact of bank
liquidity shocks on the supply of letters of credit import transac-
tions in Colombia during the 2008—09 crisis. In a similar vein, Antras
and Foley (2011) use detailed transaction-level data for a U.S.-based
exporter to study how the choice between cash-in-advance and open
account is affected by the characteristics of the country in which the
importer is located. In a more recent paper, Niepmann and Schmidt-
Eisenlohr (2013), using U.S. banking data, find that the volume of
banks’ trade finance claims differs substantially across destination
countries, with claims being hump shaped in country credit risk
and increasing with the time to import of a destination market.
The authors also find that trade finance claims vary systematically
with global conditions, expanding when aggregate risk is higher and
funding is cheaper.

Rather than taking these firm-specific approaches and focusing
on certain instruments, such as letters of credit, our study takes a
more comprehensive view to examine the key determinants of bank-
intermediated trade finance as a whole and for a set of countriesH
To the best of our knowledge, this is the first study to use such
an approach, one that allows us to investigate the role of country-
of-origin variables (frequently called “home variables”) in driving

4See tables 8 and 9 in the data appendix for a description of the country-
specific data on trade finance used in this paper. We refer the reader to CGFS
(2014) for an in-depth description of the data, as well as a comparison with other
sources of information.
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trade finance. The results, therefore, complement previous empir-
ical work that has focused primarily on either bank-level informa-
tion or country-of-destination information. Further, it is informative
to analyze trade finance as a whole since it encompasses a wide
range of instruments, and market intelligence suggests that firms
can switch relatively easily from one instrument to another, making
the distinction between instruments blurred at times.

Second, our work is also related to the strand of empirical litera-
ture focusing on the relationship between financial conditions, trade
credit, and trade at the firm and sectoral levels. This literature has
aimed at understanding and measuring the impact of disruptions
in trade finance on the so-called Great Trade Collapse. At the firm
level, Behrens, Corcos, and Mion (2013), Bricongne et al. (2012),
and Coulibaly, Sapriza, and Zlate (2011) all find that financial con-
straints explain part of the decline in production and exports during
the trade collapse. Using sector-level data, Chor and Manova (2012)
examine how the sector composition of exports to the United States
varies across countries depending on the cost of finance in those
source countries. The authors find that tight financial conditions
(i.e., higher interbank interest rates) led exports to fall more during
the 2008-09 crisis in sectors with high external finance dependence
or low asset tangibility. Further, they demonstrate that countries
with tight financial conditions exported less to the United States
than countries where financial conditions were less tight. Our paper
contributes to this literature by showing that, controlling for trade
flows, trade finance depends on global financial conditions and fund-
ing availability for domestic banks, and accordingly can be impaired
by financial shocks.

3. Trade Finance: Instruments and Dynamics
during the Global Financial Crisis

The term “trade finance” is generally used for financial instruments
that are specifically linked to underlying international trade trans-
actions (exports or imports). Banks and other institutions typically
provide trade finance for two purposes. First, it serves as a source of
working capital for individual traders and international companies
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in need of liquid assets[ Second, trade finance provides credit insur-
ance against the risks involved in international trade, such as cur-
rency or price fluctuations, or political risk. While we acknowledge
that some trade finance instruments may be long term in nature,
in this paper we focus only on short-term bank-intermediated trade
finance, because it funds a much larger volume of trade and is also
closely linked with overall bank funding conditions.

Trade finance comprises a wide range of products used to
reduce risks related to international payments between importers
and exporters. One of the most common and standardized forms
of bank-intermediated trade finance is a letter of credit (or L/C).
L/Cs reduce payment risk by providing a framework under which a
bank makes (or guarantees) the payment to an exporter on behalf
of an importer once goods have been shipped or delivered [ Banks
may also help meet working capital needs by providing trade finance
loans to exporters or importers, i.e., short-term loans used to buy
the inputs necessary to produce goods ordered by foreign customers.
In this case, the loan documentation is linked either to an L/C or
to other forms of documentation related to the underlying trade
transaction. Working capital is more important for financing export
shipments than for domestic shipments because of the longer lag
between production and payment for exports (Amiti and Weinstein
2011).

With respect to the recent developments in the market for trade
finance, figure 1 shows the drop in trade finance and trade at the
peak of the global financial crisis—between October 2008 and Jan-
uary 2009. The fall in trade finance was about one-third of the
contraction in global merchandise trade, with the largest declines
witnessed in Emerging Europe and Central Asia. In the aftermath of
the crisis, the International Monetary Fund (IMF) together with the
Bankers’ Association for Finance and Trade—International Financial
Services Association (BAFT-IFSA) undertook a survey on pricing,

5 A working capital loan not specifically tied to trade is typically not included
in this definition.

SFor the most part, L/Cs represent off-balance-sheet commitments, though
they may, at times, be associated with an extension of credit. This can occur, for
example, if an import L/C is structured to allow the importer a period of time
(known as “usance”) before repaying the bank for the payment it made on the
importer’s behalf.
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Figure 1. Changes in Merchandise Exports and Trade
Finance between October 2008 and January 2009
(percentage change)
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Source: Asmundson et al. (2011).

volumes, and drivers in trade finance markets in March 2009[1 This
was followed by several additional survey rounds. The results of these
surveys showed that changes in trade finance conditions were par-
ticularly pronounced among large banks that suffered most from the
crisis and were thus in greater need to deleverage quickly. Further,
the surveys showed that banks also increased the cost to borrowers.
Regarding the underlying causes for the decline in trade finance,
the surveyed banks identified the fall in demand for trade as the
major reason for the decline in trade finance, and attributed about
30 percent of the fall to reduced credit availability at either their
own institutions or counterparty banks8 While these surveys pro-
vide valuable insights into the developments in the market for trade
finance, quantitative estimates derived from them should be treated
with caution, as survey respondents usually provide only directional
indications instead of details for their firm which can then be aggre-
gated (CGFS 2014). In contrast, by using objective data, this paper

"The 2009 survey, by the International Monetary Fund and the Bankers’ Asso-
ciation for Finance and Trade, is titled “IMF-BAFT Trade Finance Survey: A
Survey Among Banks Assessing the Current Trade Finance Environment.”

8 Asmundson et al. (2011) provides a summary of the first four IMF surveys.
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provides a more nuanced perspective on the underlying determinants
of trade finance.

4. Data and Methodology

4.1 Data

The data on trade finance used in this paper were put together
by members of the Study Group on Trade Finance under the aus-
pices of the Committee on the Global Financial System (CGFS)H
The sample includes the following ten countries: Australia, Brazil,
France, Germany, India, Italy, Korea, Spain, the United Kingdom,
and the United States. The sample spans the time period 2001:Q1
to 2012:QQ4, although the trade finance data are not available for the
entire time period for some countries, resulting in an unbalanced
panel.

A few recent trends in the data are worth highlighting. Globally
bank-intermediated trade finance has increased substantially in dol-
lar terms over the past decade, particularly since the end of 2006.
The pace, however, has diverged significantly across countries in
recent years (figure 2). The growth in trade finance is particularly
notable in some of the emerging market countries in our sample,
which in turn corroborates anecdotal evidence that local banks in
these countries are playing a greater role in the provision of trade
finance (CGFS 2014).

Table 8 in the data appendix provides a detailed description of
the country-specific data on trade finance. Data coverage in terms
of trade finance instruments differs substantially across countries.
While countries like Brazil, India, Italy, and Korea have detailed
data covering a significant share of overall trade finance activities,
others have statistics capturing only specific components of their
trade finance markets, such as export-related trade finance or letters
of credit (L/Cs). For most countries, the available data capture only
on-balance-sheet lending activities (i.e., L/Cs are excluded, except
when they are tied to or become funded loans) by resident banks,
and focus on lending to domestic borrowers. Further, it is important

°The final report of the Study Group (CGFS 2014) can be found at
http://www.bis.org/publ/cgfs50.htm.
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Figure 2. Trends in Trade Finance (in billions of
U.S. dollars; quarterly data)
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to note that bank-intermediated trade finance is a part of interna-
tional credit. The latter comprises banks’ cross-border lending and
their claims on non-banks in foreign currency, regardless of whether
the foreign-currency lending is extended inside or outside the country
(Avdjiev, McCauley, and McGuire 2012).

To provide a comparison of the data across countries, table 9 in
the data appendix briefly summarizes the main features of the data
in terms of reporting population, cross-border reach, main counter-
parties, and instruments. In eight out of the ten jurisdictions in our
sample, trade finance data reflect lending booked by resident banks
in a given home country vis-a-vis residents of that home country.
These seven jurisdictions are Australia, Brazil, France, India, Italy,
Korea, and Spain. Overall, these data are consistent with the spirit
of the Bank for International Settlements (BIS) Locational Banking
Statistics (LBS) datall

In contrast, in the case of Germany and the United States, some
aspects of the data are more similar to the BIS Consolidated Banking

0Tn the case of Spain and Australia, the data also include claims by foreign
branches and subsidiaries of banks headquartered in these countries.
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Statistics (CBS): trade finance includes claims by domestic banking
institutions worldwide, with a focus on non-resident borrowers
Further, in these two countries trade finance by foreign branches
and subsidiaries of national banks is also included.

The data should be well suited to analyze the role of home factors
in driving trade finance as long as a strong decoupling between resi-
dence and nationality does not exist. Such a decoupling occurs when
a jurisdiction hosts many foreign banks, whose activities are likely
not affected by domestic factors, such as sovereign creditworthiness,
trade flows, or other country-specific macroeconomic fundamentals.
For example, this decoupling could pose a challenge when analyz-
ing countries that are “financial hubs,” acting as hosts of branches
and subsidiaries of foreign banks. While banks in these jurisdictions
book their trade finance activities locally, their lending likely has
little to do with host-country factors such as trade flows or sover-
eign risk (see, for example, Fender and McGuire 2010). Among the
countries in our sample, only the United Kingdom exhibits features
of a financial hub. This becomes clear when one examines the lend-
ing patterns by resident banks using the newly published BIS LBS
data, which show that the proportion of local claims (i.e., lending
to residents) to total claims (on all borrowers) is very high in all
jurisdictions except for the United Kingdom

In light of the heterogeneous nature of trade finance across coun-
tries described above, each national data source should be viewed as
providing a partial window into aspects of the bank-intermediated
trade finance activities conducted in that country (CGFS 2014). We
include country-specific fixed effects in our estimations to account

11t is important to note that for the United States there are some key dif-
ferences between the trade finance data used in the paper and that in the BIS
CBS, although the source data for both come from the FFIEC Country Expo-
sure Lending Survey. Our data set comprises trade finance lending by U.S. banks,
which includes U.S. holding companies owned by foreign banks, but excludes U.S.
branches of foreign banks. In the BIS CBS, however, only U.S. holding companies
owned by banks headquartered in a non-reporting country are included in the
sample, while other entities are removed to avoid double counting.

