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4 The need for banks to settle
interbank payments in base
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amounts of intra-day Federal
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through changes in legal
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official Federal Reserve publica-
tions at least as early as 1954.
See Board of Governors of the
Federal Reserve System
(1954, p. 51).

6 See Burger and Rasche
(1977).

7 An additional difference is the
inclusion of float-pricing related
as-of adjustments.

8 The aggregate nominal amount
of required clearing balance
contracts is excluded, rather
than the amount of Federal
Reserve deposits used to satisfy
the contracts, because data on
the latter are not available. 
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The Federal Reserve Bank of St. Louis’
adjusted monetary base has been
widely monitored as an indicator of

Federal Reserve quantitative monetary
policy actions since its introduction in
1968.1 The adjusted monetary base is a
valuable indicator of the stance of mone-
tary policy because extended periods of
rapid growth of the monetary base have
often preceded accelerations of inflation 
in the United States and other countries.
Historical evidence also shows that
supportive growth of the monetary base 
is necessary for inflation to continue for 
an extended period.2 In addition, the
m o n e t a ry base plays central roles in models
of monetary economies as a default risk-
free asset used for portfolio adjustment,
including satisfying reserve requirements
for depository institutions, and as the
medium for final settlement of debts
arising from the exchange of goods 
and services.3 In model and in real
economies, the ability of depository 
institutions to issue new liabilities and
acquire earning assets is limited both 
by reserve requirements and by the
institutions’ need to maintain an adequate
stock of base money to settle interbank
payments.4

The adjusted monetary base combines
in a single index Federal Reserve actions
that affect the supply of base money—

open market operations, discount 
window lending, and unsterilized foreign
exchange market intervention—with
actions that affect depository institutions’
demand for base money—changes in 
statutory reserve requirements.  To
measure the adjusted monetary base, 
we need a mechanism for translating the
e ffects of re s e rve re q u i re m e n t changes 
into “equivalent” changes in the monetary
base, m e a s u red in terms of open market
o p e r a t i o n s or other actions. The reserve
adjustment magnitude (RAM) provides
such a mechanism by measuring the
amount of base money “absorbed” or
“liberated” by the change in require-
m e n t s .5 The adjusted monetary base 
e q u a l s the sum of the monetary base 
and RAM.6

We present in this article a revised
measure of the monetary base and a new
RAM. The revised measure of the mone-
t a ry base differs from the current measure 
by including the aggregate amount of
depository institutions’ required clearing
balance contracts with the Federal
Reserve.7 The c u rrent measure excludes
re q u i red clearing balance contracts from
the monetary base.8 The new RAM diff e r s
f rom the current RAM by recognizing 
that, since the Monetary Control Act o f
1980, an increasing number of depository
institutions have not significantly changed
their demand for base money (vault cash
and Federal Reserve deposits) relative 
to transactions deposits following changes
in statutory reserve requirements.  T h e
RAM currently included in the St. Louis
adjusted monetary base is based on an
assumption that all depository institutions
will promptly change their holdings 
of base money following a change in
required reserves due to a change in
reserve requirements.  The new RAM 
seeks to separate those depository
institutions which have responded 
in this way from those institutions 
which have not.

Richard G. Anderson is an assistant vice president and economist at the Federal Reserve Bank of St. Louis.  Robert H. Rasche is a professor of
economics at Michigan State University.  We are indebted to Daniel Steiner for excellent research assistance.  We also thank the staff of the
Division of Monetary Affairs, Board of Governors of the Federal Reserve System, for providing the panel data set used in this article.
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9 By including all Federal Reserve
deposits, the revised measure
corresponds more closely than
the current measure to the
concepts of the monetary base
discussed by Brunner (1961),
Friedman and Schwartz
(1963), Cagan (1965), and
Balbach and Burger (1976).

10 Reserve balances data are
published weekly on the Board
of Governors’ statistical
releases and monthly in the
Federal Reserve Bulletin.

11 In addition to the amount 
of required clearing balance
contracts, some other book-
keeping entries are subtracted.
The total of these items is
referred to as service-related
balances and adjustments on
the Board of Governors’ weekly
H.4.1 data release.

12 Federal Reserve Bulletin, March
1981, pp. 247-49, and
December 1982, p. 756.

13 Nonmember banks held
clearing deposits at Federal
Reserve Banks before the
Monetary Control Act, but the
amounts are small. See Cagan
(1965, p. 335), Friedman and
Schwartz (1963, p. 748), 
and Banking and Monetary
Statistics 1941-1970, (1976,
p. 518).

14 In 1977 required reserve ratios
at member banks ranged from
a minimum of 7 percent on the
first $2 million of net demand
deposits to 16.25 percent on
net demand deposits in excess
of $400 million.  The required
reserve ratio on savings
deposits was 3 percent and the
reserve requirements on time
deposits maturing in less than
180 days were 3 percent on
the first $5 million and 6
percent on time deposits in
excess of $5 million. (See
Federal Reserve Bulletin,
December 1977, p. A9).
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CURRENT AND 
REVISED MEASURES 
OF THE MONETARY BASE:
DIFFERENCES

The current St. Louis monetary 
base equals the sum of reserve balances of
depository institutions at Federal Reserve
Banks plus currency in circulation outside
the Treasury and the Federal Reserve. 
The revised measure of the monetary 
base equals the sum of the Federal Reserve
deposits of depository institutions plus
currency in circulation.9 The currency
component of the monetary base is
unchanged.  The revised measure of the
monetary base differs from the current
measure by including all deposits of
domestic depository institutions at Federal
Reserve Banks, whether used to satisfy
legal reserve requirements, to satisfy
required clearing balance contracts, or 
for any other purpose.  The principle
difference between the current and revised
measures of the monetary base is the
inclusion of the aggregate amount of
depository institutions’ required clearing
balance contracts.

Reserve Balances and Required
Clearing Balance Contracts

Reserve balances is an accounting 
concept intended to measure the aggregate
amount of reserves available to support
depository institutions’ deposits.10 Reserve
balances are measured by subtracting the
aggregate amount of depository institu-
tions’ required clearing balance contracts
from the aggregate amount of their 
Federal Reserve deposits.11

Required clearing balance contracts
were introduced by the Federal Reserve 
in February 1981 after some depository
institutions experienced problems with
overdrafts on their Federal Reserve deposit
accounts.12 Prior to November 1980, the
use of Federal Reserve interbank payment
services (including check clearing and
wire transfer) was the almost exclusive
province of member banks.13 Because the
reserve requirements imposed on member
banks were relatively high, the Federal

Reserve deposits held by member banks
were generally sufficient to absorb the
debits and credits resulting from interbank
payments activity without overdrafts on
their Federal Reserve accounts.14 The
Monetary Control Act reduced reserve
requirements on member banks and also
granted nonmember institutions the right
to use Federal Reserve payments services.
Overdrafts on Federal Reserve accounts
became a problem for some institutions
because the act’s requirements were
phased-in, and many nonmember insti-
tutions initially satisfied their reserve
requirements with vault cash. 

