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Blockchain: What It Is, What It Does, and  
Why You Probably Don’t Need One

David Andolfatto

Public interest in blockchain has never been higher. This is in large part due to the 
eye-popping price dynamics of Bitcoin—the original bad-boy cryptocurrency—which 
everyone hears is powered by blockchain. But what, exactly, is blockchain? The answer, 

it seems, depends on who you ask.
Things are confusing out there in part because not enough care is taken in defining terms 

before discussing the subject. And when terms are defined, they sometimes include desired 
outcomes as a part of their definition. For example, blockchain is often described as consisting 
of (among other things) an immutable ledger. To me, this is like defining a titanic to be an 
unsinkable ship.

So what do people mean when they bandy about the term blockchain? I recently had a 
chance to learn how blockchain is viewed from a corporate perspective at a blockchain panel 
recently hosted by the Olin School of Business at Washington University in St. Louis. My dis-
cussion here is based on a presentation I delivered there,1 and it complements a recent article 
published in this Review (Berentsen and Schär, 2018). My co-panelist at that event, Ed Corno 
of IBM, provided the following definition:

Blockchain: a shared, replicated, permissioned ledger  
with consensus, provenance, immutability, and finality.

All record-keeping systems (which include monetary systems) must contend with trust issues and 
methods of organizing historical information. Conventional systems rely on the reputation of central 
authorities and record-keepers to achieve consensus. Blockchain, which powers Bitcoin, differs from 
conventional systems by achieving consensus through a community of anonymous (and therefore 
“trustless”) agents who compete amongst themselves to authenticate transactions. The promise of 
the blockchain protocol is that it is invulnerable to human foibles. Novel, for sure; but is it worth all 
the effort? (JEL G23, E50, E59)

Federal Reserve Bank of St. Louis Review, Second Quarter 2018, 100(2), pp. 87-95. 
https://doi.org/10.20955/r.2018.87-95
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To put things another way, blockchain is a record-keeping system possessing a specific 
set of attributes. But which of the attributes listed above distinguish it from other record-keeping 
systems? Shared, replicated ledgers requiring permissioned access have been around for a 
long time, so these are not distinguishing characteristics. Provenance simply means a ledger 
containing all relevant information, starting from the beginning of any relationship. Provenance 
is nothing new, at least in principle.

The key would seem to lie in the nature of consensus. Consensus means that all relevant 
parties agree that the information contained in the ledger is true. Depending on how one 
defines “all relevant parties,” consensus in itself is not new either. What is new is the consensus 
mechanism—the protocol designed to achieve consensus. Immutability and finality are simply 
properties that one hopes will be the outcome of the consensus mechanism in place.

Conventional protocols for achieving consensus can be thought of as reputation-based 
mechanisms. The solution to the record-keeping problem is to delegate the responsibility to 
a trusted intermediary (or a set of trusted intermediaries). “Trust” in this context means believ-
ing that personal and business reputations have too much long-run economic value to be 
squandered by exploiting an attractive one-time gain.

The promise of blockchain is to replace reputation-based consensus with a “trustless” 
protocol invulnerable to human foibles. In particular, the reputable delegated record-keeper 
is replaced by a set of anonymous (hence, untrusted) agents drawn from the broader com-
munity who compete amongst themselves by playing a game on a period-by-period basis to 
update and secure information. In this sense, blockchain can be thought of as a game-based 
consensus mechanism.

I can’t be entirely sure, but I believe the corporate versions of blockchain are likely to stick 
to the standard model of reputation-based consensus. If this is correct, then the efficiency 
gains of “blockchain” boil down to the gains associated with making databases more synchro-
nized across trading partners, more cryptographically secure, more visible, more complete, 
etc. In short, there is nothing revolutionary or radical going on here—it’s just the usual advance-
ment of the technology and methods associated with the on-going problem of database man-
agement. Labeling the endeavor blockchain in this case has more to do with good marketing 
practices.

On the other hand, game-based blockchains—such as the one that powers Bitcoin—are, 
in my view, potentially more revolutionary. But before I explain why I think this, I want to 
step back a bit and describe my bird’s eye view of what’s happening in this space.

A DATABASE OF INDIVIDUAL ACTION HISTORIES
The type of information that concerns us here is not what one might label “knowledge,” 

say, as in the recipe for chicken cacciatore. The information in question relates more to a set 
of events that have happened in the past—in particular, events relating to individual actions. 
Consider, for example, the statement “David washed your car two days ago.” This type of infor-
mation is intrinsically useless in the sense that it is not usable in any productive manner. In 
addition to work histories like this, the same is true of customer service histories, delivery/



Andolfatto

Federal Reserve Bank of St. Louis REVIEW Second Quarter 2018      89

receipt histories, credit histories, or any performance-related history. And yet, people value 
such information. It forms the bedrock of reputation and perhaps even of identity. As such, 
it is frequently used as a form of currency.

Why is intrinsically useless history of this form valued? A monetary theorist may tell you 
it’s because of a lack of commitment or a lack of trust. (See the MacroMania blog post “Evil is 
the root of all money.”) If people could be relied upon to make good on their promises a priori, 
their track records would largely be irrelevant from an economic perspective. A good reputa-
tion is a form of capital. It is valued because it persuades creditors (believers) that more reputa-
ble agencies are more likely to make good on their promises. We keep our money in a bank 
not because we think bankers are angels, but because we believe the long-term franchise value 
of banking exceeds the short-run benefit a bank would derive from appropriating our funds. 
(Well, that’s the theory, at least. Admittedly, it doesn’t work perfectly.)

Note something important here. Because histories are just information, they can be created 
“out of thin air.” And, indeed, this is the fundamental source of the problem: People have an 
incentive to fabricate or counterfeit individual histories (their own and perhaps those of others) 
for a personal gain that comes at the expense of the community. No society can thrive, let 
alone survive, if its members have to worry excessively about others taking credit for their 
own personal contributions to the broader community. I’m writing this article in part (well, 
perhaps mainly) because I’m hoping to get credit for it.

Since humans (like bankers) are not angels, what is wanted is an honest and immutable 
database of histories (defined over a set of actions that are relevant for the community in 
question). Its purpose is to eliminate false claims of sociable behavior (acts that are tantamount 
to counterfeiting currency). Imagine, too, eliminating the frustration of discordant records. 
How much time is wasted in trying to settle “he said/she said” claims inside and outside of 
courts of law? The ultimate goal, of course, is to promote fair and efficient outcomes. We may 
not want something that goes as far as Santa Claus—who, in addition to knowing whether 
you’ve been bad or good, also knows your sleep patterns—but something similar defined over 
a restricted domain for a given application could be useful.

ORGANIZING HISTORY
Let e(t) denote a set of events or actions (relevant to the community in question) performed 

by an individual at date t = 1,2,3,... An individual history at date t is denoted

h(t–1) = {e(t–1), e(t–2), ... , e(0)}, t = 1,2,3,...

Aggregating over individual events, we can let E(t) denote the set of individual actions at 
date t and let H(t–1) denote the communal history—that is, the set of individual histories of 
people belonging to the community in question:

H(t–1) = {E(t–1), E(t–2), ... , E(0)}, t = 1,2,3,...

Observe that E(t) can be thought of as a “block” of information (relating to a set of actions 
taken by members of the community at date t). If this is so, then H(t–1) consists of time-stamped 



Andolfatto

90      Second Quarter 2018 Federal Reserve Bank of St. Louis REVIEW

blocks of information connected in sequence to form a chain of blocks. In this sense, any 
database consisting of a complete history of (community-relevant) events can be thought of 
as a “blockchain.”

Note that there are other ways of organizing history. For example, consider a cash-based 
economy where people are anonymous and let e(t) denote acquisitions of cash (if positive) or 
expenditures of cash (if negative). Then an individual’s cash balances at the beginning of date t 
is given by h(t–1) = e(t–1) + e(t–2) + ... + e(0). This is the sense in which “money is mem-
ory.” Measuring a person’s worth by how much money they have serves as a crude summary 
statistic of the net contributions they’ve made to society in the past (assuming they did not 
steal or counterfeit the money, of course). Another way to organize history is to specify h(t–
1) = {e(t–1)}. This is the “what have you done for me lately?” model of remembering favors. 
The possibilities are endless. But an essential component of blockchain is that it contains a 
complete history of all community-relevant events. (We could perhaps generalize to trun-
cated histories if data storage is a problem.)

DATABASE MANAGEMENT SYSTEMS (DBMS) AND THE READ/
WRITE PRIVILEGE

All right then, suppose that a given community (consisting of people, different divisions 
within a firm, different firms in a supply chain, etc.) wants to manage a chained-block of his-
tories H(t–1) over time. How is this to be done?

Along with a specification of what is to constitute the relevant information to be contained 
in the database, any DBMS will have to specify parameters restricting the following:

1. The read privilege (who, what, and how)
2. The write privilege (who, what, and how)

That is, who gets to read and write history? Is the database to be completely open, like a public 
library? Or will some information be held in locked vaults, accessible only with permission? 
And if by permission, how is this to be granted? By a trusted person, by algorithm, or by some 
other manner? Even more important is the question of who gets to write history. As I explained 
earlier, the possibility for manipulation along this dimension is immense. How does a com-
munity guard against attempts to fabricate history?

Historically, in “small” communities (think traditional hunter-gatherer societies) this was 
accomplished more or less automatically. There are no strangers in a small, isolated village 
and communal monitoring is relatively easy. Brave deeds and foul acts alike, unobserved by 
some or even most, rapidly become common knowledge. This is true even of the small com-
munities we belong to today (at work, in clubs, families, friends, etc.). Kocherlakota (1996) 
labels H(t–1) in this scenario “societal memory.” I like to think of it as a virtual database of 
individual histories living in a distributed ledger of brains talking to each other in a P2P fashion, 
with additions to, and maintenance of, the shared history determined through a consensus 
mechanism. In this primitive DBMS, read and write privileges are largely open, with the latter 
being subject to consensus. It all sounds so...blockchainy.
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While the primitive “blockchain” described above works well enough for small societies, 
it doesn’t scale very well. Today, the traditional local networks of human brains have been 
augmented (and to some extent replaced) by local and global networks of computers capable 
of communicating over the Internet. Achieving rapid consensus in a large heterogeneous 
community characterized by vast flows of information is a rather daunting task.

The “solution” to this problem has largely taken the form of proprietary databases with 
highly restricted read privileges managed by trusted entities who are delegated the write 
privilege. The double-spend problem for digital money, for example, is solved by delegating 
the record-keeping task to a bank, located within a banking system, performing debit/credit 
operations on a set of proprietary ledgers connected to a central hub (a clearing agency) typi-
cally managed by a central bank.

THE PROBLEM AND THE BLOCKCHAIN SOLUTION
Depending on your perspective, the system that has evolved to date is either a great improve-

ment over how things operated when you were young (if you were born before 1980) or a 
hopelessly tangled hodgepodge of networks that have trouble communicating with each other 
and are intolerably vulnerable to data breaches (if you were born after 1980). The figures, 
derived from work by Ed Corno of IBM, illustrate this general type of network as well as a 
blockchain-based network and a traditional client-server-based network. 

Participant A:
Manufacturer

Participant B:
Carrier

Participant C:
End User

Bank Records

Regulator Records

Auditor Records

Figure 1
SOURCE: Derived from work by Ed Corno of IBM.

Figure 1

SOURCE: Derived from work by Ed Cormo of IBM.
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Participant A:
Manufacturer

Participant B:
Carrier

Participant C:
End User

Bank Records

Regulator Records

Auditor Records

Figure 2
SOURCE: Derived from work by Ed Corno of IBM.

Figure 2

SOURCE: Derived from work by Ed Cormo of IBM.

Participant A:
Manufacturer

Participant B:
Carrier

Participant C:
End User

Bank Records

Regulator Records

Auditor Records

Communal
Open Database

Figure 3
SOURCE: Derived from work by Ed Corno of IBM.

Trust

Figure 3

SOURCE: Derived from work by Ed Cormo of IBM.
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The solution to this present, convoluted state of affairs is shown in Figure 2 as blockchain. 
And, sure, this looks like a more organized way to keep the books and clear up communica-
tion channels, though the details concerning how consensus is achieved in this system remain 
a little hazy to me. As I mentioned earlier, I’m guessing that it’ll be based on some reputation- 
based mechanism. But if this is the case, then why can’t we depict the solution in the follow-
ing way?

That is, gather all the agents and agencies interacting with each other, forming them into 
a more organized community, but keep it based on the traditional client-server (or hub-and-
spoke) model. In the center, we have the set of trusted “historians” (bankers, accountants, 
auditors, database managers, etc.) who are granted the write privilege. Communications 
between members may either be intermediated by historians or take place in a P2P manner 
with the historians listening in. The database can consist of the chain-blocked sets of infor-
mation (that is, the blockchain H(t–1) described above). The parameters governing the read 
privilege can be determined beforehand by the needs of the community. The database could 
be made completely open, which is equivalent to rendering it shared. And, of course, multiple 
copies of the database can be made as often as is deemed necessary.

The point I’m making is that, if we’re ultimately going to depend on reputation-based 
consensus mechanisms, then we need no new innovation (like blockchain) to organize a data-
base. While I’m no expert in the field of database management, it seems to me that standard 
protocols, for example, in the form of SQL Server 2017, can accommodate what is needed 
technologically and operationally.

EXTENDING THE WRITE PRIVILEGE: GAME-BASED CONSENSUS
As explained above, extending the read privilege is not a problem technologically. We 

are all free to publish our diaries online, creating a shared/distributed ledger of our innermost 
thoughts. Extending the write privilege to unknown or untrusted parties, however, is an entirely 
different matter. Of course, this depends in part on the nature of the information to be stored. 
Wikipedia seems to work tolerably well. But it’s hard to use Wikipedia as currency. This is not 
the case with personal action histories. You don’t want other people writing your diary! 

Well, fine, so you don’t trust “the Man.” What now? One alternative is to game the write 
privilege. The idea is to replace the trusted historian with a set of delegates drawn from the 
community (a set potentially consisting of the entire community). Next, have these delegates 
play a validation/consensus game designed in such a way that the equilibrium (say, Nash or 
some other solution concept) strategy profile chosen by each delegate at every date t = 1,2,3,... 
entails (i) no tampering with recorded history H(t–1) and (ii) only true blocks E(t) are vali-
dated and appended to the ledger H(t–1).

What we have done here is replace one type of faith with another. Instead of having faith 
in mechanisms that rely on personal reputations, we must now trust that the mechanism 
governing noncooperative play in the validation/consensus game will deliver a unique equi-
librium outcome with the desired properties. I think this is in part what people mean when I 
hear them say “trust the math.” 
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Well, trusting the math is one thing. Trusting in the outcome of a noncooperative game 
is quite another matter. The relevant field in economics is called mechanism design. I’m not 
going to get into details here, but suffice it to say that it’s not so straightforward designing 
mechanisms with surefire beneficial properties. Ironically, mechanisms such as Bitcoin will 
have to build up trust the old-fashioned way—through positive user experience, much the 
same way most of us trust our vehicles to function, even if we have little idea how an internal 
combustion engine works.

Of course, the same holds true for games based on reputational mechanisms. The differ-
ence is, I think, that noncooperative consensus games are intrinsically more costly to operate 
than their reputational counterparts. The proof-of-work game played by Bitcoin miners, for 
example, is made intentionally costly (to prevent DDoS attacks) even though validating the 
relevant transaction information is virtually costless if left in the hands of a trusted validator. 
And if a lack of transparency is the problem for trusted systems, this conceptually separate 
issue can be dealt with by extending the read privilege communally.  

Having said this, I think that, depending on the circumstances and the application, the 
cost associated with a game-based consensus mechanism may be worth incurring. I am inclined 
to remain agnostic on this matter for now and see how future developments unfold. 

BLOCKCHAIN: POWERING DAOs
If blockchain (with noncooperative consensus) has a comparative advantage, where might 

that advantage be? To me, the clear application is in supporting decentralized autonomous 
organizations (DAOs). A DAO is basically a set of rules written as a computer program. 
Because it possesses no central authority or node, it can offer tailor-made “legal” systems 
unencumbered by prevailing laws and regulations, at least insofar as transactions are limited 
to virtual fulfillments (e.g., debit/credit operations on a ledger).

Bitcoin is an example of a DAO, though the intermediaries that are associated with Bitcoin 
obviously are not. Ethereum is a platform that permits the construction of more sophisticated 
DAOs via the use of smart contracts. The comparative advantages of DAOs are that they permit 
(i) a higher degree of anonymity, (ii) permissionless access and use, and (iii) commitment to 
contractual terms (smart contracts). 

It’s not immediately clear to me what value these comparative advantages have for regis-
tered businesses. There may be a role for legally compliant smart contracts (a tricky business 
for international transactions). But perhaps the potential is much more than I can presently 
imagine. Time will tell. n

NOTE 
1 The presentation includes a slide deck (https://www.slideshare.net/DavidAndolfatto/blockchain-what-it-is-what-

it-does-and-why-you-probably-dont-need-one) and a video (https://www.youtube.com/watch?v=fWozJbD-
QwqQ&feature=youtu.be). See also David Andolfatto’s collected work on Bitcoin and blockchain  
(http://andolfatto.blogspot.com/2017/12/my-perspective-on-bitcoin-project.html). 

https://www.slideshare.net/DavidAndolfatto/blockchain-what-it-is-what-it-does-and-why-you-probably-dont-need-one
https://www.slideshare.net/DavidAndolfatto/blockchain-what-it-is-what-it-does-and-why-you-probably-dont-need-one
https://www.youtube.com/watch?v=fWozJbDQwqQ&feature=youtu.be
https://www.youtube.com/watch?v=fWozJbDQwqQ&feature=youtu.be
http://andolfatto.blogspot.com/2017/12/my-perspective-on-bitcoin-project.html
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The Case for Central Bank Electronic Money and the  
Non-case for Central Bank Cryptocurrencies

Aleksander Berentsen and Fabian Schär

1 CONTROL STRUCTURE OF CURRENCIES
In Berentsen and Schär (2017), we argue that Bitcoin links several technological compo-

nents together in such a way that the units of value are issued under competition and have 
both a virtual representation and a decentralized transaction process. In this way, the Bitcoin 
system has created money that is substantially different from any other money—such as com-
modity money, cash, or electronic money.

To understand why Bitcoin is unique, it is useful to characterize money according to its 
control structure as shown in Figure 1.1 There are three dimensions. The first dimension is 
representation. Money can be represented in virtual form or physical form. The second dimen-
sion is transaction handling. Money can be transacted in centralized or decentralized payment 
systems. Finally, the third dimension is money creation. Some monies are created by a monop-
oly, while others are issued under competition.

Cash is represented by a physical object, usually a coin or bill, meaning that its value is 
inseparable from the object. The holder of a cash unit is automatically the owner of the cor-
responding value. As a result, the ownership rights to the cash units, circulating freely in the 
economy, are always clearly defined without anyone having to keep records. This feature allows 

We characterize various currencies according to their control structure, focusing on cryptocurrencies 
such as Bitcoin and government-issued fiat money. We then argue that there is a large unmet demand 
for a liquid asset that allows households and firms to save outside of the private financial sector. Central 
banks could offer such an asset by simply allowing households and firms to open accounts with them. 
Finally, we conclude that a central bank will not issue cryptocurrencies in the sense of a truly decen-
tralized and permissionless asset that allows users to remain anonymous. (JEL G23, E50, E59)

Federal Reserve Bank of St. Louis Review, Second Quarter 2018, 100(2), pp. 97-106. 
https://doi.org/10.20955/r.2018.97-106
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for a decentralized payment system where cash can change hands between two agents without 
the involvement of a third party. In most countries, the central bank or the treasury is the 
monopoly issuer of cash.

Commodity money, such as gold, is also represented by a physical object; and, again, the 
current holder of a unit is by default assigned ownership of the value unit and so no record-
keeping is needed to use it as a payment instrument.2 Gold differs from cash by its competi-
tive creation process because anyone can enter the business of extracting gold and thereby 
create new gold units.

Commercial bank deposits are virtual money. Virtual money has no physical representa-
tion. It exists only as a record in an accounting system. When a payment is made, the accounts 
are adjusted by deducting the payment amount from the buyer and crediting it to the seller. 
In most countries, households and firms use commercial bank deposits to make electronic 
payments. There are many ways to initiate payments; the most common are credit cards, debit 
cards, checks, and online banking. Commercial banks compete for deposits; that is why we 
consider the creation of money in the form of commercial bank deposits as competitive (see 
Figure 1).3 The banks are responsible for keeping records so any transaction between a buyer 
and a seller requires a commercial bank or several commercial banks to update the respective 
accounts. For that reason, commercial bank deposits are transacted in a centralized payment 
system.

Central bank electronic money is also virtual money. In most countries, public access to 
electronic central bank money is restricted. In Switzerland, for example, it can be held only 
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by a few financial intermediaries. As of now, there are roughly 200 intermediaries that have 
accounts at the Swiss National Bank and they use the funds in these accounts for settlement 
purposes and to fulfill reserve requirements.4 A proposal that we label “central bank electronic 
money for all” would allow all households and firms to open accounts at central banks, which 
then would allow them to make electronic payments with central bank money instead of 
commercial bank deposits. (We will come back to this proposal in the next section.) As shown 
in Figure 1, central bank electronic money is issued monopolistically and transactions are 
conducted in a centralized payment system.   

Bitcoin is the first virtual money for which ownership rights to the various monetary units 
are managed in a decentralized network. There is no central authority, no boss, and no man-
agement. And yet it still works. The Bitcoin blockchain is the decentralized accounting system, 
and the so-called miners are the bookkeepers. This article won’t provide a detailed explana-
tion of this mechanism; see Berentsen and Schär (2018) for that. However, we would like to 
emphasize that decentralized management of ownership of digital assets is a fundamental 
innovation. It has the potential to disrupt the current payment infrastructure and the financial 
system. In general, it could affect all businesses and government agencies that are involved in 
recordkeeping.

The special feature of cryptocurrencies is that they combine the transactional advantages 
of virtual money with the systemic independence of decentralized transaction processing. 
Furthermore, as with gold, the creation of new Bitcoin units is competitive. Anyone can engage 
in the creation of new Bitcoin units by downloading the respective software and contributing 
to the system. In practice, however, a few large miners dominate the mining process. The rea-
son is that competition has become fierce and only large mining farms with highly specialized 
hardware and access to cheap electricity can still make a profit from mining (Berentsen and 
Schär, 2018).

2 THE CASE FOR CENTRAL BANK ELECTRONIC MONEY
Each form of money has its benefits and drawbacks. This is why many forms of money 

coexist. The benefits of cash are that the user can remain anonymous and there is a permission-
less access to the cash payment system. In particular, users do not need to open bank accounts 
to use cash. Furthermore, the decentralized nature of cash transactions makes the cash pay-
ment system very robust. It is not possible to destroy it by attacking the payment infrastruc-
ture, and people do not need to fulfill any prerequisites to participate. In contrast, centralized 
payment systems are vulnerable: If the centralized payment processor is attacked, the entire 
system can come to a halt.5

Cash has another important benefit. With cash there is no credit relationship. Any debt 
is immediately settled. Therefore, there is no counterparty risk, transactions are final, and 
people can engage in trade even if they do not trust each other.6 In contrast, today’s electronic 
money (sight deposits issued by commercial banks) involves counterparty risk. Commercial 
bank deposits are a ledger-based virtualization of claims to physical monetary units (cash). 
This simply means that bank deposits are a liability of the issuer and bank customers holding 
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bank deposits are offering a credit to their respective bank. Cash has the disadvantage that 
the buyer and the seller have to be physically present at the same location, which makes its 
use impracticable for online commerce. The benefit of virtual money such as commercial 
bank deposits is exactly that it allows for payments among agents that are physically separated. 
As such, virtual money enables new business opportunities.

Cash is also the only liquid asset for saving outside of the private financial system. By liquid 
we mean an asset that can be directly exchanged for goods and services. Gold, for example, is 
also a means for saving outside of the private financial system. However, according to our 
definition, it is not liquid because it cannot be exchanged directly for goods and services (in 
most cases).7

We believe there is great demand for a virtual asset issued by a trusted party that can be 
used to save outside of the private financial system. To underpin this claim, we track Swiss 
francs in circulation (in the form of cash) as a fraction of GDP from 1980 until 2017 (shown 
in Figure 2). We can distinguish three phases. The first phase is from 1980 until 1995, when 
financial innovations replaced the use of cash as a medium of exchange or store of value. The 
Swiss population increasingly started to use debit and credit cards for payments. The second 
phase is from 1995 until 2008, when card payments and online banking further expanded but, 
as suggested by Figure 2, the use of cash did not decline further.

From 2008 until 2017, we see a rapid increase of cash in circulation. We strongly believe 
that one reason for this increase is the financial crisis of 2007-08 and the subsequent euro 
crisis. As discussed in Berentsen and Schär (2016), the financial meltdown of 2007-08 and 
the euro crisis triggered massive interventions by central banks and sharply increased debt-
to-GDP ratios in many countries. These events diminished the trust in the financial system, 
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in central banks’ ability to function as lender of last resort, and in governments’ ability to 
prevent another financial crisis without having to resort to drastic measures such as confisca-
tory taxes or forced conversions (as represented by the Greek euro exit discussion).8

After 2008, the demand for cash increased rapidly since it was the only means of holding 
Swiss francs without facing counterparty risk. Cash was used as an insurance against the insol-
vency of financial institutions. For example, during the financial crisis, UBS, the largest bank 
in Switzerland, had to be rescued by the government and the Swiss National Bank.

We believe that there is a strong case for central bank money in electronic form, and it 
would be easy to implement. Central banks would only need to allow households and firms 
to open accounts with them, which would allow them to make payments with central bank 
electronic money instead of commercial bank deposits. As explained earlier, the main benefit 
is that central bank electronic money satisfies the population’s need for virtual money without 
facing counterparty risk.9 But there are additional benefits.

Cash has many advantages, but its end might be near 

There are political and technological reasons why the use of cash may be diminishing. 
Cash is being condemned by many politicians and economists. According to Berentsen and 
Schär (2016), the argument of these cash critics essentially is based on three claims: First, the 
use of cash is inefficient and significantly more expensive than electronic payments. Second, 
cash promotes crime and facilitates money laundering and tax evasion.10 Third, cash hinders 
monetary policy by limiting the central bank’s ability to use negative nominal interest rates 
as a policy option.

Technological reasons also apply: In the near future, a close cash substitute will be devel-
oped that will rapidly drive out cash as a means of payment. A contender is Bitcoin or some 
other cryptocurrency. While cryptocurrencies still have many drawbacks, such as high payment 
fees, scaling issues, and poor adoption, these issues could rapidly disappear with the emergence 
of large-scale off-chain payment networks (e.g., Bitcoin’s lightning network) and other scaling 
solutions.

If the use of cash is restricted for political reasons or vanishes because of technological 
innovations, the somewhat strange situation arises that households and firms have no access 
to legal tender. Today, in most countries, the population can pay only with legal tender through 
the use of cash. If cash disappears, the population is forced to make all payments with private 
money. By offering transaction accounts, central banks enable the general public to hold legal 
tender in electronic form. A large part of the population will consider it a close substitute for 
cash, and this will make it easier to say goodbye to cash.

“Central bank electronic money for all” increases the stability of the financial system 

We believe this because we conjecture that “central bank electronic money for all” would 
have a disciplining effect on commercial banks.11 To attract deposits, they would need to alter 
their business model or to increase interest rate payments on deposits to compensate users 
for the additional risk they assume. The disciplining effect on commercial banks will be rein-
forced by the fact that, in the event of a loss of confidence, customers’ money can be quickly 
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transferred to central bank electronic money accounts. In order to avoid this, the banks must 
make their business models more secure by, for example, taking fewer risks or by holding 
more reserves and capital, or they must offer higher interest rates. This simplicity of moving 
funds to central bank accounts has the potential to create additional volatility. For example, 
there could be rapid shifts of large quantities of money from commercial bank deposits to 
central bank accounts that have no real causes (bank panics that are unrelated to fundamen-
tals). In this case, the central bank is called upon to provide commercial banks with the nec-
essary temporary liquidity by offering standing facilities where commercial banks can obtain 
central bank money against collateral in a fast and uncomplicated way.