128pecifically, resident banks’ local claims relative to total claims are as fol-
lows: Australia: 84 percent; Brazil: 96 percent; France: 70 percent; Germany:
72 percent; India: 97 percent; Korea: 89 percent; Spain: 83 percent; and the
United Kingdom: 58 percent. For Italy and the United States, this ratio cannot
be computed due to lack of data.
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for the differences in data measurement across countries. In addition,
we also examine the sensitivity of our main results to the exclusion of
the key countries for which the trade finance data are more dissimilar
(i.e., Germany, United Kingdom, and United States).

4.2 Empirical Framework

Our research question is closely related to the growing literature on
the determinants of international credit. Recent papers in this strand
of literature, such as Avdjiev, Kuti, and Takats (2012), Avdjiev,
McCauley, and McGuire (2012), Bruno and Shin (2015), Hermann
and Mihaljek (2010), McCauley, McGuire, and Sushko (2015), and
Takats (2010), suggest that such flows are driven by both global
and local (i.e., country-specific) factors. Since bank-intermediated
trade finance is mostly dollar denominated, it is a subset of total
international credit. Thus, our empirical specification and choice of
explanatory variables are also guided by the above literature. Specif-
ically, following Avdjiev, Kuti, and Takéts (2012) and Bruno and
Shin (2015), our benchmark specification in its general form is given
by

ATFy = o+ E30kXnie + X161 + i + oy +vg +eie, (1)

where ATF;; denotes the growth in the outstanding volume of
bank-intermediated trade finance for country i, X}, ; ; are k country-
specific exogenous variables, and Y;; denotes [ global variables.
The benchmark measure of the dependent variable is the quarter-
over-quarter (qoq) rate of growth of trade finance, calculated as
the difference between log(tradefinance); and log(tmdeﬁnance)t_l
We include country-specific fixed effects, «;, in equation (1) to
account for the differences in the way in which trade finance is
measured across countries, as well as for any additional country-
level effects not captured by our control variables. However, admit-
tedly, not every potential source of heterogeneity can be controlled
for. We also acknowledge the possible existence of year-specific and

13An alternative would be to define trade finance relative to trade flows.
Instead, we include trade flows as an explanatory variable in the benchmark
estimations.
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quarter-specific factors, which are captured by the time dummies
@y and g, respectively Table 10 in the data appendix provides
further details on all the variables included in the analysis.

In what follows, we describe our selection of the global and
country-specific explanatory variables in detail. With regard to
global factors, Bruno and Shin (2015) argue that global financial con-
ditions are the key drivers of cross-border bank flows—and, accord-
ingly, we expect them to be drivers of bank-intermediated trade
finance. We include three different measures as proxies for global
financial conditions. First, we use the VIX index of implied volatil-
ity of S&P 500 equity index options—which is the most widely
used measure of global financial conditions in the literature. Second,
we use a synthetic indicator of financial stress, namely, the finan-
cial conditions index (FCI), which is based on the methodology of
Guichard, Haugh, and Turner (2009). The FCI is derived from real
short-term interest rates, real long-term interest rates, the real effec-
tive exchange rate, bond spreads, stock market capitalization, and
credit standards in the euro area, Japan, the United Kingdom, and
the United States['q As such, it is a more comprehensive measure of
global financial conditions than the widely used VIX index.

Finally, since trade finance is predominantly denominated in U.S.
dollars—even more so than global trade—the ability of banks to
provide trade finance can be disrupted if banks’ dollar funding lines
are curtailed (CGFS 2014)[19 Indeed, this seems to have been the
case in some instances in 2008-09 and in 2011-12[7] We account for
dollar funding pressures in our framework by including the three-
month U.S. LIBOR-OIS spread as an explanatory variable. We
expect this variable to have a negative impact on bank-intermediated
trade finance. Trade finance may also be affected by other global

14 A potential caveat with respect to these time dummies is that they may not
fully capture the seasonal patterns in the data which might differ across countries
from the Northern and Southern Hemisphere included in our sample.

Y For details on the construction of this variable, see Guichard, Haugh, and
Turner (2009).

More than 80 percent of I./Cs are settled in U.S. dollars.

"For instance, reduced dollar funding in the aftermath of the Lehman failure
was one of the main reasons for the Brazilian and Korean central banks to provide
both direct and indirect support to trade finance markets (CGFS 2014).
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variables such as world demand, which we proxy here by global
imports growth

Trade finance is also likely to depend on country-specific macro-
economic fundamentals or “pull” factors. We include nominal GDP
growth since faster-growing economies are likely to have greater
demand for credit (Bruno and Shin 2015) Following recent lit-
erature on the links between private and sovereign debt, we include
the S&P rating as a measure of sovereign creditworthiness. Sover-
eign defaults are frequently accompanied by domestic banking crises,
usually due to the fact that the government postpones the default
decision and strains the banking system in order to service the debt,
until it is no longer feasible (Arteta and Hale 2008). This would make
domestic liquidity more scarce, which in turn would put upward pres-
sure on the cost of trade finance, since banks set rates that account
for the higher probabilities of defaults by importers and exporters.

Trade finance may also be facilitated by country-specific finan-
cial factors such as the leverage, equity, and funding costs of local
banks, although the lack of good-quality data acts as a constraint
in testing these hypotheses. As a proxy for local banks’ soundness,
again following Bruno and Shin (2015), we use the banks’ capital-
to-assets ratio. We expect this measure to be positively correlated
with bank-intermediated trade finance growth. Following the recent
literature, we also include the five-year credit default swap (CDS)
spreads for each banking sector as a measure of banks’ riskiness and
short-term funding costs in wholesale markets (for example, Chui et
al. 2010). We construct this measure as a simple average of the CDS
spreads for the main banks in each country (see table 11 in the data
appendix). Finally, we also include the (country-specific) growth in
trade flows (defined as the sum of exports and imports), which is
expected to be an important determinant of trade finance. Table 1
provides the summary statistics for the main variables.

Estimating equation (1) poses some challenges. First, there is
potential endogeneity arising from the inclusion of growth in trade
flows as an explanatory variable. Second, global factors are likely

'8 Another alternative is to use global real GDP growth, but we consider global
imports growth to be a better proxy for global demand conditions.

9There is also evidence that foreign bank lending to emerging markets is
procyclical (see Jeanneau and Micu 2002).
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Table 1. Summary Statistics

Standard
Mean | Deviation | Min. | Max.

Trade Finance Growth 0.02 0.10 —0.57 0.39
(Percentage Points)

Trade Flows Growth 0.02 0.09 —0.53 | —0.27
(Percentage Points)

Bank Capital to Total Assets 6.98 2.14 3.7 12.1
(Percentage Points)

CDS Spreads (Percentage 1.15 1.14 0.05 7.14
Points)

S&P Rating* 16.87 4.15 7 20

GDP Growth (Percentage 1.42 1.47 -3.7 7.93
Points)

World Imports Growth 0.87 3.74 —16.71 | 6.57
(Percentage Points)

VIX (Level) 21.94 8.49 11.03 58.32

Financial Conditions Index 0.09 0.48 —0.53 1.96
(Level)

LIBOR-OIS Spread 0.28 0.36 0.07 2.13
(Percentage Points)

Note: Table 10 provides a detailed description of the variables.

*S&P ratings are expressed as numerical values using a linear mapping. AAA corresponds

to 20, while D corresponds to 0. The threshold between investment grade and junk is 12.

to be important determinants of trade finance, which in turn can
be a source of large cross-sectional correlation. Indeed, inference
can be misleading if the standard errors are not robust to such
cross-sectional correlation. Taking these issues into account, we esti-
mate the benchmark model based on the fixed-effects estimation
with Driscoll-Kraay standard errors, which renders errors robust to
cross-sectional correlation (Driscoll and Kraay 1998; Hoechle 2007).
As mentioned above, we also include the time (i.e., year) dum-
mies in order to control for any additional time-specific sources of
cross-sectional correlation. However, this estimation procedure does
not eliminate the biases stemming from the potentially endogenous
variable, namely, trade flows growth.
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Therefore, as a robustness check, we also estimate equation (1)
using instrumental variables (IVs) to account for the potential endo-
geneity of trade flows growth. The IVs should be such that they do
not directly determine T'F;; but are correlated with the variable
being instrumented. We consider two potential instruments captur-
ing a country’s external demand. To construct these variables, we
first identify the top ten trading partners for each country in our
sample and compute the share of exports to each of these trading
partners in total exports of the particular country. Next, using these
trade shares as weights, we compute two weighted aggregate meas-
ures and test their validity as instruments. The first variable is the
trade-weighted measure of real GDP growth for each country’s top
ten trading partners. The second instrumental variable is a similar
trade-weighted measure of growth in exports to the main trading
partners for each country. Both variables are potentially valid instru-
ments, as we expect them to be highly correlated with trade flows
growth but uncorrelated with the error termd We then estimate
equation (1) using the within-2SLS estimator.

An additional issue with regard to estimating equation (1) is the
correlation between the global variables, which turns out to be quite
strong (table 2). Thus, we include these variables on an individual
basis in the regression analysis. We also perform panel unit-root tests
(Fisher-type tests) to check for non-stationarity in certain variables
(trade finance growth, GDP growth, and banks’ capital-to-assets
ratio) and do not find any evidence of unit roots.

A final issue relates to the size of the panel. Our data set contains
ten countries and an average of thirty quarters In this setup, the

20We also consider three competitiveness indicators from the OECD as poten-
tial instruments: relative unit labor costs, relative consumer prices, and relative
price of exported goods. However, these indicators did not pass the test of validity
of instruments.

2ncidentally, the small number of countries covered could potentially cast
doubts about the generality of the results. However, the jurisdictions covered
account for a remarkable fraction of the overall lending. International claims
booked in the jurisdictions covered account for 48 percent of total international
claims; the corresponding number is 43 percent for total claims (“total claims”
include international plus local claims by resident banks, where local claims are
defined as lending by resident banks to resident borrowers in domestic currency).
The bulk of the international lending not covered in our sample corresponds to
just three jurisdictions (Japan, Netherlands, and Switzerland). Data on trade
finance are not available for these countries (CGFS 2014).
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Table 2. Matrix of Correlations between Global Variables

World
Financial Imports | LIBOR-
Conditions Growth OIS
Index (FCI) | VIX | (QoQ) Spread
Financial Conditions 1
Index (FCI)
VIX 0.93 1
World Imports —0.65 —0.57 1
Growth (QoQ)
LIBOR-OIS Spread 0.80 0.76 —0.62 1

Note: The correlations between the financial variables are generally lower once we exclude
the peak crisis periods, i.e., 2008:Q4 and 2009:Q1.

fixed-effects estimator can be unstable and non-robust to potentially
anomalous samples. As a robustness check, we also reestimate the
regressions using the random-effects estimator.