The Federal Reserve’s required clearing
balance program began as a way to incre a s e
the amount of Federal Reserve deposits
maintained by depository institutions
without discouraging them from purc h a s i n g
payment services from the Federal Reserve
rather than from private correspondent
banks.  Through negotiation, depositories
were encouraged to enter into contracts
requiring that they maintain additional
deposits at the Federal Reserve, called
required clearing balances, above and
beyond the amount necessary to satisfy
their legal reserve requirements.15 To
offset the opportunity cost of maintaining
these deposits, the Federal Reserve granted
“earnings credits” to the depositories at
approximately the federal funds rate,
similar to the practice of private corre s p o n-
d e n t banks.16 These credits could be used
to defray the cost of Federal Reserve
services but could not be withdrawn in
cash nor used to pay penalties.17

During the 1980s, the required
clearing balance program came to more
closely resemble a voluntary reserve
management tool offered by the Federal
Reserve to depository institutions than an
external, regulatory constraint.  Soon after
its introduction, and especially after the
introduction of contemporaneous reserve
accounting in February 1984, some depos-
itory institutions realized that maintaining
a voluntary required clearing balance con-
tract could simplify the management of
their Federal Reserve deposit account.
The additional Federal Reserve deposits
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15 Required clearing balance con-
tracts are negotiated because
the Monetary Control Act
prohibits the Federal Reserve
from imposing payments-
related reserve requirements. 

16 Analogies between Federal
Reserve deposits and the
deposits of respondents at
correspondent banks also may
account, in part, for the exclu-
sion of required clearing
balance contracts from current
measures of the monetary base
and bank reserves. Antecedents
extend back to the initial three-
year phase-in of the Federal
Reserve Act.  As national banks
“transferred” deposits to the
newly created Reserve Banks,
some historical accounts sug-
gest that the Federal Reserve
failed to fully recognize its role
as the creator rather than the
recipient of these deposits, and
its responsibility for (and ability
to control) the total amount of
such deposits. See Friedman and
Schwartz (1963, pp. 195-6)
and Burgess (1936, chapter 3).

17 Earnings credits accrue at the
federal funds rate adjusted for
(implicit) reserve requirements.
See Stevens (1993).

18 Feinman (1993) and Hilton,
Cohen, and Koonmen (1993)
survey the growth of required
clearing balance contracts since
1980.

19 The 1990-91 reduction in
reserve requirements was fol-
lowed by a significant increase
in daylight overdrafts during 
a period when the Federal
Reserve was increasing its scru-
tiny of overdrafts (see Richards,
1995, pp. 1,069-70 and
Figure 3, p. 1,070).  We do
not know if concern regarding
the level of daylight overdrafts
led to increases in Federal
Reserve deposits and required
clearing balance contracts, but
the timing is suggestive.  
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held to satisfy the contract are available 
to make interbank payments in exactly 
the same way as other Federal Reserve
deposits.  Furthermore, the additional
deposits provide a buffer against unantici-
pated increases in reservable deposits or
payments-related debits.  Federal Reserve
accounting rules always first apply a
depository’s Federal Reserve deposits to
satisfy the institution’s required reserves,
and only thereafter does the Fed apply 
the remaining deposits to satisfy the insti-
tution’s required clearing balance contract.
Although a shortfall of Federal Reserve
deposits relative to required reserves is
likely to trigger significant penalties and
increased regulatory scrutiny, a small
shortfall relative to the amount of their
clearing balance contract incurs no
penalty.  Larger shortfalls relative to the
contracted amount are penalized at either
a 2 percent or 4 percent annual rate, often
less costly than borrowing in the federal
funds market or at the discount window.

The clearing balance program
expanded rapidly during the early 1980s,
and then slowed.18 In March 1981, about
75 depositories had required clearing
balance contracts; by March 1985, about
4,800 depositories had contracted to main-
tain about $1.3 billion in required clearing
balances.  The numbers were about the
same during the third quarter of 1990,
with 4,600 depositories contracted to
maintain about $1.5 billion.  Interestingly,
about half of these institutions apparently
held Federal Reserve deposits solely for
payments activity, since they fully satisfied
their required reserves with vault cash.
Both the number of institutions with
contracts and the aggregate amount 
of required clearing balance contracts
increased sharply following the December
1990 - January 1991 and April 1992 reduc-
tions in reserve requirements.19 During
the third quarter of 1992, about 5,000
institutions contracted to maintain about
$5.0 billion, triple the amount of two years
earlier.  Moreover, about two-thirds of
these institutions fully satisfied their
reserve requirements with vault cash and
hence likely held Federal Reserve deposits

primarily for payments purposes.  This
apparent substitution by some depository
institutions of voluntary clearing balance
requirements for statutory reserve require-
ments suggests that required clearing
balance contracts should be included 
in the monetary base.

Gilbert (1983, p. 23) provides a clear
statement of the rationale that led in the
early 1980s to the exclusion of required
clearing balance contracts from the current
measure of the monetary base:

Depository institutions maintain
clearing balances at Federal Reserve
Banks as a means of payment for the
fees Federal Reserve Banks now
charge for services.  Depository insti-
tutions receive implicit interest on
their clearing balances at the federal
funds rate, which may be used to 
pay the fees on services.  Required
clearing balances are subtracted in
computing the [monetary] source
base because clearing balances are
part of total reserve balances held 
by depository institutions at Federal
Reserve Banks, but are not related to
the levels of deposit liabilities.20

Gilbert’s argument would be
persuasive if required clearing balances
were a separate, distinct type of deposit 
at Federal Reserve Banks, used solely 
to defray the cost of Federal Reserve
payment-related services.  Some deposi-
tory institutions may indeed have treated
their Federal Reserve deposits used to sat-
isfy clearing balance contracts in this way
during the early 1980s.  For at least the
past decade, however, required clearing
balance contracts have been a flexible,
v o l u n t a ry commitment to maintain a larg e r
Federal Reserve deposit balance than nec-
essary to satisfy required reserves; they 
are neither a distinct type nor separate 
category of deposit.21

The inclusion of clearing balance
contracts also is suggested by Balbach 
and Burger’s (1976, p. 3) conceptual 
basis for identifying and measuring the
monetary base.  The monetary base
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20 Authors’ note: Contrary to the
terminology in the quotation,
required clearing balances are
not included in Federal Reserve
data on reserve balances. 

21 There is one exception to this
statement.  A nonmember
depository institution may have
a separate clearing balance
deposit account at a Federal
Reserve Bank if it satisfies its
required reserves via a pass-
through contract with another
eligible depository institution. 

22 Several previous variants of the
Burger-Rasche reserve adjust-
ment magnitude have been
included in the adjusted mone-
tary base since 1980 (see
Gilbert, 1980 and 1987).  
The RAM used from November
1980 through December 1981
excluded both the deposits 
and required reserves of
nonmember institutions on the
grounds that these institutions
seemed likely to satisfy their
initial reserve requirements
with vault cash, and hence their
holdings of base money would
not be affected by changes in
reserve requirements (see
Gilbert, 1980, p. 4).  The RAM
adjustment we present in this
article is conceptually similar 
to that earlier RAM.

23 The tests, basically analysis-of-
variance tests, are described in
Anderson and Rasche (1996). 

24 Some studies of firms’ money
demand have noted an analo-
gous result in a different
context: Loan-based compen-
sating balance requirements
were not binding on firms
during the 1970s when the
firms’ transactions need for
demand deposits exceeded the
amount of demand deposits
required by the compensating
balance requirement (see
Enzler, Johnson, and Paulus,
1976, p. 274).

25 Evidence for the inclusion of
small bound institutions prior to
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can therefore be identified in any
monetary system by ascertaining and
summing the following:

1. those assets which the consolidated
banking sector [depository institu-
tions] uses to settle interbank 
debt; and

2. those items, aside from bank
[depository institution] liabilities,
which are used as money.

The deposits at Federal Reserve Banks
used to satisfy required clearing balance
contracts fall clearly within this definition
because the deposits are used to settle
interbank payments.  Indeed, for many
depository institutions during the early
1980s, required clearing balance contracts
arose because the institutions actively used
their Federal Reserve accounts to settle
interbank payments.  Proper measurement
of the monetary base requires the inclu-
sion of deposits at Federal Reserve Banks
that are applied to satisfy required clearing
balance contracts, since these deposits are
available for and used to settle interbank
debts. The omission of required clearing
balances has allowed the current measure
of the monetary base to drift further and
further from its conceptual basis.