“Central bank electronic money for all” simplifies monetary policy and makes it 
more transparent 

The central bank could simply use the interest rate paid on these accounts as its main 
policy tool. If markets are not segregated, meaning that everyone has access to electronic cen-
tral bank money, the interest rate on these accounts would be the lowest interest rate in the 
economy. The reason is that central bank electronic money will be the most-liquid asset in the 
economy and holders of such money face no counterparty risk since a central bank cannot 
become illiquid. Many central banks are currently discussing the possibility of normalizing 
interest rates. Because of the massive amount of liquidity created in response to the financial 
crisis, standard instruments such as open market intervention are ineffective and all instru-
ments that are currently discussed have the characteristic that the central bank pays, in some 
form, interest on reserves (see Berentsen, Kraenzlin, and Müller, 2018). There is a political 
economy issue with these payments since, as of today, they are paid only to the few financial 
intermediaries that have access to central bank electronic money. The general public might 
not consider such large payments equitable or beneficial, and there is a high risk that it will 
trigger political controversies that have the potential to affect central bank independence (see 
Berentsen and Waller, 2014). Central bank electronic money is an elegant way of avoiding 
possible political upheavals with regard to these interest payments, by allowing the whole popula-
tion to have access to these interest payments and not just a small group of commercial banks.

“Central bank electronic money for all” requires low administrative effort 

Overall, we believe that implementing “central bank electronic money for all” is straight-
forward since these accounts can be used only for making payments. No credit can be obtained, 
and so almost no monitoring is needed. (Of course, some standard regulations would still 
apply.) All transactions would need to be initiated electronically. Furthermore, many central 
banks already have a payment infrastructure in operation. For example, the Swiss National 
Bank already maintains one for its employees. Central bank electronic money for all would 
imply scaling the existing infrastructure to allow for additional account holders. However, it 
is not necessary that a central bank provides the infrastructure itself. Legislation could man-
date that commercial banks open at least one central bank money account for each of their 
customers. This would allow customers to use their existing online banking access to initiate 
transactions from their central bank money account. These accounts would have to be main-
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tained by commercial banks outside their balance sheets. As a result, they do not count as part 
of a bank’s assets in the event it goes bankrupt.

This idea is related to but differs in important ways from the Chicago Plan.12 One key 
element of the Chicago Plan was to eliminate the fractional reserve system by imposing 100 
percent reserves on commercial bank deposits. “Central bank money for all” does not eliminate 
the fractional reserve system. It only amends it by requiring that all agents have access to 
central bank electronic money. Commercial banks can continue to offer bank deposits, and 
no one is forced to use central bank electronic money.

There are many open questions that need to be carefully discussed before this proposal 
can be implemented. In the case of Switzerland, for example, a decision would have to be made 
about who may hold an account at the Swiss National Bank. Is it only the Swiss population 
or can people living abroad have such an account? As a first step, it would make sense to nar-
rowly define the group of users to first gain experience running the system. Furthermore, it 
would be wise initially to add a cap to limit the amount of money that can be held in these 
accounts. The benefit of such a cap is that it would allow the Swiss National Bank to gain expe-
rience, in particular, with the instruments that need to be in place to refinance the private 
banking system in case of large-scale bank runs.

3 THE NON-CASE FOR CENTRAL BANK CRYPTOCURRENCIES
As shown in Figure 1, the distinguishing characteristic of cryptocurrencies is the decen-

tralized nature of transaction handling, which enables users to remain anonymous and allows 
for permissionless access. In this section, we argue that it makes little sense for central banks 
to issue cryptocurrencies even though it would be straightforward from a technological point 
of view to do so.  

In theory, a central bank could easily introduce a central bank cryptocurrency. There 
exist standards such as Ethereum’s ERC20 or ERC223 token standards that can be used to 
create new fungible tokens that are compatible with the Ethereum blockchain’s infrastructure. 
Alternatively, one could attach additional value components to fractions of existing crypto-
assets, such as Bitcoin. The additional value—in this case, fiat currency—would then be part 
of a specific fraction of a Bitcoin (or more precisely an unspent transaction output) and could 
be represented and traded on the Bitcoin blockchain. This is usually referred to as “colored 
coins.” Finally, a central bank can develop a brand new blockchain. All approaches are fairly 
straightforward to implement and would allow for the issuance of a central bank cryptocur-
rency on a public blockchain.

To ensure parity between a crypto fiat unit and central bank reserves, the central bank 
must be willing to buy and sell any number of these tokens at par. The valuation will depend 
on the central bank’s credibility; but, if a central bank is determined to issue a central bank 
cryptocurrency, it would have the means to do so. In fact, the convertibility mechanism can 
be compared with different denominations of cash, where central banks make a similar claim.13

However, the key characteristics of cryptocurrencies are a red flag for central banks. That 
is, no reputable central bank would have an incentive to issue an anonymous virtual currency. 
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The reputational risk would simply be too high. Think of a hypothetical “Fedcoin” used by a 
drug cartel to launder money or a terrorist organization to acquire weapons. Moreover, 
commercial banks would rightfully start asking why they have to follow KYC (“know your 
customer”) and AML (“anti-money laundering”) regulations, while the central bank is under-
mining any effects of this regulation by issuing an anonymous cryptocurrency with permis-
sionless access. Moreover, cryptocurrency is still a very young technology and there are large 
operational risks. Overall, we believe that the call for a “Fedcoin” or any other central bank 
cryptocurrency is somewhat naïve.

Once we remove the decentralized nature of a cryptocurrency, not much is left of it. As 
shown in Figure 1, virtual money that is centralized and issued monopolistically by a central 
bank is electronic central bank money. It is worthwhile to mention that electronic central bank 
money could have been offered a long time ago. The technology for issuing virtual money in 
a centralized way existed long before the invention of the blockchain. But calling such a cen-
tralized form of virtual money a cryptocurrency is misleading.

4 CONCLUSION
The distinguishing characteristic of cryptocurrencies is the decentralized nature of trans-

action handling, which enables users to remain anonymous and allows for permissionless 
access. These key characteristics are a red flag for central banks, and we predict that no repu-
table central bank would issue a decentralized virtual currency where users can remain anony-
mous. The reputational risk would simply be too high. Rather, central banks could issue 
central bank electronic money. This money would be tightly controlled by them, and users 
would be subject to standard KYC (“know your customer”) and AML (“anti-money launder-
ing”) procedures.

Some central banks supposedly are evaluating the issuance of a central bank cryptocur-
rency. However, a closer look at these projects reveals that these are not cryptocurrencies 
according to our definition in Figure 1. The projects usually are highly centralized.

In general, we don’t think that a central bank should be in the business to satisfy the 
demand for anonymous payments. We believe that such a demand can and will be perfectly 
satisfied by the private sector, in particular through cryptocurrencies. History and current 
political reality show that, on the one hand, governments can be bad actors and, on the other 
hand, some citizens can be bad actors. The former justifies an anonymous currency to protect 
citizens from bad governments, while the later calls for transparency of all payments. The 
reality is in between, and for that reason we welcome anonymous cryptocurrencies but also 
disagree with the view that the government should provide one. n
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NOTES
1 We focus on Bitcoin, but many other cryptocurrencies share similar characteristics. However, more than 1,500 

cryptocurrencies have come into existence in the past few years and some do not feature all the characteristics 
that we find essential to be qualified as a cryptocurrency (see Figure 1).

2 We abstract from the case where an agent holds a unit of gold and is not the legal owner, such as a bank that 
keeps gold for its customers in a vault.

3 In some countries, competition for commercial bank deposits is restricted by financial regulations. For these 
countries, commercial bank deposit creation lies somewhere between monopoly and competition (see Figure 1).

4 For that reason, electronic money issued by the Swiss National Bank is called reserves.

5 A centralized payment infrastructure has many more disadvantages: Plenty of user data are collected, users can 
be locked out of the system, and their funds can be confiscated, which is all too often the case in countries with 
dubious legal systems. Furthermore, centralization may lead to a systemic dependence and rent-seeking behavior. 
Additionally, vendors are in constant fear of chargebacks.

6 Like cash, Bitcoin is not a liability and, therefore, holding Bitcoin involves no counterparty risk.

7 In the finance literature, there are many competing definitions for the term “liquid asset.” We use the one devel-
oped in the literature labeled “new monetarist economics” (e.g., Williamson and Wright, 2010) and “search theo-
retic approach to monetary economics” (e.g., Nosal and Rocheteau, 2011; Kiyotaki and Wright, 1993).

8 As discussed in Berentsen and Schär (2016), cash is an insurance against bad outcomes by enabling its holder to 
remain “liquid” when disaster hits. Financial crises (e.g., the Lehman collapse), confiscatory taxes (e.g., Cyprus and 
Argentina), or (anticipated) forced conversion (e.g., Grexit, Argentina) are just a few examples of recent events in 
which holding cash was advantageous. The rapid increase in cash in circulation in Switzerland after the financial 
crisis cannot be explained only by low interest rates, since Switzerland already had a spell of zero interest rates 
shortly after the year 2000 when no such increase occurred.   

9 A holder of electronic central bank money faces no counterparty risk because a central bank can always print its 
own liabilities. In contrast, commercial demand deposits are a promise to pay out cash (central bank money) on 
demand and that promise might not be fulfilled. However, central bank money is not immune to financial disaster. 
Historically, hyperinflation has impoverished many households that have held a large part of their wealth in the 
form of cental bank currency (see Berentsen and Schär, 2016). 

10 There are many politicians and economists (e.g., Rogoff, 2016) who want to abolish cash because they believe 
that it is mainly used for criminal activities, money laundering, and tax evasion. If this argument is true, then the 
Swiss population became less criminal during the 1980s, and then its desire for crime stabilized during the 1990s, 
and finally, from 2007 on, the Swiss franc was used to conduct more money laundering and tax evasion (see 
Figure 2). It should be clear by now that we are not convinced by this argument.

11 Note that we believe that central bank electronic money for all will increase the stability of the financial system. 
In fact, there is a need for research that quantifies the effects of this mechanism on the stability of the financial 
system. 

12 The Chicago Plan was developed during the Great Depression by many leading U.S. economists. It advocated a 
major monetary reform including 100 percent reserve balances to back commercial bank deposits (see Benes 
and Kumhof, 2012). A system with 100 percent reserve requirements is essentially identical to a system where 
commercial banks are forced to hold all deposits in accounts that are separated from their own balance sheet.

13 The most straightforward way to fix the exchange rate would be to offer two standing facilities. For example, 
assume the Swiss National Bank decides to issue a Swiss franc crypto token on the Ethereum blockchain. To keep 
the value of this crypto token at par, it would offer a buying facility and a selling facility. At the buying facility, it 
would promise to buy unlimited amounts of Swiss franc crypto tokens at, say, 0.999 Swiss francs. At the selling 
facility, it would offer to sell Swiss franc crypto tokens at, say, 1.001 Swiss francs. If these facilities are credible, the 
value of the Swiss franc token will remain between 0.999 and 1.001 Swiss francs forever. In fact, these facilities 
will never be used if markets are not segregated, as shown in Berentsen, Kraenzlin, and Müller (2018) for the Swiss 
money market.    
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Is Bitcoin a Waste of Resources?

Stephen Williamson

If nothing else, Bitcoin gives us something to talk about. Economists want to talk about it, 
economics students want to talk about it, it is a surefire conversation starter with strangers, 
it is a distraction from politics... But should a sensible person buy the stuff? Should society 

tolerate it?
First, let’s review what Bitcoin is. The open-source software for Bitcoin was introduced 

in 2009, and it represents a decentralized means for transferring ownership of digital objects, 
along with a decentralized system for augmenting the supply of such objects. Central to how 
Bitcoin works is the blockchain, which consists of a record of the entire history of ownership 
of the digital objects—the “coins.” The ingenious part of the system (and the hardest part to 
understand) is how the blockchain is updated. David Andolfatto gives a nice explanation of 
how blockchains are updated in a companion article in this Review (Andolfatto, 2018), as do 
Berentsen and Schär (2018). No one owns the blockchain, but it is distributed among the 
community of users. That is, it is a “distributed ledger.” “Miners” (which is really not an apt 
description of what these people do) compete to form the next block in the chain. Basically 
their job is the counterpart of what happens in the clearing and settlement process in a cen-
tralized monetary system, such as interbank payments. For the system to work, it has to be 

Do Bitcoin and other cryptocurrencies play a useful social role, or do they represent a social waste? 
Bitcoin is a decentralized recordkeeping system, with updating of the record of transactions in the 
blockchain. Potentially, Bitcoin could be useful if it is widely used as a means of payment or as a 
safe-haven asset. But, given its properties, it is an inefficient and poorly designed means of payment 
and probably cannot survive as a safe haven asset. Bitcoin could encourage crime, which is a further 
social cost, but fortunately it may not serve criminals well either. (JEL G23, E50, E59)
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more costly to cheat than for the correct information to be added in the new block. Thus, the 
system adjusts the costs of mining over time to keep up with available technology. If the costs 
are too low, then cheating might occur: It is important to slow the clearing and settlement 
process down sufficiently, and the designers of the system shoot for a time lag of 10 minutes 
from when a transaction is posted to when it goes into the blockchain. The mining process is 
costly. Being a miner requires a lot of computing capacity, and one needs to burn much elec-
tricity to have a chance of winning the payment received for successfully verifying a transac-
tion. Harnessing more computing power, finding cheap sources of electricity, and inventing 
faster chips (tailor-made for this purpose) leads to a chance for higher profits from mining.

What role could Bitcoin—and other competitors such as Ethereum—play in the economy? 
What good could these systems do for society as a whole? The idea seems to be that such sys-
tems could provide us with an efficient means for carrying out transactions. In principle, 
centralized transactions (those routed through the banking system and central banks) seem 
costly. There are large numbers of people working in these financial institutions, they occupy 
significant real estate, they require much equipment and software, and they burn electricity. 
But these systems work. They handle huge volumes of transactions every day, provide protec-
tion against fraud, and provide recourse when things go bad...as when the object you bought 
with your Visa card turns out to be something you were not expecting. Further, we already 
have a decentralized means for executing transactions: paper currency. While currency doesn’t 
permit some of the kinds of transactions we might like to make in modern societies (you 
cannot buy stuff from Amazon with it), it is remarkably cost-effective. With currency, proof 
of ownership is just a matter of physical possession, and transfer of ownership is essentially 
costless. I show the Starbucks cashier my cash and hand it over. Of course, there is a central-
ized system in place that maintains the currency stock, ensures that counterfeiting is a high-
cost activity, and stabilizes the value of currency in terms of goods and services. This comprises 
our system of central banking, laws regulating commerce and counterfeiting, and law 
enforcement.

The monetary system we have, consisting of central banks that issue currency and run 
interbank payments systems coupled with a private banking system that clears and settles 
transactions using debit cards, credit cards, and old-fashioned checks, evolved from earlier 
commodity money systems and commodity-backed paper currency systems. As a result of 
that transition, substantial resources were saved. Actual commodities—gold, for example—
are costly to move around in large quantities, and making both small and large commodity 
money transactions can be awkward. For example, just one ounce of gold is valued at about 
$1200.00, so buying coffee with gold would be very tricky. Conversely, $40 million in gold 
weighs about one ton. Therefore, an interbank payment of $400 million would be about ten 
tons of gold, which would be very costly to move across town and extremely costly to move 
from New York to Hong Kong, for example.

Commodity-backed paper currency systems saved significantly on the physical costs of 
making payments with commodities. But the remaining problem with commodity-backed 
paper monetary systems—as, for example, under the gold standard—is that price stability 
can go out the window. That is, under a gold standard, the price of goods and services in terms 
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of money will be determined in part by the costs of digging gold out of the ground, the discov-
ery of low-cost sources of gold, and the consumption value of gold. Consider Figure 1, which 
shows two prices. The choppy line is the price of gold in terms of goods and services, measured 
by the ratio of the price of gold to the personal consumption expenditures (PCE) deflator. 
The smooth line is the price of U.S. currency in terms of goods and services, measured by the 
inverse of the PCE deflator. The smoothness in the latter line is no accident, of course. That is 
the outcome of many person-hours of research, analysis, and meeting time in the Federal 
Reserve System, all aimed at managing money and payments in such a way that the value of 
money in terms of goods and services is predictable. Clearly the price of gold in terms of goods 
and services is not very predictable. That is why essentially no one wants to use gold to make 
payments; the alternatives are so much better.

It has been well understood for a long time that, for money to have a predictable value in 
terms of goods and services, its supply has to be “elastic.” The demand for means of payment 
fluctuates from day to day, week to week, and month to month. Why? Basically, aggregate 
economic activity fluctuates. Within the week, more retail payments are executed on week-
ends, and wholesale payments (interbank payments, for example) fluctuate in a regular fashion 
during the week. On a monthly or quarterly frequency, aggregate activity also fluctuates in a 
regular fashion. That is, there is much more economic activity in June than in January, and 
much more in the fourth quarter (which includes the holiday season) than in the first quarter. 
As well, there are unpredictable shocks to the volume of payments, at the retail and wholesale 
level, at daily, weekly, and monthly frequencies. Further, the economy is subject to business 
cycle fluctuations that occur irregularly. The total volume of payments was much lower in 

Figure 1

SOURCE: FRED®, Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/graph/?g=imsf.
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2008 than in 2017, for example.
So, if the demand for means of payment is fluctuating and price stability is desirable, 

supply needs to fluctuate in tandem with demand. Modern central banks make the money 
supply elastic in two ways. First, the central bank typically targets an overnight nominal 
interest rate in the short run. To target this interest rate, the central bank must intervene to 
absorb predictable and unpredictable shocks to the payments system. If the central bank were 
not intervening, then the short-term interest rates would be very volatile. Also, the central 
bank adjusts its short-run nominal interest rate target in response to what it observes happen-
ing to inflation and aggregate economic activity. This is a means for adjusting the supply of 
money to medium-term trends in the economy, so as to achieve price stability.

Elasticity of the money stock not only provides price stability, it also makes the whole 
financial system work more efficiently. For example, the framers of the Federal Reserve Act 
understood that inelastic money in the post-Civil War era in the U.S. helped to create banking 
panics and financial instability. In times of high demand for money, which, in the late 19th 
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century, would have been the harvest season in the U.S., some added stress could from time 
to time push the financial system over the brink. That is, at a time when money is already 
scarce, a failure of a large financial institution, such as the failure of the Knickerbocker Trust 
Company in New York City in the fall of 1907, could lead to financial panic. In the 1907 panic, 
depositors withdrew their deposits from New York City banks, not knowing which banks 
were actually insolvent. Through the system of correspondent banking that existed at the time, 
the panic spread nationally. The Federal Reserve System, which began operating in 1914, was 
designed to prevent such panics, by lending to solvent but illiquid banks and putting more 
currency into the system when needed.

But what about Bitcoin? Figure 2 shows what has happened to the price of Bitcoin since 
the system came into being. In January 2018, Bitcoin was worth about five times what it was 
in the middle of 2017, but about half of what it was worth in December 2017. Bitcoin’s design-
ers may have successfully set up a system in which Bitcoin could be valued, but they certainly 
did not provide the mechanism—elasticity—that would create price stability. Indeed, the 
behavior of Bitcoin’s price makes gold look stable.

Is Bitcoin a bubble? To address this question, we need to define “bubble.” As it turns out, 
among economists there are at least two different types of bubble phenomena: irrational bub-
bles and rational bubbles. Probably the best known proponent of the idea that bubbles are 
irrational is Robert Shiller (for example, see Akerlof and Shiller, 2010). An irrational bubble 
is supported by irrational behavior on the part of at least some market participants. For exam-
ple, suppose there is an asset that will, with certainty, be valueless at some future date. But 
people bid up the price of the asset in the belief that, in the market, there exist some irrational 
people to whom the rational people can sell the asset before the price crashes. According to 
irrational bubble theorists, savvy investors ultimately end up selling all of the supply of the 
bubble asset to irrational people, who end up holding the bag when the price goes to zero.

Although there is some experimental evidence that appears to be consistent with irrational 
bubbles (see, for example, Smith et al., 1988), stories about asset price appreciation driven by 
irrationality are not helpful in allowing us to identify such phenomena in practice. Indeed, if 
anyone could identify an irrational bubble and tell us what to expect, it should be Shiller. But 
in a recent article in Money (Tuttle, 2018), Shiller said

“[Bitcoin] might totally collapse and be forgotten and I think that’s a good likely out-
come, but it could linger on for a good long time, it could be here in 100 years.”

So, Shiller may be confident that Bitcoin is an irrational bubble, but he cannot tell us 
anything about when the bubble bursts. It could happen tomorrow. It could happen in 100 
years. If this is the best that irrational bubble theorists have to offer, maybe they do not have 
much to tell us. In some sense, going the irrational bubble route is a cop-out: We are abandon-
ing any attempt to put structure on what is going on so that we can understand it.

What about rational bubbles? Such phenomena are the bread and butter of monetary 
theorists. A rational bubble occurs when an asset’s value exceeds the present value of the 
expected future payoffs on the asset, appropriately discounted. To evaluate whether a rational 
bubble exists requires a model, in part to tell us what “appropriately discounted” means. Modern 
fiat money is a bubble, as it has no explicit future payoffs, yet people value it in exchange. 
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Currency issued by Federal Reserve Banks is not a promise to pay anything in the future. At 
best, one could take one $20 bill to the nearest Federal Reserve Bank and exchange it for four 
$5 bills. Unlike private bonds or government bonds, which promise a future payment or stream 
of payments, or a stock claim, which provides a future stream of dividends, fiat money has 
no intrinsic value. It is purely a bubble: We value it only because we expect other people to 
accept it in exchange in the future.

Fiat money is not the only example of a rational bubble. For example, the currently 
observed low real interest rate on government debt can be considered a bubble phenomenon. 
Government debt has intrinsic payoffs associated with it: The power of the government to 
tax ensures (barring something catastrophic) that the government can levy sufficient taxes in 
the future to provide for the interest payments on government debt. But, like money, govern-
ment debt is held for other reasons than just its future payoffs. In particular, government debt 
is traded in financial markets; it plays an important role as collateral and in satisfying bank 
regulatory requirements. To the extent that government debt is in short supply, its price can 
exceed the present value of its expected future payoffs—a rational bubble. As a result, the real 
interest rate can be low, just as we observe in most countries now. Safe asset shortages are 
used to explain low real interest rates in Caballero and Farhi (2014) and Andolfatto and 
Williamson (2015), for example.

Is Bitcoin a rational bubble phenomenon? One explanation for the appreciation in the 
Bitcoin price is that people are betting on Bitcoin’s future as a means of payment. In the event 
that Bitcoin becomes widely acceptable as a means of payment, its value will be enormous. 
There is an upper limit on the supply of Bitcoin after all. Even if we think the probability of 
that happening is small, the expected value can be high; and, if one buys a small quantity, risk 
is small and the expected payoff is huge. But the probability that Bitcoin becomes a serious 
means of payment appears to be zero, as the system is fundamentally flawed. Transactions 
costs are too high, the price is far too volatile, and the system does not permit a large-enough 
volume of transactions.

But in spite of Bitcoin’s price volatility, people may ultimately treat it as a safe asset, like 
gold. Gold is an asset that people can flee to when the returns on financial assets are highly 
uncertain, and it possibly bears a premium above its “fundamental” value because people 
coordinate on it for that purpose. So maybe Bitcoin can serve the same function? But precious 
metals have the virtue of having no competitors. There is only so much of the stuff. Although 
Bitcoin is ultimately limited in supply, the supply of potential competitors is unlimited, and 
we are currently seeing a flood of close substitutes for it. Cryptocurrencies can be valued as a 
safe asset only if they are in limited supply. The code that governs the operation of a crypto-
currency is open source, i.e., it is publicly available at no cost and can therefore be costlessly 
replicated many times. Thus, there is nothing that limits the supply of cryptocurrencies so as 
to prop up their prices in the long term.

If it is unlikely that Bitcoin will ever be a widely used means of payment or a good safe 
haven, what other roles might we envision for it? Bitcoin has already been used for payments 
in relation to extortion and ransomware. While not entirely anonymous, Bitcoin transactions 
provide some protection for criminals, much as currency does. In principle, Bitcoin could be 
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used in trading illegal drugs, in tax avoidance, and to get around foreign exchange controls. 
Recent work by Foley et al. (2018) estimates that one quarter to one half of all Bitcoin users 
are associated with illegal activity. If democracy works well, then a democratic society sets up 
a legal system to enforce laws that are in society’s best interest. But if Bitcoin and other crypto-
currencies make crime less costly, that works against the best interests of society as a whole, 
which is certainly not good.   

Indeed, some economists have argued that old-fashioned currency systems be redesigned 
to thwart criminals. For example, Rogoff (2016) makes the case that central banks should stop 
issuing currency in large denominations. Currently, about 80 percent of U.S. currency is in 
$100 denominations, and we can infer that much of that large-denomination currency is being 
used in criminal activities in the U.S. and abroad. The elimination of $50 and $100 Federal 
Reserve notes would increase the costs of crime significantly, and eliminating currency alto-
gether would be even better in this regard, though such an extreme action would come with 
costs. For example, currency is currently used more intensively by the poor than by the rich, 
so in the interest of equity, the government should replace currency with some alternative—a 
central-bank-supplied digital currency, perhaps.

But the problems that Rogoff (2016) attributes to currency systems are more pronounced 
with cryptocurrencies. Bitcoin, for example, does not have any limits on denominations, and 
there is no greater cost to making a $100 million transaction than making a $100 transaction 
using Bitcoin. So large-scale crime that would be awkward with currency has a much lower 
cost with Bitcoin. In this sense, cryptocurrencies could be big trouble. The saving grace, again, 
is the possibility for a flood of new cryptocurrencies, which would serve to reduce the value 
of all such assets and make life difficult for criminals.

So Bitcoin’s future seems dismal. It represents a poor payments system, the ability to 
replicate it means that it cannot survive as a safe store of value like gold, and it may even pro-
vide poor services for criminals. Most likely, the value of Bitcoin is going to zero, and long 
before 100 years is up. But before we give up and declare Bitcoin an irrational bubble, we 
should think harder. Not everyone is so certain of Bitcoin’s demise, and people are working 
with incomplete information and limited knowledge of how the world works. As with the 
“dot-com bubble” in the late 1990s, it takes a while for people to understand the market and 
to sort out which ventures are going to pay off. That process is more complicated than what 
economists typically capture in asset valuation models.  So possibly a positive feature of 
Bitcoin’s existence is to provide us with phenomena that could give us a deeper understanding 
of what determines the valuation of all assets.

We should also give Bitcoin advocates a chance to defend themselves. What do they have 
to say? Well, Marc Bevand, who is apparently a Bitcoin miner, wrote a blog post (Bevand, 
2016) arguing that “Bitcoin Mining Is Not Wasteful.” He has five arguments, which we will 
address one by one:

 Argument 1: Miners currently use approximately only 0.0012% of the energy con-
sumed by the world. Most are forced to use hydroelectric power (zero carbon footprint!) 
because using cheap renewable energy is a necessity to win in the ultra-competitive 
mining industry.
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It is true that 0.0012 percent seems like a small number. But this is for a would-be monetary 
system that hasn’t even gotten off the ground yet. One claim (see Digiconomist, 2018) is that 
a Bitcoin transaction currently requires 80,000 times more electricity than a Visa transaction. 
If that high cost is a “necessity” in this system, maybe we can do without it.

 Argument 2: Even in the future, economic modeling predicts that if Bitcoin’s market 
capitalization reaches $1 trillion, then miners will still not account for more than 0.74% 
of the energy consumed by the world. If Bitcoin becomes this successful, it would have 
probably directly or indirectly increased the world’s GDP by at least 0.74%, therefore 
it will be worthwhile to spend 0.74% of the energy on it.

Bitcoin’s current market capitalization is about $180 billion. My estimate of its current con-
tribution to world GDP is negative. In this sense, Bitcoin is not alone. There are plenty of 
economic activities that burn resources and contribute negatively to GDP—outright theft, 
for example.