5. Results

5.1 Benchmark Specification

Table 3 shows the benchmark regressions with the quarter-over-
quarter growth in outstanding trade finance volumes as the depen-
dent variable. As discussed, all regressions are estimated using fixed-
effects estimation with Driscoll-Kraay standard errors. Column 1
includes world imports growth as an explanatory variable, while
columns 2—4 include our three measures of global financial condi-
tions individually. Results show that growth in bank-intermediated
trade finance is positively associated with trade flows growth (i.e.,
demand), as expected The CDS spread also has the expected (neg-
ative) sign and is statistically significant, indicating that an increase
in the riskiness of banks and their short-term funding costs curtails

22We also included other country-specific macroeconomic fundamentals, such
as inflation, budget balance/GDP, and external debt/GDP in the benchmark
specification, but the coefficients on these variables were generally not significant.
Hence, we do not include them in the benchmark regressions reported here.
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Table 3. Determinants of Growth in Trade Finance: Fixed
Effects Estimations with Driscoll-Kraay Standard Errors

(1) (2) (3) (4)
Trade Flows Growth 0.123* 0.201%*** 0.195*** 0.229***
[0.070] [0.056] [0.071] [0.049]
Bank Capital to 0.007 0.006 0.007 0.006
Total Assets [0.010] [0.010] [0.009] [0.010]
CDS Spreads —0.011** —0.013** —0.012** —0.016**
[0.005] [0.006] [0.005] [0.007]
S&P Rating 0.001 —0.001 —0.000 —0.003
[0.006] [0.007] [0.007] [0.008]
GDP Growth —0.007 —0.006 —0.007 —0.005
[0.004] [0.005] [0.005] [0.006]
World Imports 0.009***
Growth [0.001]
VIX —0.004***
[0.001]
Financial Conditions —0.068***
Index [0.022]
LIBOR-OIS Spread —0.076***
[0.037)
Observations 294 294 294 294
Within R-squared 0.30 0.27 0.26 0.25

€errors.

Notes: Driscoll-Kraay standard errors are in brackets. ***p < 0.01, **p < 0.05, *p < 0.1.
The dependent variable is the quarter-over-quarter (qoq) growth in the outstanding vol-
ume of trade finance. All explanatory variables in growth rates are also in terms of qoq
growth. All specifications include year and quarter dummies and country-specific fixed
effects and are estimated using the fixed-effects estimation with Driscoll-Kraay standard

trade finance growth. An increase in CDS spreads of 100 basis points
is associated with a reduction in trade finance of roughly 1.3 percent-
age points on a quarter-over-quarter basis The capital-to-assets
ratio of banks, however, does not have a statistically significant
impact on trade finance. Unsurprisingly, growth in world imports

Z3This is the average impact across the four specifications in table 3.
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(i.e., demand) is associated with stronger trade finance growth, and
the effect is highly statistically significant.

International financial strains are found to impair trade finance,
as exemplified by the negative and highly significant relationship
between the VIX, the financial conditions index (FCI), and the
LIBOR-OIS spread (columns 2—4). Specifically, an increase of 100
basis points in both the FCI and the LIBOR-OIS spread translates
into a drop in trade finance of roughly 7 percentage points. Higher
dollar funding costs tend to restrict trade finance probably because
of the significant role played by the dollar in global trade. These
results are also in line with recent literature, including Bruno and
Shin (2015), Rey (2016), and Takats (2010), which finds that the
VIX can explain a substantial part of the variation in cross-border
bank lending. Overall, these sizable impacts of the financial variables
illustrate well the importance of global financial conditions in deter-
mining trade finance flows. Our findings suggest that the short-term
nature of trade finance may result in some negative externalities for
the global economy, particularly if the banking sector is subject to
global shocks.

All in all, the results suggest that trade finance growth depends
on global financial conditions, global imports growth, as well as
country-specific trade flows growth and funding availability for
domestic banks.

5.2 Endogeneity of Trade Flows: Instrumental-Variables
Estimation

We reestimate the regressions in table 3 using instrumental variables
(IVs). As described in section 4.2, to instrument trade flows growth,
we use the two valid instruments identified: (i) a weighted measure
of the trade flows growth for each country’s main trading partners
and (ii) a weighted measure of real GDP growth for each country’s
main trading partners. The results are reported in table 4.

The Sargan-Hansen test of over-identification confirms that the
instruments are valid. The IV estimation results are broadly in
line with the benchmark results. Trade flows growth has a pos-
itive impact on the growth of bank-intermediated trade finance.
This effect is not statistically significant in the first column, per-
haps due to the high correlation between the instruments and world
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Table 4. Determinants of Growth in Trade Finance:
Instrumental-Variables Approach

(1) (2) (3) (4)
Trade Flows Growth 0.168 0.268** 0.262** 0.307***
0.109] 0.105] 0.107] | [0.099]
Bank Capital to 0.007 0.007 0.007 0.006
Total Assets 0.011] 0.011] 0.011] 0.011]
CDS Spreads —0.011 —0.012 —0.012 —0.015*
0.009] 0.009] 0.009] [0.009]
S&P Rating 0.001 —0.001 0.000 —0.003
0.010] 0.011] 0.011] 0.011]
GDP Growth —0.008 —0.007 —0.008 —0.007
[0.006] [0.006] [0.006] [0.006]
World Imports 0.009***
Growth [0.002
VIX —0.003***
0.001]
Financial Conditions —0.061***
Index [0.021]
LIBOR-OIS Spread —0.067***
[0.029]
Observations 294 294 294 294
R-squared 0.27 0.24 0.24 0.24
Sargan-Hansen Statistic 0.03 0.08 0.01 0.08
Notes: Robust standard errors are in brackets. ***p < 0.01, **p < 0.05, *p < 0.1. All
specifications include year and quarter dummies and country-specific fixed effects. The
dependent variable is the quarter-over-quarter (qoq) growth in the outstanding volume of
trade finance. All explanatory variables in growth rates are also in terms of qoq growth.
The variable instrumented is “trade flows growth.” We use two measures as instruments:
the trade-weighted real GDP growth of the top ten trading partners for each country
and the weighted trade flows growth of the top ten trading partners for each country. We
assess the validity of instruments using the Sargan-Hansen test.

import growth. Higher world import growth is positively associated
with trade finance growth. Global financial conditions have a neg-
ative and statistically significant impact on trade finance growth.
The coefficient for CDS spreads is only significant in one specifi-
cation (column 4). A potential explanation for this could be that
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the impact of the country-specific variables is not properly identi-
fied by the instrumental-variables approach given the cross-sectional
correlation that could arise from the presence of the global financial
variables.

5.8  Random-Effects Estimator

When the cross-sectional dimension of the data set is small, as in
our case, the fixed-effects estimator can be unstable and exhibit lack
of robustness to potentially anomalous samples. The variance of the
estimator can be large in such cases (see, for example, Clark and
Linzer 2015). At the same time, random-effects estimation also has
its own disadvantages, particularly the possibility of biases in the
estimation due to unobserved, time-invariant heterogeneity. In our
case, this problem is somewhat mitigated by the fact that in some
country-specific covariates a substantial fraction of the variation is
within groups Nevertheless, in order to test the sensitivity of our
results to the fixed-effects estimator, we reestimate the model using
the random-effects estimator. The results are shown in table 5. They
are broadly consistent with the benchmark model, thus underscor-
ing the role of both demand and supply factors as determinants of
trade finance lending.

5.4 Sensitivity Analysis: Excluding Germany,
United Kingdom, and United States

As discussed in section 4.1, the trade finance data being used are not
entirely homogeneous across jurisdictions. Although in most jurisdic-
tions the trade finance data cover lending by resident banks vis-a-vis
domestic residents (i.e., locally booked), there are three jurisdic-
tions where this is not the case, although for different reasons: Ger-
many, the United States, and the United Kingdom. In the first two
cases, trade finance is generally compiled on a consolidated basis,
thus tracking lending by domestically owned banks vis-a-vis non-
resident borrowers. In the United Kingdom, these data are compiled

24For instance, 90 percent of the variance in the growth in trade flows occurs
within groups. This fraction is over two-thirds in the case of banks’ CDS. How-
ever, the corresponding fraction for sovereign ratings and banks’ capital-to-assets
ratio is much lower, at 20 percent and 30 percent, respectively.
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Table 5. Determinants of Growth in Trade Finance:
Random-Effects Estimations

(1) (2) (3) (4)
Trade Flows Growth 0.114 0.194** 0.188** 0.223***
[0.077] [0.076] [0.077] [0.075]
Bank Capital to 0.001 0.001 0.001 0.002
Total Assets [0.003] [0.003] [0.003] [0.003]
CDS Spreads —0.010 —0.011 —0.011 —0.013*
[0.007] [0.007] [0.007] [0.007]
S&P Rating —0.003 —0.003 —0.003 —0.003
[0.002] [0.002] [0.002] [0.002]
GDP Growth —0.002 —0.001 —0.002 —0.001
[0.005] [0.005] [0.005] [0.005]
World Imports 0.009***
Growth [0.002]
VIX —0.004***
[0.001]
Financial Conditions —0.062***
Index [0.018]
LIBOR-OIS Spread —0.071***
[0.025]
Observations 294 294 294 294
R-squared 0.299 0.263 0.262 0.251

Notes: Robust standard errors are in brackets. ***p < 0.01, **p < 0.05, *p < 0.1. All
specifications include year and quarter dummies. The dependent variable is the quarter-
over-quarter (qoq) growth in the outstanding volume of trade finance. All explanatory
variables in growth rates are also in terms of qoq growth. All regressions are estimated
using the random-effects estimator.

on a residence basis, but there is a large presence of foreign banks
with outward-oriented activities. Thus, there is potential decoupling
between residence and nationality, and resident banks’ activity could
be independent of U.K.-specific factors 27

2We would like to thank an anonymous referee for pointing this out. As an
illustration, consider a U.K. branch of, say, a German bank which is highly active
in the trade finance sector. This branch would book its claims in the United King-
dom. It is reasonable to expect that its ability to extend trade finance will be
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To examine the sensitivity of our results to this heterogeneity in
trade finance data, we estimate the regressions by excluding Ger-
many, the United Kingdom, and the United States, one at a time.
The results are shown in table 6 (panels A, B, and C) and are broadly
unchanged

5.5 Additional Analysis: Advanced Economies versus EMFEs

Next, we investigate whether emerging market economies (EMEs)
and advanced economies are affected differently by some global vari-
ables 27 To do so, we create a dummy variable called “EMEs” which
takes a value of 1 if a country is classified as an emerging market
economy and 0 otherwise. We then interact this variable with each of
the four global variables and include the resulting (four) explanatory
variables in the regression framework. The coefficient on each vari-
able indicates whether global variables have any differential impact
on emerging economies, compared with the benchmark effect.