The shaded insert, “A Close-Up 
of the Current and Revised Measures of
the Monetary Base”(p.8), provides a
detailed comparison of the current and
revised monetary base measures.

CURRENT AND NEW
RESERVE ADJUSTMENT
MAGNITUDES

Conditional on assumptions about
which types of depository institutions
respond to changes in reserve require-
ments, the RAM translates the effects 
of changes in reserve requirements into
equivalent changes in the monetary base.
Depository institutions hold base money
for three reasons: to satisfy statutory
reserve requirements, to convert retail
deposits into currency on request, and 

to absorb debits and credits due to
interbank payments.  The current RAM
assumes that the quantity of base money
(vault cash and Federal Reserve deposits)
d e p o s i t o ry institutions demand will change
about dollar for dollar with changes in
re q u i red re s e rves due to changes in statutory
reserve requirements.  Although a reason-
able assumption for member banks before
1980, since the Monetary Control Act was
put in place, an increasing number of
depository institutions have not responded
to changes in reserve requirements in the
way the current RAM assumes.

Two Classes of Depository
Institutions

The new RAM presented in this article
is a generalization of the RAM proposed by
Burger and Rasche (1977).22 In that RAM,
depository institutions were separated into
two groups based on the likelihood that a
depository would change its holdings of
vault cash and Federal Reserve deposits
following a change in statutory reserve
requirements.  Member banks, subject to
relatively high statutory Federal Reserve
reserve requirements, were assumed to
reduce their holdings of Federal Reserve
deposits about dollar for dollar with a
change in required reserves due to a
change in statutory requirements.  Non-
member banks and thrifts, not subject 
to Federal Reserve reserve requirements,
were assumed not to respond to changes 
in statutory reserve requirements.  Only
member banks were included in the calcu-
lation of RAM because only at member
banks did changes in reserve requirements
liberate or absorb base money.

The new RAM is constructed from 
a panel data set consisting of individual
depository institution data submitted to
the Federal Reserve weekly since 1980 
by about 12,000 depository institutions.
Absent a fully worked out model of depos-
itory institution reserve management, we
use statistical tests to separate depository
institutions into two classes.23 Institutions
in the first class are assumed to respond 
to changes in reserve requirements by
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changing their holdings of Federal Reserve
deposits approximately dollar for dollar
with changes in their required reserves,
and hence are included in the calculation
of RAM.  Institutions in the second class
are assumed to have a business need for
base money that exceeds the amount of
their required reserves.  As a result, the
quantity of base money held by these
institutions is assumed not to vary with
changes in reserve requirements, but
rather to be determined primarily by their
need to convert deposits into currency 
and to settle interbank payments.24

These institutions are omitted from RAM.
For dates following implementation 

of the Monetary Control Act in November
1980, our analysis suggests that three
groups of depository institutions belong 
in the second class, thereby excluding
them from the calculation of RAM:

• Institutions that fully satisfied their
required reserves with vault cash 
(or in other words were legally
nonbound), beginning with the
reserve maintenance period ending
November 19, 1980. Our analysis
suggests that these institutions
tended not to adjust their holdings 
of base money, relative to net trans-
actions deposits, following a change
in reserve requirements.  If these
institutions’ vault cash is determined
primarily by their need to convert
customer deposits into currency, it
seems reasonable that their holdings
of base money, including Federal
Reserve deposits, will be insensitive
to changes in reserve requirements.
Since 1985 more than half of the
depositories with required clearing
balance contracts have been legally
nonbound, satisfying their required
reserves with vault cash.

• Institutions that were subject to a
maximum 3 percent marginal reserve
requirement on net transaction
deposits and did not satisfy their
required reserves with vault cash 
(or in other words were legally

bound), beginning with the reserve
maintenance period ending January
7, 1991.  These small bound insti-
tutions are included in the first 
class (and hence in RAM) prior 
to January 1991.25

• Institutions with net transactions
deposits of less than about $135 mil-
lion, beginning with the re s e rve mainte-
nance period ending January 7, 1991.2 6

Examination of the responses of these
institutions to the December 1990 -
January 1991 and April 1992 reductions 
in reserve requirements suggests that their
base money holdings were likely determ i n e d
by the business needs of the institutions,
rather than statutory reserve requirements,
after January 1991.

Calculating RAM
The new RAM adjustment is

calculated as follows.  For each week
(through January 1984) or reserve mainte-
nance period (beginning February 1984), 
a reserve adjustment magnitude is
calculated for each institution included 
in RAM by subtracting the institution’s
actual required reserves during that period
from an estimate of what the institution’s
required reserves would have been if the
reserve requirements that prevailed during
the reserve maintenance period ending
January 7, 1991, had been in effect.  This
approach is the Burger-Rasche (1977)
adjustment applied to individual institu-
tions, using the reserve requirements in
effect during the January 7, 1991, reserve
maintenance period as the base period 
for calculation of RAM.  This base period
is convenient because reserve require-
ments on nontransactions deposits and
Eurodollar liabilities at weekly reporting
institutions were reduced to zero on that
date.27 The aggregate RAM for each
reserve maintenance period equals the
sum of the individual reserve adjustment
magnitudes across all depository institu-
tions.  (See the shaded insert, “A Close-Up
of the Current and New RAM,” on p.10.)

January 1991 is weaker than
for the inclusion of other groups
of institutions.  Some tests
suggest that these institutions,
as a group, might be excluded
from RAM beginning in 1980,
as are small nonbound institu-
tions.  As a result, we are
continuing to study and model
the reserve management
behavior of smaller banks.

26 The value for 1991 is $135
million.  The value increases
annually by the percentage
increase in the aggregate net
transactions deposits of all
depository institutions.
Although this procedure is
supported by preliminary tests,
we are continuing to study and
model the reserve manage-
ment behavior of these
medium-size banks. 

27 Choice of an earlier base period
would have made recomputing
required reserves on nontrans-
actions, as well as transactions
deposits, particularly difficult
during the Monetary Control Act
1980-84 phase-in period for
member banks.  Mergers and
acquisitions also must be
accounted for in computing
RAM.  The required reserves of
a combined institution are
reduced during the eight quar-
ters following an acquisition by
a phase-out of the acquired
institution’s low reserve
tranche.  In our calculations,
we have assumed that an insti-
tution eligible for such 
a tranche loss adjustment in a
maintenance period remains
eligible when the reserve
requirements from January 7,
1991, are applied to that
period, except that the size of
the tranche loss adjustment is
increased or decreased by the
percentage change in the
tranche between that period
and the base period.  We also
omit depository institutions
granted the Federal Reserve’s
“bankers’ bank” exemption
from reserve requirements.

MA R C H/ A P R I L 1 9 9 6



MA R C H/ A P R I L 1 9 9 6

FE D E R A L RE S E RV E BA N K O F S T.  LO U I S

8

A CLOSE-UP OF THE CURRENT AND REVISED MEASURES
OF THE MONETARY BASE

The factors that supply 
base money (lines 1 through 4 
in the Table), are unaffected 
by the revision.  The largest
factor, Reserve Bank credit
(line 1), varies directly with
changes in the quantity of
securities held by the Federal
Reserve (line 1a), the amount
of Federal Reserve lending to
financial institutions (line 1b),
Federal Reserve float (line 1c),
and other assets acquired by
the Federal Reserve (line 1d).
Because the longer term
growth of Reserve Bank credit
is determined almost entirely
by Federal Reserve actions and because Reserve Bank credit supplies about 90 percent
of base money, the Federal Reserve can closely control the long-run growth of the
monetary base.