 Argument 3: Mining would be a waste if there was another more efficient way to 
implement a Bitcoin-like currency without proof-of-work. But current research has 
so far been unable to demonstrate a viable alternative.

But we do not have to implement a “Bitcoin-like currency.” The relevant alternative is the 
monetary system we have.

 Argument 4: Bitcoin is already a net benefit to the economy. Venture capitalists invested 
more than $1 billion into at least 729 Bitcoin companies which created thousands of 
jobs. You may disregard the first three arguments, but the bottom line is that spending 
an estimated 150 megawatt in a system that so far created thousands of jobs is a valu-
able economic move, not a waste.

Either Bevand has not studied economics, or he went to the class where they talked about 
Keynes and missed the class on opportunity cost. The fact that people are spending time in 
activities associated with Bitcoin—designing it, trading it, mining, designing new chips, 
maintaining dedicated hardware, etc.—is in fact a waste of resources. All those people could 
be doing something more productive with their time, assuming the opportunity cost of this 
time is not zero. Some of these costs may be recouped in terms of learning, but my best guess 
is that we have learned all that is useful from the Bitcoin phenomenon.

 Argument 5: The energy cost per transaction is currently declining thanks to the 
transaction rate increasing faster than the network’s energy consumption.

I am not sure this is true. But even if it were, Bevand is not using the right metric. If the 
transactions are not accomplishing anything socially useful, all that should concern us is the 
total economic cost of this project—electricity, time, hardware, software, buildings—which 
appears to be a significant waste.

Digital currencies could indeed be useful, but current technological constraints do not 
seem to permit a decentralized currency system using blockchain. A secure and private means 
of payment may be a benefit to society, and potentially a digital means of payment could per-
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form this function better than old-fashioned paper currency. But then a key question is 
whether digital currencies should be supplied by central banks or whether private provision 
would be the way to go. For example, there are historical examples of smoothly functioning 
paper currency regimes, with currency issued by private banks: for example, the monetary 
system in place in Canada before 1935 (see Fung et al., 2017).  It seems likely that some central 
banks in the world will soon be supplying digital means of payment intended for the retail 
market, but it seems unlikely that those means of payment will be decentralized systems using 
blockchain. Probably these new central bank liabilities will use centralized systems, as with 
the wholesale payments systems currently in place at central banks. n
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Allan Meltzer and the Search for a Nominal Anchor

James Bullard

INTRODUCTION
Allan Meltzer was an outstanding monetary economist with a long and distinguished 

career.1 He has been an absolute fixture on the central banking and monetary economics scene 
during my entire career, so much so that I have a hard time picturing that scene without him. 
He was also a great friend of the St. Louis Fed.

Meltzer published seven papers in the St. Louis Fed’s Review.2 The first was published in 
1969 and was titled “Controlling Money.” The last was published in 2005 and was a precursor 
to Volume 2 of his monumental A History of the Federal Reserve.3 I will use this last Review 
publication as a starting point for my comments.

The paper, titled “Origins of the Great Inflation,” discusses the run-up to the extraordinary 
inflation of the 1970s and early 1980s in the U.S. from a policymaker perspective. Meltzer 
uses a style here that he continues to use in the History. He quotes the views of individual 
Federal Open Market Committee (FOMC) members, along with those of the staff, that describe 

The author examines Allan Meltzer’s career in terms of the search of a nominal anchor for the U.S. 
Inflation targeting has provided a nominal anchor, in line with Meltzer’s view of inflation as a mone-
tary phenomenon. Determining how close U.S. monetary policy has been to optimal in the past 20 
years can give an idea of further gains that could be reaped by going beyond inflation targeting and 
committing to a Taylor-type rule, as favored by Meltzer. The author provides two examples: The 
flattening of the Phillips curve can be interpreted as a hallmark of optimal policy; the falling short 
of the 2 percent price level path established between 1995 and 2012 suggests room for improvement. 
Whether further gains from coordinating inflation expectations can be achieved is an important area 
of future research that surely will be influenced by Meltzer’s work. (JEL E31, E52, E58, N12)
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what they thought they were doing in adopting particular monetary policy actions at partic-
ular times. He presents this material almost deadpan, with little judgment, to try to discern 
what the protagonists were thinking as the Great Inflation developed.

And indeed, they were thinking and saying a wide variety of things. As the narrative pro-
gresses, however, it becomes quite apparent that there was little in the way of a clear framework 
for monetary policy during these years. Meltzer states that the Committee had no common 
baseline even for fundamental questions, such as the causes of inflation. Ideas for the provision 
of a nominal anchor centered on keeping fiscal deficits low, closely regulating the growth of 
the money supply, or keeping interest rates sufficiently high. None of these was widely accepted, 
and all had detractors. Some FOMC members eschewed macroeconomic theory altogether. 
He notes that then-Board Governor Sherman Maisel often exhorted the Committee to spend 
more time on the development of a coherent model that could be used to better guide decision-
making, but with little effect. As a result of the theoretical incoherence, actual decisionmaking 
was perhaps more open to influence by other factors, such as domestic politics, which Meltzer 
discusses in some detail.

From this situation some five decades ago as described by Meltzer, we come to the present. 
Is the situation today very different? The debates in the monetary theory literature and the 
fiscal theory of the price level literature roll onward. Certainly, much progress has been made, 
but complicated arguments abound and clear resolution seems distant. Yet today, despite the 
remaining theoretical incoherence, inflation control has been in place in the U.S. for about 
two decades—and this despite the global financial crisis. If there is a problem with inflation 
today, it is because inflation has been lower than promised, not higher. How is it that a nominal 
anchor for the U.S. has been found without clear resolution to the puzzles posed in the aca-
demic literature?

INFLATION TARGETING
The answer to this question is surely “inflation targeting.” Inflation targeting does not 

provide a comprehensive account of inflation dynamics or of the methods used to attain a 
given inflation goal over the medium term. As implemented in the U.S., it is really only a 
credible statement of a goal and a promise to try to achieve the goal in the medium term via 
all means at the disposal of the FOMC. That is not enough to satisfy any modern notion of 
what constitutes a macroeconomic theory. Nevertheless, it has succeeded in providing the 
U.S. with the nominal anchor that so eluded us during the 1970s and early 1980s.

Inflation targeting came upon the global central banking scene in the 1990s. Early adopters 
included the Reserve Bank of New Zealand and the Bank of England, but many other central 
banks around the world have followed since that time. The European Central Bank was con-
ceived and established with an eye toward low and stable inflation.4 The Bank of Japan and 
the Federal Reserve did not join the club formally until fairly recently, with the U.S. adopting 
an inflation target in January 2012.

Nevertheless, in my opinion the U.S. has followed a de facto inflation targeting policy 
from 1995 onward. As of that time, U.S. inflation had declined to about 2 percent and has 
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not deviated substantially from that target over the past 22 years, at least not on the scale 
observed during the 1970s and early 1980s. U.S. policymakers were well aware of the trends 
in the international policy debate toward inflation targeting during this era, and many mem-
bers of the Committee were sympathetic to the arguments supporting inflation targeting.

Generally speaking, the evidence from around the globe is that inflation targeting has 
been successful in those countries that have implemented it. Inflation rates are generally lower 
today than in the pre-inflation targeting era, and inflation rates are often maintained relatively 
close to the announced inflation target. The variance of inflation has generally been lower 
than in the pre-inflation targeting era. In addition, the variance of inflation expectations has 
also declined, generally speaking, because financial market participants have tended to view 
many central bank inflation targets as relatively credible commitments. These developments 
are all in line with what one might expect based on theories that compare a noisy and purely 
discretionary monetary policy like the one Meltzer described for the U.S. during the run-up 
to the Great Inflation with a policy based more on a commitment by the central bank as to 
what it intends to achieve.

What would Allan Meltzer say if he were here? My reading of his views is that he would 
stress that the act of naming a credible inflation target recognizes some fundamental truths—
truths that were not recognized in the run-up to the Great Inflation. In particular, it assigns 
the responsibility for the inflation rate to the central bank. It strongly suggests that inflation 
is a monetary phenomenon. But it stops short of requiring an implementer of the policy to 
commit to any particular macroeconomic theory beyond these precepts.

I would add my own view at this point, without trying to implicate Allan Meltzer, as I am 
not sure that he would stress it as much as I do. My point is this: The act of naming an explicit 
inflation target recognizes the importance of macroeconomic expectations and future policy 
expectations as being paramount in the monetary policy arena. It is the expectations of future 
policy that can be unruly and lead to changes in economic behavior that can, in turn, change 
the nature of the macroeconomic equilibrium. If expectations are the problem, then a natural 
way to help tie them down is to credibly commit to an inflation target. This approach has 
worked admirably during the past two decades.

One could tie private sector expectations down still further by credibly committing to a 
monetary policy rule, such as a Taylor-type rule.5 The Taylor-type rule has the inflation target 
as a critical component, but also specifies how the central bank should respond to various 
shocks to the economy. Would there be additional gains, on top of those already achieved 
through the naming of a credible inflation target itself, by a central bank commitment to such a 
rule? Allan Meltzer thought so and testified to that effect before Congress in 2015.6 Others 
have been opposed, including my long-time colleague and former Fed Chair Janet Yellen.7

TWO INDICATIONS OF MONETARY POLICY QUALITY
How can we decide if there are additional gains that would accrue to the U.S. economy if 

monetary policymakers more explicitly adopted a Taylor-type policy rule? Much has been 
written on this issue. Some of the issues addressed in the literature include the idea that the 
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Taylor-type policy rule is a more model-dependent object and that its policy prescriptions 
will be valid only in certain model environments. A very real issue, therefore, is the substan-
tial model uncertainty that characterizes today’s policy landscape. But instead of rehashing 
these arguments, I wish to go in a different direction.8

I want to turn now to assess whether inflation targeting, as implemented implicitly in the 
U.S. since 1995 (and explicitly since 2012), has led U.S. policymakers to adopt something we 
can view as close to optimal monetary policy. If recent monetary policy can be viewed as close 
to optimal, then attempts to further pin down expectations of future policy actions may be 
less desirable. If recent monetary policy is viewed as less close to optimal, then further mone-
tary policy commitment may confer important benefits to the economy.

I will proceed by considering two examples. In these examples, the evidence on whether 
recent monetary policy is close to optimal or not is somewhat mixed, so the results here are 
broadly inconclusive. Nevertheless, I think it is instructive to work through these examples.

To make an assessment of this type requires a model. Since there are many models to 
choose from, we could simply stop here and say we do not know. But in the spirit of trying to 
understand a little more about the effects of inflation targeting, I will use a very simple version 
of a New Keynesian model (with details in the appendix).

THE CASE OF THE DISAPPEARING PHILLIPS CURVE
The first example is the case of the disappearing Phillips curve. Here we will begin with 

the empirical evidence, which is neatly summarized in Figure 1, adapted from the latest annual 
report of the Bank for International Settlements (BIS).9 The figure shows the coefficient on a 
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Slope of the Phillips Curve 

NOTE: Rolling 15-year window estimates and confidence bands from a panel of G-7 economies.

SOURCE: Bank for International Settlements (2017).
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measure of resource slack (unemployment) in a regression of price inflation on resource uti-
lization, using the authors’ preferred specification. The coefficient is estimated repeatedly in 
rolling 15-year samples, and the point estimates, along with 90 percent confidence bands, are 
plotted in the figure. The sample runs from the 1980s to the present. The data are for a panel 
of G-7 economies, and the point estimate is a weighted average across economies.

The main idea of the figure is that the slope of the Phillips curve was once negative in the 
1980s but has been drifting toward zero in the inflation targeting era since 1995. The coefficient 
has not been different from zero in recent years—hence, the disappearing Phillips curve that 
has been widely discussed in financial markets and in monetary policy circles.

The empirical phenomenon documented in Figure 1 can be related to the idea that mon-
etary authorities have moved closer to implementing optimal monetary policy during the 
inflation targeting era.10 The details of this argument can be found in the appendix, but I will 
describe the approach here. I begin with a standard, two-equation, linearized New Keynesian 
model. I then assume that the monetary policymaker wishes to stabilize a quadratic function 
of inflation gaps and output gaps over an infinite horizon. I give the policymaker a Taylor-type 
linear feedback policy rule to work with. I allow the policymaker to choose just one parameter 
in this feedback rule to minimize the loss function. That single parameter is the coefficient on 
the inflation gap. We could think of this as representing the weight placed on inflation stabi-
lization versus output stabilization in the Taylor-type rule.

In this simple exercise, the solution to the policymaker problem is to set the value of the 
coefficient on the inflation gap to a very large value—technically, infinity. In this situation, 
optimal monetary policy would call for very low tolerance of deviations of inflation from target. 
The central bank reacts very aggressively to keep inflation under control.

In this simple model, we can also write out explicitly the value of the regression coefficient 
in a regression of the inflation gap on the output gap, which is the theoretical counterpart of 
the slope of the Phillips curve in the BIS regression of Figure 1. The Taylor-type rule coefficient 
on the inflation gap appears in this formula. As this value tends to infinity, the policymaker 
is following something closer and closer to optimal policy—and at the same time the slope of 
the Phillips curve is tending toward zero.

This result is one way to state the idea that central banks have become better and better 
at inflation targeting and that this success has driven the Phillips curve slope to zero. The 
empirical evidence in Figure 1 can therefore be interpreted as a signature of optimal monetary 
policy in observable data. Figure 1 is saying, in effect, that policymakers have already jumped 
on the Taylor rule bandwagon during the past two decades.

PRICE LEVEL TARGETING
The second example is price level targeting. I have so far argued that inflation targeting 

has conferred considerable benefits on the economy. And yet, within the standard New 
Keynesian model, optimal monetary policy is often characterized as price level targeting or 
its close cousin, nominal income targeting. In recent years, FOMC members (including me) 
have discussed both price level and nominal income targeting as a possible future of U.S. 
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monetary policy. A move in this direction would require considerable debate and reflection, 
but might also confer substantial benefits to the U.S. economy if it could be implemented 
effectively.

If we simply take as given that price level targeting is optimal policy within the New 
Keynesian construct, a signature in the U.S. data of optimal monetary policy would be whether 
the price level in the U.S. follows a prescribed price level path. If it does, then the FOMC has 
been de facto price level targeting even if the Committee has not officially said that it has been 
doing so. The hallmark of price level targeting is that periods of below-target inflation are 
averaged out with other periods of above-target inflation in such a way that the economy 
remains on a price level path consistent with a given inflation rate.

In the price level targeting world, the starting date matters. I have already argued that 
1995 is the point at which the Volcker-era inflation stabilization came to full fruition and that, 
from that point onward, the FOMC attempted to maintain a 2 percent inflation target. But did 
the Committee do even more, implicitly attempting to keep the U.S. economy on a 2 percent 
price level path?

In the fall of 2012, I argued that the FOMC had kept the U.S. on a 2 percent price level 
path since 1995 and that this was an outstanding achievement given the global financial crisis 
during the intervening years.11 Again, at least as of 2012, the actual implementation of U.S. 
monetary policy could be viewed as optimal. By itself, this would suggest that there would be 
little to be gained from additional monetary policy commitments by the central bank. However, 
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as Figure 2 illustrates, in the past five years, the U.S. has fallen off the 2 percent price level path 
established in 1995. The deviation from the path is now fairly substantial, about 4.6 percent 
on the low side. Recent FOMC forecasts do not seem to anticipate enough inflation to return 
the economy to the 2 percent path. Therefore, we will have to conclude that monetary policy 
has not been optimal from this perspective.

SUMMARY AND CONCLUSION
I have ruminated on Allan Meltzer’s excellent career by casting it in terms of a search for 

a nominal anchor for the U.S. I took as a starting point Meltzer’s last article for the St. Louis 
Fed’s Review, “Origins of the Great Inflation.” That article, a precursor to the much larger 
work, A History of the Federal Reserve, Volume 2, suggests that during the run-up to the Great 
Inflation, there was no coherent monetary policy framework. This lack of coherence may 
have left monetary policy susceptible to influences other than those from monetary science, 
such as politics.

Today, some five decades later, there remains a great deal of theoretical and empirical 
uncertainty about the effects of monetary policy on the economy. And yet, despite this uncer-
tainty, the U.S. and many other countries have been able to achieve low and stable inflation 
and, if anything, have faced a problem of inflation being lower than promised, instead of 
higher than promised as in the 1970s and early 1980s. How was the nominal anchor found, 
and what was it?

My answer is that it has been inflation targeting, either practiced implicitly or explicitly. 
This may not have been the answer many economists were expecting during the earlier por-
tions of the postwar era; ideas then revolved around constant money growth, low fiscal defi-
cits, or the level of short-term nominal interest rates. Inflation targeting has worked well 
because it deals more directly with the coordination of macroeconomic expectations than 
other approaches. By committing to an inflation target, inflation has generally been kept 
lower and less variable, and inflation expectations have also been less variable. This has been 
a major achievement of U.S. monetary policy, and one to which Allan Meltzer made an out-
sized contribution.

If the naming of a credible inflation target coordinates expectations and helps inform the 
macroeconomic equilibrium, then perhaps further coordination can be achieved by being 
even more explicit about the future actions of monetary policymakers. One method of doing 
this would be for the central bank to commit to using a Taylor-type monetary policy rule. 
Whether this would confer added benefits or not would depend on whether one thinks there 
are in fact additional gains to be had for the economy by more tightly buttoning down future 
expectations of monetary policy.

Such questions cannot really be answered without the assistance of a macroeconomic 
model. But if we go ahead with a popular and simple version of the New Keynesian model, we 
can consider two examples of what optimal policy would look like and how it compares to 
actual monetary policy outcomes during the inflation targeting era. The “disappearing Phillips 
curve” example suggests that actual U.S. monetary policy has tended to be closer and closer 
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to optimal in the past two decades and that this has, in fact, killed off the Phillips curve correla-
tion previously apparent in the data. The “price level targeting” example suggests U.S. mone-
tary policy was close to optimal between 1995 and 2012 but has since fallen away somewhat.

Whether we can do better than these two examples suggest, or whether the available gains 
have largely accrued already via the commitment to inflation targeting implicitly made in the 
U.S. in the 1990s, remains an important question for future research. I am sure that research 
will continue to be influenced by the enormous contributions of Allan Meltzer. n

APPENDIX
Consider the linearized equations of the standard New Keynesian model12:

 
yt = Et yt+1 −

1
σ

it − ρ + εt( )− Etπ t+1⎡⎣ ⎤⎦ ,

π t =κ yt +βEtπ t+1 +ut ,

where yt is the output gap, πt is the inflation gap, and (ρ + εt) is the natural real rate; εt and ut 
are a natural rate and a cost-push shock, respectively. The two shocks are i.i.d. and have vari-
ance σε

2 and σu
2, respectively. Monetary policy is the choice of the nominal interest rate set 

according to a standard Taylor-type linear feedback policy rule:

 it = ρ +φππ t +φy yt .

Assuming that the Taylor principle is satisfied, the rational expectations equilibrium indi-
cates that the evolution of the output gap and inflation can be represented as linear functions 
of the shocks and that this evolution also depends on the policy parameters in the Taylor-type 
policy rule:

 

yt =
εt −φπut

σ +φy +κφπ
,

π t =
κεt + σ +φy( )ut
σ +φy +κφπ

.

Optimal policy can be viewed in a variety of ways, but let’s suppose we view constrained 
optimal monetary policy as the choice of the Taylor rule coefficient on the inflation gap, keep-
ing the Taylor rule coefficient on the output gap fixed. This might be interpreted as the policy-
maker’s degree of attention to deviations of inflation from target, relative to the degree of 
attention to output gap developments in the Taylor-type rule. The policymaker then chooses 
this coefficient optimally to minimize a loss function of the form

 1−β( ) β t απ t
2 + yt

2( ),
t=0

∞

∑

where α is positive and represents the relative weight on the desirability of inflation stabiliza-
tion compared with output stabilization in the eyes of the policymaker. The value of this 
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parameter could be high or low, encompassing policymakers who might prefer more or less 
output stabilization versus inflation stabilization. It turns out that, regardless of the value of 
α, the solution to this problem indicates that optimal policy requires a large coefficient on 
the inflation gap—that is, ϕπ→∞. What are the implications of this finding for the slope of 
the Phillips curve in such a model? The slope of the Phillips curve—that is, the coefficient on 
the output gap in a regression of the inflation gap on the output gap—is given by

 γ =
Cov π t , yt( )
Var yt( ) =

κσε
2 −φπ σ +φy( )σ u

2

σε
2 +φπ

2σ u
2 .

We can take the limit of the right-hand side of this expression to deduce that, under optimal 
monetary policy as described above, the Phillips curve becomes flat: limϕπ→∞ γ = 0.

NOTES
1 Taylor (2017).

2 Meltzer (1969, 1980, 1991, 1993, 1995a, 1995b, 2001, 2005).

3 Meltzer (2003, 2009a, 2009b). Meltzer lent the reference materials he used for all three volumes of A History of the 
Federal Reserve to the FRASER archives team. Scans of this collection of source materials—previously unpublished 
memoranda and meeting transcripts, as well as journal articles, congressional hearings, working papers, and 
books—are available on the FRASER website: https://fraser.stlouisfed.org/theme/97.

4 The implementation of the Maastricht Treaty included a monetary pillar for policy, somewhat different from 
most forms of inflation targeting (Issing, 2004). Today the objective of monetary policy is often described as 2 
percent inflation or less (see https://www.ecb.europa.eu/mopo/intro/html/index.en.html).

5 Taylor (1993).

6 Meltzer (2015).

7 Yellen (2015).

8 For more on my views concerning the Taylor rule, see Bullard (2017).

9 Bank for International Settlements (2017). Also see Blanchard (2016).

10 Gillitzer and Simon (2015) relate the flattening of the Phillips curve in Australia to inflation targeting. Blanchard 
(2017) points to inflation targeting as one of the possible explanations for the disappearing Phillips curve.

11 Bullard (2012a, 2012b).

12 For a textbook treatment of the standard New Keynesian model, see Woodford (2003).
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Inflation Control:  
Do Central Bankers Have It Right?

Stephen Williamson

According to conventional wisdom, central banks should control inflation by increas-
ing the central bank’s nominal interest rate target when inflation is above target and 
by decreasing the nominal interest rate when inflation is too low. But neo-Fisherites 

argue that the reverse is true. For example, a central bank that sees chronically low inflation 
has no choice but to increase its nominal interest rate target, which will cause inflation to 
go up, according to neo-Fisherian doctrine.

The purpose of this article is to explore the properties of two standard macroeconomic 
monetary models—a New Keynesian (NK) model and a segmented markets model—and show 
how these conventional models exhibit neo-Fisherian properties. Thus, neo-Fisherism is not 
about some outlandish, radical new macroeconomic theory. In fact, conventional wisdom is 
somewhat hard to come by in what are considered conventional macroeconomic models, in 
that the conventional results (lower inflation resulting from a higher nominal interest rate 
target) require some specific, and perhaps extreme, assumptions.

It might seem surprising now, but before the 1980s many prominent economists did not 
subscribe to the view that the job of controlling inflation resides solely with the central bank. 
Indeed, at a time of relatively high inflation in the United States in 1980, James Tobin (1980), 
an influential macroeconomist at Yale University, argued that “it is not possible to do the job 

Neo-Fisherites argue that conventional central banking wisdom has inflation control wrong, in that 
the way to increase (reduce) inflation is to increase (reduce) the central bank’s nominal interest rate 
target. This article shows how two conventional macroeconomic monetary models—a New Keynesian 
(NK) model and a segmented markets model—exhibit neo-Fisherian properties. Thus, neo-Fisherism 
should actually be the foundation for conventional inflation control. (JEL E4, E5)
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[disinflation] without effective wage and price controls of some kind...there could be worse 
prospects, and probably they include determined but unassisted monetary disinflation.”

At the time, it was widely recognized that inflation was too high and that there would be 
economic benefits from reducing the inflation rate. Tobin argued that monetary disinflation—a 
reduction in inflation to appropriate levels engineered solely by the central bank—would be 
far too costly; disinflation would require a period of above-normal unemployment lasting 
more than 10 years. These economic costs of disinflation could, and should, be mitigated 
through wage and price controls, according to Tobin.

Of course, policymakers in the United States did not follow Tobin’s advice, and his dire 
predictions did not come to pass. During Paul Volcker’s term as Federal Reserve Chair, an 
unassisted monetary disinflation in fact occurred, with the inflation rate (consumer price index 
inflation) falling from a peak of 14.4 percent in May 1980 to 3.6 percent in 1985. The 1981-82 
recession, often attributed to the monetary disinflation, was severe but short, particularly rela-
tive to what Tobin had imagined.

Volcker’s disinflationary experiment was compelling, and this pushed monetarist ideas 
into the forefront at central banks. The most prominent proponent of monetarism (sometimes 
known as the quantity theory of money) was Milton Friedman. Friedman (1968) argued that 
an optimal monetary policy would involve targeting the growth rate in some measure of the 
money supply. Such a policy, according to Friedman, would make the inflation rate stable and 
predictable, and it would minimize the contribution of monetary disturbances to business 
cycles. Roughly, Volcker’s disinflation was carried out following Friedman’s prescription—
Volcker dramatically reduced the rate of money growth, and inflation came down.

But the move by many central banks to follow money growth targeting as a permanent 
policy did not meet with success, principally because of the unstable relationship between 
money and other macroeconomic variables that became even more unstable in the 1980s. In 
response to this environment, monetary policymakers in many countries, including the United 
States, adopted the following principles: (i) Inflation control should be the purview of the cen-
tral bank—the surviving element of monetarism in modern monetary policy, and (ii) mone-
tary policy should be implemented through the targeting of a short-term nominal interest 
rate, typically an overnight rate.

Usually, a central bank is given some guidelines on policy goals by the government. In some 
countries—New Zealand, Canada, and the United Kingdom, among others—the government 
and the central bank agree to an inflation target, and then the central bank is left to its own 
devices in achieving that target. In the United States, Congress has specified a dual mandate, 
typically described as specifying that the Federal Reserve System pursue price stability and maxi-
mum employment. As yet, however, Congress has not been specific about the meaning of 
price stability and maximum employment or about the mechanisms for achieving these goals.

But once a central bank is committed to controlling inflation and does so by targeting a 
short-term nominal interest rate, how should observations about inflation translate into deci-
sions about the interest rate target? John Taylor (1993) provided an answer in his seminal 
Taylor rule paper. According to Taylor, the central bank should respond to two economic 
variables: the current inflation rate and some measure of the output gap—the difference 
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between the economically efficient level of aggregate economic activity and the actual level. 
Taylor argued that the nominal interest rate should increase (decrease) if the inflation rate is 
above (below) its target, and the nominal interest rate should decrease (increase) when the 
output gap is positive (negative). Further, according to what is now called the Taylor principle, 
a 1-percentage-point increase in the inflation rate should be met by a more-than-one-for-one 
increase in the nominal interest rate.

The Taylor rule has gained a strong foothold, both in monetary policy circles and in NK 
economics (Woodford, 2003). For example, here is how the Bank of Canada (2017) describes 
its monetary policy decisions: “If inflation is above target, the Bank may raise the policy rate. 
Doing so encourages financial institutions to increase interest rates on their loans and mortgages, 
discouraging borrowing and spending and thereby easing the upward pressure on prices.”

This is basically Taylor rule logic, and it incorporates another element of conventional 
central banking wisdom: the Phillips curve. According to Phillips curve thinking, inflation is 
caused by movements in real output—more spending and higher output implies higher infla-
tion, and less spending and lower output implies lower inflation. Janet Yellen (2017), like 
other central bankers in the world, has made statements that reflect Phillips curve thinking: 
For example, “when the economy is threatening to push inflation too high down the road, we 
increase interest rates to keep the economy on a sustainable path and lean against its tendency 
to boom and then bust.”

But, for the past 45 years or more, economists have had doubts about the usefulness of 
the Phillips curve as a component in the framework of inflation control. Most recently, 
Lawrence Summers (2017) has argued that “economists should now have great humility 
regarding the inflation process. The Phillips curve relation on which they have relied has 
largely broken down over the past several decades.”