The results are reported in table 7 and are very similar to
the benchmark specification (table 3). Global factors are important
in explaining bank-intermediated trade finance in both EMEs and
advanced economies; they do not have any additional impact on
EMESs. Note that the variables capturing global financial conditions
are not significant for EMEs, but this is most likely a consequence
of the small sample size.

6. Conclusion

Understanding the drivers of trade finance is important from an aca-
demic as well as policymakers’ standpoint since 30 to 40 percent of
global trade relies on some version of trade finance. The sharp drop
in trade finance during the global financial crisis has raised some
important policy questions. However, empirical work on the deter-
minants of trade finance has been very limited due to the lack of

largely unrelated to liquidity conditions in the United Kingdom, such as banks’
capital-to-asset ratios.

26The results remain broadly similar even when all three countries are excluded.
These results are not reported for the sake of brevity.

2T Advanced economies include Australia, France, Germany, Italy, Spain, the
United Kingdom, and the United States. EMEs include Brazil, India, and Korea.
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Table 7. Additional Analysis: Effect of Global Variables
on Advanced Economies vs. EMEs

(1)

(2)

(3)

(4)

Trade Flows Growth 0.126* 0.204*** 0.199*** 0.227***
[0.067] [0.057] [0.072] [0.061]
Bank Capital to 0.006 0.005 0.006 0.003
Total Assets [0.010] [0.010] [0.010] [0.010]
CDS Spreads —0.018** | —0.017** | —0.015** | —0.023**
0.007] [0.006] 0.007] [0.008]
S&P Rating —0.007 —0.007 —0.004 —0.012
[0.009] [0.010] [0.011] [0.009]
GDP Growth —0.004 —0.005 —0.006 —0.004
[0.004] [0.005] [0.005] [0.005]
World Imports 0.010***
Growth [0.001]
EMEs*World Imports| —0.005*
Growtht [0.002]
VIX —0.004***
0.001]
EMEs*VIX 0.001
[0.001]
Financial Conditions —0.068***
Index [0.021]
EMEs*Financial 0.012
Conditions Index [0.021]
LIBOR-OIS Spread —0.078***
[0.034]
EMEs*LIBOR-OIS 0.044
Spread [0.027]
Observations 294 294 294 294
Within R-squared 0.31 0.27 0.26 0.26

Notes: Driscoll-Kraay standard errors are in brackets. ***p < 0.01, **p < 0.05, *p < 0.1.
The dependent variable in regression (1)—(4) is the qoq growth in the outstanding volume
of trade finance. All explanatory variables in growth rates are also in terms of qoq growth.
All specifications include year and quarter dummies and country-specific fixed effects.

tThis variable is constructed as the interaction of the “EME” dummy with the qoq
growth in world imports. The variables EMEs*VIX, EMEs*Financial Conditions Index,
and EMEs*LIBOR-OIS Spread are constructed in a similar fashion.




Vol. 15 No. 3 What Drives Bank-Intermediated Trade Finance? 277

availability of data, with previous studies having focused on devel-
opments in specific countries. Our paper addresses this gap by ana-
lyzing the main determinants of bank-intermediated trade finance
using a newly constructed data set in a panel estimation framework.

Results indicate that bank-intermediated trade finance is
impaired by global financial strains, while it depends positively on
global imports growth. Country-specific variables, namely, growth in
trade flows, and the funding availability of domestic banks—as mea-
sured by the banks’ CDS spreads—are also important determinants
of trade finance. These results are robust to different model specifica-
tions. We believe that our results mark an improvement over existing
research, which has focused either on firm-specific data or on spe-
cific instruments, while our data set provides a more comprehensive
coverage of trade finance within each country.

We acknowledge that there are other potentially relevant drivers
of bank-intermediated trade finance that have not been included
in our analysis. These include measures of contractual enforcement,
bank lending restrictions, and foreign exchange restrictions, as well
as additional country-specific measures of banking system sound-
ness. However, including these indicators in an econometric frame-
work is challenging given the lack of good-quality data. Further,
policy responses to mitigate the impact of global financial condi-
tions probably played an important role in determining trade finance
developments. Given the small sample size and the significant hetero-
geneity in policy responses across countries, we leave these questions
to be addressed in future research.
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Data Appendix

Table 8. Trade Finance Data

September 2019

Country Data Description Source

Australia Stock of banks’ contingent liabilities arising Reserve Bank of
from trade-related obligations (e.g., Australia
documentary L/Cs issued, acceptances on
trade bills or shipping guarantees issued).

Brazil Stock and flows of resident banks’ trade Central Bank of
finance vis-a-vis residents for exports and Brazil
imports.

France Stock of trade finance, including both buyer Bank of France
and supplier credit lines.

Germany Estimations for the volume of short-term Deutsche
trade finance to emerging and developing Bundesbank (Not
countries, covering maturities of twelve Public)
months or less.

India Stock of short-term loans and advances Reserve Bank of
of pre- and post-shipment bank- India
intermediated export credit, as well as
stock and flows of import credit extended
by banks with maturities of less than
three years.

Italy Stock of loans and guarantees for import Italian Credit
and export purposes by domestic banks. Register (Not

Public)

Korea Stock of documentary bills, domestic import Bank of Korea,

usance bills, and pre-shipment finance. Financial
Supervisory
Service

Spain Stock of commercial credit to non-residents Bank of Spain
and documentary credit to residents and (Not Public)
non-residents, granted by banks operating
in Spain.

United Estimates derived from reported amounts Bank of England

Kingdom for “lending under Export Credit (Not Public)
Guarantee Department bank guarantee”
and “holdings of non-resident bills,” which
may be discounted for trade finance
purposes.
United Stock of bank-intermediated, short-term FFIEC Country
States trade finance (including funded loans and Exposure Lending

unfunded off-balance-sheet commitments
and guarantees) vis-a-vis foreign residents
on an ultimate risk basis.

Survey™*

Source: CGFS (2014).

*FFIEC stands for the Federal Financial Institutions Examination Council.
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Table 11. List of Banks Included in CDS Spreads
(Five Years) Measure

Country Banks

Australia National Australia Bank

Brazil Banco do Brasil, Bradesco, Votorantim

France BNP Paribas, Credit Agricole, Société Générale

Germany Deutsche Bank AG, Commerzbank AG

India ICICI Bank, State Bank of India

Italy Intesa Sanpaolo, Unicredito Italiano

Korea Hana Bank, Woori Bank, Kookmin Bank

Spain Banco Santander, BBVA

United Kingdom | Barclays Bank, Lloyds Bank, RBS Group PLC,
HSBC Bank PLC

United States Bank of America, Citigroup Inc., Goldman Sachs,
JP Morgan Chase, Morgan Stanley, Wells Fargo

Source: Datastream.
Note: For Brazil, we use the sovereign CDS spreads for the period prior to 2011 as a
proxy since the information on banks’ CDS spreads is only available from 2011.
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1. Introduction

The Great Recession has triggered a new wave of research on
evaluating fiscal multipliers when monetary stabilization policy is
constrained by the zero lower bound (ZLB) on the monetary pol-
icy rate. In Europe, the Great Recession merged into the European
sovereign debt crisis and the subsequent period of fiscal consolida-
tions. In the case of the euro area (EA), consolidation was country
specific and took place against the background of a union-wide mon-
etary policy. This adds two intertwined issues to the academic and
policy debate on fiscal multipliers: (i) the implementation, country
specific or cross-country simultaneous, of fiscal measures in a mone-
tary union and (ii) the interaction between fiscal measures and the
union-wide ZLB holdings.

Our paper addresses these issues from a quantitative (positive)
perspective. We employ fifteen structural, calibrated or estimated,
macroeconomic models maintained within the European System of
Central Banks (ESCB) to evaluate country-specific fiscal multipliers
in correspondence of the ZLB on the union-wide monetary policy
rate and of alternative fiscal consolidation plans.

Since our suite of models contains (i) models representing indi-
vidual EA countries of different size, (ii) models of countries not
belonging to the EA, and (iii) a model of the EA as a whole,
we can assess how the fiscal multipliers of measures unilaterally
enacted by an EA country or simultaneously implemented by all EA
countries are affected by the union-wide monetary policy stance, in
particular when the ZLB holds. The simulation of country-specific
quantitative models allows us to reduce model uncertainty and
increase the robustness of the results along key features of EA coun-
tries, such as size, degree of openness, and nominal and financial
frictions.

In each of the simulated scenarios, we consider the effects of a
standardized discretionary change in a single fiscal policy instrument
on domestic real GDP at the country level or, because we simulate
the model featuring the EA as a single entity, at the union-wide
level. We compare scenarios in which the union-wide policy rate is
determined by a Taylor rule with scenarios in which the policy rate
is constrained by the ZLB during the first two years of the fiscal
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tightening The change in the policy instrument amounts to 1 per-
cent of baseline GDP and represents a tightening of the fiscal stance.
Specifically, we consider a reduction in (unproductive) government
consumption and increases in tax rates on households’ labor income,
capital income, and consumption. To assess the impact of the design
of the fiscal plan on the short-run fiscal multipliers, we make alter-
native assumptions on the taxes that are reduced in the long run in
correspondence of the fiscal room created by the initial fiscal tight-
ening (in all simulations it is assumed that the debt-to-GDP ratio,
after decreasing, gradually returns to the initial pre-shock level).
The reduction is fully anticipated by households and firms and, thus,
factored into their (short- and long-run) optimal decisions.

Our first main result, common to all models of individual EA
countries, is that imposing the ZLB to bind for two years does not
greatly affect short-run multipliers in the case of a temporary fis-
cal tightening implemented in isolation by a generic EA country.
The reason is that the monetary policy rate stays essentially at its
baseline level even when the monetary authority is free to adjust
it, reflecting the limited impact of a country-specific fiscal shock on
the EA economy. In contrast, and this is our second main result,
the ZLB unfolds quite sizable effects on the size of multipliers if
the same fiscal (tightening) measure is simultaneously implemented
in the whole EA. In particular, short-run government consumption
multipliers become larger than one. The same holds true for non-EA
countries in which monetary policy is determined domestically. The
third result is that government consumption multipliers are typically
larger in absolute value than short-run tax (on labor income, capital
income, and consumption) multipliers. In the short run, tax multi-
pliers are in general negative and smaller than one in absolute value.
This result is quite robust with respect to the considered country,
the considered fiscal instrument, and the duration of the fiscal shock.
The fourth result is that the short-run multipliers tend to be more
favorable if in the long run the distortionary taxes are reduced to
exploit the fiscal room created by the initial tightening, since house-
holds anticipate long-run effects at the outset of the simulations.

