
This chapter considers the transmission of monetary policy in a 
modern monetary economy. It builds on Piazzesi and Schneider 
(2017), who introduce a model of a payment system with two 
layers. In an end user layer, households and fi rms pay for their 
purchases of goods and securities with inside money provided by 
fi nancial intermediaries. Monetary policy operates in a diff erent 
layer, the bank layer: the central bank controls the interest rate on 
an instrument that is traded almost exclusively by intermediaries. 
This is true whether the central bank targets an interbank rate such 
as the US federal funds rate or whether it sets the interest rate on 
reserves— households and fi rms directly hold neither interbank 
loans nor reserves.

The key departure from standard models of monetary policy 
is that diff erent assets are not perfect substitutes. Rates of returns 
on diff erent assets are therefore not equated in equilibrium. This 
feature shuts down the standard channel by which changes in a 
policy rate are transmitted to other interest rates. Under the stan-
dard transmission mechanism, the central bank is assumed to have 
direct control over interest rates that guide households’ and fi rms’ 
intertemporal decisions such as savings, investment, and price 
setting. 

In a layered payment system, monetary policy instead works 
by changing banks’ incentives to produce inside money. Inside 
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money is valued for its liquidity— it earns a convenience yield. It 
is not a perfect substitute for other assets since the convenience 
yield declines with the quantity of inside money that is available: 
end users tend to hold more money when it is cheaper to do so. In 
a layered payment system, reserves and interbank loans— which 
are essential for producing liquid inside money— similarly earn a 
convenience yield. Banks hold more of these assets if it is cheaper to 
do so. Equilibrium equates total returns on all assets: rate of return 
plus convenience yields. 

Three important policy implications follow. First, interest rate 
policy tends to be weaker than what standard models predict. 
While the central bank can set the interest rate on, say, reserves, the 
total return on reserves also includes the convenience yield, which 
depends in turn on spending as well as the quantity of reserves. The 
convenience yield generates a wedge between the reserve rate and 
the rate on other, less liquid assets. This wedge moves around with 
the state of the economy and can change even if policy does not. 
Second, by aff ecting the convenience yield, the quantity of reserves 
can work as a separate policy tool. Finally, fi nancial structure mat-
ters: the convenience yields on interbank loans and reserves depend 
on the role of these instruments in the payment system.

As a concrete example, this paper considers monetary tightening 
starting from a situation of abundant reserves, which describes the 
current regime in the United States as well as several other devel-
oped countries. In this regime, the spread between the interest rate 
on reserves and that on other short safe debt is negligible. Central 
banks currently discuss two possibilities. The fi rst option is to raise 
the interest rate on reserves but keep the quantity of reserves suf-
fi ciently large so that reserves remain abundant, as the US Federal 
Reserve has done in recent years. Short safe interest rates would 
continue to rise together with the interest rate on reserves. The 
second option is for the central bank to further sell off  securities 
for reserves, eventually shrinking the quantity of reserves to the 
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point where a spread between the interbank rate and the reserve 
rate emerges. 

With a layered payment system, these two options for tighten-
ing have diff erent eff ects on infl ation and interest rates. An open 
market sale of securities changes the mix of collateral assets that 
banks use to back inside money. In particular, the policy reduces 
the quantity of the most liquid such asset: reserves. As long as 
reserves are abundant and the securities sold are similar in quality 
to reserves, the sale has no eff ect. A suffi  ciently large sale, however, 
makes liquidity scarce for banks. The interest rate on other short 
safe debt rises relative to the interest rate on reserves. The resulting 
spread makes it more costly to produce inside money and induces 
banks to issue less inside money.

In contrast, an increase in the interest rate on reserves increases 
the rate of return that banks earn on the safest form of collateral, 
namely short safe debt. In response, banks optimally increase their 
holdings of such collateral relative to the amount of inside money 
they issue. If the quantity of reserves available to the banking sys-
tem is unchanged, banks optimally reduce their issuance of inside 
money. The contraction of money in this case works only through 
the money multiplier, not by changing the monetary base. Of 
course, it is possible to change the quantity of reserves as well. In 
fact, with a layered payment system, monetary policy can no longer 
be summarized by a single interest rate but must take into account 
the quantity of collateral available to banks. 

Since the two policies aff ect diff erent margins of banks’ decision 
making, diff erent features of fi nancial structure matter for assessing 
their impact. The eff ects of an open market sale depend on liquidity 
management in the banking system as a whole. More effi  cient net-
ting arrangements, for example, economize on reserves and imply 
that a larger open market sale is required to induce scarcity. Once 
reserves are scarce, the structure of the interbank market deter-
mines the banking system’s demand for reserves. The eff ects of a 
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higher interest on reserves depend on the nature of other collateral 
that can be used to back inside money. Since a higher reserve rate 
reduces the money multiplier, it benefi ts the holders of nominal 
assets such as long- term fi xed rate mortgages. If banks hold nom-
inal assets, their balance sheets strengthen and they reduce their 
issuance of inside money by less, leading to a weaker policy impact. 

The remainder of this chapter provides more details on the key 
mechanism. We fi rst provide background on recent policy changes 
and their treatment in the literature, then sketch the model, and 
then discuss policy with a layered payment system. We focus 
throughout on the behavior of intermediaries. Details on how the 
mechanism can be embedded into macroeconomic models are 
included in related papers. Piazzesi and Schneider (2017) embed 
the banking sector described here into a fl exible price model, 
whereas Piazzesi, Rogers, and Schneider (2018) consider a New 
Keynesian model with sticky prices. Lenel, Piazzesi, and Schneider 
(2018) provide evidence on the connection between bank balance 
sheets, portfolio risk, and interest rate spreads. 