A more radical view is that central bankers are more than a little confused about the details 
of the inflation mechanism. Neo-Fisherites argue that if inflation is too low, then central banks 
can increase it by increasing the target for the nominal interest rate. It is widely understood 
that in the long run, inflation and nominal interest rates are positively correlated. Typically, 
this is explained as arising from the Fisher effect, named after Irving Fisher, whereby higher 
inflation increases nominal interest rates through an inflation premium effect. Neo-Fisherism 
turns this idea on its head, in that higher nominal interest rates act to cause higher inflation, 
even in the short run.

Plenty of empirical support for neo-Fisherism can be found in the data, as pointed out in 
Williamson (2016). In addition to the strong positive correlation observed between inflation 
and nominal interest rates, countries in which nominal interest rates have been low for a long 
period of time tend to exhibit persistently low inflation. In particular, in Japan the nominal 
interest rates have been very low for more than 20 years now—a period over which the average 
rate of inflation was about zero. Further, despite the fact that NK economics is often cited as 
supportive of standard central banking practice, some writers have pointed out that NK models 
actually have neo-Fisherian properties (Cochrane, 2016, and Rupert and Sustek, 2016). This 
is perhaps surprising, as NK models incorporate elements, including sticky prices and a 
Phillips curve mechanism, that are part of the standard central banking narrative.
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The goal of this article is to show how some standard macroeconomic models have neo- 
Fisherian properties, why they have those properties, and what assumptions it takes to deliver 
theoretical results that conform to standard central bank thinking. The key results are that NK 
models exhibit low-inflation policy traps; these models have the property that higher nominal 
interest rates make inflation go up; and neo-Fisherian monetary policy rules work well in NK 
models to achieve central bank inflation goals. We also show that these results are not partic-
ular to NK models and hold in segmented markets models of monetary economies as well.

In NK models, as pointed out initially by Benhabib, Schmitt-Grohe, and Uribe (2001) 
and stressed by Bullard (2010) and Andolfatto and Williamson (2015), a central bank follow-
ing the Taylor principle can lead itself into a low-inflation policy trap. That is, given the policy 
rule, there are many equilibria that converge to a steady state in which the nominal interest 
rate is zero and inflation is below the central bank’s target. The central bank persists in keep-
ing the nominal interest rate low, expecting that inflation will go up, but this never happens. 
This is an apt description of how many central banks have behaved in the face of persistently 
low inflation. We show that the cure for the low-inflation policy trap is a neo-Fisherian policy 
under which the central bank raises the nominal interest rate in response to low current infla-
tion, and it raises rates to choke off incipient future inflation in excess of the inflation target. 
Conventional central banking wisdom holds in our NK model if inflation expectations and 
prices are sufficiently sticky, but then the model is inconsistent with experience—the Japanese 
experience in particular.

Essentially, all macroeconomic monetary models exhibit a long-run Fisher effect: If the 
nominal interest rate goes up, then, in the long run, inflation increases. The Fisher effect is 
one-for-one in models in which the real interest rate is invariant to monetary policy in the 
long run. So it is necessary in the short run that there be another effect—a liquidity effect—
that opposes the Fisher effect, if inflation is to fall in the short run when the central bank raises 
the nominal interest rate. Standard NK models do exhibit a liquidity effect, which works 
through sticky prices. But in our NK model, this liquidity effect is not large enough to offset 
the Fisher effect, unless inflation expectations and prices are sufficiently sticky. However, 
what about other models of the liquidity effect? Maybe those models can have strong enough 
liquidity effects to offset the Fisher effect in the short run?

Originating with the work of Grossman and Weiss (1983) and Rotemberg (1984), a large 
body of literature exists that studies the properties of segmented markets models. This work 
also includes Lucas (1990), Alvarez, Lucas, and Weber (2001), and Alvarez, Atkeson, and 
Kehoe (2002). We explore the behavior of a version of Alvarez, Lucas, and Weber (2001) and 
find that it has essentially the same inflation dynamics as our NK model: A low-inflation 
policy trap exists; increases in nominal interest rates raise inflation in the short run; and 
neo-Fisherian policy rules work well.

This article proceeds as follows. In the second section, a simple NK model is constructed, 
and it is shown how this model behaves if the nominal interest rate is constant forever, if the 
nominal interest rate goes up, if the central bank follows a Taylor rule or a neo-Fisherian rule, 
and if expectations are sticky. In the third section, a segmented markets model is constructed, 
which is shown to have properties similar to the NK model. The final section concludes.
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A NEW KEYNESIAN MODEL
We will first work with an NK model to study the inflation dynamics that arise under 

alternative monetary policy rules. In this context, we define good performance for a monetary 
policy rule as behavior for the inflation rate that comes as close as possible to hitting the cen-
tral bank’s inflation target. We will study how the model behaves under rational expectations 
and with sticky inflation expectations. To show that our results are not peculiar to NK models, 
we explore the properties of an alternative model in the next section.

Basic NK models (see, e.g., Woodford, 2003) are extensions of standard neoclassical growth 
models, of the kind used in the real business cycle literature (see Prescott, 1986, or Cooley, 
1995) to explain how business cycles can arise from exogenous technology shocks. But in NK 
models, the idea is to extend such frameworks so that they can be used in formulating mone-
tary policy, by including sticky prices and/or sticky wages and a role for the central bank.

We will start with a simplified NK model. To focus on how inflation is determined, assume 
there is no aggregate uncertainty. In this economy, the representative consumer maximizes

(1) 
1

1+ r
⎛
⎝

⎞
⎠t=0

∞

∑
t Ct

1−α −1
1−α

−v Nt( )⎡

⎣
⎢

⎤

⎦
⎥ ,  

where r is the subjective discount rate, Ct is consumption, and Nt is labor supply. Assume 
that v(.) is strictly convex; that is, the marginal disutility from supplying labor increases as 
more labor is supplied. For convenience, we have assumed that the utility from consumption 
for the representative consumer has the property such that the coefficient of relative risk 
aversion is a constant, α > 0. 

In this economy, there is a one-period bond for which the purchase price is one unit of 
money in period t, and this bond pays off 1 + St units of money in period t + 1. Then, standard 
asset pricing implies that St must satisfy

(2) −Ct
−α +

Ct+1
−α 1+ St( )

1+ r( ) 1+ it+1( ) = 0.

Equation (2) states that the net marginal payoff for the representative consumer to holding 
the one-period bond must be zero in equilibrium. At the margin, if the consumer gives up 
one unit of consumption in period t to purchase bonds, then the loss is the marginal utility of 
consumption for the consumer, Ct

–α. At the margin, the gain is the future marginal utility of 
consumption, discounted, multiplied by the payoff on the asset in units of future consumption,

which is 1+ St
1+ it+1

, where it+1 is the inflation rate between period t and period t + 1. 

We will assume that there is no capital in this economy and no international trade, so 
Ct = Yt in equilibrium, where Yt denotes total aggregate output. That is, all output must be 
consumed in equilibrium. Leaving out the details of production, let Ŷ denote the economically 
efficient level of output so that Yt /Ŷ is a measure of the output gap. Then, substituting in 
equation (2) for consumption, taking natural logs, and rearranging, we obtain
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(3) yt = yt+1 −
1
α

Rt −π t+1 − ρ( ).  

In equation (3), yt = log
Yt

Y
∧

⎛

⎝⎜
⎞

⎠⎟
, Rt = log 1+ St( ), ρ = log 1+ r( ), andπ t+1 = log 1+ it+1( ) . Thus,

equation (3) is an NK “IS curve,” which states that the current output gap increases as the 
future output gap increases, and it decreases with the difference between the real interest rate  
Rt – πt+1and the “natural real interest rate” ρ.

The Phillips curve in NK models is derived from the behavior of forward-looking 
price-setting firms and would typically be expressed (see Woodford, 2003) in this context as

(4) π t = γ yt +βπ t+1 ,

where γ > 0 and 0 < β < 1. Thus, current inflation increases with the output gap and anticipated 
future inflation. For our purposes, it is easier to show our arguments if we assume that β = 0. 
This will not cause any serious harm. Then, we can write the Phillips curve as

(5) π t = γ yt ,

where γ > 0 denotes the degree of price stickiness (higher γ implies less price stickiness). 
Indeed, in the model constructed in Williamson (2017), which uses a somewhat different 
version of sticky prices than the Calvo pricing mechanism commonly used in NK models, a 
Phillips curve in the form of equation (5) is derived. See also Kocherlakota (2016).

As in typical NK models, we assume that the central bank has the power to set Rt the 
nominal interest rate. That is, most NK models are silent about the apparatus (open market 
operations, interest payments on reserves, corridor system vs. floor system, etc.) that the cen-
tral bank uses to target interest rates. Assuming it is possible for the central bank to dictate 
the market nominal interest rate, a standard approach to policy in NK models is to have the 
central bank follow a Taylor rule (as in Taylor, 1993). With a typical Taylor rule, the central 
bank sets the current nominal interest rate based on observed inflation and the output gap. 
For convenience, as we want to focus on implications for inflation control, we will leave out 
the term in the output gap and express the Taylor rule as

(6) Rt =max 0,ρ +δπ t + 1−δ( )π *⎡⎣ ⎤⎦ .

In equation (6), δ is a parameter and π* denotes the central bank’s inflation target. Note that 
we have accounted for the zero lower bound (ZLB) on the nominal interest rate. That is, if 
inflation is such that ρ + δπt + (1 – δ)π* < 0, the central bank chooses Rt = 0. 

We now have a complete model consisting of an IS curve, equation (4); a Phillips curve, 
equation (5); and the Taylor rule, equation (6), that determines the output gap yt, the inflation 
rate πt , and the nominal interest rate Rt in each period t = 0,1,2,3,… 
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Constant Nominal Interest Rate

We will start by assuming rational expectations. Because there is no aggregate uncertainty 
in this context, this implies that the residents of this model economy correctly predict future 
variables in equilibrium. Our first exercise will consist of studying the properties of our model 
if the central bank pegs the nominal interest rate at some arbitrary value forever. This is poten-
tially interesting, as a common view is that nominal interest rate pegs generate instability in 
the economy (see, e.g., Woodford, 2003). A constant nominal interest rate policy by the central 
bank implies that δ = 0 in the Taylor rule (6), so Rt = ρ + π*, where we assume π* ≥ –ρ; that is, 
the interest rate peg does not violate the ZLB. Then, substituting in equation (4) for yt+1 using 
equation (5), and for Rt using equation (5), we obtain

(7) π t+1 =
γ

α +γ
π * + α

α +γ
π t .

Then, any path for inflation π0,π1,π2,… that satisfies equation (7) is an equilibrium. Once 
we have determined an equilibrium path for the inflation rate, we can then determine the 
equilibrium path for output from equation (5). Equation (7) is a linear first-order difference 
equation in πt, which is shown as D in Figure 1. The unique steady state is πt = π*, and in this 
steady state the central bank achieves its inflation target forever. From equation (5), equilibrium 

output in the steady state is yt =
π *

γ
 for all t. 

But there are many other equilibria than the steady state. Indeed, we can choose any initial 
real number π0 and then use equation (7) to solve for the equilibrium path. For example, in 

D

πt+1 = πt

π*

π*(0,0)  

πt+1

πt

Figure 1
Pegged Nominal Interest Rate 
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Figure 2 the path that begins at π0 is an equilibrium path. All equilibria converge in the limit 
to the steady state in which the central bank achieves its inflation target because the slope of 

equation (7) is 
γ

α +γ , which is greater than zero and less than one. Thus, an interest rate peg 

does not generate instability in this NK model. There is indeterminacy, as there are many 
equilibria, but all equilibria have the property that there is convergence to the central bank’s 
inflation target in the long run. However, it is certainly not a virtue of the nominal interest 
rate peg that there is indeterminacy. The problem with multiple equilibria is that the model 
does not allow us to predict the effects of policy—many things can happen, and inflation could 
be very far from the inflation target for a very long time. Therefore, in this model there are 
virtues associated with a pegged nominal interest rate but some drawbacks as well.

A Neo-Fisherian Experiment

In conventional central banking thought, inflation is controlled by tightening when infla-
tion is too high and by accommodating when inflation is too low. Typically for central bankers, 
tightening means that the nominal interest rate goes up, and accommodating means that the 
nominal interest rate goes down. But from equations (3) and (5), no matter what the monetary 
policy rule is, a steady state in which Rt = R, yt = y, and πt = π forever, where R, y, and π are 
constants, has the property that

 R = ρ +π ,

which is a version of the long-run Fisher equation. The long-run real interest rate, or natural 
real interest rate, in this model is a constant ρ, and in the steady state the nominal interest rate 

D

πt+1 = πt
πt+1

πtπ1π0 π2

Figure 2
A Dynamic Equilibrium 
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is the natural rate of interest plus the inflation rate. Therefore, a permanent increase in the 
nominal interest rate must lead to a permanent one-for-one increase in the inflation rate in 
the steady state. That is, if the central bank tightens, then the long-run inflation rate must go 
up, not down.

But central bankers are concerned with the short run as well as the long run. And Keynes 
had a point when he told us that “in the long run we are all dead” (Keynes, 1923). A phenomenon 
that monetary economists have explored is the short-run liquidity effect, one dimension of 
which is that it might be possible in the short run for the nominal interest rate and the inflation 
rate to move in opposite directions. For example, Lucas (1990) and Alvarez, Atkeson, and 
Kehoe (2002), among others, explored liquidity effects arising from market segmentation. In 
market segmentation models, one of which we will consider in the next section, an open mar-
ket purchase of government bonds that leads to an increase in the money supply can cause 
the nominal interest rate to go down in the short run.

A widely held belief is that NK models exhibit strong liquidity effects. Standard intuition 
holds that, in such models, an increase in the nominal interest rate increases the real interest 
rate because expected inflation increases less than one-for-one in response to the nominal 
interest rate increase, as prices are sticky. This increase in the real interest rate reduces current 
spending and current aggregate output. Because output is lower, inflation is lower through a 
Phillips curve effect. Our model incorporates these elements: (i) The IS relationship (3) says 
that an increase in the real interest rate, given future output, will reduce current output; and 
(ii) the Phillips curve relationship (5) says that a reduction in output causes a reduction in 
inflation. So one might expect that the standard intuition holds in this NK model.

B
πt+1

πt

A

R*–ρ R**–ρ

D2

D1

Figure 3
Increase in the Nominal Interest Rate 
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To explore this, consider an experiment in which there is a one-time permanent anticipated 
increase in the nominal interest rate. In particular, suppose that Rt = R* for t = 0,1,2,…,T–1 
and that Rt = R** for t = T,T+1,T+2,…, where R** > R*. In terms of our policy rule, this is equiva-
lent to a one-time anticipated increase in the inflation target at t = T. But again, we are faced 
with a problem of multiple equilibria—there are many paths for the inflation rate consistent 
with this path for the nominal interest rate. One approach, which follows what is done in 
Cochrane (2016), is to focus on an equilibrium that is at the steady state value up to period 
T–1. That is, πt = R* – ρ for t = 0,1,2,…,T–1. One can justify focusing on this equilibrium by 
arguing that if T is arbitrarily large, then any equilibrium has the property that πT–1 is arbi-
trarily close to R* – ρ. Then, the path followed by the inflation rate is shown in Figure 3, where 
D1 is equation (7) when π* = R* – ρ, and D2 is equation (7) when π* = R** – ρ. Figure 4 shows 
the paths followed by the nominal interest rate, the inflation rate, the real interest rate, and 
real output. Therefore, in this particular equilibrium, the permanent increase in the nominal 
interest rate leads to an increase in the inflation rate, even in the short run. Inflation and out-
put rise steadily and converge to their long-run values, while the real interest rate rises on 
impact and then falls.

The following mechanism is at work here. The increase in the nominal interest rate initially 
increases the real interest rate, and this causes the representative consumer to substitute future 
spending for current spending. Yet this does not imply a decline in current spending but rather 
a rise in future spending. Output will be higher in the future and, through the Phillips curve 
effect, this implies a rise in inflation over time. So inflation actually moves in the opposite 
direction to what conventional wisdom says. This NK model incorporates all the elements of 
conventional wisdom, but its predictions run counter to conventional wisdom. These results 
are not unique to the simplified model analyzed here, as Cochrane (2016) and Rupert and 
Sustek (2016) come to similar conclusions in more standard quantitative NK models.

But we need to take these results with at least two grains of salt. First, there are multiple 
equilibria, so Figure 3 does not represent a clean policy experiment. Second, in modern macro-
economics we are interested in the operating characteristics of the economy under particular 
policy rules, not in the response of economic variables to some hypothetical one-time change 
in a policy variable. Thus, in the next sections we explore how alternative versions of the Taylor 
rule (6) matter for the central bank’s success in hitting its inflation target.

The Taylor Principle and the Policy Trap

Taylor (1993) reasoned that the coefficient δ in equation (6) should satisfy δ > 1. Taylor’s 
argument appeared to involve Phillips curve reasoning. That is, if the inflation rate increases 
by 1 percentage point, then the nominal interest rate should increase by more than 1 percent-
age point, causing the real interest rate to rise, causing output to fall, by Taylor’s logic. Then, 
through a Phillips curve effect, the decrease in output causes inflation to fall, according to him. 
The sign restriction δ > 1 in the Taylor rule (6) is sometimes called the Taylor principle. In 
terms of our model, is Taylor right? That is, does the Taylor principle yield good results if the 
central bank adopts it? As we will show here, in this model Taylor is wrong.

To start, from (3), (5), and (6) we get
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(8) π t+1 =max − ργ
α +γ

+ α
α +γ

π t ,
1−δ( )γ
α +γ

π * + δγ +α
α +γ

π t
⎡

⎣
⎢

⎤

⎦
⎥ .

If δ > 1, then equation (8) is depicted as D in Figure 5. Note that there are two steady states. 
One is the desired steady state for the central bank, which is πt = π* for all t; that is, the steady 
state in which the central bank hits its inflation target forever. The second steady state is πt = –ρ 
for all t, which implies from (6) that Rt = 0. In this ZLB equilibrium, the central bank perpet-
ually undershoots its inflation target—indeed, there is deflation forever—and the central bank 
keeps the nominal interest rate at zero in the hope that inflation will eventually go up. But of 
course it does not.

An interesting feature is that there are many equilibria that converge to the ZLB steady 
state. Each of these has π0 < π*. If –ρ < π0 < π*, then the inflation rate falls over time and con-
verges to –ρ, whereas if π0 < –ρ, then the inflation rate increases over time and converges to 
–ρ. There are also many hyperinflationary equilibria. If π0 > π*, then inflation increases without 
bound. So the desired steady-state equilibrium with πt = π* is not stable. This is perhaps sur-
prising, as the Taylor principle is touted in Woodford (2003) as a device for obtaining deter-
minacy in NK models. But Woodford’s argument for determinacy relates to local determinacy. 
That is, in Figure 5, if the initial inflation rate π0 is close to π*, then inflation will move away 
from π* over time. Thus, if our criterion is local determinacy in a neighborhood of the steady 
state πt = π*, we would rule out all equilibria except the desired steady state πt = π*. But for our 
model, we know more than its behavior close to the desired steady state—we know all the 
global dynamics—and this tells us something different from Woodford’s analysis.

The fact that there are perils of Taylor rules was first pointed out by Benhabib, Schmitt-

D πt+1 = πt

πt+1

πt

π*

π*

–ρ

–ρ

Figure 5
Inflation Dynamics Under the Taylor Principle
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Grohe, and Uribe (2001). The idea is that the Taylor principle creates dynamic forces that lead 
to perpetual undershooting of a central bank’s inflation target. In other words, the central 
bank gets stuck in a policy trap at the ZLB. These predictions actually provide a good descrip-
tion of the recent behavior of many central banks in the world. And the Bank of Japan was a 
leader in policy-trap central banking, with Japan having now experienced low inflation and 
low nominal interest rates for more than 20 years. Since the financial crisis, the Bank of Japan 
has more company in the low-nominal-interest rate club, including the European Central 
Bank, the Bank of England, the Swiss National Bank, the Federal Reserve System, the Swedish 
Riksbank, and the Bank of Canada. In all of these countries, the tendency during prolonged 
low-nominal-interest-rate periods is for inflation to undershoot inflation targets, which are 
typically set at 2 percent.

A Neo-Fisherian Policy Rule

So far, we have shown that some types of monetary policy rules leave something to be 
desired. First, if the central bank pegs the nominal interest rate forever, then the inflation rate 
will ultimately converge to the central bank’s inflation target, but the inflation rate could be 
far from the inflation target for a very long time. Second, a central bank following the Taylor 
principle faces Taylor rule perils. That is, the central bank could become stuck in a policy trap 
in which inflation is perpetually below the inflation target, with the central bank maintaining 
the nominal interest rate at the ZLB and facing persistent frustration that inflation is not going 
up. In addition, a central bank following the Taylor principle could end up on a hyperinfla-
tionary path where nominal interest rates and inflation increase forever.

However, there exist alternative monetary policy rules that perform much better. 
Consider the following rule:

(9) If π t <π
* , then Rt = ρ +α +γ

γ
π * −α

γ
π t , and

(10) if π t ≥π
* , then Rt = ρ −α

γ
π * +α +γ

γ
π t+1 .

This rule states that, if inflation is currently below the inflation target, then according to (9) 
the central bank should raise the nominal interest rate, which has the effect of bringing the 
inflation rate back to its target in the following period. However, if inflation is currently above 
the inflation target, then according to (10) the central bank should increase the nominal inter-
est rate in response to future inflation, which has the effect of bringing current inflation to 
the target. This latter element of policy effectively prevents high future inflation from feeding 
back to the present and generating current above-target inflation.

The policy rule (9) and (10) is depicted as D in Figure 6. The equilibrium implied by this 
neo-Fisherian rule is π0 ≤ π* and πt = π* for t ≥ 1; that is, the central bank may miss its inflation 
target on the low side for one period but then hit the target in each succeeding period. This is 
a neo-Fisherian rule, as the central bank acts to raise the nominal interest rate both if inflation 
is too low and to kill off incipient excessive inflation.
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Sticky Expectations

All of the analysis we have done so far assumes rational expectations. But some policy 
thinking, and some macroeconomic research, proceeds under the assumption that there exists 
some form of stickiness in inflation expectations. We want to explore the ramifications of 
sticky expectations to understand what the proponents of this approach have in mind.

This sticky expectations setup is inspired by Evans and McGough (2017). Assume that 
the representative consumer has beliefs about future inflation that evolve according to

(11) π̂ t+1 = 1−ω( )π̂ t+ωπ t ,

where 0 ≤ ω ≤ 1. That is, the period t belief about period t+1 inflation, denoted by π̂t+1, is 
updated based on the period t–1 belief about period t inflation, as well as actual inflation in 
period t. In equation (11), ω determines the degree of stickiness in inflation expectations, 
with a lower value of ω denoting more stickiness.

Using (3), (5), and (11), we can solve for current inflation and for expected inflation in 
period t+1 as functions of expected inflation in period t and the current nominal interest 
rate:

(12) π t =
1−ω( ) α +γ( )
α −ω α +γ( ) π̂ t −

γ
α −ω α +γ( ) Rt − ρ( ),

(13) π̂ t+1 =
α 1−ω( )

α −ω α +γ( ) π̂ t −
ωγ

α −ω α +γ( ) Rt − ρ( ).

D

πt+1 = πt

πtπ*

πt+1

Figure 6
A Neo-Fisherian Monetary Policy Rate
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Then, given anticipated inflation in the initial period, π̂0, equations (12) and (13) determine 
the paths for equilibrium inflation and anticipated inflation.

It is useful to look at extreme cases. First, suppose that ω = 0, which implies from (13) 
that π̂t = π̂, a constant, for all t. Then (12) gives

(14) π t =
α +γ( )
α

π̂ − γ
α

Rt − ρ( ),

so current inflation declines if the current nominal interest rate increases. This captures con-
ventional wisdom, which is consistent with standard undergraduate static IS/LM/Phillips 
curve macroeconomics. If inflation expectations are fixed, then anticipated future output is 
fixed as well, from the Phillips curve relation. But then an increase in the nominal interest 
rate increases the real interest rate one-for-one, and this causes the representative consumer 
to substitute future consumption for current consumption. But future consumption is fixed, 
so current consumption must fall.

Next, suppose the other extreme, which is ω = 1. Then, from (12) and (13) we get

(15) π t = π̂ t+1 = Rt − ρ .

In this case, the representative consumer is myopic, in that he or she expects inflation next 
period to be the same as it is this period. This implies an extreme Fisherian result. From (15), 
an increase in the current nominal interest rate leads to a one-for-one increase in the inflation 
rate and anticipated inflation, which implies that the real interest rate is constant forever, at ρ. 
However, note that from the Phillips curve, equation (5), output moves with inflation. If the 
nominal interest rate goes up, then inflation and output go up.

It will prove useful to understand the dynamics of inflation and inflation expectations when 
Rt = 0 for all t, which is a permanent ZLB monetary policy. In this case, from (12) and (13),

(16) π t =
1−ω( ) α +γ( )
α −ω α +γ( ) π̂ t +

ργ
α −ω α +γ( ) ,

(17) π̂ t+1 =
α 1−ω( )

α −ω α +γ( ) π̂ t +
ωργ

α −ω α +γ( ) ,

where equation (17) determines the path for anticipated inflation π̂t and equation (16) deter-
mines actual inflation πt in each period. There is a unique steady state, πt = π̂t = –ρ, which is 
deflation at the natural rate of interest.

First, suppose that

(18) ω < α
α +γ

.

This then implies that the coefficient on π̂t in equation (17) is greater than 1. Therefore, there 
are many equilibria. If π̂0 < –ρ, then the inflation rate falls forever—there is a deflationary 
spiral. But if π̂0 > –ρ, then inflation increases forever—a hyperinflation. So if (18) holds, then 
the steady state πt = π̂t = –ρ is unstable given the ZLB monetary policy.
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Next, suppose that

(19) α
α +γ

<ω < 2α
2α +γ

.

In this case, the coefficient on π̂t in equation (17) is less than –1. Again, as a result, there are 
many equilibria. For any π̂0 ≠ –ρ there is an equilibrium that diverges from the steady state 
and cycles between inflation rates greater than and less than –ρ, with the distance from –ρ 
increasing over time. As in the first case given by (18), the steady state is unstable.

Finally, suppose that

(20) ω > α
α +γ

.

In equation (17), the coefficient on π̂t is less than zero but greater than –1. This implies that 
the steady-state equilibrium is stable, but there are many equilibria with arbitrary initial antici-
pated inflation π̂0. Inflation cycles to its steady-state value in all of these equilibria.

It can be shown that the Taylor principle runs into some of the same problems as in the 
rational expectations case, in addition to some new problems. But to cut to the chase, consider 
a monetary policy rule that will achieve the inflation target given π̂t, as long as policy is not 
constrained by the ZLB. This rule is

(21) Rt =max 0,ρ −
α −ω α +γ( )

γ
π * +

1−ω( ) α +γ( )
γ

π̂ t
⎡

⎣
⎢

⎤

⎦
⎥ .

If Rt > 0, then from (21) and (13), we have

(22) π̂ t+1 = 1−ω( )π̂ t +ωπ
* .

In contrast to the Taylor rule, specified in (6), the nominal interest rate in the policy rule (21) 
responds to anticipated inflation rather than to actual inflation. This assumes that the central 
bank can observe anticipated inflation. From (21), note that Rt = 0 if and only if

(23) π̂ t ≤ %π ,

where

(24) %π = − ργ
1−ω( ) α +γ( ) +

α −ω α +γ( )
1−ω( ) α +γ( )π

* .

Given this monetary policy rule, the nominal interest rate exceeds zero only when anticipated 
inflation exceeds the threshold π̃. But from (22), once the nominal interest rate exceeds zero, 
the central bank will achieve its inflation target from that date on. Therefore, achieving the 
inflation target will depend on whether the central bank can get inflation expectations above 
the threshold π̃.