!The common nominal interest rate is set in response to union-wide inflation
and economic activity, to which each EA country contributes according to its
share of the union-wide GDP.
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Finally, long-run multipliers are in general negative when the bud-
getary room materializing after the fiscal tightening is used to reduce
lump-sum taxes. Instead, long-run multipliers are typically positive
if the households’ labor income tax rate is reduced in the medium
to long term.

Our paper is most closely related to a small set of studies that
examine the robustness of fiscal multiplier estimates among struc-
tural models. Cwik and Wieland (2011) use five macroeconomic
models to estimate multipliers associated with the European Eco-
nomic Recovery Plan and related national fiscal policy measures in
the EA. They focus on the announced government purchases com-
ponent of the plan for 2009 and 2010. In the majority of models,
private consumption and investment are crowded out by the rise in
government spending unless the ZLB is anticipated to be binding
for at least two years. Unlike our paper, they do not consider tax
policies. Coenen at al. (2012) employ seven dynamic stochastic gen-
eral equilibrium models maintained by policymaking institutions to
assess the GDP effects of expansionary fiscal shocks. They find that
fiscal stimulus is most effective if it is temporary and accompanied by
an accommodative monetary policy stance. Unlike our paper, they
do not focus on the role of a monetary union, and they analyze fiscal
stimulus programs instead of fiscal consolidation plans. Erceg and
Lindé (2013) and Forni, Gerali, and Pisani (2010) evaluate fiscal con-
solidation in a monetary union, and Farhi and Werning (2016) study
fiscal multipliers in a currency union with a liquidity trap. Different
from them, we make a comprehensive cross-country assessment of
fiscal multipliers in the EA, and find a set of rather robust results.
The novelty of our study is that while previous studies investigate
multipliers associated with expansionary fiscal shocks, we consider
fiscal retrenchments. The sign of the fiscal shocks matters in particu-
lar in those situations where the economy is at the ZLB. Otherwise,
the fiscal multipliers studied in this paper are not sign dependent.

More broadly, our paper is related to a large and growing set
of studies that examine the size of fiscal multipliers within one
or two macroeconomic models. Prominent recent examples include
Christiano, Eichenbaum, and Rebelo (2011), Cogan et al. (2010),
Eggertsson (2011), and Woodford (2011). In particular, our results
are qualitatively similar to those in Drautzburg and Uhlig (2015).
Different from them, our aim is to find robust cross-country results
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on the size of short-run fiscal multipliers in a monetary union, and
in particular how they are affected by the common monetary policy
stance and by the design of the fiscal consolidation.

The remainder of the paper is structured as follows. Section 2
summarizes the models used in the simulation exercises. Section 3
describes the simulations and presents the results. Section 4 sum-
marizes the results of the sensitivity analysis. Finally, section 5
concludes.

2. Model Setup

We use fifteen quarterly models from national central banks (NCBs)
and the European Central Bank (ECB) in the simulation exercises.
Fourteen out of fifteen are New Keynesian dynamic general equilib-
rium models. Ten are calibrated and five are estimated. A complete
list of the models is presented in table 9 in the appendix.

The majority of models from NCBs of EA countries are based
on multi-country setups, namely those of Belgium, Estonia, France,
Germany, Italy, Malta, Slovenia, and Spain. These models exhibit
a “home” country, the rest of the EA (possibly subdivided), and in
some cases the rest of the world. In these models the EA monetary
policy responds to economic fluctuations in the home country only
proportionally to its weight in the monetary union.

A second set of models comprises small open economy setups,
with an exogenous rest of the EA and/or rest of the world: the
Czech Republic, Finland, Greece, Netherlands, Portugal, and Swe-
den. If the corresponding country is in the EA, monetary policy is
assumed to be exogenous. If not, the monetary policy is set according
to a standard Taylor rule.

Finally, the ECB’s New Area-Wide Model (NAWM) has also
been used. It is a two-country model of the EA and the United
States. Monetary policy in both model blocks is characterized by
standard nominal interest rate rules.

Responses to fiscal shocks can be influenced by the fiscal instru-
ment that, through the fiscal rule, endogenously adjusts to stabilize
public debt. In the vast majority of the models, this fiscal instrument
reacts to deviations of the government debt-to-GDP ratio from the
target, but in a few cases it reacts also to deviations of the public
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deficit or public consumption from the target. Typically, either the
labor income tax or lump-sum transfers are used as the fiscal instru-
ment. In some of the simulations, the choice of the fiscal rule has been
left to the discretion of each country’s modelers. However, whenever
the fiscal rule becomes critical for the results, we harmonized the
instrument that is specified by the rule across models.

In general, the models share the pros and cons of structural mod-
els that have recently been discussed in the literature; see, e.g., Blan-
chard (2016). The models are theoretically motivated and well suited
to this type of policy analysis, in which the stock-flow consistency
and aggregate resource constraint are key features of the analysis.
At the same time, there are elements of interaction that models may
not fully capture, such as the impact of sovereign risk on sovereign
funding conditions and spillovers of sovereign risk to banking and to
financial-sector lending.

2.1 Steady-State Values and Calibration

Key parameters and their calibration are listed in tables 10-12 in
the appendix. The models differ in various aspects.

In terms of steady-state values, the models differ significantly as
regards the imports-to-GDP ratio, which to some extent measures
the degree of openness of the economy. The lowest import penetra-
tion is found for Greece and the largest is found for Estonia. The
models also differ substantially in terms of how public expenditures
are financed. As an example, in the German model the labor income
tax revenues amount to 35 percent of GDP, while in Spain they
account for only 7 percent of GDP. The steady-state values of the
debt-to-GDP ratio vary from 0 percent to 120 percent. The models
also vary in the degree of home bias in government consumption.
Most of the models assume full home bias, as is typical in this type
of setup, and only a few feature somewhat lower home bias of around
90 percent. Finally, the share of liquidity-constrained consumers, i.e.,
households that have at most limited ability to smooth consumption
over time, varies between 0 to 40 percent.

Regarding the calibration of some key parameters, household
preferences, investment (or capital) adjustment costs, price and wage
stickiness, and the proportion of firms (workers) that index their
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price (wage) to inflation are quite different among modelsf the
Frisch elasticity of labor supply varies from 0.50 to 11, wage index-
ation from 0 to 0.90, and investment adjustment costs from 0.20 to
about 14.

All these differences can play an important role in explaining
differences in fiscal multipliers across the models.

3. Simulation Experiments and Results

In each of the simulation scenarios reported below, we consider the
short-run and—if applicable—the long-run effects of a discretionary
change in a single fiscal policy instrument on real GDP. The change
in the policy instrument amounts to 1 percent of baseline (pre-shock)
GDP and represents a tightening of the fiscal stance. The tightening
can be temporary (lasting for two years) or permanent. Specifically,
we consider a reduction in government consumption and increases
in the tax rate on households’ labor income, capital income, and
consumption. Fiscal items (including social security contributions)
other than the ones subject to discretionary change are held con-
stant [ In the medium to long run (after the initial two years), either
lump-sum or labor income taxes are allowed to adjust according to
the country-specific fiscal rules to stabilize the public debt-to-GDP
or deficit-to-GDP ratio at their target values. In the case of perma-
nent fiscal shocks, the multipliers can be quite sensitive to the fiscal
instrument that stabilizes the debt or the deficit. Therefore, we con-
duct these simulations twice with each model, in one case imposing
a lump-sum tax rule and in the other a households’ labor income
tax ruled

Monetary policy is harmonized across models, assuming that the
short-term nominal interest rate is determined by the Taylor rule
used in Gomes, Jacquinot, and Pisani (2012), where the policy rate

?Nominal rigidities are characterized by a Calvo parameter or, if the value is
larger than one, by a Rotemberg adjustment cost parameter.

3In the case of the Swedish model, the fiscal rule is implicit: lump-sum trans-
fers make sure that government expenditures and tax revenues are equal in every
period. For the simulations carried out in this model, lump-sum transfers are
thus allowed to adjust also in the short run.

4The specification of the country-specific fiscal rule has only very modest
effects on multipliers if the fiscal shock is transitory.
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responds to EA-wide inflation and output growthﬁ We also assess
fiscal multipliers when the ZLB holds, assuming that the Taylor
rule is deactivated and the short-term nominal interest rate is held
constant at its baseline level during the initial two years.

All simulations are run under perfect foresight. Therefore, poli-
cies are fully anticipated by households and firms.

Broadly speaking, the term “fiscal multiplier” describes the
effects of changes in fiscal instruments on real GDP. Typically, it
is defined as the ratio of the change in real GDP to the change
in the fiscal balance. In this paper, we compare the effects on real
GDP of different fiscal instruments. We therefore normalize the fis-
cal impulses in the experiments so that the size of the discretionary
shock in each case represents a decrease in public consumption or an
increase in revenues equal to 1 percent of baseline, pre-consolidation
GDP for two years or on a permanent basis. The first-year multiplier
is calculated by averaging the change of output from quarter 1 to
quarter 4,

24 Ay
=1 4
4 Afigi?
i=1 4

First-year multiplier =

where Ay, and A fiy,, respectively, refer to changes in output and
the fiscal instrument, i.e., government expenditures or tax revenues
in quarter ¢ relative to their corresponding before-shock values. The
second-year multiplier is calculated similarly, by averaging the effects
from quarter 5 to quarter 8. The long-run multiplier is

Ayr
Afr’
where Ay and A fr measure the permanent, long-run steady-state
changes in output and fiscal instrument, respectively.