BACKGROUND

In recent years, central banks around the world have massively 
expanded the supply of reserves. In many countries, monetary 
easing has made reserves abundant: there is no longer a spread 
between the interest rate on reserves and interest rates on short safe 
debt that provides the same payoff  as reserves, such as overnight 
interbank loans. In a regime with abundant reserves (also referred 
to as a “fl oor” system), the central bank changes the stance of policy 
directly by altering the interest rate on reserves. 

This new regime stands in sharp contrast to the typical policy 
environment before the global fi nancial crisis when reserves were 
scarce: the spread between overnight and reserve rates was positive 
and large. For example, the US federal funds rate for overnight 
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interbank loans averaged 5.66 percent between 1955 and 2008, 
much higher than the reserve rate of zero. In a traditional scarce 
reserves regime (or “corridor system”), the central bank targets the 
overnight interbank rate and its trading desk adjusts the supply of 
reserves with this goal in mind. 

It is important to distinguish between abundance of reserves 
and the so- called “zero lower bound” on interest rates. It is true 
that many central banks initially made reserves abundant at a 
time when the interest rate on reserves was in fact zero. The fi rst 
data points about the new regime thus featured zero (or very low) 
reserve rates as well as overnight rates. This was only a coincidence, 
however: more recently, reserves have been abundant also at posi-
tive or negative levels of interest rates. 

For example, in the wake of recent monetary tightening in the 
United States, the interest rate on reserves and the federal funds 
rate have been rising virtually in lockstep. Reserves thus remain 
abundant at rates that are substantially above zero. At the same 
time, the euro area experience has shown that there is no lower 
bound at zero. Indeed, in recent years, the negative Eonia (euro 
overnight index average) rate has been closely tracking the simi-
larly negative ECB (European Central Bank) deposit facility rate.

Many central banks now face the question of whether reserves 
should remain abundant in the long run or whether they should 
reduce the supply of reserves so as to move back to scarcity. It is 
clear that the choice of regime aff ects how the payment system 
works. For example, banks manage liquidity diff erently when 
overnight borrowing is costly relative to reserves. What is less well 
understood is how the policy regime aff ects the transmission of 
monetary policy to the macroeconomy and, in particular, how 
monetary tightening aff ects infl ation. 

Standard models of monetary policy do not distinguish between 
scarce and abundant reserve regimes. Indeed, in the New Keynesian 
framework, the focus is on a single interest rate controlled by the 
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central bank that adopts the Taylor rule (Taylor 1993; see Woodford 
2003 or Galí 2015 for textbook treatments). That interest rate also 
serves as a benchmark rate for all intertemporal decisions in the 
economy, such as investment and hiring. In other words, by con-
trolling the policy rate, the central bank controls the entire yield 
curve as well as fi rms’ cost of capital. 

The key assumption underlying New Keynesian analysis is that 
fi nancial markets treat all assets as perfect substitutes. In particular, 
there is nothing special about short safe debt such as reserves or 
overnight credit: much like other assets, short safe debt is valued 
only for its rate of return and not, say, for its liquidity or its quality 
as collateral. As a result, the transmission of monetary policy is 
very powerful and the stance of policy can be summarized by the 
policy rate alone. How the policy rate is changed in practice is a 
detail of the economy’s “plumbing” that is not relevant for policy 
transmission. 

Much recent analysis of the zero lower bound applies the same 
logic to a world in which nominal rates are bounded below by zero 
and prices are rigid, so that all real rates of return hit a lower bound. 
The bound on the nominal interest rate is oft en motivated by the 
presence of currency— the idea is that if nominal rates on reserves 
or deposits were negative, then banks or end users would exchange 
it one- for- one for currency. This approach to thinking about recent 
events cannot handle the fact that interest rates on both reserves 
and deposits have been negative. Moreover, it does not make a dis-
tinction between abundance of reserves and low interest rates. 

A MODEL OF PAYMENTS IN A MODERN ECONOMY

The framework developed by Piazzesi and Schneider (2017) pro-
vides a diff erent perspective on monetary policy transmission. It 
starts from two simple observations on fi xed-income markets. First, 
central bank interest rate policy does not directly aff ect rates of 
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return on assets held by households and fi rms. Instead, whether 
the central bank targets an overnight interbank rate or varies the 
interest rate on reserves, it targets an instrument held directly only 
by banks or other intermediaries that provide payment services 
such as money market mutual funds.

The second observation is that interest rates on short safe instru-
ments targeted by central banks are diff erent from other rates that 
guide the decisions of households and fi rms. The short safe instru-
ments that are held by nonbanks are typically “inside money” pro-
vided by banks or money market mutual funds and earn interest 
rates— such as deposit rates— that are lower than the short safe 
rates earned by banks on instruments such as short government 
bonds. The longer term instruments that are relevant for, say, 
investment decisions tend to earn higher interest rates than the 
short safe rates earned by banks. 

Piazzesi and Schneider (2017) provide a simple model that is 
consistent with both observations. The model describes a layered 
payment system typical of modern economies: in an end user layer, 
households, fi rms, and institutional investors pay for goods and 
securities with inside money provided by intermediaries (“banks,” 
for short). In the bank layer, banks handle end users’ payment 
instructions and pay each other in central bank money. There is 
no currency in the model. The idea is that currency is used for a 
small share of transactions and is held mostly abroad and in the 
informal sector.