The current measure of the St. Louis monetary base (line 6) equals the sum of
currency in circulation outside the Treasury and Federal Reserve (line 6a) plus reserve
balances of depository institutions (line 6b).  Uses of base money not included in the
monetary base are shown in line 7.  The revised measure of the monetary base recog-
nizes the similarity of required clearing balance contracts (line 7d) to reserve balances
(line 6b), and the differences between required clearing balance contracts and the other
three excluded uses (lines 7a, b, and c).  First, required clearing balance contracts
represent Federal Reserve deposits of depository institutions, similar to reserve bal-
ances (line 6b); the other excluded uses do not.  Second, depository institutions 
may use the Federal Reserve deposits represented by required clearing balance con-
tracts to make or receive interbank payments in the same way as reserve balances, and
the deposits also may be converted into vault cash as necessary. The other excluded
items cannot.  Finally, the three excluded uses other than required clearing balance
contracts are the actual dollar amounts of base money used (lines 7a, b, and c).  For
required clearing balances, only the contractual amount (line 7d) is excluded, not the
amount of Federal Reserve deposits used to satisfy the contracts.

The revised measure of the monetary base (line 8) includes all Federal Reserve
deposits of domestic depository institutions (line 8b).  Specifically, required clearing
balance contracts are not subtracted from depository institutions’ Federal Reserve deposits.
The inclusion of required clearing balance contracts increases the amount of Federal
Reserve deposits included in the monetary base (line 8b) by about one-fourth.  Equiva-
lently, about one-fifth of the Federal Reserve deposits held by depository institutions
during December 1995 were not used to satisfy re q u i red re s e rves.  The other uses of base
money excluded from the monetary base (lines 9a, b, and c) are unchanged by the re v i s i o n .

The difference between the current and revised measures of the monetary base
since 1980 is shown in the Figure, and largely reflects changes in the aggregate amount
of required clearing balance contracts.
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C urrent and Revised Measures of the Monetary Base, 
December 19 9 5 *

Factors Supplying Base Money

(1) Reserve Bank credit
(a) Securities held by the Federal Reserve 387.132
(b) Loans to depository institutions 0.209
(c) Federal Reserve float 1.223
(d) Other Federal Reserve assets 32.212

Total Reserve Bank Credit 420.776

(2) Gold stock 11.050
(3) SDR certificates 10.168
(4) US Treasury currency and coin outstanding 23.969

Total supply of base money other than Reserve Bank credit 45.187

(5) Total supply of base money 465.963

Factors Using Base Money: Current Measure of the Monetary Base

(6) The Monetary Base: Current Measure
(a) Currency and coin in circulation 419.615
(b) Reserve balances of depository institutions at Federal Reserve Banks 20.402

Total monetary base 440.016

(7) Uses of base money other than as the monetary base
(a) Treasury cash holdings 0.271
(b) Deposits of other than domestic financial institutions at Federal Reserve Banks 7.349
(c) Other Federal Reserve liabilities and capital 12.841
(d) Deposits, other than reserve balances, of domestic financial institutions

at Federal Reserve Banks, including contractual amount of required clearing balances 5.487

Total other factors using base money 25.947

Factors Using Base Money: Revised Measure of the Monetary Base

(8) The Monetary Base: Revised Measure
(a) Currency and coin in circulation 419.615
(b) Deposits of financial institutions at Federal Reserve Banks (revised measure) 25.888

Total monetary base 445.503

(9) Uses other than as the monetary base
(a) Treasury cash 0.271
(b) Deposits of other than domestic financial institutions at Federal Reserve Banks 7.349
(c) Other Federal Reserve liabilities and capital 12.841

Total other factors using base money (revised measure) 20.460

* $ billions, not seasonally adjusted.
Components may not add to totals due to rounding.

Source: Board of Governors of the Federal Reserve System.

Table
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Current and Revised Adjusted
Reserves: Differences

The new monetary base and RAM
presented in this article change only 
the adjusted reserves component of the
adjusted monetary base (currency in circu-
lation is unchanged).  The current and 

new adjusted reserves series are shown in
Figure 1.  Since the difference between the
levels of the series is largely determined by
the choice of a base period for RAM, it is
differences in the growth rates (not the
levels) of the alternative series that matter.
Year-over-year growth rates are shown in
Figure 2, and the differences between the
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A CLOSE-UP OF THE CURRENT AND NEW RAM

The current and new
RAM are shown in the Figure ,
both series normalized to
equal zero in December 1980.1

The two series begin to diverg e
in 1983, and major diff e re n c e s
appear following reductions
in reserve requirements in
December 1990 - January 1991
and in April 1992.  On the fir s t
of these dates, re s e rve re q u i re-
m e n t s on nonpersonal time
deposits and Eurodollar
borrowings were reduced
from 3 percent to zero. On
the second, the marginal
reserve re q u i rement on net
t r a n s a c t i o n s deposits more
than about $42 million was reduced from 12 percent to 10 percent.  Board of
Governors’ staff estimate that these actions reduced aggregate required reserves by
about $13.2 billion and $8.9 billion, respectively.  Largely reflecting the change in
required reserves, the current RAM increases by about $13.1 billion and $9.1 billion
during the same periods, respectively.  The new RAM, which omits depository
institutions estimated to have not responded to the reductions, increases by about
$12.3 billion and $7.3 billion, respectively.2

From January 1936 to October 1980, the revised measure of the St. Louis adjusted
m o n e t a ry base presented in this article is based on the adjusted monetary base developed
by Tatom (1980, Table 1).  Tatom measured RAM in segments, re n o rmalizing RAM when
the stru c t u re of re s e rve re q u i rements changed signific a n t l y.  Tatom constructed separate
RAM adjustments for 1935-1972, 1972-1974, and 1975-October 1980, chaining these
together to form an adjusted monetary base index.  The new adjusted monetary base
p resented in this article is chained to Ta t o m ’s series in October 1980 using his methodology
and hence has the same growth rate as Ta t o m ’s data from January 1935 - October 1980.3

1 Actual values of the current and revised RAM series are about –$2.2 billion and –$18.5 billion, respectively, in December 1980.

2 Some of our statistical tests suggest that small bound banks should be excluded from RAM before the January 7, 1991, maintenance period.  
A RAM that excludes these institutions increases by $9.9 billion rather than $12.3 billion between December 1990 and January 1991.  
Overall, this alternative RAM closely resembles the one shown in the Figure.  The series is available from us on request.

3 A more detailed description of the chained series is available from us on request.
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growth rates are shown in Figure 3. The
growth of the new adjusted reserves series
accelerates more rapidly than the current
series during periods of ease in monetary
policy such as 1985-87 and 1992-93, and
slows more rapidly during tightening
policy, including 1983-84, 1990-91, and
1994-95.  Overall, the new series suggests
greater swings in the stance of monetary
policy, measured by the growth rate of
adjusted reserves, than does the old.

SUMMARY
We have introduced a new measure 

of the adjusted reserves component of 
the St. Louis adjusted monetary base.  
The new measure reflects the significant
changes in financial markets and insti-
tutions that have occurred since imple-
mentation of the Monetary Control Act 
in 1980.

The definition of the monetary base 
is revised by including the contractual
amount of required clearing balances 
at Federal Reserve Banks.  Required
clearing balances are not a separate type 
of Federal Reserve deposit, but rather are 
a contractual commitment by a depository
institution to maintain more Federal
Reserve deposits than are necessary to
satisfy the institution’s statutory reserve
requirements.  The deposits used to satisfy
the contract are available for interbank
payments and other business activity of
the depository institution, in the same way
as deposits used to satisfy statutory reserve
requirements.  As such, Federal Reserve
deposits held to meet contractual required
clearing balance contracts belong in the
reserves component of the monetary base.