In what follows we first report GDP multipliers for transitory
changes in each fiscal instrument implemented unilaterally by a sin-
gle country. Subsequently we present multipliers associated with

Long-run multiplier =

®The rule is specified as Rf = ¢r(Ri_1) + (1 — ¢r)[R* + o (T1} T +
oy ( gt 1), where R; is the quarterly gross interest rate (R is the steady-

Yt—1

state value), [] is the quarterly inflation rate (] is the steady-state value), and
y is the output level. 0 < ¢r < 1, ¢, ¢y > 0 are parameters.
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Table 1. Short-Run Fiscal Multipliers: Temporary
(Two-Year) Reduction in Government Consumption

No ZLB Two-Year ZLB
Year 1 Year 2 Year 1 Year 2
Belgium -0.93 -0.90 —0.97 —-0.95
Czech Republic —0.54 —0.54 —1.79 —1.57
Estonia -0.83 —0.66 —0.98 -0.77
Euro Area —0.98 —0.91 —1.39 —1.30
Finland* —0.78 —0.76 —0.78 —0.76
France —0.92 —0.71 —1.05 —0.87
Germany —0.52 —0.48 —-0.72 —0.68
Greece* -0.90 -0.73 -0.90 -0.73
Italy —0.79 —0.67 —0.86 —0.73
Malta -0.73 —0.49 -0.73 —0.49
Netherlands* —0.74 -0.72 —0.74 —0.72
Portugal* —0.76 —0.23 —0.76 —0.23
Portugal* (ff) —0.85 —0.37 —0.85 —0.37
Slovenia —0.66 —0.48 —0.68 —0.50
Spain —0.50 —0.29 —0.50 —0.29
Sweden —0.60 —0.63 —1.63 —2.07

*In these countries, monetary policy is exogenous. Portugal (ff) indicates the presence
of financial frictions following Bernanke, Gertler, and Gilchrist (1999).

permanent changes in each fiscal instrument. In both cases, two
years after the initial shock the country-specific fiscal rule starts to
operate, gradually bringing the debt-to-GDP ratio or deficit-to-GDP
ratio back to its target level (the initial pre-shock level).

3.1  Temporary Fiscal Shocks
3.1.1 Government Consumption

Table 1 shows the government consumption multipliers, i.e., the
response of GDP to a temporary (two-year) decrease in government
consumption.

In the first case, denoted “No ZLB,” the ZLB is not imposed as
a constraint and the nominal interest rate adjusts according to the
Taylor rule (see footnote 5). In the second case, denoted “T'wo-Year
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ZLB,” the nominal interest rate is kept constant during the first
two years of the simulation and follows the Taylor rule thereafter.
Similarly, all the other fiscal items are held constant at their corre-
sponding baseline levels, including the fiscal instrument during the
first two years as the fiscal rule kicks in thereafter.

When the ZLB is not binding, all multipliers are below one in
absolute terms. In the majority of the models the first-year multipli-
ers are between 0.7 and 0.9, but in some cases they are lower. They
are close to 0.5 in Germany, Spain, the Czech Republic, and Sweden.

The intuition for multipliers being lower than one in absolute
value is based on the crowding-in effect on private-sector spend-
ing, which partially compensates for the reduction in public con-
sumption. In the majority of models, private-sector consumption
and investment (not reported) increase. The crowding-in effect is
not very large in the case of EA countries. The country-specific
real interest rate does not greatly decrease and, thus, does not con-
tribute significantly to the crowding in of private demand. This is for
two reasons. First, the monetary policy rate, set at the union-wide
level, is not greatly reduced after a country-specific shock, because
the latter has a small effect on EA inflation and economic activity.
Second, the response of the country-specific inflation rate is rather
contained, because prices are sticky in the short run and the lower
aggregate demand is also matched by lower imports (trade channel).
Finally, the positive wealth effect is relatively small, because the fis-
cal retrenchment is temporary and, thus, the reduction in the present
value of future tax payments required to balance the government’s
budget is contained.

The multipliers being lower than one is a result robust also to the
introduction of financial frictions. In the case of Portugal, the mul-
tipliers increase around 10 percent in the first year when the model
includes financial frictions. Along with lower aggregate demand, the
price of capital decreases, as well as net worth. The entrepreneurial
sector becomes more leveraged and is forced to face a higher exter-
nal finance premium, which dampens investment. The presence of
financial frictions also creates some persistence effects, as it takes
time to rebuild lost net worth.

Overall, second-year multipliers are only to some extent lower
in absolute terms than the first-year multipliers. Adjustment costs
on investment, habit persistence in consumption, and nominal wage
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and price rigidities make the positive response of private spending
gradual.

Interestingly, this is a crucial result of the paper, for EA coun-
tries multipliers are lower than one also under the ZLB (the only
exception is France, which exhibits a multiplier slightly larger than
one). They are either unchanged or only slightly larger than in the
case of the nominal interest rate set according to the Taylor rule.
The intuition is that EA countries are de facto at the ZLB also
when the area-wide Taylor rule holds. Specifically, in the case of EA
country-specific fiscal retrenchment, responses of economic activity
and inflation in the rest of the EA are muted and, thus, in the case
of the active Taylor rule the EA-wide policy rate does not greatly
change. Moreover, the ZLB lasts for a relatively small (but plausible)
number of periods (eight quarters) and, thus, is not able to largely
amplify the cross-country spillovers of the fiscal shock. Overall, the
responses of the region-specific real interest rates (in the considered
country and in the rest of the EA) are muted and similar in both
scenarios.

To the opposite, the ZLB makes the difference in the case of
the area-wide (simultaneous across EA countries) decrease in public
consumption. In this case, obtained by simulating the NAWM, the
EA policy rate is reduced in response to the decrease in EA inflation,
which is larger than in the case of country-specific fiscal shocks. The
interest rate response favors the crowding in of private spending.
When the ZLB holds, the constant nominal interest rate and the
decrease in EA inflation lead to a rather strong increase in the EA
real interest rate that depresses private spending. Consistent with
this intuition, multipliers become significantly larger when the ZLB
binds in the case of the Czech Republic and Sweden, which have
their own monetary policy, reaching values that are clearly larger
than one.

3.1.2 Taxes

Households’ Labor Income Tax Rate. Table 2 reports the short-
run GDP multipliers in the case of a transitory (two-year) increase
in the households’ labor income tax rate

SFor some simulations Czech and Dutch results are not available.
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Table 2. Short-Run Fiscal Multipliers: Temporary
(Two-Year) Increase in Households’ Labor
Income Tax Rate

No ZLB Two-Year ZLB

Year 1 Year 2 Year 1 Year 2

Belgium —-0.04 —-0.10 —0.03 —0.10
Czech Republic —0.36 —0.40 —0.38 —0.28
Estonia —0.21 —0.43 0.04 —0.22
Euro Area —0.11 -0.19 —0.04 —-0.12
Finland* —0.10 —0.13 —0.10 —0.13
France —0.13 —0.30 —0.09 —0.25
Germany —-0.10 —-0.09 —0.15 —0.14
Greece* —0.50 —-0.77 —0.50 —0.77
Ttaly —0.06 —0.13 —0.05 —0.12
Malta —0.09 —0.20 —0.09 —0.20
Netherlands* —0.11 —0.15 —0.11 —0.15
Portugal* —0.51 —-0.91 —0.51 —0.91
Portugal® (ff) —0.49 —0.86 —0.49 —0.86
Slovenia —0.10 -0.19 —0.10 —0.19
Spain —0.13 —0.11 —0.13 —0.11
Sweden —0.27 —0.31 0.56 0.88

*In these countries, monetary policy is exogenous. Portugal (ff) indicates the presence
of financial frictions following Bernanke, Gertler, and Gilchrist (1999).

Multipliers are lower than one in absolute value and smaller than
those associated with the reduction in government consumption.
They are generally around 0.1 in the first year and between 0.2
and 0.4 in the second year.

The labor tax multiplier is relatively small because it oper-
ates mainly through its effects on wealth (the permanent income is
reduced, inducing an increase in labor effort) and incentives to sub-
stitute leisure for labor effort. As in the case of public consumption,
the wealth effect is rather small because the fiscal measure is transi-
tory. The role of income is emphasized also by the larger multipliers
in some of those models that feature strong non-Ricardian features
and thus relatively large consumption responses to current income.
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This is the case for the models that include a relatively high per-
centage of liquidity-constrained consumers (Greece, Portugal, and
the Czech Republic)ﬁ

Unlike in the scenario of public consumption reduction, a labor
tax hike leads to an increase in the multiplier for the majority of
countries when moving from the first to the second year. Similar to
that scenario, this reflects the presence of nominal and real frictions,
which leads to a gradual response of private demand to the labor
income tax hike.

As in the case of government consumption, multipliers associ-
ated with country-specific tax increases are not greatly affected by
the ZLB. For the majority of countries, the multipliers are slightly
smaller when the nominal interest rate is held constant for two years.
The reason is the rather contained increase in inflation (associated
with negative supply side effects of higher labor taxes) and the fixed
policy rate assumption holding for a relatively small number of peri-
ods. They result in a slight decrease in the real interest rate, partially
limiting the decrease in aggregate demand. To the opposite, and sim-
ilarly to the case of public consumption, the ZLB does affect multi-
pliers relatively more when the fiscal retrenchment is implemented
in the whole monetary union (see the NAWM-based results) and in
countries that do not belong to a monetary union and have their
own monetary policy, nominal exchange rate, and, thus, inflation,
widely responding to the fiscal shock B

Capital Income Tax Rate. Table 3 shows the short-run out-
put multipliers of a transitory (two-year) increase in capital income
taxation. The multipliers are generally rather small, below 0.3 in
absolute terms. There is no strong incentive to reduce investment

"To some extent, the size of the labor tax multiplier is also related to the share
of labor income tax revenues to GDP and to the degree of wage indexation. For
countries with a large labor income tax base, the multiplier tends to be smaller
in absolute terms. This is explained by the fact that, e.g., labor supply reacts to
a change in the labor income tax rate, whereby a change in the tax rate needs
to be smaller for those countries with a large labor income tax base to achieve a
1 percent increase in the ratio of labor income tax revenues to GDP.

8Multipliers can greatly change because of the relatively large change in nomi-
nal exchange rate and inflation when the ZLB holds. See, for example, the results
of the Swedish model, the discussion in Laséen and Svensson (2011), and Carl-
strom, Fuerst, and Paustian (2012). The results from the ZLB experiments with
the Swedish model should therefore be interpreted with some caution.
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Table 3. Short-Run Fiscal Multipliers: Temporary
(Two-Year) Increase in Capital Tax Rate

No ZLB Two-Year ZLB
Year 1 Year 2 Year 1 Year 2

Belgium —0.06 —0.08 —0.06 —0.08
Estonia —0.10 —0.11 —0.10 —0.12
Euro Area —0.12 —0.10 —0.19 —0.17
Finland* —0.10 —0.12 —0.10 —0.12
France —0.07 —0.08 —0.09 —0.10
Germany —0.05 —0.08 —0.11 —0.14
Greece* —0.65 —1.06 —0.65 —1.06
Italy —0.08 —0.11 —0.09 —0.12
Malta —0.02 —0.04 —0.02 —0.04
Portugal* —0.10 —0.01 —0.10 —0.01
Portugal* (ff) —0.19 —0.15 —0.19 —0.15
Slovenia —0.11 —0.11 —0.12 —0.12
Spain —0.09 —0.07 —0.09 —0.07
Sweden —0.33 —0.50 —2.18 —3.14
*In these countries, monetary policy is exogenous. Portugal (ff) indicates the presence
of financial frictions following Bernanke, Gertler, and Gilchrist (1999).

since the increase in the capital income tax is transitory. Multipli-
ers are also relatively low in the Portuguese case, in which credit
market frictions work to propagate and amplify the negative impact
on GDP (the higher capital income tax negatively affects entrepre-
neurial returns and, thus, increases leverage and the cost of external
finance, which reduces investment).