The banking sector in the model adds value because it provides 
a technology for payments. End users like inside money (“deposits,” 
for short) because it provides liquidity that is convenient for trad-
ing goods and securities. The liquidity benefi t of deposits explains 
why end users are willing to hold them even at low interest rates. 
In order to provide liquidity benefi ts, banks face fi nancial fric-
tions. First, end users require that deposits be backed by suffi  cient 
collateral— that is, banks hold assets of suffi  cient quality. Second, 
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end users’ payment instructions generate deposit fl ows between 
banks, which require liquidity management. Banks can handle 
deposit fl ows by holding reserves or borrowing in the interbank 
market. 

The basic structure of asset ownership is illustrated in fi gure 
6.1.1. Households can invest in three diff erent assets that are in 
nonzero net supply: reserves, nominal government debt, and 
“trees” that are other claims on output. Households can invest in 
assets either directly or through banks. Banks are competitive fi rms 
that issue deposits and equity. Since households own bank shares 
and banks maximize shareholder value, households also decide 
banks’ capital structure and investment. In particular, they decide 
to what extent trees and debt are held through the banking system 
as opposed to directly. At the same time, reserves can be held only 
via banks, refl ecting the current regulatory environment in most 
countries. There is also an interbank market where banks make 
short- term loans to each other. 

In a frictionless world, all asset positions— indicated by arrows 
in fi gure 6.1.1— would be indeterminate, all assets would be per-
fect substitutes, and all rates of return would be equal, at least aft er 
risk adjustment. To make predictions about positions, we thus 
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deposits
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Banks

overnight credit
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Nominal gov debt
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F I G U R E  6 .1 .1 .  Ownership of Assets with a Layered Payment System
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introduce fi nancial frictions. Assets that help overcome frictions 
are then valuable beyond simply their rate of return: they convey 
liquidity or collateral benefi ts that decline with the quantity of 
assets available. The presence of liquidity and collateral benefi ts 
accounts for spreads between diff erent interest rates. Since benefi ts 
decline with quantity, trade- off s between spreads and quantities 
generate determinate optimal positions. 

The fi rst friction is that it is costly to exchange assets for goods, 
and this cost is smaller for deposits. Since deposits thus facilitate 
the purchase of goods, households value them for their liquidity 
and not only for their rate of return. As a result, the model predicts 
a spread between deposits and other assets such as bank equity 
that refl ects the liquidity benefi t of deposits. We emphasize that 
this spread is always positive: even when reserves are abundant so 
reserves are no longer more liquid for banks than other short debt, 
it remains the case that deposits are more liquid for households 
than any other debt. This property of the model is important to 
match the behavior of spreads in the data.

COSTLY LEVERAGE

The second friction is that bank leverage is costly. In particular, 
there is a resource cost per unit of debt of the bank that is decreas-
ing in the collateral ratio of the bank, defi ned as weighted assets 
divided by debt (deposits plus interbank borrowing), or the inverse 
of leverage. The interpretation is that a bank has to make some 
eff ort to convince depositors (or regulators) that it is sound. This is 
less costly if the bank has lower leverage or its assets are of higher 
quality (that is, they receive a higher weight in the collateral ratio). 
It is not necessary for these leverage costs to be large. What matters 
is that they decline with the collateral ratio and tend to zero as the 
collateral ratio increases— a bank that issues no debt has an infi nite 
collateral ratio and pays no leverage cost. 
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Costly leverage leads to a number of key predictions. First, there 
is an optimal collateral ratio that trades off  the spread between 
deposits and bank equity against the cost of leverage. Bank depos-
its are a cheap source of fi nancing for banks because they provide 
a liquidity benefi t to households and hence earn a lower rate of 
return than bank equity. For banks with low overall levels of debt, 
it is therefore cheaper to issue deposits than to raise equity. Since 
the fi rst dollar of debt implies no leverage cost, it is always optimal 
to issue some deposits. The more deposits a bank issues, the lower 
its collateral ratio, which in turn increases its leverage cost. At the 
optimal collateral ratio, the marginal leverage cost is equated to the 
spread between the deposit rate and the bank’s cost of capital, its 
rate of return on equity.

Costly leverage further implies that banks value assets as col-
lateral and not only for their rate of return. When a bank invests 
a dollar in short safe debt, say, it knows that this not only contrib-
utes to its return on assets but also increases its collateral ratio and 
hence lowers its leverage cost. Banks are thus willing to hold short 
safe debt even if its rate of return is below the rate of return on 
bank equity. The model thus predicts a spread between safe short- 
term debt held by intermediaries that issue deposits and assets held 
directly by households that are valued only for their payoff s. 

Moreover, the model predicts that the spread between short safe 
debt and other assets should be higher when bank balance sheets 
are weaker in the sense that collateral ratios are lower. Banks with 
low collateral ratios are willing to pay more for collateral. They bid 
up the price of short safe debt, which lowers the interest rates. This 
mechanism fi ts well with recent evidence: as the economy entered 
the fi nancial crisis, bank balance sheets were weak and interest 
rates on short safe debt were low. 

A fi nal prediction of the model that follows from costly leverage 
is market segmentation: in equilibrium, short safe bonds are held 
only by banks and not directly by households. Given the spread 
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between short bonds and other assets, banks that receive collat-
eral benefi ts are happy to hold short safe bonds even at low rates 
of return. In contrast, households perceive these bonds to be too 
expensive and prefer not to hold them directly— they prefer other 
assets such as bank equity. This prediction is in line with observed 
positions: most short paper in the US economy is held by inter-
mediaries, whereas the short-term assets held by households are 
predominantly deposits. 