The new RAM is a generalization of
the RAM proposed by Burger and Rasche
(1977).  The adjustment recognizes that
some depository institutions will not
respond fully, in terms of changing the
quantity of base money demanded, to
reductions in required reserve ratios as is
assumed in the calculation of the current
RAM.  Absent a fully specified model of
depository institutions’ demand for the
monetary base, the new RAM employs

Figure 1
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statistical tests to separate depositories
into two classes.  Institutions in one class
find reserve requirements the binding con-
straint on their holdings of base money
and are assumed to reduce their demand
for base money about dollar for dollar with
any reduction in required reserves.  Insti-
tutions in the other class find their
demand for base money driven primarily
by the business needs of the depository,
including making interbank payments.  As
a working hypothesis, the quantity of base
money held by institutions in the latter
class is assumed to be insensitive to
changes in reserve requirements.  In
contrast, the current RAM assumes that all
depositories essentially reduce their hold-
ings of base money dollar for dollar with
reductions in required reserves. 

Since the Monetary Control Act was
put in place, many depository institutions
have found their demand for base money
driven more by their retail deposit and
interbank payments activity than by legal
reserve requirements. Ignoring this
change, previous measurements of RAM
have overstated the amount of base money
absorbed or liberated by changes in reserve
requirements. 

The new adjusted reserves data
presented in this article suggest that the
stance of monetary policy, measured by the
growth rate of adjusted reserves, has been
more volatile since 1980 than suggested by
the current measure.  Additional research
will be required to refine the calculation of
RAM and to determine the importance of
the revised data in econometric studies, as
well as the appropriate role of the revised
adjusted monetary base in monetary policy
decision making.
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Opening
Pandora’s Box:
TheM e a s u r e m e n t
o fAverage Wa g e s

Joseph A. Ritter

Macroeconomists have the dangerous
habit of referring to “the” real wage,
“the” nominal wage, or just “wages.”

A theory’s prediction about “wages” has
usually led to a paper or electronic hunt
for a time series on “wages.”  In this article
I describe the differences among the most
common choices and explore how their
differences can systematically change the
answers to some important questions
about “wages.”  The different characteris-
tics of average hourly earnings (AHE),
compensation per hour (CPH), and the
employment cost index (ECI) suit them 
to different purposes, though often none 
is ideal.

SOME QUESTIONS 
ABOUT WAGES 

The movement of “wages” is central to
a number of issues, including:

• The role of the labor market in 
initiating and/or sustaining 
inflation.  Do wage increases 
generate price increases that in 
turn generate wage increases?  
Is there a wage-price spiral?  In this 
debate, the distinction between 
wage inflation and price inflation 
is pivotal. 

• Are workers better off now than 
they were at some past time?  One 
way to interpret this question is to 

look at the trend in real (inflation
adjusted) wages during the period 
in question.  But it pays to be wary 
of that word “workers.”

• Are real wages procyclical 
or countercyclical?  Many 
macroeconomic theories make 
unambiguous predictions, and 
empirical contention over the issue 
dates back to the 1930s.

Wage Increases as Inflation
One of macroeconomic policymakers’

primary concerns is controlling inflation.
Although the consumer price index (CPI)
is the most frequently used measure of
inflation, various alternatives provide 
additional information on the overall move-
m e n t of prices in the economy.  Most of
these alternatives primarily track the prices
of goods and services produced by the
economy.  The indexes of overall wage 
(or compensation) inflation that I discuss
in this article focus instead on the prices 
of the most important input to production.
Input prices both influence and are influ-
enced by output prices, but both reveal
information about underlying inflation
trends, albeit through somewhat different
lenses.  In addition, many economists
believe the feedback between wages and
prices is central to understanding the infla-
tion process, though not the ultimate sourc e .

Real Wages
In addition to providing information

on the dollar prices of the labor hours sold
in particular sectors of the economy, the
comparison between wage growth and
increases in the price level measures the
change in real wages—the purchasing
power of an hour of work from either the
worker’s or the employer’s point of view.
Real wages have played an important role
in economic theory for decades, but

Joseph A. Ritter is a senior economist at the Federal Reserve Bank of St. Louis.  Stephen M. Stohs provided research assistance.
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defining an empirical counterpart to the
theoretical concept is particularly messy.
Figure 1 illustrates the kind of muddle 
that can arise in measuring real wages.  It
shows the change since 1980 in real wage
measures based on the ECI, CPH, and
AHE.  A basic understanding of how the
wage indexes are constructed reconciles
much of the discrepancy illustrated in
Figure 1.

Questions about the trend in real
wages are riddled with ambiguity, but they
are simple compared with the question 
of whether real wages are procyclical or
countercyclical.  Though this article may
shed some light on why the wage or 
compensation component of a real wage
measure can be critical, I do not attempt 
to address that question.  A recent and
comprehensive survey by Abraham and
Haltiwanger (1995) finds that cyclicality 
of the real wage is also sensitive to the
choice of price index, sample period,
detrending method, and measure of 
the business cycle.

AVERAGE HOURLY 
EARNINGS

AHE of production and nonsuperv i s o ry
workers is derived from the monthly surv e y
of establishments (Current Employment
Survey), which collects data on employees,
hours, and payroll from a sample of about
390,000 establishments.  (AHE is shown
in Figure 2.  Table 1 summarizes the
features of AHE and the other wage
measures.)  Since firms do not usually
track hours of workers who are not paid
on an hourly basis, the hours data cover
only production and nonsupervisory
employees.  AHE is the ratio of total
payroll for production and nonsupervisory
employees to their total paid hours.  Payro l l
and hours include overtime, paid vacation,
paid holidays, and sick leave.  The last
three are normally considered benefits but,
since other benefits are excluded, AHE
series measure neither monetary wages nor
compensation.  Average hourly earnings
are available for specific industries at a fine
level of detail.  Preliminary estimates for a

Figure 2
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particular month are available at the begin-
ning of the following month, making the
data quite timely.

The objective of the establishment
survey is to provide a comprehensive, up-
to-date picture of employment.  Therefore
the jobs covered by the sample change as
industries expand and contract and as
industries employ different mixes of occu-
pations.  Thus, for example, if during a
recession an industry laid off workers
having the least seniority, AHE might
increase, even if the earnings of remaining
workers remained constant or fell.  AHE is
therefore not a good gauge of pure wage
change because it mixes wage change and
workforce composition.

THE EMPLOYMENT 
COST INDEX

The ECI is probably the easiest 
of the three measures to interpret.  It 
is a fixed-weight index of employee
compensation—a kind of CPI for wages.

The raw data are end-of-quarter reports
f rom a sample of firms on wages and benefit s
paid for specific jobs (not employees).  The
data are weighted so that they are re p re s e n-
t a t i v e of all firms and occupations.  

The ECI for compensation is calculated
as follows.  (Similar calculations are made
for wage or benefit components.)   First,
the data on compensation in the current
period relative to the base period for all
jobs within a particular two-digit SIC
industry and one of several hundred occu-
pations (as defined by the Census of
Population) are averaged.  For example,
one cell might be electricians employed in
the motor vehicles industry.  The idea is
that this average within an industry-occu-
pation cell (all the jobs in a particular
occupation in a particular industry) is
taken across similar jobs in the same
i n d u s t ry (that is, electricians in the motor
vehicles industry).  This step is similar to
averaging the prices of, say, loaves of white
bread found at different stores before
entering the average into the CPI.