There are some exceptions. Multipliers are rather large in the
case of Sweden and Greece. In the Greek model, the large multiplier
is driven by the sizable reduction in the utilization rate of capital
and the price of capital that induce a strong negative response of
output to the tax shock.

The short-run response of investment to an increase in the capital
income tax is rather gradual, because of the short-run adjustment
costs of investment.

Multipliers increase slightly under the two-year ZLB scenario. As
in the previous simulations, the decrease in union-wide inflation and
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economic activity due to the temporary drop in the country-specific
demand is rather muted for countries belonging to the EA. Under
standard monetary policy, the policy rate does not greatly change
and the country-specific real interest rate hardly moves. Similarly,
the slowdown in country-specific inflation, and hence the increase in
the country-specific real interest rate, is small under the ZLB. As a
result, the ZLB does not significantly amplify the negative macroeco-
nomic effects of the capital income tax increase. In the Portuguese
case, the presence of credit market frictions has a slight amplifica-
tion effect on the multipliers, also creating some persistence effects.
The increase in multipliers is much larger in the case of the EA-wide
shock (see the NAWM results) and in the Swedish case, where the
role of exchange rate (that appreciates) in shaping inflation (which
widely decreases) and, thus, the real interest rate, is more relevant

Consumption Tax Rate. Table 4 reports the short-run out-
put multipliers associated with a transitory (two-year) increase in
consumption taxation. In the absence of the ZLB, all multipliers are
below one in absolute value. The largest multiplier is equal to 0.7
and the smallest is equal to 0.1.

The differences reflect the calibration of the intertemporal elas-
ticity of substitution and consumption habit persistence. Higher
intertemporal elasticity of substitution and lower habit persistence
make current consumption more responsive to changes in consumer
prices, which are directly affected by the transitory increase in con-
sumption taxes. Habit persistence also tends to increase the multi-
plier in the second year relative to the first year, because households
favor a gradual response of private consumption.

The ZLB does not change the overall picture significantly. The
only exceptions are, again, the EA as a whole and Sweden, where
the monetary policy rate strongly reacts to the changing inflation
conditions.

3.2  Permanent Fiscal Shocks

In the previous section, we have considered transitory fiscal shocks.
We now turn to permanent fiscal shocks, which allow us to assess

9 Concerning the effects for Sweden, the results under the ZLB should again
be interpreted with some caution.
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Table 4. Short-Run Fiscal Multipliers: Temporary
(Two-Year) Increase in Consumption Tax Rate

No ZLB Two-Year ZLB
Year 1 Year 2 Year 1 Year 2

Belgium —-0.19 —0.43 —0.20 —0.43
Czech Republic —0.19 —0.09 -0.15 —0.03
Estonia —0.25 —0.08 —0.25 —0.08
Euro Area —0.48 —0.62 —0.78 —0.92
Finland* —0.72 —-0.70 —0.72 —0.70
France -0.14 —0.23 —0.18 —0.29
Germany —-0.17 —0.22 —-0.17 —0.17
Greece* —0.48 —0.56 —0.48 —0.56
Ttaly —0.29 —0.36 —0.35 —0.41
Malta —0.15 —0.18 —0.15 —0.18
Portugal* —0.49 —0.38 —0.49 —0.38
Portugal* (ff) —0.52 —0.43 —0.52 —0.43
Slovenia —0.24 —0.25 —0.24 —0.25
Spain —0.14 —0.19 —0.14 —0.19
Sweden —0.17 —0.21 —1.05 —1.45
*In these countries, monetary policy is exogenous. Portugal (ff) indicates the presence
of financial frictions following Bernanke, Gertler, and Gilchrist (1999).

both the short- and long-run effects of discretionary changes in fiscal
instruments. A permanent fiscal shock can be interpreted as “fiscal
reform,” or an “announced and fully credible fiscal plan,” which
permanently alters the fiscal structure of the economy. For instance,
the combination of permanent reduction in government consumption
and permanent reduction in labor income taxes reduces the size of
the public sector and tax burden of the economy permanently. Simi-
larly, a permanent change in one type of tax financed by an opposite
change in another type of tax represents a permanent change in the
tax structure of the economy. As in previous simulations, the fiscal
rule is deactivated in the first two years, and thereafter it becomes
active again to stabilize the public debt and/or the deficit at their
target values, which remain unchanged (thus, we do not consider the
case of a permanent reduction in public debt and/or public deficit).
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Table 5. Short- and Long-Run Fiscal Multipliers:
Permanent Reduction in Government Consumption

Fiscal Rule:

Lump-Sum

Households’ Labor

Tax Income Tax
Long Long
Year 1 | Year 2 | Run | Year 1 | Year 2 | Run
Belgium —-0.95 —0.90 |-0.63 | —0.93 —0.83 0.70
Czech Republic | —0.25 —0.21 | —0.43 — — —
Estonia —0.65 —0.61 |—-0.68 | —0.32 —0.22 0.84
Euro Area —0.83 —-0.62 | -0.61 | —0.46 —0.29 0.34
Finland* —0.40 —-0.31 |-0.63 | —0.33 —0.25 0.91
France —0.97 —-0.76 | —-0.82 | —0.82 —0.48 1.28
Germany —0.62 —0.40 | —-0.24 | —0.61 —0.51 0.06
Greece* —0.87 —0.74 | —-1.05 | —0.83 —0.81 0.53
Italy —0.68 —0.52 | —0.58 | —0.51 —-0.19 0.54
Malta —0.68 —-0.37 | —-0.51 | —0.62 —0.21 0.30
Portugal* —0.58 —-0.35 | —-0.67 | —0.62 —0.05 1.64
Portugal* (ff) —0.67 —0.44 | -0.66 | —0.72 —0.20 1.55
Slovenia —0.66 —0.41 |—-0.38 | —0.56 —-0.15 0.82
Spain —0.57 —-0.35 | —-0.39 | —0.48 —0.38 0.31
Sweden —0.48 —0.44 | —0.60 — — —

*In these countries, monetary policy is exogenous. Portugal (ff) indicates the presence
of financial frictions following Bernanke, Gertler, and Gilchrist (1999).

Since the long-run response of output critically depends on the
fiscal instrument that is determined by the fiscal rule, we compare
two cases. In the first case, the fiscal rule is specified in terms of the
lump-sum taxes (benchmark assumption). In the second, arguably
more plausible, case the fiscal rule is instead specified in terms of
the (distortionary) households’ labor income tax.

3.2.1

Government Consumption, Lump-Sum Tax Rule

The first three columns of table 5 contain the short- and long-run
output multipliers for a permanent reduction in government con-
sumption when lump-sum taxes endogenously adjust according to

the fiscal rule.
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The estimated short-run multipliers are smaller than one in
absolute value, ranging from 0.25 to 0.97 in the first year. The mul-
tipliers are generally smaller than their counterparts in the case of a
transitory reduction in public consumption (see table 1), because
of the large positive wealth effect on households and firms. The
permanent reduction in public consumption makes more resources
available for private spending on a permanent basis; this induces a
larger crowding-in effect on private consumption and investment. As
in the case of transitory shocks, the multipliers are smaller in the
second year than in the first year, because nominal and real rigidi-
ties lead to a gradual adjustment of private demand for consumption
and investment.

The long-run multipliers are negative across all models and,
with the exception of the Greek model, remain smaller than one
in absolute value. In the long run, a decrease in government con-
sumption translates into lower lump-sum taxes for households. Since
lump-sum taxes or transfers do not alter labor supply of Ricardian
households or affect relative prices in the long run, lower aggregate
demand due to lower public expenditure leads to a negative GDP
effect.

3.2.2  Government Consumption, Labor Tax Rule

The last three columns of table 5 contain the short- and long-run
multipliers of a permanent reduction in government consumption
when the households’ labor income tax rate endogenously adjusts
according to the fiscal rule. Short-run multipliers are generally
smaller than in the case of the lump-sum tax rule. Lower future
labor income taxes induce households to gradually substitute labor
for leisure. The increase in labor makes capital more productive,
inducing firms to increase demand for investment. There is also a
positive wealth effect, which induces households to increase their
demand of consumption goods

°In the German and Spanish models, the second-year multipliers are larger
when labor taxes adjust. In the case of Germany, the labor supply elasticity is
calibrated to a very large number (see tables 10 and 11 in the appendix), and thus
households widely shift labor effort to the long run, when labor taxes are lower.
In the case of Spain, the labor market is modeled following the search-matching
literature. Also in this case households postpone their labor effort.
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In contrast to the previous results, long-run multipliers are now
positive and, in some cases, larger than one. The largest multiplier
is equal to 1.6 (Portuguese model), the smallest to 0.1 (German
model). Typically, multipliers turn positive after three to six years.
The permanent reduction in the labor tax rate leads to an outward
shift of labor supply, providing incentives to increase employment.
Higher employment in turn makes capital more productive. Since
capital is rather elastic in the long run, there is a relatively large
(supply-side) effect on production and economic activity. The long-
run multipliers tend to be smaller and, thus, economic benefits of
the reform are smaller for those countries that have a higher import
penetration, i.e., higher import-to-GDP ratio.

3.2.8 Distortionary Tazes, Lump-Sum Tax Rule

Table 6 contains the multipliers for a permanent increase in dis-
tortionary tax revenues when the fiscal rule is specified in terms of
lump-sum taxes.

We first consider the permanent increase in labor income taxes.
Short-run multipliers are negative and generally lower than one in
absolute value, ranging between 0.0 and 0.8 in the first year and
between 0.1 and 1.0 in the second year. Short-run multipliers are in
general larger than in the case of a transitory fiscal shock (see table
2). Long-run multipliers are negative as well and, in seven out of
fifteen cases, larger than one in absolute value. As labor income tax-
ation is distortionary, its increase induces households to reduce labor
in favor of leisure. Moreover, the rather large negative wealth effect,
due to the fact that the measure is permanent, induces households
to reduce aggregate demand.

The estimates of short-run multipliers associated with capital
income taxation vary quite a lot across models. In absolute values,
the range goes from 0.0 for the German model in the first year to 2.5
in case of the Greek model in the second year. Long-run multipliers
are unequivocally negative and much larger in absolute value than
the multipliers associated with labor taxation. Long-run multipliers
are larger than three in France, Greece, Slovenia, and Spain, and are
equal to or larger than two in the EA, Belgium, Finland, Italy, and
Portugal. In the long run, the physical capital fully adjusts to the
new tax level, inducing a strong decline in labor and, thus, economic
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activity. Both short-run and long-run multipliers tend to be larger
(in absolute terms) for those countries in which the ratio of private
investment to GDP is larger and where the initial capital tax rev-
enues are lower. In the Portuguese model, financial frictions amplify
the negative short-run impact on GDP, as a deterioration of entre-
preneurs’ net worth, due to higher capital income taxes, increases
leverage and the cost of external funds.