Summing up, we have now described the positions indicated by 
dark arrows in fi gure 6.1.1. Bank deposits are produced because 
they provide liquidity to households. Since leverage is costly, banks 
also issue equity and buy assets as collateral. Banks therefore buy 
short safe debt. They can buy short safe debt as well as trees. How 
many trees they buy in equilibrium is not essential for the argu-
ment here. In the full model in Piazzesi and Schneider (2017), 
banks compete for trees with other asset management fi rms and 
the allocation of trees depends on who has the better technology 
to invest in certain classes of trees. 

LIQUIDITY MANAGEMENT

The fi nal element of the model is bank liquidity management, rep-
resented by the light arrows at the bottom of fi gure 6.1.1. In order to 
capture the idea that reserves provide liquidity to banks, we assume 
that banks face liquidity shocks. The idea is that banks may experi-
ence deposit outfl ows as part of their provision of payment instru-
ments: sometimes customers’ payment instructions require wire 
transfers to other banks. We further assume that such transfers are 
subject to a liquidity constraint: banks must either wire reserves 
they already hold or access the overnight credit market to obtain 
additional reserves. 

Banks thus manage liquidity with two tools: reserves and over-
night credit. Since overnight credit is subject to the same leverage 
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cost as deposits, it is always better to fi rst exhaust reserves before 
turning to the overnight market. When do they have to borrow? 
We assume that liquidity shocks are proportional to deposits. The 
likelihood that banks must borrow overnight is then captured by a 
second key balance sheet ratio: the liquidity ratio, defi ned as their 
reserves divided by deposits. If a bank’s liquidity ratio is low, then 
there is a good chance that deposit outfl ows require borrowing. At 
the other extreme, if the bank were to invest only in reserves, then 
it could for sure withstand any liquidity shock without borrowing. 

What is the optimal liquidity ratio chosen by banks? It is deter-
mined again by trading off  a spread against a nonpecuniary ben-
efi t. Banks value reserves for their liquidity: holding reserves 
allows them to avoid costly overnight borrowing in the event that 
they experience a large deposit outfl ow. This liquidity benefi t is 
decreasing in the liquidity ratio: if the liquidity ratio is higher, the 
chance that banks must turn to costly borrowing declines. Under 
the reasonable assumption that liquidity shocks are bounded— 
that is, there is a largest outfl ow that is lower than 100 percent of 
deposits— there will be some threshold ratio such that the liquidity 
benefi t reaches zero. If all conceivable outfl ows can be covered with 
existing reserves, any further dollar of reserves does not convey a 
liquidity benefi t.

We therefore have two cases for the choice of liquidity ratio. If 
there is a positive spread between the interest rate on short safe 
debt and the interest rate on reserves, then there exists an optimal 
liquidity ratio such that the marginal liquidity benefi t of the last 
dollar of reserves added to the balance sheet is exactly equal to the 
spread. We note that this optimal liquidity ratio depends on the 
bank’s collateral ratio: a better collateralized bank fi nds it cheaper 
to borrow in the interbank market, and therefore perceives a lower 
marginal liquidity benefi t of reserves. In the case with a positive 
spread, banks borrow in the interbank market if they experience 
a large enough liquidity shock. The second case occurs when the 
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spread between the short rate and the reserve rate is zero. In this 
case, the bank chooses a liquidity ratio above the threshold where 
it never has to borrow and would be willing to hold additional 
reserves at zero spreads. 

The optimal liquidity management by banks thus generates a 
demand for reserves. At high interest rates, banks choose high col-
lateral ratios that make it cheap to borrow overnight from other 
banks. In this case, banks choose low liquidity ratios. At lower rates, 
banks choose lower collateral ratios at which it would be expensive 
to borrow overnight from other banks. In this case, banks choose 
higher liquidity ratios. The resulting inverse relationship between 
interest rates and demand for liquidity is much like a conventional 
“money demand function” for banks. 

TWO EQUILIBRIA

Liquidity management and costly leverage together determine the 
optimal choice of each bank, which determines the liquidity ratio 
and collateral ratio. A key property of the model is that although we 
allow for heterogeneous banks that make a rich set of balance sheet 
choices, these banks choose the same liquidity ratio and collateral 
ratio, so that we can describe the behavior of the aggregate banking 
sector with these ratios. An equilibrium of the model requires opti-
mal savings and portfolio choices by households, optimal balance 
sheet choices by banks, and market- clearing for goods and assets. 
This equilibrium is fully characterized by the behavior of the two 
aggregate banking ratios. 

The equilibrium liquidity ratio determines whether the econ-
omy is in a regime with abundant or scarce reserves. In the regime 
with abundant reserves, banks have a high enough liquidity ratio 
that they do not have to borrow from each other. The equilibrium 
fed funds rate and the reserve rate are the same and all activity on 
the overnight interbank credit market ceases. Aft er several rounds 
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of quantitative easing, the United States has been in the abundant 
reserve regime aft er the fi nancial crisis. Before the crisis, the United 
States was in a scarce reserves regime, where banks choose a low 
liquidity ratio and need to borrow from other banks if they are hit 
by large liquidity shocks. As a result, reserves are valued for their 
convenience, which creates a positive spread between the fed funds 
rate and the reserve rate.