Table 1

Comparison of Wage and Compensation Measures

Average Hourly Earnings Employment Cost Index Compensation per Hour

Source Survey of payrolls and hours Survey of wages and benefits Survey of payrolls and hours, 
supplementary surveys

Wages/earnings Includes overtime premiums, Regular rate of pay for straight- All forms of compensation 
paid leave  time hours

Benefits Not applicable Includes overtime premiums, 
paid leave

Hours All paid hours Not applicable Hours at work

Broadest coverage Private nonfarm Nonfarm, nonfederal Private nonfarm

Types of workers Production and nonsupervisory All employees All employees, proprietors, and 
covered employees unpaid family members

Frequency Monthly Quarterly Quarterly

Occupation detail No Yes No

Published sources Monthly Labor Review, Tables 14, 21, 42
Economic Report of the President (1996), Tables B-43, 44, 45

Electronic source Worldwide Web server: http://stats.bls.gov
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The ECI is a fixed-weight index of
these industry-occupation cells.  The
weight for a particular cell is its share of
total compensation for all cells in the base
period.  An analogue in the CPI would be
the share of consumer expenditure
devoted to white bread in the base period.
Total compensation is an estimate of
average compensation (for jobs tracked in
the survey) multiplied by the number of
workers in that industry and occupation.
The estimate of the number of workers
must come from other sources since the
ECI survey does not gather employment
data.  In sum, the ECI uses fixed weights
to add up average compensation from
many industry-occupation pairs.

Because the weight given to wages
from a particular industry and occupation

are fixed, employment shifts among occu-
pations or industries will not affect the
ECI by directly changing the composition
of the sample.  Naturally, as the economy
evolves, these weights tend to become
obsolete, just as expenditure weights in the
CPI become outdated through time.  The
weights are updated every 8-10 years in
the ECI.  The current weights are from 1990.

One of the advantages of the ECI is
that it tracks total compensation (that is,
wages and salaries plus benefits).  This
makes it much more useful than AHE for
measuring the cost of employing workers.
The ECI is also available at an industry or
occupation level.  

An arcane detail important when com-
paring the ECI with AHE is that the ECI
classifies vacation, holiday, and sick leave
pay, as well as overtime premiums, as ben-
efits.  All of these are included in AHE
which therefore includes some things that
the ECI classifies as benefits while excluding
others.  Thus neither the ECI for wages
nor the ECI for compensation is directly
comparable to AHE.

A disadvantage of the ECI is its re l a t i v e l y
short history.  The program began in the
mid-’70s, but a consistent, seasonally
adjusted time series starts only in 1980 for
the private nonfarm sector and in 1982 for
the nonfarm, nonfederal sector.

One recent development that stands
out in Figure 3 is the convergence of the
growth rates of the two ECI components;
since late 1993, the growth of benefits 
has slowed to roughly the same rate as 
the growth of wages, bringing compensa-
tion increases in line with wage and 
salary increases.

COMPENSATION PER HOUR
The U.S. Department of Labor’s CPH

series is its broadest measure of average
compensation of all workers, not just
employees, in the private sector of the U.S.
economy.  If the ECI is similar to the CPI,
then compensation per hour is analogous
to the GDP deflator.  CPH is basically the
ratio of total compensation to total
hours—the market value of labor input

Figure 3
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divided by total labor input.
The numerator, total compensation, 

is built up from the national income
a c c o u n t s estimate of compensation of
employees in the private sector.  The 
latter includes direct monetary payments
to employees plus all supplements,
including employer contributions to 
social insurance and pension funds.  
Compensation of employees is then
adjusted to include estimates of the v a l u e
of the labor input of the self-employed and
unpaid family members, which are lumped
into proprietors’ income in the national
income accounts.  Total compensation for
CPH is thus significantly larger than the
compensation of employees reported in
the national income accounts.

The denominator, total hours, builds
on the hours of production and nonsuper-
visory workers estimated from the
establishment survey (the denominator 
of AHE) by adding an estimate of the
hours of nonproduction and supervisory
employees’ hours based on the number of
such employees.  This fig u re is then adjusted
to account for the difference between
hours paid and hours at work (paid leave
is subtracted).  This adjustment is based
on the Hours at Work Survey conducted
by the Bureau of Labor Statistics (BLS).
Finally, using estimates from the Current
Population Survey, hours are adjusted to
include those of proprietors and unpaid
family workers.

Since CPH is really just the ratio of total
compensation to total hours, it is a ff e c t e d
by changes in the mix of industries and
occupations in the same way as AHE.  This
c o n s t ruction implicitly makes CPH a v a r i-
a b l e-weight index like the GDP defla t o r :
The weight given to the compensation of a
particular worker in a particular period is
equal to his or her share of total hours in
that period.

CPH is closely related to BLS’s labor
productivity and unit labor cost data.  The
same hours concept is used as the denomi-
nator for labor productivity (output per
hour).  The same compensation concept is
used as the numerator in unit labor costs
(compensation per unit of output).

COMPARISONS
As Figures 2, 3, and 4 illustrate, the

g rowth rates of the ECI, CPH, and AHE show
a downward trend during the 1980s and
1990s.  They share this trend with the CPI
and other price indexes.  The compensation
growth rates stayed above the CPI during
the early 1990s, largely because of h e a l t h
c a re cost inflation.  (The CPI includes only
consumers’ premium payments.  Employers’
contributions are not counted.)  At present
none of the three gives a much d i ff e re n t
reading on  inflation than the CPI. 

The fact that the ECI, CPH, and AHE
are currently sending a common message
o b s c u res a potentially very important point:
The price of labor input is measured only
by compensation data.  Neither AHE nor

MA R C H/ A P R I L 1 9 9 6
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the ECI for wages and salaries measures
the price of labor.  Therefore, changes in
the structure of compensation packages—
the mix of wages and various forms of
benefits—could substantially alter the 
relationship between monetary and overall
compensation data.

The ratio of wages or compensation 
to the CPI (or some other price index)
produces what economists call real wages.
Figure 1 illustrates the real wage series
produced using the CPI and the wage mea-
sures I have discussed in this article.  
Real wage growth was much slower in 
the period shown than in the 1960s 
and 1970s.  But depending on how we
choose to look at it, real wages have
increased about 8 percent, decreased 
about 8 percent, or stayed about the 
same since 1980.  At least two factors 
help generate this confusion.  

The first is the difference between
wages and compensation.  By comparing
the ECI for wages with the ECI for
compensation, it is apparent that nearly
half the difference between the +8 percent
and –8 percent results comes from the
growth of benefits.  Health insurance was a
big share of this, of course.  In addition,
however, employers’ share of Social Secu-
rity payroll taxes rose by more than 1.5
percentage points.  This was more than
one-fifth of the difference between ECI
wages and compensation.  Neither health
insurance nor employers’ share of Social
Security taxes is a part of AHE.

Second, differences in the coverage of
the indexes can produce systematic differ-
ences among them.  For example, among
production and nonsupervisory workers,
t h e re could be a shift toward jobs with lower
average earnings.  This would be difficult
to document directly, but the hypothesis is
consistent with the declining prevalence of
unions and falling share of manufacturing
employment.  A fixed-weight index like
the ECI would not capture this shift.  In
addition, however, there was a steep incre a s e
in wage inequality during this period, which
has been extensively documented by Bound
and Johnson (1995) who used data on indi-
v i d u a l workers.  In particular, returns to

education rose dramatically in the 1980s.
The ECI includes nonproduction and
supervisory workers, the categories of
workers most likely to have high levels of
education.  The increased payoff to educa-
tion would there f o re push the ECI up re l a t i v e
to AHE of production and nonsuperv i s o ry
w o r k e r s . The same argument applies to the
d i ff e re n c e between CPH and AHE.

The price index used to adjust nominal
wages for inflation deserves mention from
two angles.  