A standard monetary policy narrative is that if inflation is below its target, then the central 
bank can raise inflation by keeping interest rates low for a sufficiently long time. Then, once 
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inflation is sufficiently high, the central bank can normalize policy—that is, restore conven-
tional monetary policy rules. Under some circumstances, our sticky expectations model con-
forms to this standard narrative. In the case in which (18) holds, from (24) we have –ρ < π̃ < π*. 
Also, from (23), (24), and (16), π̂t ≤ π̃ if and only if πt ≤ π*. Given that (18) holds, if –ρ < π̂0 < π̃, 
then the central bank will see inflation below the inflation target. But with the nominal interest 
rate at zero, inflation and anticipated inflation increase until inflation exceeds the inflation 
target; then the nominal interest rate exceeds zero according to the policy rule (21), at which 
point the central bank achieves its inflation target forever after.

A problem occurs, however, if (18) holds and π̂0 < –ρ. In this case, the central bank main-
tains a ZLB policy forever, and inflation falls indefinitely. There is a deflationary spiral that 
the central bank cannot stop.

The behavior of the model is quite different in the case in which (18) does not hold. Then, 
π̂t ≤ π̃ if and only if πt ≥ π*. In this case, following the policy rule (21) implies that the nominal 
interest rate is zero when the inflation rate is above the central bank’s target. Also, if (18) does 
not hold, then π̃ < –ρ, which implies that if the central bank follows the policy rule (21), there 
will be at most one period when the inflation rate is above the central bank’s target and the 
nominal interest rate is zero. Then, the central bank achieves its target either from period t = 0 
on, or from period t = 1 on. This behavior does not conform to the standard policy narrative, 
in that the ZLB policy is not necessary for the central bank to achieve its inflation target.

Inequality (18) will hold when inflation expectations are very sticky (ω is small) and when 
prices are very sticky (γ is small). Thus, it requires sufficient stickiness in inflation expectations 
and in prices to obtain policy results that conform to the conventional narrative. But even 
then, the model predicts that equilibria exhibiting perpetually declining inflation can arise. 
The latter prediction might give us pause, as countries with extended periods of low nominal 
interest rates have not experienced persistent deflations, let alone deflationary spirals. For 
example, over the past 22 years, Japan has had very low nominal interest rates and average 
inflation of close to zero.

SEGMENTED MARKETS: AN ALTERNATIVE MODEL OF LIQUIDITY 
EFFECTS

Our results, obtained with a conventional NK model, cast doubt on conventional mone-
tary policy narratives. The model tells us that too-low inflation can be cured through increases 
in nominal interest rates and that central banks following aggressive Taylor rule policies can 
find themselves in a policy trap—perpetual low inflation that does not respond to low nominal 
interest rates.

But perhaps these results are peculiar to NK models? Models with sticky wages and prices 
are not the only macroeconomic frameworks that have been used to study non-neutralities 
of money and liquidity effects. Some macroeconomic models that exhibit liquidity effects are 
segmented markets models, first studied by Grossman and Weiss (1983) and Rotemberg (1984). 
A particularly simple segmented markets model is the one constructed by Alvarez, Lucas, 
and Weber (2001), which we will use here with minor modifications.
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There is a continuum of households with unit measure. Traders are a fraction λ, and 
non-traders are a fraction 1–λ of the total population, respectively. Each household maximizes

(25) E0
t=0

∞

∑ 1
1+ ρ

⎛
⎝⎜

⎞
⎠⎟

t

u Ct
i( ),

where i =T if the household is a trader and i =N if the household is a non-trader, with Et denot-
ing the expectation conditional on time t information. In period t, each household receives 
an endowment y, which it cannot consume. The endowment is sold on a competitive goods 
market for cash at price Pt. The household purchases consumption goods on the competitive 
goods market with cash acquired in advance. At the beginning of the period, a bond market 
opens in which the government and trader households participate. Also, suppose the govern-
ment has access to lump sum taxes and taxes the traders only.

So in each period, the bond market opens, the government issues money and one-period 
bonds, and it levies taxes subject to its budget constraint. Then the goods market opens, with 
households purchasing goods subject to cash-in-advance constraints. Following this, house-
holds receive the receipts from sales of their endowments and carry assets into the next period. 
Traders hold a portfolio of cash and government bonds, while non-traders hold only cash. 
Monetary policy is conducted by the central bank through open market operations—swaps 
of money for government bonds.

We will consider only cases where cash-in-advance constraints always bind. This makes 
solving the model mechanical. Because cash-in-advance constraints bind, all cash is spent in 
the goods market each period, so total nominal expenditures is equal to the total money stock,

(26) Pt y =Mt ,

where Mt is the stock of money in period t. The consumption of a trader, in nominal terms, is 
given by

(27) Ptct
T = Pt−1y +

Mt −Mt−1

λ
,

where ct
T is the real value of consumption for a trader. Equation (27) states that a trader spends 

the receipts from the previous period’s sales of goods, plus whatever money injection occurred 
through open market operations in the current period. Similarly, a non-trader consumes 
according to

(28) Ptct
N = Pt−1y.

So the non-trader spends only last period’s receipts from sales of goods, as the non-trader 
does not trade on financial markets.

Solving for a trader’s consumption in equilibrium from (26) and (27), we get

(29) ct
T = y

λ
⎛
⎝

⎞
⎠

λ +π t

1+π t

⎛
⎝⎜

⎞
⎠⎟
.
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Note here that πt is both the inflation rate and the money growth rate from (26). The key fea-
ture of this model is the redistributive effect of monetary policy. Higher money growth 
increases the inflation rate, but it also redistributes wealth from non-traders to traders and 
increases the consumption of traders.

From (29), note that we require

(30) π t ≥ −λ

to guarantee that consumption is non-negative. That is, if the central bank reduces the money 
stock, it cannot extract more cash from the economy than what the traders are holding.

To determine the nominal interest rate on a one-period nominal bond that sells for one 
unit of money in period t and pays off 1+Rt units of money in period t+1, we need only be 
concerned with the behavior of traders. Optimality, for traders in the bond market, gives

(31) − ′u ct
T( )+ 1+Rt( )

1+ ρ( ) Et
′u ct+1

T( )
1+π t+1( )

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
= 0.  

It is useful to rewrite (31) as

(32) 1
1+Rt

= Et
′u ct+1

T( )
1+ ρ( ) ′u ct

T( )
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

Liquidity effect
1 244 344

1
1+π t+1

⎛
⎝⎜

⎞
⎠⎟

Fisher effect
1 24 34

⎧

⎨
⎪

⎩
⎪

⎫

⎬
⎪

⎭
⎪

.

In (32), the nominal interest rate (left-hand side) is determined by two effects (right-hand 
side). First is the liquidity effect, or the real interest rate effect. From (29), money growth affects 
consumption, which matters for the real interest rate. In particular, higher current money 
growth and inflation πt increases ct

T, which reduces uʹ(ct
T), reducing the real interest rate and 

the nominal interest rate. Also, higher future money growth and inflation πt+1 increases future 
consumption, reducing uʹ(cT

t+1) and increasing the real interest rate and the nominal interest 
rate Rt. Second, higher future money growth and inflation also have a Fisher effect, over and 
above the liquidity effect. This effect works in the same direction as the effect of higher future 
money growth and inflation on the nominal interest rate.

Random Monetary Policy

Suppose the central bank sets the nominal interest rate Rt through appropriate open 
market operations, reflected in the money growth rate. In particular, assume for the sake of 
argument that the nominal interest rate is chosen randomly. That is, Rt is i.i.d. over time. This 
then implies that, from (29),

 Et
′u ct+1

T( )
1+π t+1( )

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
= A,

where A is a positive constant. Therefore, from (29) and (31),
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(33) ′u y
λ

⎛
⎝

⎞
⎠

λ +π t

1+π t

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥ =

1+Rt( )A
1+ ρ

.

In equation (33), if the nominal interest rate Rt increases, this increases the right-hand side, 
which implies that current inflation must fall, since the left-hand side of equation (33) is 
decreasing in πt. This occurs because the nominal interest rate is an i.i.d. draw, so the current 
nominal interest rate is not informative about future inflation. Therefore, there can only be a 
liquidity effect from the current change in monetary policy. As lower current money growth 
implies a higher current nominal interest rate, through the liquidity effect, the central bank 
must engineer a temporarily low money growth rate to support a temporarily high nominal 
interest rate.

If the central bank experiments in this fashion, it will observe inflation and nominal interest 
rates moving in opposite directions. The central bank might then conclude that if inflation is 
below the central bank’s inflation target, then the way to raise inflation permanently is to lower 
the nominal interest rate permanently. In the next section, we will show that, as in the NK 
model, this conclusion is incorrect.

Inflation Dynamics in the Segmented Markets Model

To explore how inflation responds to monetary policy in the short run and long run in 
the segmented markets model, it is useful to consider a special case so that we can work out 
results explicitly. Assume that u(c) = log c and that the central bank’s settings for the nomi-
nal interest rate are known in advance, so there is no uncertainty. Then, from (29) and (31),

(34) π t+1 = −λ +
1+Rt( ) λ +π t( )
1+ ρ( ) 1+π t( ) .

First, if in (34) Rt = R, a constant, then there are two steady states, πt = –λ for all t and 

π t =
R− ρ
1+ ρ( )  for all t. So if the central bank sets R = (1+ρ)(1+π*)–1, where π* is the central bank’s

inflation target, with R− ρ
1+ ρ( ) =π

* , there is a desired steady state in which the central bank 

achieves its inflation goal. We will assume throughout that

 λ > ρ
1+ ρ( ) ,

which implies that the desired steady state is always feasible, given (30). In Figure 7 we depict 
equation (34) with R = (1+ρ)(1+π*)–1. The desired steady state is stable, while the undesired 
steady state is unstable, with many equilibria that converge to π* from both above and below. 
Therefore, as in the NK model, there may be indeterminacy if the central bank pegs the nom-
inal interest rate, but there is no instability with respect to the inflation target.

In this context, we write the Taylor rule in multiplicative form as

(35) Rt = max 0,−1+ 1+ ρ( ) 1+π t( )δ 1+π *( )1−δ⎡
⎣

⎤
⎦ .
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Therefore, from (34) and (35) we obtain

(36) π t+1 = −λ +max
λ +π t( )

1+ ρ( ) 1+π t( ) , λ +π t( ) 1+π t( )δ−1 1+π *( )1−δ⎡

⎣
⎢

⎤

⎦
⎥ .

Solutions to equation (36) are then equilibrium paths for the inflation rate, and we depict 
equation (36) in Figure 8 for the Taylor principle case with δ > 1. There are two steady states, 

which are π t = −
ρ

1+ ρ
 for all t and πt = π* ; that is, the ZLB equilibrium and the desired steady 

state in which the central bank achieves its inflation goal. From Figure 8, the ZLB steady state 
is stable while the desired steady state is not stable, which is the same result we derived for the 
NK model under the Taylor principle. Just as with the NK model, there are many equilibria 
that converge to the ZLB steady state, as well as hyperinflationary equilibria for which the 
inflation rate and the nominal interest rate increase without bound.

We can also derive a neo-Fisherian monetary policy rule for this model, which is

 Rt = −1+
1+ ρ( ) λ +π *( ) 1+π t( )

λ +π t( ) , if π t <π
*, and

 Rt = −1+
1+ ρ( ) λ +π t+1( ) 1+π *( )

λ +π *( ) , if π t ≥π
* .

As in the NK model, this rule implies an equilibrium in which the central bank may miss its 
inflation target on the low side for one period, but it achieves its inflation goal at every suc-
ceeding date. The rule states that the central bank should increase the nominal interest rate 
in response to below-target inflation and raise the nominal interest rate to kill off incipient 
above-target inflation.

We have analyzed this segmented markets model in nonlinear fashion, as opposed to the 
linear analysis in the NK model. But the results are essentially the same. In the NK model, 
the only friction is sticky prices, which implies a liquidity effect and a Phillips curve relation-
ship. In the segmented markets model, the friction is that some economic agents cannot trade 
on financial markets so that central bank open market operations have distributional effects, 
which are manifested in a liquidity effect. So these two models are fundamentally quite differ-
ent, but in terms of inflation dynamics they are almost identical. If the central bank pegs the 
nominal interest rate then the economy is stable, but there is indeterminacy. If the central 
bank increases the pegged nominal interest rate, this can lead to a neo-Fisherian effect—the 
inflation rate increases even in the short run. If the central bank follows the Taylor principle, 
then this can lead to convergence to a ZLB policy trap in which the central bank perpetually 
undershoots its inflation target. That is, there exist Taylor rule perils. But if the central bank 
follows a neo-Fisherian policy rule—increasing the nominal interest rate both when inflation 
is too low and to fend off incipient above-target inflation—then it does a good job of achieving 
its inflation goals.
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Figure 8
Segmented Markets: Taylor Principle
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Figure 7
Segmented Markets: Pegged Nominal Interest Rate
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CONCLUSION
This article has shown how two standard macroeconomic monetary models—a New 

Keynesian model and a segmented markets model—exhibit neo-Fisherian properties. 
Central banks following the Taylor principle tend to fall into a low-inflation policy trap, a 
central bank that raises the nominal interest rate causes inflation to go up (even in the short 
run), and neo-Fisherian monetary policy rules work well to achieve the central bank’s infla-
tion goal. These results summarize some key results from the recent literature on neo-Fishe-
rian macroeconomics and complement what is known empirically about inflation dynamics 
and monetary policy.

These results are of key importance for monetary policy. They help us understand central 
bankers’ chronic undershooting of the inflation target following the financial crisis, as well as 
how this problem can be cured. But what are the consequences if central bankers cling to the 
notion that increases in nominal interest rates make inflation go down? On the one hand, 
perhaps this is not a serious problem. In a world with very low real interest rates, even with 
the overnight nominal interest rate at zero, inflation may not fall far below the typical infla-
tion target of 2 percent—a scenario that certainly seems preferable to the persistent high 
inflation of the 1970s. On the other hand, frustrated central bankers in low-inflation policy 
traps may be driven to engage in untested unconventional policies, such as quantitative eas-
ing, forward guidance, and negative nominal interest rates. These policies may be ineffective, 
poorly understood by the public (if not by central bankers), and perhaps even harmful. n

REFERENCES
Alvarez, F.; Atkeson, A. and Kehoe, P. “Money, Interest Rates, and Exchange Rates with Endogenously Segmented 

Markets.” Journal of Political Economy, 2002, 110, pp. 73-112; https://doi.org/10.1086/324389.

Alvarez, F.; Lucas, R. and Weber, W. “Interest Rates and Inflation.” American Economic Review, 2001, 91, pp. 219-225; 
https://doi.org/10.1257/aer.91.2.219.

Andolfatto, D. and Williamson, S. “Scarcity of Safe Assets, Inflation, and the Policy Trap.” Journal of Monetary 
Economics, 2015, 73, 70-92; https://doi.org/10.1016/j.jmoneco.2015.03.008.

Bank of Canada. “Monetary Policy.” 2017; http://www.bankofcanada.ca/core-functions/monetary-policy/.

Benhabib, J.; Schmitt-Grohe, S. and Uribe, M. “The Perils of Taylor Rules.” Journal of Economic Theory, 2001, 96,  
pp. 40-69; https://doi.org/10.1006/jeth.1999.2585.

Bullard, J. “The Seven Faces of ‘The Peril.’” Federal Reserve Bank of St. Louis Review, 2010, 92, pp. 339-352;  
https://files.stlouisfed.org/files/htdocs/publications/review/10/09/Bullard.pdf. 

Cochrane, J. “Do Higher Interest Rates Raise or Lower Inflation?” Hoover Institution working paper, 2016.

Cooley, T. Frontiers of Business Cycle Research. Princeton, NJ: Princeton University Press, 1995.

Evans, G. and McGough, B. “Interest Rate Pegs in New Keynesian Models.” Forthcoming, Journal of Money, Credit, 
and Banking, 2017.

Friedman, M. “The Role of Monetary Policy.” American Economic Review, 1968, 58, pp. 1-17.

Grossman, S. and Weiss, L. “A Transactions-Based Model of the Monetary Transmission Mechanism.” American 
Economic Review, 1983, 73, pp. 871-880.

Keynes, J.M. A Tract on Monetary Reform. London: MacMillan, 1923.

https://doi.org/10.1086/324389
https://doi.org/10.1257/aer.91.2.219
https://doi.org/10.1016/j.jmoneco.2015.03.008
https://doi.org/10.1006/jeth.1999.2585
https://files.stlouisfed.org/files/htdocs/publications/review/10/09/Bullard.pdf


Williamson

150      Second Quarter 2018 Federal Reserve Bank of St. Louis REVIEW

Kocherlakota, N. “Fragility of Purely Real Macroeconomic Models.” NBER working paper no. 21866, 2016.

Lucas, R. “Liquidity and Interest Rates.” Journal of Economic Theory, 1990, 50, pp. 237-264;  
https://doi.org/10.1016/0022-0531(90)90001-Z.

Prescott, E. “Theory Ahead of Business Cycle Measurement.” Federal Reserve Bank of Minneapolis Quarterly Review, 
1986, 10, pp. 9-22; https://doi.org/10.1016/0167-2231(86)90035-7. 

Rotemberg, J. “A Monetary Equilibrium Model with Transactions Costs.” Journal of Political Economy, 1984, 92,  
pp. 40-58; https://doi.org/10.1086/261207.

Rupert, P. and Sustek, R. “On the Mechanics of New Keynesian Models.” University of California, Santa Barbara 
working paper, 2016.

Summers, L. “Less is More When It Comes to Federal Reserve Policy.” Financial Times, May 7, 2017;  
https://www.ft.com/content/ab77d236-318c-11e7-9555-23ef563ecf9a.

Taylor, J. “Discretion Versus Policy Rules in Practice.” Carnegie-Rochester Conference Series on Public Policy, 1993, 39, 
pp. 195-214; https://doi.org/10.1016/0167-2231(93)90009-L.

Tobin, J. “Stabilization Policy Ten Years After.” Brookings Papers on Economic Activity, 1980, 11, pp. 19-90;  
https://doi.org/10.2307/2534285.

Williamson, S. “Neo-Fisherism: A Radical Idea, or the Most Obvious Solution to the Low-Inflation Problem?” Federal 
Reserve Bank of St. Louis Regional Economist, July 2016, pp. 5-9;  
https://www.stlouisfed.org/publications/regional-economist/july-2016/neo-fisherism-a-radical-idea-or-the-
most-obvious-solution-to-the-low-inflation-problem. 

Williamson, S. “Low Real Interest Rates and the Zero Lower Bound.” Federal Reserve Bank of St. Louis working 
paper, 2017; https://files.stlouisfed.org/files/htdocs/wp/2017/2017-010.pdf. 

Woodford, M. Interest and Prices: Foundations of a Theory of Monetary Policy. Princeton, NJ: Princeton University 
Press, 2003.

Yellen, J. “The Goals of Monetary Policy and How We Pursue Them.” Speech at the Commonwealth Club, San 
Francisco, CA, 2017; https://www.federalreserve.gov/newsevents/speech/yellen20170118a.htm.

https://doi.org/10.1016/0022-0531(90)90001-Z
https://doi.org/10.1016/0167-2231(86)90035-7
https://doi.org/10.1086/261207
https://www.ft.com/content/ab77d236-318c-11e7-9555-23ef563ecf9a
https://doi.org/10.1016/0167-2231(93)90009-L
https://doi.org/10.2307/2534285
https://www.stlouisfed.org/publications/regional-economist/july-2016/neo-fisherism-a-radical-idea-or-the-most-obvious-solution-to-the-low-inflation-problem
https://www.stlouisfed.org/publications/regional-economist/july-2016/neo-fisherism-a-radical-idea-or-the-most-obvious-solution-to-the-low-inflation-problem
https://files.stlouisfed.org/files/htdocs/wp/2017/2017-010.pdf
https://www.federalreserve.gov/newsevents/speech/yellen20170118a.htm


Monetary Policy Regimes and the Real Interest Rate

William T. Gavin

The goal of this article is to ask whether monetary policy is a cause of the low real 
interest rate on safe assets since the onset of the 2007-08 financial crisis. The Federal 
Reserve uses its monopoly on bank reserves to lower interest rates when it wants to 

stimulate the economy. But many observers attribute the low real interest rate to real factors 
such as aging demographics and an upsurge in the demand for safe assets. Such factors would 
be associated with expectations of lower economic growth in the future. Are real rates low 
because future growth is expected to be low or because the Fed is holding short-term rates 
on bank reserves low? In other words, are low interest rates in the United States and around 
the world caused by Fed policy? This article exploits the idea of monetary policy regimes to 
shed light on this issue.

During the period from 1965 to the end of 2015, the Federal Reserve operated monetary policy in a 
variety of ways associated with four distinct monetary policy regimes. These different monetary policy 
regimes display different outcomes for inflation, interest rates, and real consumption growth. This 
article uses the differences among the outcomes to better understand how monetary policy affects 
those outcomes. One of the important results is that monetary policy appears to be able to affect long-
term real interest rates and real consumption growth during periods of extreme monetary policy in 
which the Fed holds short-term interest rates abnormally high or abnormally low for an extended 
period. This article exploits the idea of monetary policy regimes to ask whether monetary policy exac-
erbated the low real interest rate on safe assets and the low level of consumption during the period 
in which the range for the Fed’s interest rate target was set at 0 to 0.25 percent. Many observers have 
appealed to real factors such as aging demographics to explain the low level of long-term interest 
rates. The evidence presented here suggests that policy analysts should also consider the possibility 
that the Fed was the main cause of the low real interest rate following the 2007-08 financial crisis. 
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The idea of a monetary policy regime is somewhat vague. It is related to the idea of a 
monetary standard. Examples of monetary standards include the classical gold standard that 
existed in most developed economies between 1880 and 1914, the modified dollar-gold stan-
dard adopted in 1946—the Bretton Woods agreement—and the paper money standard that 
evolved after the Bretton Woods agreement began to come apart during the 1960s. This paper 
examines distinct U.S. policy regimes that were adopted to manage a paper money standard. 
The regimes are defined by the different goals for policy and by the different procedures used 
to implement monetary policy decisions.1 The Fed has a dual mandate to promote price sta-
bility and full employment. In practice, price stability is defined as 2 percent inflation. Achiev-
ing the full employment goal is more problematic because the concept of full employment is 
not measured directly. This part of the dual mandate is implemented by following a counter-
cyclical policy, easing policy when the economy is thought to be below its potential and 
restricting policy when the economy is estimated to be growing above its sustainable long-run 
trend. In making decisions at Federal Open Market Committee (FOMC) meetings, the partici-
pants look at everything, but the two most important economic indicators are inflation and 
real gross domestic product (GDP) growth.2 

In defining the Fed’s monetary policy regimes in this way, the distinctions among them 
depend on the relative emphasis given to price stability versus business cycle stabilization at 
policy meetings. The differences between regimes can be seen in the outcomes for inflation 
and nominal interest rates. 

REAL EFFECTS OF MONETARY POLICY 
Typically, we do not think about different monetary policy regimes leading to different 

equilibrium levels of real interest rates or real GDP. Our most basic theories of money assume 
the classical dichotomy—real variables are determined by real factors and nominal variables 
are determined by monetary policy. Even Keynesian models with sticky prices assume that 
the real effects are short-lived—a few quarters at most. For monetary policy to have persistent 
real effects, we have to consider extreme policies or extend the models to include more real-
istic features. 

The most well-studied example of extreme monetary policy is hyperinflation—very high 
inflation that causes firms to change prices daily and consumers to hold as little currency as 
possible. It reduces real interest rates and real economic activity because the hyperinflation 
interferes with the price mechanism that is key to equilibrium adjustments and efficiency in 
market-based economies. Hyperinflations rarely persist for too long because the effects are 
so bad that they bring down governments that are not willing or able to bring about reform.

Another example of an extreme monetary policy was the Volcker monetary reform that 
ended the high inflation of the 1970s with extremely high federal funds rates. This was an 
extreme policy that led to high nominal and high real interest rates. But this policy also could 
not last too long because the high and volatile interest rates were very disruptive to the economy. 
The current policy regime is also extreme—because the interest rate policy is not consistent 
with the 2 percent inflation objective. This policy has led to persistently low real rates on bank 
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reserves and other safe assets. It is also possible that it has led to a low level of real economic 
activity. 

Gavin et al. (2015) use a nonlinear solution to a standard New Keynesian model to show 
that a persistently low interest rate can lead to a path for output that is persistently below the 
model’s equilibrium steady state. The theory assumes that the equilibrium real interest rate is 
equal to the sum of the growth rate of consumption and the rate of time preference (everything 
else equal, the rate at which people are indifferent between current and future consumption). 
If some factor keeps the interest rate below the equilibrium level, then the amount that people 
want to borrow will exceed the amount that people want to save. If the interest rate cannot 
adjust upward to achieve equilibrium in the market for loanable funds, then income will fall 
until the amount people want to borrow equals the amount people want to save.3 Assuming 
that monetary policy can affect the real return to saving, then a persistently low interest rate 
policy will lead to persistently subpar economic activity. The optimal level of economic activity 
can be achieved only when the real interest rate returns to a normal level associated with the 
growth rate of consumption plus the rate of time preference.4 

Gavin et al. (2015) do not explicitly consider policy as the cause of the unusually low 
interest rate. To model policy in a zero interest rate environment, one has to consider a more 
complex model that takes account of the government’s budget policy. In most monetary policy 
models, the price level is determined by monetary policy. The government’s intertemporal 
budget constraint was not part of these models because fiscal policy was assumed to always 
accommodate monetary policy. But this assumption leads to mistaken analysis when the 
interest rate is stuck at the zero lower bound. Monetary policy is fixed, and fiscal policy, by 
default, becomes dominant. Building models that incorporate monetary and fiscal policy into a 
general theory of the price level (an area of research that is generally known as the fiscal theory 
of the price level) is a topic too advanced to explain in this Review article.5 For a recent paper 
that develops this theory in a small model, see Andolfatto and Martin (2017). 

This article attempts to explain why the zero interest rate policy followed in the aftermath 
of the 2007-08 financial crisis is an extreme policy. The key assumption made is that the rate 
of time preference is relatively invariant over time and exogenous with respect to monetary 
policy. An alternative that forms the basis of Bullard (2017) is that the growth rate of labor 
productivity is exogenous with respect to monetary policy. Of course, the rate of time prefer-
ence is not observable, although the growth rate of labor productivity is. But there is no reason 
to think that the rate of time preference suddenly fell with the financial crisis. On the other 
hand, there is a good reason to question whether the growth rate of labor productivity is inde-
pendent of the monetary policy regime. The reason is simply the behavior of turnover (in both 
jobs and firms) since the onset of the zero interest rate policy and the empirical evidence show-
ing that higher turnover is generally associated with higher productivity growth. 

A significant anomaly in the post-crisis period of low interest rate policy has been very 
low levels of turnover, levels typically associated with being in a recession with low produc-
tivity growth.6 Old inefficient firms tend to go out of business during recessions and are 
replaced during the recovery by new firms using more efficient technology. Foster, Grim, 
and Haltiwanger (2016) find that since the 2007-08 financial crisis and 2007-09 recession, 
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measures of turnover have yet to fully recover from the recession levels. They suggest that 
inefficiencies in credit markets may be part of the problem. In any case, it seems possible that 
the low productivity growth rate and reduced turnover of jobs and firms are not exogenous 
with respect to a monetary policy that pegs the interest rate near zero.

FOUR MONETARY POLICY REGIMES
This article characterizes a monetary regime by two properties: (i) the weight policymakers 

put on price stability relative to their concern about output stabilization and (ii) the day-to-day 
procedures used to implement policy. This paper defines four distinct regimes implemented 
by the Federal Reserve since the mid-1960s. Each regime is associated with different policy 
objectives, different operating procedures, and different statistical patterns in the data.

The four regimes are as follows: 

(i)  The Great Inflation: January 1965–October 1979, a period with an interest rate tar-
geting procedure and a rising trend in both inflation and interest rates. Although 
policymakers expressed concern for price stability, their actions focused on business 
cycle stabilization and allowed inflation to become high and volatile.

(ii) The Volcker Reform: October 1979–October 1982, a short period in which a money 
supply (M1) targeting procedure was used to stop the acceleration of inflation and 
earn credibility for the price objective. Concern for output stabilization was domi-
nated by the desire to end high inflation and gain credibility for price stability.