TIGHTENING IN THE ABUNDANT 
RESERVE REGIME 

There are two options for monetary policy to tighten. The fi rst 
option is an open market sale of securities which changes the mix 
of collateral assets that banks use to back inside money. In particu-
lar, the policy reduces the quantity of reserves. As long as reserves 
are still abundant aft er the sale and the securities sold are similar 
in quality to reserves, the sale has no eff ect. A suffi  ciently large sale 
(for example, as in a large unwind of the Fed’s portfolio), however, 
makes liquidity scarce for banks. The model predicts that the inter-
est rate on other short safe debt rises relative to the interest rate 
on reserves. The resulting spread makes it more costly to produce 
inside money and induces banks to issue less inside money. 

The second option is an increase in the interest rate on reserves. 
This policy increases the rate of return that banks earn on the 
safest form of collateral, namely short safe debt. In response, banks 
optimally increase their holdings of such collateral relative to the 
amount of inside money they issue. If the quantity of reserves avail-
able to the banking system is unchanged, banks optimally reduce 
their issuance of inside money. The contraction of money in this 
case works only through the money multiplier, not by changing 
the monetary base. 

While both policies can lead to higher interest rates, they have 
opposite eff ects on the liquidity of the banking system. An open 
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market sale reduces the aggregate liquidity ratio, whereas a higher 
reserve rate increases the liquidity ratio. Since these policies aff ect 
bank balance sheets diff erently, their eff ectiveness depends on 
fi nancial structure in diff erent ways. A key question for the eff ec-
tiveness of an open market sale is how banks manage to operate 
with fewer reserves. If banks’ liquidity management is highly effi  -
cient, an open market sale may not be able to increase interest rates 
because it may not be substantial enough to reach scarcity. For ex-
ample, in an economy with few banks, many transactions are netted 
on the books of the same bank. Moreover, more effi  cient netting 
between fi nancial institutions also reduces the need for reserves.

An important aspect for the eff ectiveness of changes in the 
reserve rate is the nature of other collateral that banks can use to 
back inside money. Since a higher reserve rate reduces the money 
multiplier, the policy tends to benefi t the holders of nominal assets 
such as long- term fi xed rate mortgages. If banks hold many nom-
inal assets, their balance sheets strengthen in response to a higher 
reserve rate and they can reduce their issuance of inside money by 
less, leading to a weaker policy impact. 
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DISCUSSANT REMARKS

Oleg Itskhoki

This is an extremely meaty paper. It took me quite a while to work 
through it, and it was absolutely worthwhile. There were a lot of 
dimensions to the paper. I’m going to discuss just a few of them, 
but the paper defi nitely contains a lot more.

The idea of the paper is to build a detailed micro- model of how 
the monetary transmission works through the banking system, and 
then study the macroeconomic implications of this transmission 
mechanism. One can then use it to ask the question of the optimal 
aggregate liquidity management by the government. The model 
combines quite a few ingredients, and each of them appears simple 
and intuitive in partial equilibrium. Yet the paper’s main contribu-
tion is in having all these individual ingredients work nicely together 
in general equilibrium. And it is very impressive how Monika and 
Martin can characterize the equilibrium outcomes in a tractable way. 

The model is an endowment economy. The macro variables 
to be determined in equilibrium are consumption, infl ation, and 
asset prices. The reason why consumption is not equal to output 
is because there are real collateral costs, and so consumption can 
diff er across equilibria depending on how large are the aggregate 
collateral costs in the economy. 

There are three types of agents: the households (consumers), 
the banks, and the government. There are multiple assets in the 
economy (deposits, reserves, short- term debt, bank equity, stock 
markets, etc.) and the paper characterizes equilibrium prices of all 
assets. Typically, one can characterize the prices of all assets either 
when they are all equivalent or when the markets are complete. 
Neither is the case in the present paper, and it is very impressive 
how all asset prices admit closed- form characterization in this rich 
equilibrium environment. 
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There are two types of frictions in the payment system: 
(a) a liquidity constraint (cash- in- advance) on both households 
and banks and (b) a collateral constraint (costly leverage) on both 
banks and the government. Therefore, there are a total of four con-
straints on three types of agents, and all of them are consequential. 
It is the intersection of these four constraints that creates the inter-
esting equilibrium outcomes.

In the limiting case, the economy becomes a frictionless neo-
classical economy where the constraints don’t bind. I will refer to it 
as a Friedman- rule economy. The Friedman rule is more complex 
in this economy. It not only guarantees that money and bonds have 
the same rates of return, but in fact that all assets have the same 
returns, and agents are indiff erent about their portfolio choices, 
and no constraints are binding. Away from the Friedman rule, the 
constraints are binding and the asset prices are diff erent for diff er-
ent assets, and the allocation is not fi rst best. 

This is how the model works. First, consider the liquidity con-
straint on the household sector. In order to consume, the house-
holds need liquidity, and this liquidity is inside money, or deposits. 
In a conventional model, one needs to hold money, the reserves, in 
order to buy consumption. Here, one does not need money issued 
by the government to buy consumption. Instead, one uses deposits 
to fi nance consumption expenditure in each period. Therefore, the 
households need the deposits in order to pay for their consump-
tion; hence, they are willing to take lower interest rates on their 
deposits relative to other assets, when the liquidity constraint is 
binding. As a result, the interest rate on deposits is lower than on 
the other assets, when the constraint is binding. In turn, this allows 
the banks to make profi ts using this gap in interest rates. 