F i r s t , as a cost-of-living measure, the C P I
is subject to some upward bias.  Upward b i a s
in the CPI biases real wage measurements
downward.  For example, a downward
adjustment in CPI inflation of only 0.6 per-
c e n t per year would wipe out the fall in
real AHE between 1980 and 1995.  An
adjustment of that size is well within the
range that experts find plausible. To avoid
some of the upward bias in the CPI, some
economists choose to adjust nominal
wages using the personal consumption
expenditures deflator, which is a variable-
weight deflator.  This would also make the
growth of real wages look s t ronger because,
in the defla t o r, the weights on items with
rapidly rising prices tend to go down as
people substitute lesscostly products.

Second, it may be appropriate for
some purposes to deflate wages using a
price index based on the prices of the
goods and services employees produce,
rather than those they consume.  Economic
theory predicts, for example, that average
real wages should be closely related to 
productivity.  Employers care about the
value of their workers’ output.  This value
depends on the price of the firm ’s pro d u c t s ,
not on what its workers buy.  In the com-
parison of real wages with productivity, the
appropriate price index thus would not
just measure the prices of consumption
goods.  Instead, it would cover the prices
of all firms’ output.

WHAT WAS THE 
QUESTION?

Which average wage measure is best?
The answer depends on the question.
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AHE has an advantage in current analysis
since it is available monthly, with only a
short lag.  The ECI was designed to answer
questions on overall compensation for cer-
tain jobs.  If the question is a broader one,
such as what has happened to the pay of
the American worker, it is important to
account for changes in the structure of
employment.  In this case, CPH seems
more appropriate.  Many questions cannot
be sensibly answered with averages of any
sort and can be addressed only with micro-
data on individual workers, such as that
available from the Current Population
Survey.

REFERENCES
Abraham, Katharine G., and John C. Haltiwanger.  “Real Wages and the

Business Cycle,” Journal of Economic Literature (September 1995),
pp. 1,215-64.

Bound, John, and George Johnson.  “What are the Causes of Rising
Wage Inequality in the United States?” Federal Reserve Bank of New
York Economic Policy Review (January 1995), pp. 9-17.



1 See DeLong and Summers
(1992) and Summers (1991).
Marty and Thornton (1995)
provide an analysis of several
arguments asserting that the
economy benefits from
moderate inflation.

2 See Howitt (1990).
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The Costs and
Benefits of
Price Stability:
An Assessment
of Howitt’s Rule

Daniel L. Thornton

The central banks of New Zealand,
Canada, and the United Kingdom have
recently decided to make price stability

the overriding goal of monetary policy.
Similar proposals in the United States 
have received a lukewarm reception.
Although some opponents have argued
that moderate inflation is beneficial, many
concede its effect on economic welfare 
is detrimental.1 Instead, they argue that 
a price stability policy is suboptimal
because, once inflation is under way, it 
is better to tolerate some moderate infla-
tion than to bear the cost necessary to
achieve price stability.  Howitt’s Rule is 
the clearest statement of the proposition
that the benefits resulting from reducing
inflation must be weighed against the cost
of reducing it.2 (See the shaded insert,
“Howitt’s Rule.”)

Assuming inflation affects both the
level and growth rate of output, I state
Howitt’s Rule and explain how it argues for
a continued policy of moderate inflation.
Next, I analyze alternative estimates of the
costs of achieving price stability and com-
pare these costs with estimates of the gain
from achieving price stability when infla-
tion reduces the level or growth rate of
output.  Finally, I briefly review the cross-
section and time-series evidence on the
effects of inflation on output growth.  In
the final section I offer a summary and
some concluding observations.

THE COST-BENEFIT
INFLATION TRADE-OFF:
HOWITT’S RULE

Howitt (1990) argues that, although
inflation is costly, once it is under way,
society is better off to tolerate a little infla-
tion than to bear the cost necessary to
achieve price stability.  Howitt (1990, 
p. 103 ) notes, “There are a host of reasons
why the best average rate of inflation,
ignoring costs of getting there, is zero . . .”
(italics added).  Arguing that the cost 
of achieving zero inflation may be sub-
stantial, however, Howitt suggests his rule
can be used to determine the “optimal”
inflation rate.

Howitt argues that the transitions cost
“will not be negligible, so that it will be
optimal to stop disinflation, even when 
the gain from further reduction is still pos-
itive.”  Therefore, Howitt (1990, p. 104)
concludes, “The optimal target is probably
somewhere above zero” (italics added).

The cost-benefit trade-off Howitt
alludes to is represented in Figure 1
(under the assumption that inflation
reduces the level of output).  At time t0
policymakers decide to pursue a policy
that will reduce the steady-state inflation
rate from its current level to a lower level,

Daniel L. Thornton is an assistant vice president at the Federal Reserve Bank of St. Louis.  Jonathan Ahlbrecht provided research assistance.

HOWITT’S RULE

In order to estimate the optimal target rate of
inflation, one must somehow balance the gains from
reducing inflation against the costs of doing so. The
reduction in inflation should continue as long as the
present discounted value of the benefits to society 
from a further small reduction exceeds the present
discounted value of the cost.  The optimal target rate 
is the rate at which the benefit of further reduction just
equals the cost of raising unemployment by the required
amount above the natural rate.  (Howitt, 1990, p. 104,
italics added.)



FE D E R A L R E S E RV E BA N K O F ST.  LO U I S

24

3 In Figure 1, once output has
returned to its previous trend
level, the time it takes to get 
to the new higher level is so
short that it is inconsequential.
If this is not the case, the
estimates of the gains from
reducing inflation (presented
later) are overstated.  More-
over, if the period to achieve
the higher level of output is
very long, it will be extremely
difficult empirically to differen-
tiate between level and growth
rate effects of inflation because
output would grow at a rate
above its trend level for a long
period before reaching its
permanently higher level.

4 See Barro (1995 and forth-
coming); Bruno (1995); Clark
(1993); Ericsson, Irons, and
Tryon (1993); Fischer (1993);
Dotsey and Ireland (1993);
Briault (1995); Grier and
Tullock (1989); Kormendi and
Meguire (1985); Levine and
Renelt (1991 and 1992);
Logue and Sweeney (1981);
Orphanides and Solow (1990);
Ireland (1995); Jones and
Manuelli (1995); Chari, Jones,
and Manuelli (1995); King and
Rebelo (1990); Golob (1993).
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perhaps zero.  This change in policy 
causes output to fall below its steady-state 
path until time t1, when the economy
achieves its new lower inflation rate and 
a permanently higher level of output.3

The permanent increase in the level of
output is taken to be some proportion, 
θ, of current period output, that is, the
increase is equal to θy0.  The shaded area
marked G represents the permanent gain
to output associated with achieving a
lower rate of inflation for a given time
horizon (T).  The shaded area marked L
denotes the temporary output loss associ-
ated with reducing the steady-state
inflation rate.

Discounting Future Output
Howitt’s Rule states that disinflation

should continue until the present value 
of G equals the present value of L.  Hence,
the output levels in Figure 1 must be
discounted at some discount rate, β.
Figure 1 can be easily modified to show
the effect of discounting.  This is done in
Figure 2, which shows the present (time
t0) value of the output streams in Figure 1
discounted at the rate β.  Figure 2 assumes
that the discount rate is larger than the
growth rate of output, α, so the present
value of future output always lies below
current output.

Under this assumption, the present
value of future output approaches zero 

as the time horizon approaches infinity, 
T → ∞.  This is true for both the high- and
low-inflation output paths.  Consequently,
the present value of the gain from reducing
inflation, pvg in Figure 2 (the shaded area
between the present values of these altern a-
t i v e output paths), is finite.  Howitt’s Rule
is to cease the disinflation process when
pvg equals pvl.  Hence, it is possible to
choose a positive inflation rate as the
“optimal target inflation rate.”