(iii) The Great Moderation: October 1982–December 2008, a period in which the 
Federal Reserve used interest rate targeting procedures to maintain the credibility 
for low inflation that was achieved in the second regime. The concerns were about 
evenly divided between price stability and output stabilization, as revealed in the 
Taylor-type interest rate rules used to describe policy during this period. 

(iv) Zero Interest Rate Policy (ZIRP): December 2008–December 2015, a seven-year 
period in which the target range for the federal funds rate was pegged between 0 and 
0.25 percent. The market was flooded with trillions of dollars of excess reserves as 
banks earned 0.25 percent on reserve balances at the Fed. The main concern was 
output stabilization, as output appeared to grow along a path that was considered to 
be well below the potential for GDP. Inflation tended to remain below the Fed’s 2 
percent long-term objective.

I study these four episodes, briefly describing the operating procedure and documenting 
statistics that are important for estimating business cycle and inflation dynamics. I find 
important and predictable differences in dynamic patterns across the four separate regimes. 

The Data 

I study four monthly economic indicators over the period January 1965–December 2015. 
They include the effective federal funds rate (FF), the yield on 10-year government securities 
(GS10), year-over-year inflation in the consumer price index (CPI), and the growth rate of 
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real per capita personal consumption expenditures (Cdot). The fundamental policy goals 
involve inflation and real economic activity, hence the inclusion of CPI and Cdot.7 The policy 
instrument is FF. Once FF hits the zero lower bound, the FOMC uses balance-sheet policies 
to lower rates on long-term assets represented here by GS10. 

I also look at some combinations of these four indicators: the spread between the two 
interest rates, FF-GS10 (Spread); the ex post real federal funds rate, FF-CPI (rFF); the ex post 
real 10-year bond rate, GS10-CPI (rGS10); and the gap between the real federal funds rate 
and the real per capita growth rate of consumption, rFF-Cdot (Rgap). The spread between FF 
and GS10 has often been used as an indicator of the stance of monetary policy. Since it is the 
real rates that go into the theoretical models, real versions of these policy instruments are also 
included. The Rgap variable is based on consumption growth because modern models in 
macroeconomics and finance generally include an equilibrium condition that makes the 
risk-free real interest rate converge approximately to Cdot plus the rate of time preference. 

The Regimes 

The Great Inflation. The Great Inflation began with the collapse of the dollar-gold stan-
dard established by the Bretton Woods agreement.8 Much has been written about why infla-
tion became such an important policy problem. Nelson (2005) blames the policy community 
for not understanding the role of money in causing inflation, instead viewing inflation as being 
caused by supply shocks and excess demand for labor and goods in a Phillips-curve framework. 
Delong (1997) argues that the Phillips-curve framework was fine, but that the Fed used error- 
ridden measures of potential output and real interest rates that caused it to keep interest rates 
too low, too often. Sargent (2002) argues that the problem was that policymakers ignored 
modern advances in macroeconomic theory when implementing policy using the Phillips-
curve framework.9 Figure 1 shows that the year-over-year inflation rate rose from around 2 
percent in 1965 to above 13 percent in 1980. 

Figure 2 depicts interest rates. During the Great Inflation, the relationship between FF 
and GS10 displays three distinct features. First, both interest rates display rising trends and, 
on average, are roughly equal: FF was just 28 basis points below GS10 (see Table 1 for regime 
averages). Second, the policy rate was sometimes as much as 2 percentage points higher or 
lower than the bond rate. Third, periods with a relatively low policy rate were followed by 
higher inflation and inflation expectations, reflected in rising bond rates. Also, periods with a 
relatively high policy rate were followed by lower inflation and recession.

The lack of credibility made setting the policy rate above the bond rate necessary to reduce 
inflation expectations. When the FOMC raised the policy rate too slowly, inflation expecta-
tions would rise to match the rise in the interest rate, and there was no dampening effect on 
either the economy or inflation. The lack of credibility meant that to succeed in lowering 
inflation, the FOMC had to raise the policy rate high enough to slow the economy. This led 
to a belief that raising interest rates would likely lead to recession. A corollary to this idea was 
that low interest rates would end the recession and stimulate both inflation and economic 
expansion. What has not been generally recognized is that these dynamic relationships came 
to be part of conventional wisdom in macroeconomics during a time when the Fed had no 



Gavin

156      Second Quarter 2018 Federal Reserve Bank of St. Louis REVIEW

4 

16 

1964 
1967

1970 
1973 

1976 
1979

1982 
1985 

1988
1991 

1994 
1997 

2000 
2003 

2006 
2009

2012 
2015

Percent

14 

12 

10 

8 

6 

0 

2 

18 

20
Volcker Reform

ZIRP

10-Year
Treasury Yield

Federal
Funds Rate

Great In�ation Great Moderation

Figure 2
The Federal Funds Rate (FF) and Yield on 10-Year Treasury Bonds (GS10) 

SOURCE: FRED®, Federal Reserve Bank of St. Louis, FEDFUNDS and GS10.
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credibility for its inflation objective. High inflation together with high unemployment chal-
lenged this conventional wisdom and, at least temporarily, discredited the Phillips curve as a 
policy framework. 

The Volcker Reform.10 The change in conventional wisdom gave Fed Chairman Paul 
Volcker the cover to adopt an operating procedure based on money supply targeting. He 
needed that cover because the new procedure led immediately to high and volatile interest 
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Figure 3
Volatility in the Yield on 10-Year Treasury Bonds (GS10) (standard deviation of 7-month 
moving average) 

SOURCE: FRED®, Federal Reserve Bank of St. Louis, GS10, and author’s calculations.

Table 1
Average Values in Each Regime (percent)

 Great Volcker Great 
 Inflation reform Moderation ZIRP

Federal funds rate (FF) 6.43 14.36 5.36 0.13

Yield on 10-year bonds (GS10) 6.71 12.77 6.79 2.58

Inflation (CPI) 5.55 10.15 3.10 1.38

Real per capita consumption growth (Cdot) 2.06 –0.85 2.27 0.57

FF-GS10 (Spread) –0.28 1.58 –1.42 –2.45

FF-CPI (rFF) 0.88 4.20 2.27 –1.25

GS10-CPI (rGS10) 1.16 2.62 3.69 1.21

rFF-Cdot (Rgap) –1.17 5.06 0.01 –1.87
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rates. This short regime lasted just three years but included two recessions separated by a 
very short expansion. Figure 1 shows that inflation dropped rapidly from double digits in 
1980 to around 3 percent by the end of 1982. Figure 2 shows that the average FF was much 
higher overall and relative to GS10 during the Volcker reform than in any other period. 
Inflation came down quickly, but interest rates stayed high throughout this regime and well 
into the next. Because this extreme policy disrupted the economy, consumption growth was 
much lower in this regime than in any other (see Figure 3 and Table 1). 

The Fed used an indirect form of money supply targeting to implement the reform. By 
targeting the money supply, the Fed could rightly say that it was not setting high targets for 
interest rates, just implementing a growth path for money consistent with ending inflation.11 
The market was setting interest rates. However, the policy did not just lead to high interest 
rates; it also led to a quadrupling of the standard deviation of changes in FF and GS10 (see 
Figure 2 and Table 2). 

The Great Moderation. In October 1982, the Fed abandoned the M1 targeting proce-
dure and adopted an indirect form of interest rate targeting. The method used to implement 
interest rate targeting evolved over the next decade, becoming more explicit after 1987 when 
Alan Greenspan replaced Paul Volcker as head of the Fed. Monetary policy during this third 
policy regime was praised by policymakers, business leaders, and academic researchers because 
of the low volatility in both output and inflation. Stock and Watson (2003, p. 162) coined the 
term “great moderation.” Bernanke (2004) popularized the term and attributed the relative 
stability of output growth and inflation to, among other things, good monetary policy. 

In 1982, Chairman Volcker was not willing to admit that the Fed had gone back to an 
interest rate operating procedure because he felt that such a procedure was too susceptible to 
political influence and was one of the basic problems with policy during the Great Inflation. 
He officially adopted a target for borrowed reserves, but that was just an indirect form of inter-
est rate targeting. Volatility in the policy rate dropped immediately but remained relatively 
high as the borrowed-reserves operating procedure introduced volatility around the federal 
funds rate target, which was a secret revealed only indirectly to the market.12 Figures 2 and 3 
show that the level and volatility of FF continued to decline throughout Volcker’s tenure and 
dropped even further as Greenspan gave up the pretense that the Fed was not targeting FF. 

Trends in interest rates were declining throughout much of the Great Moderation. When 
the economy went into recession, the FOMC lowered the federal funds rate target to stimulate 

Table 2
Volatility (standard deviation of monthly changes in each regime, percent)

 Great Volcker Great 
 Inflation reform Moderation ZIRP

Federal funds rate (FF) 0.44 1.92 0.25 0.02

Yield on 10-year bonds (GS10) 0.20 0.72 0.28 0.20

Inflation (CPI) 0.33 0.46 0.37 0.42

Real per capita consumption growth (Cdot) 0.89 0.84 0.70 0.40
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the economy. The FOMC expected this to lead to higher inflation, but it did not. The recoveries 
were not as vigorous as those during the Great Inflation. As the economy expanded, the FOMC 
did not have to raise the federal funds rate target above the GS10. By the time that FF was 
approximately level with GS10, inflation and inflation expectations had moderated. So the 
policy during the Great Moderation was asymmetric: The FOMC eased aggressively when 
the economy was weak, but did not have to raise rates so much during expansions. The result 
was that the average FF was 128 basis points lower than the average GS10.

The signature characteristic of the Great Moderation was the reduced volatility of inflation 
and output. Table 2 shows that the standard deviation of changes in consumption growth 
(Cdot) fell to 0.70 percent during the Great Moderation, down from 0.89 percent during the 
Great Inflation and 0.84 percent during the Volcker reform. The biggest surprise for the Fed 
was that inflation did not accelerate in response to lower interest rates during two extended 
periods of low interest rates—the first from September 1992 to February 1994 and the second 
from 2002 to 2004. There was no need to invert the yield curve, raising FF well above GS10, 
to keep inflation under control. Another surprise for the Fed was the rebound of more-rapid 
economic growth in the 1990s. Figure 3 and Table 1 show that this was the regime with the 
highest per capita consumption growth. Note, however, that Cdot during the Great Inflation 
was not that much lower than during the Great Moderation. 

During this period the FOMC adopted a risk-management approach to monetary policy.13 
The idea was that the Fed would forecast the future, taking account of all potential scenarios. 
To find the policy setting, they would look at the probability of each scenario occurring, such 
as a replay of the Great Depression or the Great Inflation. Then they would estimate the cost 
of each bad outcome. The weight of each scenario in setting the policy rate would be a product 
of the likelihood of the event occurring times the magnitude of the economic costs if that out-
come occurred. The Fed viewed a lower interest rate setting as insurance against the outcome 
of all bad events except inflation. In the Fed’s policy framework, the only important downside 
to low interest rates was the possibility of inflation. If there was no inflation, then interest 
rates probably were not too low. 

The financial crisis raised awareness of another downside to low interest rates. The abuses 
in the mortgage market were due to many factors, but many observers attributed the sheer 
volume of bad debt to low interest rates.14 Today, the Federal Reserve takes responsibility for 
financial stability, but, as a practical matter, interest rate policy is aimed at stabilizing output 
and targeting inflation. Although the FOMC regularly monitors financial markets for evidence 
of financial instability, it has emphasized the use of macro-prudential policies to promote 
financial stability in an era of low interest rates. 

The ZIRP. With the onset of the crisis, the Fed abruptly switched to the fourth monetary 
policy regime, the ZIRP regime. In response to the financial crisis, in September 2008, the Fed 
flooded the market with about $600 billion in excess bank reserves and drove FF toward zero. 
On December 16, 2008, the FOMC voted to set the bottom of the 25-basis-point target range 
for FF at zero. It also adopted unconventional policies known as quantitative easing (QE) and 
forward guidance that were intended to keep money market interest rates near zero for an 
extended period.15 Although the Fed has a target range for FF, the actual policy rate set by 
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the Fed is the interest rate on reserves (IOR). As it turns out, the period with the IOR set at 
the top of the target range for FF (25 basis points) extended for exactly seven years.16 

Both the level and the volatility of FF went close to zero in September 2008 as the Fed 
flooded the money market with bank reserves (see Tables 1 and 2). Initially, the Fed supplied 
about $600 billion in reserves mainly by making loans of 180 days or less. The Fed justified 
this action as insurance against the worldwide collapse of financial markets and a replay of 
the Great Depression. A review of Greenspan (2004) shows that this was an application of 
the “risk management” approach to monetary policy. However, whenever the Fed has “taken 
out insurance” against a bad outcome by lowering the federal funds rate target, it has been 
reluctant to raise interest rates back up to the pre-event levels. Generally, the Fed has shown 
an aversion to reversing interest rate movements within a short time span. 

In the case of the financial crisis, the excess reserves could have naturally run off in about 
6 months if the FOMC had not adopted the first instance of QE in December 2008. The rescue 
of financial institutions was funded by Fed loans and asset purchases with terms to maturity 
of 6 months or less. QE was an attempt to extend the expected time that the interest rate would 
stay near zero and an attempt to stimulate the economy by lowering longer-term interest rates. 
Later, the average maturity of assets on the Fed’s balance sheet also rose as the FOMC rebal-
anced the portfolio, substituting long-term assets for short-term ones. Interest rates were also 
expected to stay low because it was the goal of policy suggested in FOMC post-meeting state-
ments, policymaker speeches, and Congressional testimony.17 

In October 2008, the Federal Reserve had begun to pay interest on reserves. The IOR was 
set at the top of the federal funds target range and remained about 20 basis points above the 
discount rate on 3-month Treasury bills. This was a factor that increased banks’ willingness 
to hold a large stock of excess reserves. Paying interest on excess reserves and supplying a large 
stock meant that the FOMC had switched from direct FF targeting to a floor system.18

There is a good example of a ZIRP regime in use in Japan since 1995. Cooke and Gavin 
(2015) show that the Japanese data can be used to estimate time-series models for the United 
States. Such use of Japanese data is unconventional, but I found that using these data—as if 
they were generated in the United States—delivered much better forecasts for U.S. GDP growth 
and long-term bond rates than using U.S. data from the Great Moderation. Of course, better 
FF forecasts using Japanese data are to be expected because both countries were pegging their 
policy rates near zero. The inflation forecasts were about equally bad. The Japanese data pre-
dicted that inflation would be lower than it was, and the Great Moderation data predicted 
that inflation would be higher than the actual outcome.

Table 1 shows that the averages for all four indicators were much lower during the ZIRP 
regime than during the Great Moderation. Table 2 shows this is also true for the volatility of 
interest rates and inflation. The standard deviation of changes in the inflation rate is highest 
during the Volcker reform, during which inflation fell by 10 percentage points in 3 years. The 
volatility of Cdot was highest during the two regimes in which interest rate policy was the most 
extreme, the Volcker reform and the ZIRP.

An important feature of the ZIRP regime, which began with a big two-quarter decline in 
consumption, is the failure of the economy to return to the trend in potential GDP that had 
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been estimated by both the Fed staff and the Congressional Budget Office. The Fed and private 
forecasters incorrectly forecasted a return to trend over the next seven years. One response 
was to lower estimates of the level and growth rate of potential GDP. In the policy response, 
the Fed turned to QE twice more, taking the balance sheet to $4.6 trillion by 2014. The end of 
the ZIRP regime is assumed to have occurred when the FOMC voted to raise the federal funds 
rate target range by 25 basis points in December 2015. 

DYNAMIC INTERACTIONS AMONG CONSUMPTION, INTEREST 
RATES, AND INFLATION

Policymakers place a large value on models that “fit the data.” Econometric methods 
extract information from the dynamic variance-covariance structure of data. Gavin and 
Kydland (1999, 2000) show that the Volcker reform that made the inflation objective credible 
introduced statistically significant changes in the variance-covariance structure of datasets 
that include nominal indicators. It was also generally true that there did not appear to be sig-
nificant changes in the variance-covariance structure of datasets that included only real quanti-
ties such as consumption, investment, or labor. 

Figure 4 reports the cross-correlations between Cdot and three nominal variables, CPI, 
FF, and GS10. I calculate the monthly correlations from a six-month lead to a six-month lag. 
I also report the autocorrelation function for Cdot. I report results for the Volcker reform for 
completeness, but the sample is short and I think the one important fact about this regime is 
that it is an extreme regime in which the Fed tried to keep FF well above the normal rate. The 
intention was to keep the rate high until people became convinced that the Fed was serious 
about ending inflation. We do not expect to go back to that regime. We also do not expect to 
go back to the Great Inflation regime. The results clearly suggest that the monetary policy 
regime has important effects on the variance-covariance structure of the data that are import-
ant for estimating the relationships between interest rates and the economy. 

FF and GS10 were both procyclical during the period of the Great Moderation and become 
countercyclical during the ZIRP regime. Inflation was procyclical during the ZIRP regime, 
but it was countercyclical during the Great Moderation. Models relating interest rates to 
consumption growth and inflation that were estimated using data from the Great Moderation 
would be expected to forecast poorly during the ZIRP regime. Only the persistence in con-
sumption growth seems to be independent of the policy regime (again, leaving out the three-
year Volcker reform).

The cross-correlations of interest rates with inflation are shown in Figure 5. Of course, 
there is only very small variation in FF in the ZIRP regime, so more emphasis is put on GS10. 
The long rate was procyclical with consumption during the Great Moderation, but that positive 
correlation turns negative during the ZIRP regime. It is also shown that the cross-correlation 
between the Spread and CPI was strongly positive during the Great Inflation but fell during 
the Great Moderation. 
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ISSUES SURROUNDING MONETARY REGIMES
Two important issues arose during the ZIRP regime—controversy surrounding the use 

of the Fisher equation to explain low inflation and controversy over the cause of low real inter-
est rates. I introduce the idea of using Cdot as an independent measure of the equilibrium real 
interest rate.19 I also ask whether it is reasonable to think that monetary policy itself is the 
cause of the low natural rate estimated by Federal Reserve economists.

The Fisher Equation

The Fisher equation is an equilibrium condition that says that, no matter which policy 
regime is in effect, the market interest rate will be the sum of two components, a real return 
and a premium for expected inflation. If the Fed pegs the interest rate at any level, including 
zero, then an increase in real returns will lead to a decline in inflation. If the policy rate is 
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pegged at a higher level, the inflation rate will be higher. The equilibrium condition says 
nothing about what will happen in the short run if the Fed changes its policy rule. The oppo-
sition by business and policy economists to raising interest rates is based on beliefs about 
economic dynamics that were learned during the Great Inflation. These beliefs are imposed 
as maintained assumptions in large econometric models, but they are not obvious in post-1983 
data. Such models do not impose the equilibrium condition known as the Fisher equation and 
produce forecasting errors when low rates do not produce higher inflation.20

Real Interest Rates

In theory, real interest rates matter for real economic activity because they influence 
consumption and savings decisions. Higher real interest rates reflect high returns to invest-
ment, and high returns to working now for consumption in the future. They also reflect the 
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opportunity cost of building capital. Periods with low expectations for the future are periods 
of low interest rates.21 

As shown in Table 1, ex post real interest rates were quite low during the Great Inflation, 
the rFF averaged 0.88 percent, while the rGS10 averaged 1.16 percent. This was a period of 
slowing productivity growth. It was also a period when people were devoting many resources 
to protecting themselves from the damage done by inflation. Nevertheless, Cdot was relatively 
high, just slightly above 2 percent. The three years of the Volcker reform were three years of 
high real interest rates. The rFF was 4.2 percent, well above the rGS10 rate of 2.62 percent. Note, 
however, that during the Great Moderation, the rFF fell by about half, to 2.27 percent, while 
the average real return to holding a GS10 rose to 3.69 percent. During the ZIRP regime, follow-
ing the crisis, rFF fell to –1.25 percent, while the return to holding a GS10 fell to 1.21 percent.

How Should We Measure the Counterfactual Equilibrium Real Interest Rate?

What would the real interest rate on federal funds and 10-year Treasury securities be if 
the Fed were not following the ZIRP regime? The Federal Reserve uses its monopoly on bank 
reserves to lower interest rates when it wants to lower the cost of capital. This presents a real 
problem for the analyst. Are real rates low because future growth is expected to be low or 
because the Fed is holding short-term rates on bank reserves low? In other words, are low 
interest rates in the United States and around the world caused by Fed policy? To answer this 
question we need a measure of the equilibrium real interest rate that is not taken from observed 
market interest rates. The measure used in this section, the growth rate of per capita consump-
tion (Cdot), is based on the utility function that is fundamental to almost all modern macro-
economic models and the consumption-based asset pricing model. In this simple model, utility 
is equal to some function of consumption today plus the discounted utility of consumption 
tomorrow. If we assume that utility is logarithmic in consumption, then an equilibrium con-
dition is that the risk-free real interest rate is equal to Cdot plus the rate of time preference.22 

Cdot is used with the assumption of a positive rate of time preference to get an indirect 
measure of the real interest rate rather than an econometric estimate of the equilibrium real 
rate. Such estimates are derived from observed inflation and interest rates and do not adequately 
control for the effect of extreme policy positions on ex post measures of real interest rates.23 
As shown below, the Volcker reform and the ZIRP regimes are both extreme policy settings 
given the Fed’s inflation objective. Both regimes resulted in abnormal levels of the ex post real 
interest rate. Economists willing to believe that the Fed could be a cause of high real interest 
rates during the Volcker regime should be willing to consider the possibility that the Fed could 
also be a cause of low real interest rates in the ZIRP regime.

According to the consumption-based asset pricing model, the real interest rate will con-
verge to the rate of time preference plus Cdot. Note that periods of disinflation in the United 
States and elsewhere are associated with high ex post real returns and positive values for Rgap. 
Table 1 shows that Rgap has been negative in both periods of easy monetary policy. It was 
–1.17 percent during the Great Inflation and –1.87 percent during the ZIRP regime. It was 
very high during the Volcker reform—5.06 percent—reflecting Volcker’s and the FOMC’s 
determination to end inflation (see Table 1). 
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Figure 6 plots rFF and Cdot separately throughout the four regimes. During the Great 
Moderation, the average rates were equal. rFF was higher than Cdot in the 1980s following 
the disinflation policy, and it was unusually low in the period from September 1992 to February 
1994 when Greenspan pegged the federal funds rate target at 3 percent to stimulate employ-
ment growth (this was the first of two “jobless” recoveries). The rFF is also unusually low in 
the period from 2002 to 2004 (the second “jobless” recovery) when the FOMC was trying to 
“get ahead of the curve” and prevent inflation from becoming so low that interest rates would 
hit the zero lower bound. 

CONCLUSION
This article discusses the theory and empirical implications of four alternative monetary 

policy regimes that have been in place since the mid-1960s. Clearly, the alternative monetary 
policy regimes have had important effects on the level, variance, and covariance of datasets 
including measures of inflation and nominal interest rates. In periods of extreme policy set-
tings (that is, setting the interest rate well above or well below a normal level approximately 
equal to the rate of time preference plus per capita consumption growth), it appears that the 
Fed has also been able to influence the level of real interest rates on safe assets, including ex 
post real returns on long-term Treasury securities. During the Volcker reform, the result was 
a very high real interest rate and below-trend growth in the economy. During the seven years 
following the 2007-08 financial crisis, the result of the ZIRP regime was a very low real interest 
rate and below-trend growth in the economy. I argue that it is possible that the ZIRP regime 
caused the low real interest rate on safe assets and subpar real consumption.
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The FOMC has begun a transition to a new policy regime or perhaps a return to an old 
one. As it has begun to raise the federal funds rate target, it is merely taking a rate that is well 
below normal to one that is closer to normal. Incoming data show that the real economy has 
not been damaged by slightly higher interest rates. However, the economy still remains below 
the trend that was predicted for potential GDP in 2007.24 It seems possible that by using a 
floor system to control the federal funds rate in the presence of a large balance sheet, the Fed 
will be able to maintain many properties of the ZIRP regime even as it raises interest rates. 
Importantly, it may be able to keep the rate of return on safe assets below the level that is 
consistent with normal consumption growth and an exogenous rate of time preference for 
households. 

In theory, we expect the monetary policy regime to have important effects on inflation 
and the variance-covariance structure of nominal datasets. This has been shown in earlier 
work and is extended to include the ZIRP regime. The Lucas critique is important when decid-
ing how to make forecasts in a period with a new policy regime. In planning future work, the 
most important question is whether we can safely assume long-run monetary neutrality in 
periods of extreme policy positions. During the Volcker reform, real interest rates were dra-
matically higher than real per capita consumption growth. Real long-term returns on safe 
assets remain significantly below real per capita consumption growth today. Empirical evi-
dence surveyed by Williams (2014) suggests that the Fed can influence real interest rates on 
long-term safe assets. What we don’t know is the sign of the effect that policy-induced low 
interest rates have on real economic activity. n

NOTES
1 Bindseil (2016) and Potter (2017) discuss details about monetary policy implementation.

2 Although the goal is defined in terms of full employment, the FRB/US and estimated dynamic stochastic general 
equilibrium models generally use output measured as GDP rather than unemployment as an indicator of the 
business cycle. Taylor (1993) developed the Taylor rule in which the federal funds rate is specified to be a function 
of deviations of inflation from the target and real GDP from a log linear trend. 

3 Gavin et al. (2015) assume persistent discount factor shocks to illustrate this mechanism.

4 Caggese and Perez-Orive (2017) show that adding intangible capital to a model with endogenously low interest 
rates can also lead to a subpar level of economic activity.

5 See Sargent and Wallace (1981), Leeper (1991), Sims (1994), and Woodford (1995) for early work in the area that 
has come to be known as the fiscal theory of the price level. 

6 See work by Caballero and Hammour (1994) and Foster, Haltiwanger, and Krizon (2001) presenting theoretical 
and empirical support for the positive correlation between measures of turnover (a reallocation of resources to 
more efficient uses) and measures of productivity growth found in earlier post-WWII data.

7 Consumption rather than GDP is used as the measure of real activity for three reasons. First, it is available monthly, 
as are our measures of inflation and interest rates. Second, it is, in theory, the real variable that enters into house-
hold utility. And third, the growth rate of consumption is a key variable in the asset-pricing model that is used 
below to derive the underlying trend in the real interest rate. 

8 See Mayer (1980), who reviews the history of U.S. financial policy from the end of WWII to 1980. He documents 
the policies and actions taken by the United States that led to inflation and the collapse of the international mon-
etary system set up by the Bretton Woods agreement. There were signs that the system could not be sustained as 
early as 1961.
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9 For perhaps the best theoretical and empirical analysis of this issue, see two articles by Cogley and Sargent (2002, 
2005).

10 See Lindsey, Orphanides, and Rasche (2005) for a description of events leading to the October 6, 1979, regime 
change.

11 See Goodfriend (1983) for a discussion of this operating procedure and the role of the discount window in this 
indirect form of money supply targeting. 

12 See Thornton (1988).

13 See Greenspan (2004).

14 See Taylor (2013).

15 See Fawley and Neely (2013) for a detailed discussion of QE.

16 See Gagnon and Sack (2014) for a discussion of this operating procedure. 

17 See Potter (2017) for a broader discussion of this episode.

18 This floor system was complicated because not all participants in the federal funds market were allowed to have 
deposits at the Fed. See Bindseil (2016) for a detailed discussion of this operating procedure.

19 Another measure of the real interest rate that is relatively independent of monetary policy is the ex post return 
to capital (see Gomme, Ravikumar, and Rupert, 2011, 2015). Bullard (2017) uses Gomme, Ravikumar, and Rupert, 
(2011, 2015) data when explaining that it is the real interest rate on safe assets, not real returns to capital, that are 
abnormally low. 

20 Williamson (2012) presents a macroeconomic model that captures many features of the post-crisis economy and 
emphasizes the role of the Fisher equation. See also Williamson (2016) for a less-formal treatment of the issue.

21 Many have argued that exogenous factors have kept the economy operating below trend, inflation low, and real 
interest rates low. For a sample of these arguments, see Summers (2016) and Williams (2017).