The banks pay back these profi ts to their stakeholders, the house-
holds. To summarize, the fi rst sign that the liquidity constraints are 
binding is that the rate on deposits is lower than the interest rate 
on other assets, and the banks are making profi ts off  the deposits. 
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The second friction is also a liquidity constraint, but now on 
the banks. The banks issue deposits and sometimes they need to 
quickly liquidate their positions. If people want their money back, 
the banks need to be able to pay them back on short notice. This 
is modeled as a random liquidity shock on the banks. In order 
to pay back, the banks need to have either reserves, which is the 
outside money issued by the government, or they can borrow in 
the interbank market. Because these funds are useful for the bank 
when liquidity constraints bind, the banks are willing to take lower 
interest rates on holding the reserves. If they hold bonds, they’re 
also willing to hold them at a lower interest rate, as long as bonds 
provide liquidity (collateral) services. 

This is not enough, however. The model also requires that the 
banks fi nd it costly to hold too much of the reserves, as reserves 
are expensive and the banks need leverage to make profi ts. The 
banks face an exogenous real cost of leverage. As a result, there 
exists a collateral ratio— the ratio of liquid assets to liabilities— and 
the collateral costs decrease with the collateral ratio. If the banks 
have a lot of collateral, the leverage costs are low, but this means 
that the banks are not making the diff erential returns on assets and 
liabilities, and this creates a trade- off . The leverage costs are real 
costs, and they reduce the amount of output left  for consumption 
in the economy. To summarize, the banks want to hold the reserves 
to relax both the collateral constraint and the liquidity constraint. 
However, holding reserves is costly, if the returns on reserves are 
low relative to the returns on other assets. The Friedman rule 
increases the quantity of reserves in the economy, making them 
cheap and abundant, increasing the return on reserves, until both 
the liquidity and the collateral constraints of the banks are fully 
relaxed and the economy approaches the fi rst best.

What are the other assets? One can hold short- term bonds 
and the equity of the banks. But they are less eff ective as means of 
dealing with collateral and liquidity constraints, while reserves are 
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most eff ective in relaxing both. Finally, why can’t one get the high 
return on reserves? In principle, the government could provide a 
lot of reserves at no cost. But the problem is that the government 
also faces costs of leverage, and the leverage for the government is 
modelled as the size of the transactions in the economy relative to 
the size of the balance sheet of the government. Hence, the gov-
ernment also does not like to have a big balance sheet, and this is 
why it off ers a limited quantity of reserves, making them scarce 
and expensive, and driving low the return on reserves. This is the 
reason why the Friedman rule is not achieved in this economy.

Taking into account that increasing the balance sheets of both 
banks and the government is costly, there exists an internal solu-
tion for the optimal quantity of liquidity in the economy, and 
the constraints are binding in equilibrium. In the internal solu-
tion, there is a diff erential return on diff erent types of assets. The 
government can choose the interest rates on reserves, and it can 
choose the growth rate of the outside money (the reserves), and 
it can also choose the composition of its balance sheet, subject to 
the constraints. Therefore, the government has three choice vari-
ables, with the goal of maximizing welfare in the economy— that 
is, minimizing the aggregate collateral costs to both banks and the 
government. In turn, the banks choose the collateral ratio and the 
liquidity ratio to maximize the value of their shareholders, taking 
as given the actions of the other banks.

A natural question then is: What is the optimal thing for the gov-
ernment to do? The government would always want to minimize 
its balance sheet and simultaneously to relax both of the constraints 
for the banks. While these may seem to be confl icting goals, in 
principle, it is possible to achieve both by simultaneously issuing 
lots of reserves and saving a comparable amount in the form of 
private bonds. In other words, the government could create lots of 
liquidity and simultaneously save in other assets to reduce its lever-
age costs, by expanding its balance sheet. Hence, in order to make 
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the problem interesting, the paper must impose an upper bound on 
how much the government can save in private assets— or, in other 
words, on the size of the balance sheet of the government, which is 
feasible without recurring to government leverage. Empirically, it is 
an interesting question why the governments shy away from large 
balance sheets and do not want to provide more of the liquidity 
services. 

I will next turn to my comments on the modeling approach in 
the paper. There are two related trade- off s the paper must confront. 
The fi rst is how detailed versus concise the model must be. The 
paper opts for a very detailed model of the banking system, with 
a lot of details that are oft en ignored in the macro literature. It is 
very impressive how far the authors can go with such a detailed 
model. The natural question, however, is which details are abso-
lutely essential and which ones may be dispensed with in the future, 
when we incorporate these mechanisms into the workhorse macro 
framework. Does there exist a concise version of this model, which 
maintains the main mechanisms and trade- off s but which we can 
easily wrap into a full macroeconomic model with production 
and other features? Or, perhaps, there are circumstances when all 
these micro details do not matter and we can default to the baseline 
model (e.g., in “normal times”), and there are circumstances when 
these features become fi rst- order for the macroeconomic outcomes 
and need to be modeled in full detail (e.g., in “crisis times”).

Having “complained” that the model is perhaps too detailed, my 
second comment is that it is arguably not detailed enough. Luckily, 
the format of the discussion allows me to not be fully coherent, 
and just explore diff erent directions. Indeed, the second trade- off  
the paper faces is between having some ad hoc constraints in the 
model and fully micro- founding them. It’s not clear that is feasible 
at all given the state of the literature. The main ad hoc constraint 
the model relies on is the collateral constraint or, rather, the costs of 
leverage, on both the banks and the government. Literally speaking, 
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when there is not enough collateral, the banks and the government 
need to burn resources. Of course, it is a parable for something. For 
example, in a partial equilibrium of the banking sector, it is perhaps 
not very consequential, and indeed intuitive. There are likely real 
costs for the banks of not being collateralized enough, and so one 
can just say that eff ectively the banks lose resources if that happens. 
But once we go to the general equilibrium, a specifi c model of such 
costs becomes consequential. Indeed, one needs to know whether 
the resources are burnt proportionally in every period or instead 
in certain infrequent states of the world, e.g., when there is a crisis. 
This, in turn, is likely consequential for the macroeconomic out-
comes such as infl ation and aggregate consumption. Do we have 
a sense of robustness concerning for which macro outcomes the 
stylized nature of the constraints is consequential and for which 
it is not?