Finally, the short-run multipliers associated with the consump-
tion tax hike are between 0.0 and 0.5 in absolute value, while long-
run multipliers are between 0 and 1. Long-run multipliers are larger
than the short-run counterparts because habit formation in con-
sumption leads to a gradual response of consumption to the increase
in taxation. For the same reason, the multiplier is usually larger in
the second year than in the first year.

3.2.4 Distortionary Tazxes, Labor Tax Rule

Finally, we assess the value of multipliers when the fiscal room cre-
ated by the permanent increase in capital income or consumption
taxation is used to permanently reduce households’ labor income
taxes (instead of lump-sum taxes).

Table 7 reports the results. Short-run multipliers associated with
a permanent increase in capital income taxes are somewhat smaller
in absolute value than in the case of fiscal rules specified in terms
of lump-sum taxes. In the case of Finland, the multiplier even
becomes positive in the first year. The reason is that anticipation of
the permanent reduction in labor taxation provides an incentive to
gradually increase labor supply. This partially counterbalances the
incentive to reduce investment associated with a higher taxation of
capital.

Long-run multipliers are negative and, again, much larger than
one in absolute value in most cases, given that investment is very
elastic in the long run. Thus, the expansionary effects of lower labor
taxation compensate only partially for the strong recessionary effect
of permanently higher capital income taxes.

Short-run multipliers associated with a permanent increase in
consumption taxes are lower when the fiscal rule is specified in
terms of the labor income tax instead of the lump-sum tax. In some
cases they become positive (Estonia, Italy, Slovenia) due to the quick
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Table 7. Short- and Long-Run Fiscal Multipliers:
Permanent Increase in Tax Rate—Households’ Labor
Income Tax Rate Adjusts

Tax Rate: | Capital Income Tax Consumption Tax
Long Long
Year 1 | Year 2 | Run | Year 1 | Year 2 | Run
Belgium —0.29 —044 | -1.04 | —0.18 —-0.35 0.53
Czech Republic — — — — — —
Estonia —0.48 —0.64 |—-0.16 0.27 0.38 1.73
Euro Area —1.23 —-1.82 | —-1.17 | —0.09 —0.17 0.33
Finland* 0.13 —-0.91 |-1.52 | —0.37 —0.28 1.07
France —0.22 —-0.41 |—-2.43 | —0.05 —0.11 1.31
Germany —0.14 —0.15 | -0.98 | —0.17 —0.20 1.41
Greece* —1.17 —2.51 | —=2.69 | —0.35 —0.56 0.55
Italy —0.08 —0.30 | —1.92 0.10 0.20 0.66
Malta —0.02 —0.08 | —-1.26 | —0.02 0.01 0.47
Portugal* —0.34 -0.17 | -0.79 | —0.30 —0.36 0.58
Portugal* (ff) —0.57 —-0.30 | —-0.82 | —0.31 —0.37 0.53
Slovenia —0.39 —-0.52 | —-2.36 | —0.02 0.07 0.59
Spain —0.29 —048 | —-2.79 | —0.18 —0.21 0.74
*In these countries, monetary policy is exogenous. Labor income tax rate adjusts
in the long run. Portugal (ff) indicates the presence of financial frictions following
Bernanke, Gertler, and Gilchrist (1999).

positive response of labor and the gradual decrease in consumption
associated with habit. In the case of Estonia, the rather large mul-
tiplier is explained by strong competitiveness gains due to reduced
labor costs, combined with the fact that trade effects in the Estonian
model have a relatively large weight in the overall dynamics.

In contrast to the capital-income-tax-based scenario, the long-
run consumption-tax-based multipliers are positive. Lower labor
taxes favor the increase in employment, counterbalancing the neg-
ative effects due to an increase in consumption taxes. As such,
economic activity increases in the long run. Higher short-run con-
sumption tax multipliers tend to be associated with models that
exhibit a larger share of liquidity-constrained consumers. The latter
have at most a limited ability to smooth consumption over time,
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and thus are more affected by the negative income effect associated
with the increase in consumption taxes. Thus, their reaction to the
consumption tax hike is large.

4. Sensitivity Analysis

Results presented so far are based on the benchmark calibrations
of the models (tables 10-12 in the appendix). In this section, we
analyze the sensitivity of the results with respect to the following
changes in the models’ calibration:

e 30 percentage point increase in the share of liquidity-
constrained households

10 percent reduction in the degree of price stickiness

10 percent reduction in the degree of wage stickiness

50 percent reduction in households’ risk aversion

50 percent increase in investment adjustment costs

The sensitivity analysis is conducted with and without the ZLB. It
focuses on two scenarios: (i) a permanent reduction in government
consumption and (ii) a permanent increase in labor income taxes.
All other fiscal items are held constant. After two years, lump-sum
taxes are allowed to adjust according to the fiscal rules. Only a sub-
set of models was used (EA, Finland, Italy, Malta, Portugal, and
Slovenia).

Table 8 reports the average short-run and long-run multipliers
across models. Short-run multipliers become larger in absolute terms
when there are more liquidity-constrained households, because they
are less able to smooth consumption than unconstrained (Ricar-
dian) households. This effect becomes exacerbated when the ZLB is
binding.

Absent the ZLB, the short-run government consumption multi-
pliers are typically smaller when prices are less sticky. Firms adjust
goods prices faster, leading to a quicker accommodating monetary
policy response. Results are similar with regard to wage stickiness.
Absent the ZLB, the short-run government consumption multipliers
are typically smaller when wages are more flexible.

A lower degree of risk aversion translates into a higher inter-
est rate elasticity of aggregate demand so that the accommodating
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monetary policy response has a stronger effect, thereby lowering the
absolute value of short-run spending multipliers. It should also be
noted that the fiscal multipliers are sensitive to the degree of finan-
cial frictions, as shown in tables 1-7 for the Portuguese model. The
presence of financial frictions increases in particular the government
consumption and the capital income tax multipliers. For other taxes,
however, these frictions seem less relevant.

At the same time, the sensitivity of the multipliers with respect
to investment adjustment costs differs across models, thus precluding
the derivation of any straightforward conclusion.

5. Conclusions

We have provided estimates of the size and sign of fiscal multipliers—
both in the short run and in the long run—for European countries
based on simulations of structural models used at the NCBs and the
ECB. The heterogeneity of the models with regard to the specific
model features and the calibration provided a useful environment to
study the driving factors of fiscal multipliers. Cross-country differ-
ences in fiscal multipliers can be traced back to country-specific fea-
tures, such as the share of liquidity-constrained consumers, financial
frictions, and different degrees of price and wage rigidities.

At the same time, while acknowledging the importance of these
country differences, some of the findings are fairly robust across the
variety of models.

Our first robust result is that under standard monetary policy
the short-run multipliers are smaller than one in absolute terms in
the vast majority of models, irrespective of the fiscal instrument,
the considered country, or the nature of the fiscal shock. Tempo-
rary reductions in government consumption are typically associ-
ated with larger short-run GDP effects than temporary increases
in the tax rate on households’ labor income, capital income, and
consumption.

The second robust finding is that a two-year-long ZLB episode
has relatively small effects on the multipliers in the case of a
temporary measure enacted by a single EA country. Cross-country
spillovers are rather weak, and the response of EA inflation to the
country-specific fiscal shocks is rather muted. In contrast, when the
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same fiscal measure is simultaneously implemented by many EA
members, the ZLB has a relatively strong impact on short-run gov-
ernment consumption multipliers, which can become larger than one.
The same holds true for non-EA countries that exhibit a country-
specific monetary policy rule.

Third, if fiscal measures are implemented permanently, short-
run government consumption and consumption tax multipliers are
smaller in absolute value than in the case of a temporary imple-
mentation. Long-run multipliers are in general negative when the
budgetary room materializing after the fiscal tightening is used to
adjust lump-sum taxes. Instead, long-run multipliers are typically
positive if the households’ labor income tax rate is reduced in the
medium to long term. Since households anticipate these long-run
GDP effects at the outset of the simulations, short-run multipliers
are more favorable when the budgetary room that materializes after
the fiscal tightening is used to reduce distortionary taxes.

Finally, expenditure-based fiscal adjustments typically have
larger negative short-run effects than tax-based adjustments. How-
ever, in the long run, tax-based fiscal adjustments lower the long-
run output potential of the economy, while expenditure-based fiscal
adjustments can result in positive long-run output effects.

The suite-of-models approach followed in this paper makes
results robust to model uncertainty. However, there are some impor-
tant dimensions that are missing from the models. For instance, lim-
itations of the exercise can be associated with (i) the role of fiscal
consolidation (in a ZLB situation) in reducing spillovers of sover-
eign risk to private-sector credit (& la Corsetti, Kuester, and Maier
2011); (ii) the role of accompanying government support for banks,
a la Kollman et al. (2013), and more generally the way in which
the banking sector is modeled (or not) in the simulated models; and
(iii) the likely mismeasurement of fiscal policy changes, as addressed
by Guajardo, Leigh, and Pescatori (2011), whereby changes in fiscal
policy aiming at deficit reduction should be separated from those
responding to prospective economic conditions. As model develop-
ment within the central banks progresses and models become richer
in the above-mentioned dimensions, the general approach provided
in this paper could be repeated in order to gain more understand-
ing of the relevance of these missing elements for evaluating fiscal
multipliers.
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Appendix
Table 9. Simulated Models

Country Model Reference

Belgium BE-3C Jeanfils, Wouters, and de Walque
(2012)

Czech Republic g3 Ambrisko et al. (2012)

Estonia EP DSGE Gelain and Kulikov (2009)

Euro Area NAWM Coenen, McAdam, and Straub
(2008)

Finland Aino Kilponen, Kinnunen, and Ripatti
(2006)

France EAGLE Jacquinot and Lemoine (2013)

Germany GEAR Gadatsch, Hauzenberger, and
Stéhler (2015)

Greece BoGGEM Papageorgiou (2014)

Ttaly IDEA-BI-EAGLE | Forni, Gerali, and Pisani (2010)

Malta EAGLE Micallef (2013)

Netherlands DELFI De Nederlandsche Bank (2011)

Portugal PESSOA Almeida et al. (2013)

Slovenia EAGLE Gomes, Jacquinot, and Pisani
(2010)

Spain FiMod Stahler and Thomas (2012)

Sweden Ramses II Adolfson et al. (2013)
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