22 See Cochrane (2001, Chap. 1, Sect. 4.1) for the case with power utility.

23 See, for example, Bullard (2017) and Holston, Laubach, and Williams (2016) and other articles referenced therein. 

24 Figure 1 in Summers (2016) shows the monotonic decline in estimates of the path of potential GDP from 2007 
through 2016. This suggests a causal factor that occurred after 2007, not 30 years ago as suggested by Summers.
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The Basel Accord and Financial Intermediation:  
The Impact of Policy

Martin Berka and Christian Zimmermann

1 INTRODUCTION
How can a central bank influence the availability of credit through the business cycle? 

Banks limit the loans they offer because (1) the loans may not provide a sufficient return; (2) 
the loans are too risky; (3) interest margins are too low; (4) there are regulatory constraints; 
and (5) there is a lack of funds. The literature on financial intermediation traditionally has 
neglected the last two points, especially the lack of funds. With this article, we take better 
account of the funding of banks and how it interacts with the two policy tools available to the 
central bank: monetary policy through the adjustment of some interest rates and regulatory 
policy through the variation of capital requirements.

We find that monetary policy matters most in terms of expectations. Indeed, the fact that 
the central bank commits to act in certain, possibly rare, situations is more important than 
the action itself. Households have a saving pattern that is more favorable to aggregate credit 

This article studies loan activity in a context where banks have to follow Basel Accord–type rules and 
find financing with the households. Loan activity typically decreases when investment returns of 
entrepreneurs decline, and we study which type of policy could invigorate an economy in a trough. 
The authors find that an active monetary policy increases loan volume even when the economy is in 
good shape, while the introduction of an active capital requirement policy is also effective if it implies 
tightening of regulation in bad times. This is performed with a heterogeneous agent economy with 
occupational choice, financial intermediation, and aggregate shocks to the distribution of entrepre-
neurial returns. (JEL E44, E22, G28, E58)
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creation in all periods if they know that banks will still be able to lend in recessions. The key 
here is that the central bank is predictable.

In addition, we find that adjusting capital requirements through a business cycle can be a 
powerful tool, but not in the usual way: In a recession, capital requirements should tighten. 
Again, expectations matter, and knowing that equity returns are assured even in recessions 
can make households more willing to put equity into banks in all periods of the business cycle. 
This additional funding compared with a policy of constant capital requirements more than 
offsets the loan reduction during the actual requirement tightening.

We obtain these results through simulations of a model economy with heterogeneous 
households facing unemployment, retirement, and death risks. They save for precautionary 
reasons and for retirement. In addition, their assets may be used to qualify for loans from the 
banking sector, in which case they manage as entrepreneurs a risky project that may lead to 
bankruptcy. Household savings are invested in bank deposits and bank equity. Banks provide 
loans to households and buy government bonds. As mentioned, the central bank sets capital 
requirements and the policy interest rate, in this case the return on government bonds.

When banks need to reduce their loan portfolio, the displaced entrepreneurs also become 
new equity holders, thereby acting as “automatic stabilizers.” However, banks typically cut 
loans as a consequence of their loan portfolio becoming too risky, and households may then 
want to hold less equity in banks that are more risky. Whether banks have to tighten credit a 
good deal or not depends strongly on the distribution of assets across households and on 
household equity decisions. The policy tools of the central bank then become crucial in reas-
suring households in bad times and in encouraging them to invest in bank equity at all times. 

One would first think that loosening those requirements in a trough would expand the 
loan mass. It appears that, on the contrary, tighter capital requirements increase the demand 
for bank equity and thus facilitate the financing of banks sufficiently to offset the reduction 
of allowable loans for a given amount of equity. Again, this highlights the importance of house-
hold saving decisions for the supply of bank capital. This result is particularly important in 
light of Basel Accords II and III and their more flexible regulations, which essentially tighten 
the equity requirements when the economy passes through a rough patch, as highlighted, for 
example, by Catarineu-Rabell, Jackson, and Tsomocos (2005).

Cyclicality of capital requirements was previously thought to have a negative impact on 
credit. For example, Kashyap and Stein (2004) argue that Basel Accord II exacerbates business 
cycle fluctuations by requiring banks to hold more capital during downturns. Higher costs of 
raising capital in downturns force banks to further contract lending, which causes a credit 
crunch. However, such a demand-side argument ignores the negative impact of declining 
capital adequacy on the supply of bank capital. Rising funding costs in bad times are partly a 
result of a drop in the supply of banks’ capital because of banks’ deteriorating capitalization. 
Our model articulates both of the channels. Under standard calibration, the supply-side chan-
nel in our model dominates the demand considerations highlighted in Kashyap and Stein 
(2004). Consequently, more stringent capital adequacy requirements help bank recapitaliza-
tion and facilitate a smoother loan time-path. The conservative lending behavior implied by 
such a policy in the face of increased aggregate uncertainty has been observed in the data, for 
example, by Baum, Caglayan, and Ozkan (2002).
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We are not the first to highlight the real impact of monetary policy through lending. 
Bernanke and Gertler (1995) highlight two channels. In the balance sheet channel, Federal 
Reserve System policy affects the financial position of borrowers and hence their ability to 
post collateral or to self-finance. In the bank lending channel, Fed policy shifts the supply of 
bank credit, particularly loans.1 They argue that the importance of the latter channel has 
declined with deregulation, as this channel relies on reserves. Our model does not rely on 
reserves. Van den Heuvel (2002) identifies another channel stemming specifically from Basel 
Accord–type rules. The “bank capital channel” arises from maturity transformation through 
banks: Higher short-term interest rates depress profits and, consequently, equity and capital 
adequacy. All of this is in an environment with an imperfect market for bank equity, which 
forces banks to raise new equity by retaining their earnings. His model has a very detailed 
banking structure, but it neglects the problems of households and firms. Our model has a 
simpler banking structure that does not rely on imperfection in the equity market but does 
emphasize the source of financing (households) and the demand for loans (entrepreneurs) 
by modeling occupational choice, savings, and bankruptcy.2

Chami and Cosimano (2010) identify a “bank balance sheet channel,” using the concept 
of increasing the marginal cost of external financing. Oligopolistic banks avoid expected profit 
declines caused by the anticipation of a binding capital adequacy constraint by holding capital 
above the regulatory level. Tighter monetary policy raises banks’ cost of funding and reduces 
loan supply. A persistent increase in deposit rates reduces the option value of bank capital, 
further propagating the loan contraction. As Van den Heuvel (2002) reports, Chami and 
Cosimano’s model needs market power in the banking industry to obtain the result. Our 
model has fully competitive banks. Furthermore, Chami and Cosimano summarize the demand 
for loans with a reduced form, while we try to present a general equilibrium framework. Bolton 
and Freixas (2006) have a model in which higher costliness of bank capital, due to asymmetric 
information about the quality of banks’ assets, motivates banks to hold the minimum required 
amount of capital. Capital requirements are a cause of the credit crunch when spreads are 
low. Monetary policy tightening operates by pricing riskier firms out of the loan market. Our 
model puts more emphasis on the financing side and does not impose the asymmetric infor-
mation assumption. In a model where banks and entrepreneurs face moral hazard, Meh and 
Moran (2004) show that responses to monetary and technology shocks are dampened but 
more persistent. The bank capital/asset ratio in their model is countercyclical like in the data, 
but the authors do not explore the behavior of credit.3 The discussion of cyclicality of capital 
requirements has intensified recently. Covas and Fujita (2010) extend Kato’s (2006) model of 
liquidity provision under asymmetric information with bank capital requirements. They find 
that Basel II–type cyclical capital requirements reduce household welfare by increasing output 
volatility. In an overlapping generations framework from Repullo and Suarez (2013), banks 
cannot access equity markets each period and consequently hold large capital buffers. Buffers 
are insufficient to prevent credit contractions in downturns. In a static partial equilibrium 
model, Heid (2007) shows that capital buffers held by banks, in addition to the Basel II require-
ments, strongly influence the degree of cyclical magnification of the business cycle.

The major point of difference in our model is the heterogeneity of agents who make sav-
ing decisions. Loan applicants are endogenously divided into entrepreneurs and depositors 
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according to their wealth. Not only is the loan supply and demand endogenous, changes in 
macroeconomic conditions generate distributional effects that feed back to the aggregate level 
in a general equilibrium setting. Because of these distributional considerations, Basel II–type 
requirements do not magnify the downturns, unlike in all the work discussed above. In fact, 
ours is the first model in which tightening of the capital adequacy requirements in bad times 
facilitates bank funding—by lowering the risk of bank equity and making it more attractive 
to savers. Such effects cannot be found in the literature, as it neglects bank funding. Credit 
constraints in our model lead to asymmetric effects of the monetary policy, with tightening 
having more significant real consequences than monetary policy loosening (one of the key 
properties of a monetary propagation mechanism in general, as highlighted by Kocherlakota, 
2000). Furthermore, our model is the only one so far that can be used for addressing both the 
aggregate effects and the redistribution effects of credit market policies.

The structure of this article is as follows. Section 2 presents the model. Section 3 presents 
the calibration of the model. Section 4 analyzes bank lending and optimal monetary policy 
behavior following negative shocks. Section 5 concludes. Appendices give additional details 
about various aspects of the model and the solution strategy.

2 MODEL
2.1 Overview

There are three types of agents in the economy: households, banks, and a central bank. 
Households in a productive stage of their lives aim to become entrepreneurs, but a shortage 
of internal financing forces them to apply for external funds. Successful applicants become 
entrepreneurs while others remain workers. Each worker faces an idiosyncratic shock of 
becoming unemployed, while the entrepreneurs face risky returns on their investments.4 All 
households in a productive stage of life (entrepreneurs, employed workers, and unemployed 
workers) face a risk of becoming permanently retired, and all retirees face a risk of dying. New 
households are born to replace the deceased ones.

When households make their consumption-saving decisions, they decide optimally on 
allocation of their savings between insured bank deposits and risky bank equity. Risk-neutral 
banks collect deposits and equity, provide loans to entrepreneurs, and purchase risk-free gov-
ernment bonds to maximize their profits. Banks screen loan applications and accept them 
according to the level of each household’s net worth. Banks also have to purchase deposit 
insurance and are subject to a capital adequacy requirement imposed by the central bank. 
The central bank controls the government bond rate.

If entrepreneurship is an attractive option, households in this model economy strive to 
accumulate assets in order to qualify for bank loans. The banks, though, are restricted by 
potential losses from bad loans and by capital requirements. They react to changes in economic 
conditions, the policy interest rate, and capital requirements by adjusting the loan supply and 
loan interest rate. This in turn has bearing on the eagerness of households to save and supply 
funds to the banks in the form of deposits and bank equity.
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We now go through the model in more detail. The economy is subject to aggregate shocks 
and can thus be represented by an aggregate state vector, including the current shock to the 
distribution of returns and the current distribution of assets and occupations that we ignore 
in the following to simplify notation.

2.2 Households

In the model economy, there is a continuum of measure one of households, each maxi-
mizing their expected discounted lifetime utility by choosing an optimal consumption-saving 
path. A household can be either productive or retired, and the probability of a productive 
household retiring τ is exogenous.5 

Each productive household is endowed with one investment project of size x, which is 
always greater than the household’s net worth m, a state variable determined in the previous 
period. This imposes a credit constraint on the household. For simplicity we assume that the 
project is a fixed multiple of a household’s last period’s net worth: x = ϕm, where ϕ > 1. The 
project is indivisible, so (ϕ –1)m has to be funded by the bank for a project to be undertaken.6 If 
a household receives a bank loan, it becomes an entrepreneur and invests in a risky project. 
We study an equilibrium in which this participation constraint is satisfied for entrepreneur-
ship: When eligible for a loan, households always choose to take it. The returns on investment 
are not certain. This risk constitutes an aggregate source of variation in our model that may 
lead to a positive probability of bankruptcy, in which case a household is guaranteed a minimal 
amount of consumption cmin and starts next period with no assets.7

If the bank rejects a loan application, the household enters the workforce and faces exog-
enous probabilities 1–u of becoming employed and u of becoming unemployed. Workers 
receive an exogenous after-tax labor income y. Unemployed workers receive unemployment 
benefits θy, where θ < 1. After retirement, which happens with probability τ, the household 
earns income from its savings and an exogenous pension, which equals the unemployment 
benefit payments. Retirees face a probability δ of dying. They are then replaced by agents with 
no assets, and any remaining assets are lost (no bequests).

Labor income is an exogenous endowment in our model. Specifically, the hourly wage w, 
which then determines labor income in each group of agents, is constant. This allows our 
model to focus on the roles played by the heterogeneous asset-allocation decisions within 
each agent group, the movement of agents between the groups, and the propagation in the 
banking sector.8 We use aggregate data on average hours per worker to calibrate the constant 
wage received by workers, and we use other aggregate data sources to calibrate the labor 
income of other groups of agents relative to workers.

The households make their consumption-saving decisions to maximize their expected 
lifetime utility. The contemporaneous utility function is a CRRA type: 

 U c,li( )= li
σ c1−σ( )1−ρ −1

1− ρ
,

where , i  {W,U,E,R}, l denotes leisure, c is consumption, and ρ is a risk-aversion parameter.
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Let Vj denote the value functions and m* be the minimum net worth necessary for external 
financing. A worker with a net worth m < m* faces probability (1–u) of being employed, fol-
lowing which the worker receives labor income y = (1 – lW)w and saving income ri

portm, pays 
a banking fee ξ,9 consumes a desired level, and invests his or her remaining net worth mʹ in a 
bank.10 If unemployed, a worker receives unemployment benefit payment θy and makes a 
similar consumption-saving decision. In the next period, depending on the level of mʹ, a 
worker may either become an entrepreneur (borrower) or remain a worker (depositor).

For an employed worker, the Bellman equation is

(1) 
VW m( )= max

c , ′m
UW lW ,c( )+β 1−τ( ) 1−u( )1 ′m <m∗VW ′m( )+⎡⎣⎡⎣{

u1 ′m <m∗VU ′m( )+1 ′m ≥m∗E ′r VE ′m ,r ′i( )⎤⎦+τVR ′m( )⎤⎦}
subject to 

 c+ ′m = 1+ rE
port( )m+ y −ξ ,  m, ′m ≥ 0.

For an unemployed worker:

(2) 
VU m( )= max

c , ′m
UU lU ,c( )+β 1−τ( ) 1−u( )1 ′m <m∗VW ′m( )+⎡⎣⎡⎣{

u1 ′m <m∗VU ′m( )+1 ′m ≥m∗E ′r VE ′m ,r ′i( )⎤⎦+τVR ′m( )⎤⎦}
subject to

 c+ ′m = 1+ rU
port( )m+θ y −ξ ,  m, ′m ≥ 0.

An entrepreneur i invests in a project of size xi, earns a stochastic net return ri and labor 
income y = (1 – lE)w, and pays the borrowing cost r l(xi – mi) while making a consumption- 
saving decision to maximize his or her expected utility. The returns are stochastic in a way 
that changes with the aggregate state of the economy. Because the net wealth is constrained 
to be non-negative, significant project losses may drive the entrepreneur into bankruptcy. 
When bankrupt, an entrepreneur defaults on the portion of the debt he or she cannot repay 
less a minimal consumption allowance cmin, which has to be granted by the bank. Upon default, 
the entrepreneur starts the next period as a household with no assets and no liabilities. The 
value function of an entrepreneur is as follows:

(3) 
VE m,ri( )= max

c , ′m
UE lE ,c( )+β 1−τ( ) 1−u( )1

′m <m∗′VW ′m( )+⎡⎣⎡⎣{
u1 ′m <m∗VU ′m( )+ 1 ′m ≥m∗E ′r VE ′m ,r ′i( )⎤⎦+τVR ′m( )⎤⎦}

subject to 

 c = max cmin ,m+ y + 1+ ri( )x − r l x −m( )−ξ − ′m{ }
x =φm, m, ′m ≥ 0.
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We assume that households ex ante always prefer to apply for a loan. This implies a partici-
pation constraint for households in a productive stage of their lives that needs to be satisfied 
for all households that obtain a loan:

(4) ErVE m,r( )≥ 1−u( )VW m( )+uVU m( ), ∀m ≥m∗ .

Every household faces an exogenous probability of retirement τ. Once retired, the household 
collects retirement income yR = θw and manages its assets subject to the risk of death δ:

(5) VR m( )= max
ci , m ′i

UR 1,c( )+β 1−δ( )VR ′m( )⎡⎣ ⎤⎦{ }
subject to

 c+ ′m = 1+ rR
port( )m+ yR −ξ .

Risk-averse agents smooth their consumption over time. Heterogeneous risks of unem-
ployment and retirement, as well as the heterogeneity in project returns, cause uncertain 
income streams and lead to a non-degenerate distribution of assets in the economy. These 
risks are necessary to generate saving motives in an economy with a constant labor income. 
Without them there would be no reason to save other than to invest in a project, and the asset 
distribution would unrealistically collapse along m = 0. This would make financial interme-
diation impossible due to the lack of funds (no depositors).11 Furthermore, as pointed out by 
Chatterjee et al. (2007), there would be no bankruptcy without agent heterogeneity.

The decision to allocate savings between bank equity and bank deposits is obtained by 
maximizing a risk-adjusted return on portfolio ri

port across agent types i, i  {W,U,R}. While 
we allow for different groups of agents to have a different composition of risky and safe assets 
within a portfolio, for computation reasons we do not allow for a within-group heterogeneity.12 
The problem is

 max
ωri

ri
port − 1

2
λiσ port

2 ,

where ri
port = re Ei

Mi
+ rd Di

Mi
=ω rir

e + 1−ω ri( )rd, ω ri ≡ Ei Mi  is a weight on the risky (equity)

investment for agent type i,  λi is a risk-aversion parameter that varies across agent groups, 
and σ2

port is a variance of the portfolio return. Because bank deposits carry no risk (σ2
d = 0), the 

household maximizes:

 max
ωri

ω rir
e + 1−ω ri( )rd − 1

2
λ iω ri

2σ e
2 ,

which yields the optimal share of equity ω ri
* = re − rd

λ iσ e
2 . This in turn defines the demand for 

equity (and implicitly for deposits) given savings Mi for any agent group:
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(6) Ei

Mi
 =  r

e − rd

λ iσ e
2 .

Note that we have separated this portfolio problem from the intertemporal utility maxi-
mization of the household. We do this for computational reasons: Given that with aggregate 
shocks we need to include the entire asset distribution in the state space, we need to avoid 
having to track two separate assets for each household to keep the state space dimensionality 
within computationally efficient bounds. Appendix B shows that some details of making sav-
ing decisions depend on asset levels.

2.3 Financial Sector

The representative bank maximizes its expected profits, taking the asset distribution in 
the economy as given. Profits equal asset returns less the funding costs, the deposit insurance 
payments, and the expected loan losses and liquidation costs. The bank’s choice variables are 
loans L, bonds B, equity E, and deposits D. Because the bank takes the distribution of assets 
and all returns as given, choosing how much to loan out is identical to choosing the threshold 
level of net worth m* required for an entrepreneur to get a loan. Formally, the problem can 
be stated as

(7) max
L,B,D , E

r lL+ rbB− rdD− reE −κ D
E

⎛
⎝

⎞
⎠

γ

D− 1+ lc( )εL+ξ ,

subject to 

(8)  B+ L =  D+ E ≡M

(9)  E
L

⎛
⎝

⎞
⎠  ≥  α

(10)  D+ E  ≥  L,

where M is the total amount of loanable funds that are exogenous from the point of view of 
the bank; deposit insurance cost parameter ε is an expected share of loan losses that are endog-
enous to the equilibrium outcomes in a particular state of the economy; lc is a cost parameter 
that reflects losses during bankruptcy, liquidation proceedings, and auditing costs; and ξ is a 
bank fee paid by the households. Equation (8) is the usual balance sheet constraint, (9) is the 
regulatory requirement on capital adequacy, and (10) is a non-negativity constraint on bond 
holdings. The profit function (7) is nonlinear because of the imposition of deposit insurance 
costs, which are an increasing function of the deposit/equity ratio. For any given asset distri-
bution, banks will make more profits if the loan mass is larger. This implies that only one of 
the constraints (9) and (10) will bind at any time except in very rare circumstances where both 
bind. Banks’ profits are zero on average. The solution of the profit maximization is described 
in Appendix A.
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2.4 Central Bank 

The central bank in this model determines the bond interest rate rb and supplies govern-
ment bonds at that rate. In addition, it determines the capital-to-asset ratio parameter α. 
Therefore, α and rb are the only monetary policy instruments the bank has at its disposal. In 
the simulation in Section 4, we show how different monetary policy actions, as represented 
by mean-preserving changes in rb across the aggregate states, influence the behavior of the 
different types of households and of the representative bank. We also do similar exercises 
with mean-preserving changes in the capital requirements.

2.5 Market Clearing 

On the financial side, markets for loans, bonds, equity, and deposits must clear in all 
states. The bond market clears automatically because of an infinitely elastic supply of bonds.13 
The savings by non-entrepreneur households are allocated into deposits (share 1 –ωr and 
share ωr) and equal offerings by banks (equations 11 and 12). Loans supplied by the bank 
system equal the mass of all projects less the entrepreneurs’ assets (equation 13). The banks’ 
balance sheets are defined in equation (14):

(11)    DS =DD = 1−Ωr( ) m
m<m∗
∑ µ m( )

(12) ES = ED =Ωr m
m<m∗
∑ µ m( )

(13) L = φ −1( )
m≥m∗
∑ mµ m( )

(14)  M = mi

m<m∗
∑ µ m( )=D+ E = B+ L,

where 

 Ωr = 1−u( ) δ
τ +δ

ω rW +u δ
τ +δ

ω rU + τ
τ +δ

ω rR .

Also, expected losses of the bank must in equilibrium equal the realized loan losses:

 ε = max
m≥m∗
∑ 0, 1+a( ) r l φ −1( )m−φm 1+ r( )⎡⎣ ⎤⎦+ cmin{ }µ m( ),

where a is auditing and liquidation costs.
Equity market clearing implicitly defines the return on equity re as a function of all other 

returns. See Appendix A for mathematical developments.
To illustrate the functioning of the equity market, it is useful to undergo the following 

thought experiment. Consider a case of an increase in the lending interest rate r l, which may be 
due to a higher demand for loans as a result of a better aggregate state. If the ratio of expected 
losses as a proportion of loans ε rises less than r l, then the profit margin grows, which prompts 
the bank to lend more. Starting from a binding capital adequacy constraint, the bank needs 
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to raise more equity. But with the household’s demand for equity (6) unchanged, the bank 
must offer a higher return re to raise more equity. Such a rise in re facilitates an increase in 
equity while simultaneously easing the E/D constraint for any given M.14 Thus, this increase 
in the share of loans in the bank’s portfolio comes at an ever-increasing price of costlier equity. 
Eventually, the incipient profit margin disappears and a new optimal loan level is achieved.15

2.6 Equilibrium 

A recursive equilibrium in this model economy comprises the four value functions Vj(m,s), 
where s represents the aggregate state (current shock to the distribution of project returns, 
distribution of m) for j  {E,W,U,R}, decision rules {gj

m(m,s),gM
d (s),g e

M(s),gB
m*(s),gB

rl(s)}, govern-
ment policies {α(s),rb(s)}, prices {rd(s),r l(s),r port(s),re(s)}, aggregate asset levels {L,D,B,E}, and 
a function Ψ(μ) such that, subject to aggregate shocks to the distribution of project returns {r}:

1. Decision rules gj
m(m,s) solve each household’s problem with the associated value  

functions Vj(m,s).
2. Decision rules gM

d (s) and g e
M(s) solve the portfolio problem of the household.

3. Decision rules gB
m*(s) and gB

rl(s) solve the banks’ problems.
4. Loan, equity, and deposit markets clear:

(15) L s( )= φ −1( )
m≥m∗
∑ mµ m,s( )

(16)   E s( )= re − rd

λσ e
2 m

m<m∗
∑ µ m,s( )

(17)   D s( )= 1− re − rd

λσ e
2

⎛
⎝⎜

⎞
⎠⎟

m
m<m∗
∑ µ m,s( ).

5. The distribution of households is the fixed point of the law of motion Ψ, 

 ′µ =Ψ µ( ).

Note that there is no government budget constraint. The costs of unemployment benefits 
and retirement pensions vary very little across experiments, thus making endogenous tax rates 
largely irrelevant to the decisions of the agents. We therefore simplify the computational 
problem by abstracting from this.

3 PARAMETERIZATION
To simulate the economy and obtain numerical results, we parameterize the model to 

the Canadian economy for 1988-92, in accordance with the available data on project return 
distributions. Indeed, these are the only years for which Statistics Canada published such data.

First we calibrate the household sector. Several parameters are set in accordance with the 
literature: ρ = 2.5, β = 0.96, and σ = 0.67. In agreement with the models that include explicit 
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leisure specification, lE = lW = lU = 0.55 while lR = 1, as a result of which the labor input of 
entrepreneurs and workers and the search effort of the unemployed are set to 0.45. Wages 
are exogenous, and while they completely characterize the labor income of entrepreneurs 
and workers, the incomes of the unemployed and retired are determined by the ratio of 
unemployment insurance benefits to wages θ = 0.3.16

The probability of unemployment is set equal to the average Canadian unemployment 
rate for the considered period, u = 0.0924. The probability of retirement τ and the mortality 
rate δ are set at 0.05 and 0.1, so the number of expected periods while a worker and a retiree 
are 20 and 10, respectively. A longer expected lifetime horizon generates a stronger wealth 
effect and, consequently, stronger responses of saving over time than in the usual two-period 
models (e.g., Williamson, 1987, and Bernanke and Gertler, 1989). 

Now we turn to the financial side. Following the calibration in Yuan and Zimmermann 
(2004), which uses data from Canada, we can obtain all the necessary elements for our model. 
We set the real bond rate rb at 1 percent, such that the deposit rate rd is about 0.9 percent, 
which corresponds to an average of saving rates and guaranteed investment certificate rates. 
The parameter α of the capital adequacy constraint is taken to represent the tier-1 capital 
requirements imposed by the 1998 Basel Accord and set to α = 0.08. The deposit insurance 
parameter κ is calibrated using the premium rates of the Canadian Deposit Insurance Corpor-
ation for banks in 2000 and 2001 (0.0417 percent of insured deposits). This per-unit rate cor-
responds to κ = 0.0000417 for an average deposit/equity ratio of 10. The loan administration 
cost lc is assumed to equal zero. The account flat fee ξ is set at 0.0003 by trial and error in order 
to get the banks to break even. The parameters of the equity market that need to be calibrated 
are λ and σE

2. The variance of banks’ returns on equity is calculated from the Toronto Stock 
Exchange monthly series on financial enterprises’ returns on equity for September 1978 to 
December 2000, which are deflated by the consumer price index. Therefore, σE

2 = 0.24. The 
risk-aversion parameter of the portfolio optimization problem λ is calibrated from the market 
clearing condition (22) using the observed average real deposit, lending, and return-on-equity 
rates. This implies λ = 16.

The time-varying distribution of project returns is the exogenous source of aggregate 
shocks in our model. This distribution follows a two-state Markov process calibrated so that 
the high state occurs 75 percent of the time. Specifically, a high state has a 75 percent chance 
of reoccurring the next period, while a low state can repeat itself with a 25 percent chance. 
The distributions of project returns in both aggregate states are calibrated from firms’ return-
on-equity data. Statistics Canada (1994) reports the distribution of returns on equity by non- 
financial enterprises for the fourth quarter of 1988 to the fourth quarter of 1992. Average 
returns in each quarter are reported for the top, middle, and bottom tertiles. Assuming the 
underlying distribution is normal, we find the returns and associated probabilities for trino-
mial distributions such that (i) average returns are replicated, and (ii) we have two extreme 
returns, one implying bankruptcy. We compute two such distributions: one for the high aggre-
gate state, corresponding to the average of the 75 percent best quarters in the sample period, 
and the other for the low state. The returns and associated distributions are the following:
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 High: −50% 5.2% 60%
0.71% 98.48% 0.81%

⎛
⎝⎜

⎞
⎠⎟

 Low: −50% 2.57% 60%
1.79% 97.42% 0.79%

⎛
⎝⎜

⎞
⎠⎟
.