Furthermore, and perhaps more important, once we go to a 
model with ad hoc constraints, studying optimal policy becomes 
very tricky. Indeed, the authors acknowledge this by carefully 
avoiding making strong policy prescriptions based on the model. 
Yet, of course, the questions of the optimal aggregate liquidity man-
agement are of the highest applied interest, and it is hard to avoid 
thinking about this issue in the context of this paper. Unfortunately, 
answering these questions without knowing more about the par-
ticular micro nature of the collateral costs is diffi  cult. In particular, 
we do not know how specifi c policies may aff ect the collateral cost 
functions for the banks and the government, whether they would 
keep them unchanged or may alter them in some fundamental way. 
This is a version of the Lucas critique in the context of this model. 
And this is the main reason why the whole literature should think 
harder about the deeper micro foundations behind the liquidity 
and collateral constraints that are commonly adopted in the more 
positive work, which hence needs to avoid making strong norma-
tive recommendations.
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It is also interesting to know the nature of the liquidity shock 
for the banking system. The banks need to have liquidity in cer-
tain states of the world. In partial equilibrium, this is very natural 
as a description of the environment for the banks. But once you 
start thinking about general equilibrium, you start wondering: 
With which aggregate shocks do the micro- level liquidity shocks 
interact, contributing to the cycle? Are these liquidity shocks some-
thing that could, in principle, be eff ectively diversifi ed, so that the 
advances of technology would make these shocks less consequen-
tial for the macroeconomy? Or is it something about the aggregate 
state of the economy which does not allow it to eff ectively diver-
sify the liquidity shocks, no matter what the market structure and 
technology used in the interbank market? Are these shocks rare, 
correlated events like the one that happened in 2007, and hence 
there is no eff ective way of avoiding them? If yes, how frequently 
do we expect to see such shocks in equilibrium?

A quick additional remark is about the welfare objective in the 
economy, which is exclusively to minimize the collateral costs, as 
it is an endowment economy. Of course, the natural next step is to 
extend the environment to a production economy, where sticky- 
price and/or fi nancial constraints result in endogenous cyclical out-
put fl uctuations, which are then reinforced by the constraints in the 
banking system. Th e authors have a companion project where they 
do just that, and this is an important continuation to this research 
agenda.

I have three remaining comments, related to the empirical ver-
ifi cation of the model’s mechanism. First, the basic fact about the 
world is that deposit rates are low relative to other rates of return 
in the economy, even aft er controlling for the associated risk. One 
can go in at least two diff erent ways about interpreting this fact. The 
way this paper interprets the fact is to say that liquidity constraints 
are binding, and hence return diff erentials. Thus, since we observe 
return diff erentials in the data, it must be that liquidity constraints 
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are really binding and we must take this mechanism seriously. An 
alternative interpretation of the data is that of the market paper: 
perhaps the low deposit rates refl ect the local monopoly power of 
the banks over retail customers. Is it possible to separate empirically 
the low rates on deposits due to market power versus those that are 
due to liquidity constraints? Perhaps the amount of market power 
changes slowly, at low frequencies (even though the recent crisis 
was followed by a wave of consolidation in the banking sector), and 
hence much of the cyclical fl uctuation in the deposit spread is due 
to liquidity constraints. A further possibility is that the observed 
deposit spreads are due to some form of interaction between mar-
ket power and fi nancial frictions. Then it is interesting to know 
how the technological improvements in the high- tech fi nancial sec-
tor may wipe out the market power of the conventional banks and 
what the implications are of such changes for the cyclical analysis.

My last two comments are about the more direct ways one can 
look at the data to get some empirical validation of the model’s 
assumptions. I think there are two salient predictions of the model. 
The fi rst salient implication is that the households don’t want to 
hold the stock market other than the banking system, while the 
banking system will hold all of the non- banking equity. The bank-
ing equity off ers high returns for the households, while the rest of 
the stock market is not particularly useful for the households, as it 
does not allow them to relax any of their liquidity needs. This is, 
of course, very stylized, and should not be taken literally. But one 
can ask a more nuanced question in the data. Specifi cally, in peri-
ods when liquidity constraints tighten, is it true that the expected 
equity returns for the banks are higher than equity returns on the 
rest of the stock market, and would an investor with deep pockets 
be able to take advantage of this? 

The second salient implication of the model is about the cross 
section of countries with diff erent institutions and, hence, arguably 
diff erent reduced- form leverage cost functions. In some countries, 
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leverage is very costly for the government, while in others govern-
ments run very large balance sheets with a lot of leverage. For some 
governments, it is very easy to borrow, and for other governments it 
is much costlier. Such variation in the leverage costs should trans-
late into diff erent choices of collateral and liquidity ratios in the 
private sector, through the endogenous mechanisms of the model. 
This, in turn, should translate into diff erent macroeconomic out-
comes. Can we look at the cross section of countries where govern-
ments have a diff erential ability to increase their balance sheets and 
see whether this indeed translates into diff erent equilibrium out-
comes in the banking system, as predicted by the model? Perhaps 
there exists anecdotal evidence of such eff ects.