The ratio of investment to net worth (ϕ –1) is calibrated to equal the average debt/equity 
ratio during the reference period, so ϕ = 2.2. With a minimum return on investment of –50 
percent, we have occasional bankruptcies.

4 CAPITAL REQUIREMENTS, BANK LENDING, AND MONETARY 
POLICY 

In this section, we want to understand the behavior of the model economy. This is no 
easy task, as the model is quite complex. The rich aggregate state space implies that many 
different histories of shocks can be studied. We focus here on one particular history that we 
believe is empirically relevant from the business cycle perspective. The model economy has 
been hit by a long sequence of high aggregate shocks; thus, the distribution of assets has con-
verged to a high steady state. Given the way the shock process has been calibrated, the economy 
spends, on average, 50 percent of the time in the initial state of this experiment, a state that 
we will sometimes refer to as “normal times.” Our experiment starts with a succession of five 
low shocks and then five high shocks. Thus, the model economy wanders through a whole 
cycle, bottoming out in the middle. Note that this is a particular history of shocks among many 
others and that this history is not anticipated.

Figure 1 shows the behavior of various indicators in a benchmark economy—that is, one 
with no policy intervention from the central bank on the interest rate for bonds or on capital 
requirements. When the initial bad shock hits the economy, the lending rate jumps up, essen-
tially to protect against higher expected loan losses and because agents need time to adjust their 
asset holdings. As the negative shocks accumulate, the lending rate decreases as m* increases 
and households adjust their asset levels. Banks ration more and more loans as bad shocks accu-
mulate but revert to “normal” behavior as soon as good news comes in. From peak to trough, 
the amount of loans decreases by 3.0 percent, and 3.6 percent of all entrepreneurs are driven out. 
The consequence is that the size of an average loan increases by 0.6 percent, which corresponds 
to the empirically documented phenomenon that small businesses suffer more in a downturn.

Do the results of the benchmark calibration imply a credit crunch? Despite the fact that 
banks can increase the interest rate on loans to compensate for higher default rates, they have 
to decrease the total loan mass. The reason is the following: Facing increased risk, more entre-
preneurs are forced to become workers because of a higher bankruptcy rate. With more agents 
that save, the volume of assets increases. However, a smaller share of those assets is channeled 
to bank equity because its return is too low given its risk. The banks are then squeezed by capi-
tal requirements and have to ration credit and invest more into less profitable government 
bonds. Without capital requirements, banks could make more loans, in principle, by charging 
even higher loan rates, and entrepreneurs would still be ready to pay these rates. Although all 
agents behave optimally, we have a situation that can be described as a credit crunch to the 
extent that the marginal returns and the marginal costs of loans are not equal.
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Capital requirements imply that changes in the composition of banks’ liabilities affect 
the amount of credit in the economy. An adverse productivity shock increases the number of 
depositors and lowers the number of borrowers. Yet risk-averse depositors shy away from 
the risky bank equity, which leads to a further credit decline (because of the binding capital 
requirements). Thus, our unique heterogeneous agent setup generates “procyclical” bank 
capital requirements even without α dependent on risk.17 However, the movements described 
above are relatively small.

4.1 Countercyclical Monetary Policy

By monetary policy, we mean a policy that changes an interest rate depending on the 
aggregate state of the economy. In our model, the policy rate is the government bond rate.

The following experiments explain the consequences of various policy actions. The first 
policy experiment, described in Figure 2, involves a 25-basis-point reduction of the bond rate 
in the worst aggregate state (current shock is low; long history of low shocks).18 Thus, the 
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Figure 1
Benchmark Economy as It Cycles Through All Possible Aggregate States
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central bank reacts only after a prolonged decline in the economy. Note that the decisions of 
the banks are changed only in this specific state: m* and the lending rate are unaffected when 
the central bank does not move; but when it does move, banks reduce the lending rate by the 
same margin and, more importantly, significantly relax their loan threshold m*. Thus, the 
situation for entrepreneurs should improve noticeably: easier access to credit at better condi-
tions. Loan activity is negatively affected, however, and equity is reduced compared with the 
benchmark. This is because workers decide to save less (interest rates are lower) and put a 
smaller fraction of their savings into equity (its return drops more). Note that household 
decisions are affected even when the central bank has left the bond rate untouched, in antici-
pation of possible changes. Ultimately, the same number of entrepreneurs receives loans and 
the average loan is now smaller.

A one-time drop in the interest rate therefore does not appear to be an effective policy, as 
it weakly magnifies the credit cycle rather than smooths it. What if the interest rate is gradually 
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Figure 2
Benchmark and Policy with Interest Rate Reduction in Worst Case Only
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reduced by 5 points after each bad shock and goes back to normal whenever a good shock 
happens? This policy should better reflect the expectations that households formulate and 
consequently yield a stronger wealth effect. In Figure 3 we see that the outcome is quite differ-
ent from Figure 2. Equity-rich banks are more generous to entrepreneurs in bad times, both 
in terms of lower lending rates in bad times (but higher in good ones) and, quite significantly, 
in terms of m*. In all aggregate states, there are more entrepreneurs, loans, deposits, and equity. 
While the average loan is larger in normal times compared with the benchmark, it is smaller 
at almost any other time. This means that asset accumulation has increased for households: 
Entrepreneurship is more attractive as monetary policy counterbalances the increased risk in 
bad times. This effect is facilitated by an increasing spread that makes households’ investment 
into bank equity more attractive. Indeed, while firms face lower average returns and higher 
bankruptcy rates, monetary policy forces banks to offer better conditions. This has an impact 
on asset accumulation even in good times because of households’ long planning horizon. We 
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Figure 3
Benchmark and Policy with Gradual Interest Rate Reduction in Bad Return Situations
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conclude that an active countercyclical monetary policy can have a significant positive impact. 
Note, however, that it cannot remove the cyclical nature of loans.

4.2 Procyclical Monetary Policy

If a policy of lower interest rates may have negative consequences under some circum-
stances, one may naturally ask whether higher interest rates can do some good. Indeed, higher 
bond rates mean higher returns on saving and potentially more equity to satisfy the loan needs 
in the presence of capital requirements.

In Figure 4 we find that the model economy does not behave in a symmetric way, as com-
pared with Figure 2. While the lending rate increases as expected, m* barely changes. Conse-
quently, the loan activity does not change much as households barely change their decisions 
compared with the benchmark. The average loan size decreases. However, the change in the 
average loan size is smaller than in the countercyclical policy.
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Figure 4
Benchmark and Policy with Interest Rate Increase in Worst Case Only
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Figure 5 shows the model equilibrium when interest rates are increased gradually. The 
asymmetry of the monetary policy observed in Figure 3 is also present for the gradual policy. 
A gradual increase of the bond rate has a negative, but much smaller, impact on the various 
assets. The asymmetry of monetary policy due to the existence of credit constraints has been 
highlighted by Kocherlakota (2000). In our model, the explanation for this asymmetry is as 
follows. Countercyclical monetary policy induces a drop in m*, leading to an increase in the 
loan volume as a greater number of smaller agents can become entrepreneurs. Moreover, a 
lower m* induces workers to save more (consumption drops) at any given deposit rate because 
entrepreneurship is more likely to be attained (a move that is slightly offset by the distribu-
tional movement from workers to entrepreneurs). Because of this boom in banks’ liabilities, 
the asset side of banks’ balance sheets expands, which reinforces the initial loan volume increase.

On the other hand, a gradual procyclical monetary policy induces a small rise in m*. This 
is a strong saving disincentive for workers who want to become entrepreneurs, and it leads to 
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Figure 5
Benchmark and Policy with Gradual Interest Rate Increase as Aggregate States Worsen
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a drop in the volume of deposits and equity. Such a drop is offset by an increase of the pool of 
depositors and a rise in the deposit interest rate. Because of these offsetting effects, the net 
change in the volume and in the composition of banks’ balance sheets is relatively small.

Such an offsetting distributional effect is stronger when m* rises because the distribution 
of agents is skewed in the neighborhood of m*. Households have little reason to attain an asset 
level just below m* because of the higher expected utility of an entrepreneur than of a worker. 
Thus, an increase in m* has stronger consequences for loans than its decrease. This explains 
why m* does not have to rise as much as it has to decline.

Finally, banks’ decision to change m* in an asymmetric way is just a reflection of the equi-
librium nature of the problem. With a countercyclical monetary policy, in order for banks to 
give more loans, a rise in their equity funding is required (capital requirements bind). Yet 
the equity is more risky in bad states, and households channel their savings away from equity 
and into deposits. Therefore, to expand their loans, banks must make the vision of entrepre-
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Figure 6
Benchmark and Policy with Relaxing of Capital Requirements in Worst Case Only
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neurship—a motivation for saving—more desirable. This is why m* drops sharply. In con-
trast, a procyclical monetary policy achieves a loan volume drop by an increase in m*. Such 
an increase can be small because for any amount of savings, risk-averse households prefer 
deposits in bad times anyway.

4.3 Countercyclical Capital Requirements 

The interest rate is one of two instruments the central bank can use. The other is to modify 
the capital requirements, which in the benchmark economy are set at an 8 percent equity/loan 
ratio, as in the original Basel Accord. We now explore the policy of cyclical changes in capital 
requirements. In the first experiment (Figure 6), the equity/loan ratio is lowered to 7 percent 
in the worst aggregate state. This has two effects. First, it facilitates bank lending in the worst 
state. Second, households shift from equity to deposits because of the increased risk. The sec-
ond effect is sufficiently large to counterbalance the first, resulting in a decrease of the loan 
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Figure 7
Benchmark and Policy with Gradual Relaxing of Capital Requirements as Aggregate States Worsen
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volume. As in the case of a bond rate reduction, the average loan size decreases as the number 
of entrepreneurs barely changes, compared with the benchmark economy. 

The next experiment involves a gradual decline of the capital requirements during the 
bad shocks (Figure 7). One would expect that the regulator allowing the banks to take more 
risks during a downturn may generate more loans. To the contrary, equity declines even more, 
resulting in a smaller loan mass under a binding regulatory constraint. Interestingly, loans 
are lower even when the regulator does not intervene but has, in fact, slightly more stringent 
capital requirements to maintain the same average as in the benchmark. The reasons are the 
same as previously mentioned: Households shy away from banks when they take on more risk.

4.4 Procyclical Capital Requirements

If countercyclical capital requirements have adverse effects, maybe procyclical capital 
requirements have a positive impact on lending ability. Figure 8 looks at a one-time policy 
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Figure 8
Benchmark and Policy with Tightening of Capital Requirements in Worst Case Only
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and Figure 9 at a gradual one. Both policies have positive effects, but the effects of a gradual 
policy are of a much larger magnitude. Tighter capital requirements increase loan activity by 
improving banks’ financing. An increase in the equity-deposit spread facilitates the portfolio 
reallocation of households from deposits to equity, which relaxes banks’ capital adequacy con-
straint. The lending rate increases in both the one-time and the gradual scenarios, to offset 
higher equity costs. In the gradual scenario, higher loan volume is facilitated by a drop in m*. 
This brings in more entrepreneurs, both directly (those that were just below m* before its drop) 
and indirectly (increased saving), as entrepreneurship becomes more achievable to a wider 
spectrum of households (hence, the increase in deposits as well as equity). Smaller new loans 
cause a decline in the average loan size under this policy.

Although this policy effectively mimics the Basel Accord II stipulation of higher capital 
requirements in a downturn, its effects on the model economy contrast sharply with those 
described in the literature (Section 1). In the literature, the negative effect of tightening require-
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ments in a downturn is a result of a demand-side argument where higher capital-raising costs 
further contract banks’ lending. However, such an argument ignores the effect of more stringent 
capital requirements on the supply of bank capital. In our model, this latter effect dominates 
and stringent capital requirements improve bank funding. Well-capitalized banks are both 
more attractive to savers and able to lend to previously ineligible borrowers (those initially 
just below m*), which makes entrepreneurship more achievable.

Note that we have no informational problem in the model economy that would actually 
require the imposition of capital requirements. One can easily imagine that if the model would 
include this feature, it would only reinforce the result: The presence of more entrepreneurial 
risk leads to a higher impact of asymmetric information and risk, thus furthering the need 
for regulation.

4.5 Credit Crunch? What Exactly Happens in the Model?

A negative aggregate shock lowers the expected project returns and increases their volatil-
ity. This affects the loan volume and the lending rate in four ways. First, both effects decrease 
the expected value of risk-averse entrepreneurship (ErVE), with no first-order effects on non- 
entrepreneurial households.19 This lowers the incentive to accumulate assets to be eligible for 
a loan, thus lowering the demand for credit. Second, as the net payoff of bonds rises relative 
to the net payoff of loans, the risk-neutral bank switches from loans to bonds. This decreases 
the loan supply and increases the lending rate rL while also compensating for higher loan losses. 
This is the credit supply effect (i.e., the “crunch”). Third, an increase in rL further discourages 
loan applicants because their net return on investment declines—a movement along the 
demand curve for credit. Fourth, households shift from equity to insured deposits when the 
entrepreneurial (and hence bank equity) risk rises. This makes it harder for banks to meet 
the capital requirements, causing a further contraction of the loan volume. Thus, the decline 
in the market-clearing volume of credit is partly demand-driven, and it cannot be attributed 
solely to the credit crunch behavior of the banks.20

5 CONCLUSION
We used a complex model to study the interaction of household saving decisions, project 

returns, Basel Accord–type banking regulations, and credit activity. We find that the Basel 
Accord has a noticeable impact on loans when project returns decline throughout the cycle. 
Active monetary policy through interest rate reductions in bad times can increase the loan 
volume without removing its cyclical nature.

A relaxation of the Basel Accord capital requirements in bad times obtains negative results, 
as households shy away from the equity that banks need to make loans. As in models with 
informational problems, which do not explicitly exist in our model, a tightening is in order. 
Therefore, this calls for regulatory policy to be active through the cycle, in the sense of Basel 
Accord II, which forces banks to adopt a risk evaluation method à la Merton, as pointed out 
by Catarineu-Rabell, Jackson, and Tsomocos (2005).

Our results also emphasize that it is important to take into account the financing of 
banks. Given capital requirements, banks are limited in their lending by the bank equity that 
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households are willing to hold. As this decision is influenced by interest rates, it gives rise to 
another channel of monetary policy. This channel has also been identified by Chami and 
Cosimano (2010) and Van den Heuvel (2008). Unlike these papers, we do not require explicit 
asymmetric information, market power in the banking industry, or increasing marginal cost 
of financing. n

APPENDIX A: SOLVING THE BANKS’ PROBLEM
Because of the inequality constraints, we have to use a Kuhn-Tucker approach and be 

careful about the corner solutions. The Lagrangean for this problem is

 L = r lL+ rbB− rrD− reE −δ D
E

⎛
⎝

⎞
⎠

γ

D− 1+ lc( )εL
+λ1 D+ E −B− L( )+λ2 E L−α( )+λ3 D+ E − L( ).

Then the first-order conditions are

 r l −λ1 −λ2 E L2 −λ3 − ε 1+ lc( ) =  0

 rb −λ1  =  0

 −rd −δ γ −1( ) D
E

⎛
⎝

⎞
⎠

γ

+λ1 +λ3 = 0

 −re +δγ D
E

⎛
⎝

⎞
⎠

γ +1

+λ1 +λ2 L+λ3 =  0.

As noted above, there are two possibilities: Either constraint (9) or constraint (10) binds. 
In terms of the Lagrangean, we therefore need to consider two cases. The one where λ2 > 0 and 
λ3 = 0 (i.e., [9] binds while [10] does not) will be referred to as an “interior solution” because 
not all loanable funds are invested into loans. The opposite case, where λ3 > 0 and λ2 = 0, will 
be referred to as a “corner solution.” For simplicity, in what follows we assume γ = 1.

Interior Solution

This is the case when banks hold just enough equity to satisfy the capital adequacy require-
ment (E/L = α and therefore D + E > L). The above first-order conditions can be combined into

(18)  rd =  rb − 2δ D
E

(19) M
E

=1+ 1
δ

re − rd( )− 1
αδ

r l − rd − 1+ lc( )ε( )⎡
⎣⎢

⎤
⎦⎥

1
2

(20)  L = 1
α
E
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(21) D = M −E ,

where (19) is an equity (or implicitly deposit) supply equation. Conditional on particular 
values of M and all levels of prices, equations (18) to (21) form a recursive system that uniquely 
determines all quantities. Equations (19) and (6) imply

(22) 1
δ

re − rd( )3
− 1

αδ
r l − rd − 1+ lc( )ε( )+1⎡

⎣⎢
⎤
⎦⎥
re − rd( )2

+ 2λσ e
2 re − rd( )−λ 2σ e

4 = 0.

Corner Solution

In a corner solution, banks hold more equity than required by the capital adequacy 
requirement (D + E = L and therefore E/L > α). Now rb > rd 21 and the above first-order con-
ditions can be combined into

(23) 
M
E

=  1+
re − r l + 1+ lc( )ε

δ
⎡

⎣
⎢

⎤

⎦
⎥

1
2

(24)   L =  M

(25)  D =  M− E 

(26)  r l − rb − 1+ lc( )ε =  rb − rd ,

where (23) is again an equity supply equation. Note that now loan and equity supply decisions 
are disconnected. Equation (26) shows a wedge between the bond and deposit rates. The bond 
“premium” on the right-hand side equals the profit differential between net returns on loans 
and bonds that would equal zero in an interior solution. Equations (23) and (6) imply 

(27) 
re3 − re2 2rd + r l − 1+ lc( )ε +1⎡⎣ ⎤⎦− r

e rd
2
+ 2rd r l − 1+ lc( )ε +1( )+ 2λσ e

2⎡⎣ ⎤⎦

− rd
2
r l − 1+ lc( )ε +1( )+ 2λσ e

2rd +δλ 2σ e
4⎡⎣ ⎤⎦ = 0.

Market clearing condition (22) defines a return on equity as re = re(r l,rd,σe
2,λ,α). The cubic 

equation can be solved analytically but does not determine the re uniquely. Depending on 
the parameter values, two of the three roots may be complex. We disregard complex roots.

The system is then recursive: Conditional on M, equation (19) determines the optimal 
level of equity E, equation (21) determines the optimal level of deposits D, equation (14) deter-
mines the optimal level of bonds B, and equation (20) determines the optimal level of loans L. 
We therefore have {re,rd,E,D,L,B} as a function of {r l,M} and exogenous variables.
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APPENDIX B: PORTFOLIO OPTIMIZATION
The Euler equation for equity is

 
MUt = βEt MUt+1Rt+1

e⎡⎣ ⎤⎦
MUt = βEt MUt+1[ ]Et Rt+1

e⎡⎣ ⎤⎦+ covt MUt+1 ,Rt+1
e( ).

Because returns on equity are uncertain, the covariance between expected gross return 
and expected marginal utility at t+1 affects consumption decisions of households in equilib-
rium. The intuition is easy to see if we think of starting from certain returns on equity and 
then allow for uncertainty with cov > 0: Returns on equity tend to be high when MU of con-
sumption is high. Such change makes allocations under certainty suboptimal because  
MUt < PV(EtMUt +1). An intertemporal reallocation, by shifting consumption from today to 
the future period, increases MUt and lowers MUt +1, which brings the Euler equation into bal-
ance. So when comovement between MU and Re is positive—an empirical regularity, see Duffee 
(2005)—households save more through equity than through deposits with the same return 
(Rd is certain). A non-zero covariance justifies existence of two assets in equilibrium.

This implies differences in saving patterns across heterogeneous agents arising from dif-
ferences in their expected income (and consumption) levels. On average, entrepreneurs earn 
most, workers less, and the retired and unemployed least of all. With increasing and concave 
utility, MUworker < MUretired < MUunemployed.22 If cov(MU,Re) is a constant wedge, the last Euler 
equation above implies that covariance between Re and C will be least important for agents 
with highest average MU (unemployed) and most important for workers because of their low 
MU. Then, workers will save most via equity while the unemployed will save least via equity 
because the comovement of risky returns is relatively less important when MU is high.

To implement this idea in the scope of our model, we introduce three mutual funds for 
each of the three types of depositors: workers, the unemployed, and the retired. Equation (6) 
shows that the decisions of workers, the unemployed, and the retired when choosing a share 
of risky equity in their saving portfolio depend on their risk aversion parameter λi . Guided 
by the above discussion and standard micro theory, we calibrate λi  as proportional to the dis-
tance Xi between utility of mean consumption U(C–i) and average of utilities U(C–i–T) and 
U(C–i+T), where T is chosen to clear the equity market (EW + EU + ER = E). Specifically for 

workers (and similarly for the unemployed and retired), λW =
MW +MU

XW

XU
+MR

XU

XR

M λ
, where

λ is the aggregate lambda implied by the overall market’s equity holdings (the homogeneous 
part of the model), and Mi is the overall asset holding of agent type i.
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APPENDIX C: THE SOLUTION PROCEDURE
Heterogeneous agent models with aggregate shocks are difficult to solve because the dis-

tribution of agents is not invariant and becomes a highly dimensional state variable. The two 
main strategies to solve this problem are either to find a good way to summarize the distribu-
tion with very few variables, as Krusell and Smith (1998) demonstrate, or to work with linear-
ization, as Cooley and Quadrini (2006) do. Unfortunately, neither is possible here because of 
some highly nonlinear phenomena that are crucial in our model. For example, decision rules 
change abruptly in the vicinity of m*. Finally, second-degree effects appear to be quite important, 
and they are likely to vanish with linearization.

Our strategy uses the realization that aggregate shocks in a two-state Markov process 
lead to transitional states somewhere between two steady states that correspond to repeated 
identical shocks. We therefore choose a sufficient number of aggregate states to represent a 
large proportion of actual aggregate states.

The aggregate state space is assumed two-dimensional: One dimension is the current 
shock, high or low, and the other is a counter of how far from the high steady state the econ-
omy is. Specifically, this counter increased by one each time a low shock occurred in the pre-
vious period, or it decreased by one if a high shock occurred. The minimum counter value is 
one; the maximum value is chosen as an infrequently occurring state. We choose a maximum 
of five, implying with the transition probabilities of the Markov process that the economy 
will in any of the aggregate states Ssc percent of the time, where

 S = 50.2 16.7 5.6 1.9 0.6
16.7 5.6 1.9 0.6 0.2

⎛
⎝⎜

⎞
⎠⎟
.

We then solve this model economy with the standard tools for heterogeneous agent 
economies—that is, value function iterations followed by iterations on the invariant distribu-
tion (defined over the aggregate states as well). The equilibrium is reached by finding the set 
of lending rates r l and loan eligibility rules m* that balance all markets and satisfy all constraints 
in all aggregate states.
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APPENDIX D: DOES THE EQUITY MARKET WORSEN OR SOFTEN 
THE CREDIT DECLINE?

The existence of the equity market can either amplify or reduce the impact of a negative 
shock on a volume of credit. Only the second and fourth of the four effects mentioned in 
Section 4.5 depend directly on the equity market. The equilibrium condition (22) shows that 
only changes in rL and ε affect credit behavior through the equity channel, and they do so in an 
offsetting manner. An increase in ε (higher loan losses) increases the return on equity rE, while 
an increase in rL lowers it. We therefore distinguish two cases. Case (A): If d(rL – (1 + lc)ε) < 0, 
then a rise in rE increases the cost of funds to the bank, which squeezes the profit margin fur-
ther and leads to an additional substitution of bonds for loans (LS drops), as well as an increase 
in rL. At the same time, the portfolio return r port increases, making borrowing relatively less 
attractive (demand for credit drops). In this case, the presence of the equity market worsens 
the credit decline: A higher rE is only compatible with a lower amount of equity E on the 
market, as households are risk averse while banks are risk neutral, which in turn requires an 
additional drop in loans because of a binding capital adequacy constraint (equation [20]). 
Case (B): When d(rL – (1 + lc)ε) > 0 has the opposite implication, it softens the effects of a 
financial accelerator. According to the simulations (comparing peak and trough states),  
d(rL – (1 + lc)ε) = 0.0002, and we can conclude that the presence of the equity market softens 
the credit crunch.
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NOTES
1 The empirical relevance of the standard bank-lending channel has recently been questioned by den Haan, Sumner, 

and Yamashiro (2007), who document large loan portfolio changes following monetary contractions.

2 The heterogeneity of firms we obtain is endogenous. Bernanke, Gertler, and Gilchrist (1999) also have heteroge-
neous firms, but they exogenously fix a share of firms to have easy access to credit.

3 Regulations in many countries limit or prevent banks from investing equity (capital) in their borrowers’ businesses, 
arguably to limit their risk exposure. However, the contribution of the model in Meh and Moran (2004) is based 
on the assumption that implies that banks invest a share of their capital into borrowers’ businesses.

4 Empirically, such earnings shocks are critical for the saving decisions, as outlined in the 2001 Survey of Consumer 
Finances (Chatterjee et al., 2007).

5 Once retired, a household cannot become productive again. This innocuous assumption simplifies the calibration 
of birth rates.

6 Kocherlakota (2000) shows how credit constraints are fundamental for the amplification of income shocks at a 
macroeconomic level when capital and labor shares in the production function are substantial. Our net worth con-
straint works in a similar manner, but by rationing an endogenous mass of the agent distribution with positive 
assets below some m*. The assumption that the project size x is proportional to the entrepreneur’s assets m is a 
simplification: It allows the proportionality parameter ϕ to be easily calibrated from aggregate data, and it retains 
the essential mechanism needed for the functioning of the model: collateral needs and a mechanism to measure 
the tightening of credit conditions.

7 Consumption insurance is used in a number of papers, recently in Gertler and Karadi (2011). Note that in our model, 
banks provide cmin. This follows typical bankruptcy law, where creditors are limited in the assets they can claim so 
that the bankrupted can enjoy a minimum standard of living. 

8 Another way is to think of labor income in our model as a numeraire.

9 We will justify in the calibration the use of ξ. 

10 A prime (‘) denotes variable values in the next period.

11 All equilibria in such bimodal distribution are very unstable because all entrepreneurs can drift to zero assets follow-
ing a shock. The distribution of assets plays a crucial role in determining the dynamics of the aggregate variables.

12 In the real world, this could be compared with retirees choosing the “safe” mutual fund investment option, 
employees choosing a “balanced” option, and entrepreneurs choosing a “growth” option. This is consistent with 
the evidence that risk aversion declines with wealth, and it is what we are trying to capture in a reduced form.

13 One can think of banks depositing their non-loanable investments at the central bank, which also sets the 
deposit rate in this model.

14 This follows from the fact that 
E
D
= ω r

1−ω r
 and ωr increases in r e. 

15 Two cases can occur. First, if new loans do not exhaust the new balance sheet level, loan market clearing condi-
tions are satisfied and constitute a potential equilibrium. Second, if new loan volume exceeds the new balance 
sheet volume M, we have a corner solution. Then, the loan market does not clear and the banks ration some of 
the eligible loan applicants. Since an increase in the price of loans does not affect their quality in our model, a 
higher r l is needed to clear the market. Therefore, we have a choice of focusing on market-clearing equilibria that 
rule out corner solutions and equity “hoarding” or of allowing credit rationing when multiple equilibria may arise 
and when excess equity is kept as a backup in case the total amount of loanable funds M increases. For simplicity, 
we focus on the market-clearing equilibria, implying that equation (27) becomes irrelevant. Therefore, banks do 
not hold excess equity in equilibrium, and regulatory changes in capital adequacy ratio ρ have a direct effect on 
the loan volume.

16 This measure is based on the effective replacement rate of Hornstein and Yuan (1999).

17 The recent literature described above discusses how procyclical bank capital requirements arise in the scope of 
Basel II. Yet in our model, banks effectively operate under Basel I.

18 Note that all experiments are designed such that the average r b or m* stays at the same level.
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19 There is a second-order effect coming from expectations to be an entrepreneur in the future.

20 See Appendix D for more discussion.

21 A lower demand for banks’ financing by deposits (relative to equity) depresses their price.

22 Retirees have more free time than workers and the unemployed. 
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