This is a rich and insightful paper, and I look forward to the new 
developments in this exciting research agenda!
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GENERAL DISCUSSION

MARTIN SCHNEIDER: I think we develop diff erent types of models for 
diff erent purposes. If we wanted to perform a full- on welfare 
analysis, more detail may be useful. The leverage cost in our 
model is basically a cost of breaking promises. It’s eff ectively 
about expected bankruptcy cost— the probability of bankruptcy, 
how the legal system works during bankruptcy, and what inves-
tors typically recover. Adding more details about bankruptcy 
would make this aspect of our model more explicit. 

We also have worked on a version of our model that has a 
more elaborate macro side. The key implication of our approach 
for macro modeling is that monetary policy targets the interest 
rate on an instrument that incorporates a convenience yield. 
This means that there is no direct transmission from the pol-
icy target to the marginal rate of substitution of households. 
Moreover, the wedge between the policy rate and the interest 
rate that matters for households depends on the current condi-
tion of the banking system. The map between this interest rate 
spread and variables that describe the banking system can be 
captured by a reduced form mapping. We can add details and 
other features to our model. The current version is the simplest 
way to derive the result that fi nancial structure matters for the 
transmission of monetary policy.

And the other ideas you had I think were great. We’ll follow 
up on that. 

ARVIND KRISHNAMURTHY: In this model, you have interest on reserves, 
but yet there is a convenience yield on liquid assets and the 
quantity of liquidity matters. This world then appears diff erent 
than the one that Bob Hall was telling us about where interest 
on reserves appeared suffi  cient to describe the monetary equi-
librium. I was wondering if you could say more about that and 
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clarify the diff erence between your model of the world and Bob’s 
model of this morning.

MARTIN SCHNEIDER: I’ll say two sentences about ours and then pass it 
on to Bob. So here the convenience of the reserves in our setting 
comes from two pieces. There is a liquidity benefi t to the banks, 
and that is something that can shrink to zero. That is what hap-
pens in an abundant reserve regime in the liquidity trap. In this 
situation, T- bills and reserves become perfect substitutes for 
banks. However, because banks face a leverage cost, which is an 
additional fi nancial friction, reserves have a convenience yield 
even when they are abundant because they are useful as collat-
eral for the banks. The same is true for T- bills and other fi xed- 
income instruments that banks hold. In other countries where 
banks can hold equity, equity values will also refl ect a collateral 
benefi t. In this sense, there is still convenience yield even in a 
liquidity trap. That’s an important part of our theory.

ROBERT HALL: Reserves, as you point out, form the basis of the bot-
tom of a transaction system. Ultimately, you need to transfer 
reserves to meet a fi nancial obligation. On the other hand, 
the infl uential instrument that sets the interest rate is the RRP 
(reverse repurchase agreement). 

[Note: Since the conference, the Fed has stopped using the 
RRP to set interest rates and reverted to using the interest rate 
on bank reserves.]

MARTIN SCHNEIDER: I consider the existence of the reverse repo pro-
gram of the Fed, and the fact that currently the federal funds 
rate and the reserve rate are not exactly the same, but the fed 
funds rate is a bit lower, peculiarities of the payment system in 
the United States, where there are payment providers and other 
entities that use reserves but don’t get interest on them. This goes 
back to US regulatory history. In other countries, it’s not like 
that. In other countries, our model applies more cleanly in the 
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sense that there are two regimes. There is an interbank market. 
There is the rate on interbank borrowing, and the central bank 
targets that rate. In the regime with abundant reserves, the inter-
bank market essentially shuts down, and then one can think of 
equality between the reserve rate and the interbank rate.

In the United States, there are additional wiggles, which 
means that the fed funds market did not shut down completely, 
and then there was a reverse repo program introduced to make 
these other payment instrument providers more like banks, even 
though legally they’re not.

From the perspective of our model, this is a feature that is 
left  out. But I think for the main point of how policy transmis-
sion works across these two regimes, that is a detail. Adding 
more detail meant to put even fi ner tubes in the plumbing can 
be interesting, but I don’t think it changes the overall spirit of 
the analysis.

JEFF LACKER: This idea of the RRP rate setting interest rates for the 
market has come up a couple times. It’s important to clarify 
what Martin was saying. The Fed sets an interest rate on excess 
reserves. Any bank can borrow from anyone and put the result-
ing funds it obtains at the Federal Reserve at the interest rate on 
excess reserves. So the marginal cost of doing that will deter-
mine the spread between what they’re willing to pay on, say, 
deposits or fed funds borrowed and the interest rate on excess 
reserves. When the Fed goes out and borrows money via RRPs, 
it auctions off  that transaction. Where’s the rate going to be? 
Well, it’s going to be set in the market at a rate commensurate, 
risk- adjusted, with the rates banks are willing to pay and other 
intermediaries are willing to pay on those funds. Everything else 
is sort of just little wiggles and complications.

MARTIN SCHNEIDER: The way that we think about it in our model is 
that right now we’re in a regime where all short paper is basically 
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the same and moves in lockstep as the interest rate on reserves 
is changed. The last couple of years showed that when policy 
changes, as long as we stay in this regime, that’s sort of how it 
works. There are small diff erences, but that’s the main theme. 
The liquidity trap remains in the bank layer, not elsewhere in 
the economy, and everything moves together.