The sizes of pvg and pvl depend on 
the level of current output, y0, so it is
convenient to express the present value 
of the gain and present value of the loss
from reducing inflation as a proportion 
of current output.  That is,

PVG = pvg/y0

and
PVL = pvl/y0,

respectively.

When Inflation Affects 
Output Growth

Figures 1 and 2 are drawn under 
the assumption that inflation affects 
only the level of output.  Increasingly,
economists have paid attention to the
possibility that inflation may affect the
growth rate of output.4

The behavior of output associated
with reducing the steady-state inflation
rate when inflation reduces output growth
is shown in Figure 3, as well as the output
paths for the high- and low-inflation alter-
natives and the present values of these
paths.  It is assumed that inflation reduces
output growth, that is, the growth rate 
of output in the low-inflation state, µ, is
larger than the growth rate of output in 
the high-inflation state, α.  Figure 3 is
drawn under the assumption that the rate
at which future output is discounted is
greater than the low-inflation output
growth rate, β > µ.  In this case, the
present value of future output approaches
zero as T → ∞ for both the low- and high-
inflation states.  Consequently, PVG is
finite for any value of T.

Figure 1
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5 See Phelps (1979), Taylor
(1983), Aiyagari (1990), 
and Ball (1994b).  Aiyagari
(1990, p. 2) discusses why
real output is an appropriate
measure of welfare for govern-
mental policy analyses.

6 For example, during times of
war, output typically increases;
however, most people would
consider themselves to be
worse off.
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AN ASSESSMENT OF
HOWITT’S RULE

A number of conditions must be
fulfilled to apply Howitt’s Rule.  Some, 
like determining the relative sizes of PVG
and PVL, are obvious.  Others are subtle,
yet just as important.  I begin my assess-
ment of Howitt’s Rule with a discussion 
of the less obvious conditions upon which
it depends.

Output as the Appropriate Measure
of the Benefits and Costs

In Figures 1, 2, and 3, I implicitly
assumed that the costs and benefits could
adequately be represented by output gains
and losses.  This practice is common in
much theoretical and virtually all applied
work.5 Two important limitations on this
practice should be noted, however.  One is
that measured output does not conform
perfectly with the theoretical measures.
For example, measured output does not
include home production.  Hence, applica-
tions of Howitt’s Rule to real-world data
are problematic.  This is a problem for
virtually all applied work, so I do not
discuss it further.

A more important limitation is that
output is an imperfect measure of economic
w e l f a re.  In economics, welfare is measure d
more abstractly, but more correctly, by the
concept of utility.  If there were a one-to-one
c o rrespondence between output and utility,
there would be no problem, but this is 
not the case.

In theory or in practice, output does
not include the utility individuals obtain
from leisure.  When more time is spent in
p roduction, less time is available for leisure .
Consequently, it is possible for output to
increase while economic welfare declines.6

This consideration is particularly import a n t
for assessing the costs of inflation (and, con-
s e q u e n t l y, the benefits from disinflation)
because inflation is believed to distort the
allocation of re s o u rces, in part i c u l a r, the dis-
tribution of time between work and leisure .

The precise rationale for inflation’s dis-
torting effect varies from model to model.

Many economists, however, believe that
money is held to facilitate trade.  Money 
is costly to hold, with the annual marginal
cost per real dollar held equal to the nom-
inal interest rate.  The nominal interest
rate is equal to the real interest rate (deter-
mined by real factors, such as productivity
and thrift) and the expected rate of infla t i o n .
In the long run, actual and expected
interest rates should be equal, regardless 
of how expectations are formed.  Inflation
is costly because the nominal interest rate
becomes higher as the steady-state infla t i o n
rate rises.  Consequently, so too is the 
cost of holding money.  Indeed, the nominal

Figure 2
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7 To argue that welfare is some-
how higher is to argue that
i n flation is beneficial.  See Mart y
and Thornton (1995) for an
analysis of four arguments that
moderate inflation is beneficial.

8 Although it is possible that
Howitt’s Rule would choose a
negative rate of inflation in this
case, I will not consider it here.
Friedman (1969) suggested
that the optimal monetary
policy was to set the inflation
rate to the negative of the real
interest rate, so that the nomi-
nal interest rate would be zero.
Consistent with the above
analysis, a zero nominal
interest rate would induce indi-
viduals to hold the maximum
amount of real money balances
(since the nominal interest rate
cannot be negative) and, hence,
derive the maximum benefit
from holding money.  Fried-
m a n ’s analysis assumes, among
other things, a zero cost of main-
taining the real money stock.

9 If the time horizon is infinite,
for such problems to have a
solution, utility must be
discounted at a positive rate.
For example, in the case of
continuous time, this is necessi-
tated by the fact that the objec-
tive functional is of the general
form 

0

∞
F(t, y, dy/dt)dt. If this

objective functional is not finite,
there may be several paths that
have infinite values.  Although
there are methods for isolating
the optimal path in cases
where the objective functional
does not converge, these
methods are difficult to apply.
Therefore, it is common to
express the objective functional
in discounted form, that is,

0

∞
F(t, y, dy/dt)e– βtdt.

Discounting is necessary, but
not sufficient to guarantee the
convergence of this improper
integral, however.  Discounting
is sufficient only if the function
that is being discounted is
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interest rate increases approximately point
for point with the steady-state inflation rate.

The higher the nominal interest rate,
the fewer real money balances individuals
wish to hold.  In an attempt to hold less
m o n e y, individuals reallocate their re s o u rc e s .
The result may be reduced output, less
leisure time, or both.  Regardless of the
outcome, economic welfare is reduced.
For example, if individuals have less time
for leisure, but output is unchanged, welfare
falls.  Consequently, associating the costs
of inflation with output tends to bias
Howitt’s Rule toward a higher inflation rate
than would be optimal if the welfare costs
were correctly identified and measured.
M o re generally, unless inflation is somehow
beneficial, welfare must be lower at the
higher inflation rate—even if the measured
level of output is unchanged.7 Hence, when
output is the measure of welfare, an infla-
tion bias is imparted to Howitt’s Rule.

Discounting Output or Utility
Howitt’s Rule calls for discounting the

cost and benefit at a positive discount rate.
Discounting is critical to Howitt’s Rule.
The reason is simple:  Without discounting,
Howitt’s Rule would always choose zero as
the optimal inflation target.  The cost of
reducing inflation (the area re p resented by
L in Figure 1) is finite.  This is true whether
or not the cost of reducing inflation is 
discounted.  In contrast, the b e n e fit fro m
reducing inflation is finite only if it is
discounted.  (Altern a t i v e l y, the time horizon,
T, is finite. I say more about this later.)
C o n s e q u e n t l y, without discounting, Howitt’s
Rule will always choose zero inflation no
matter how small the effect of inflation on
either the level or growth rate of output.8

Discounting future income streams 
is such an integral part of financial decision
making that the need to discount future
income is taken for granted.  Discounting
utility is fundamentally different, however.
It is important to distinguish it from
discounting commonly used in finance.  

Frequently, individuals are assumed 
to maximize the expected value of their
lifetime utility from consumption and

leisure, given their expected lifetime earn-
ings (or resource endowments).9 The
discount rate has a specific interpretation in
such analyses. The greater an individual’s
preference for current consumption (rela-
tive to future consumption), the larger the
rate at which future income is discounted.
Individuals who are impatient to consume
have higher discount rates; those who are
less anxious to consume have lower discount
rates.10 Consequently, the discount rate
can be interpreted as an individual’s rate 
of time preference.

Although it may be reasonable to
assume that individuals discount their
expected future utility relative to their
current utility in making optimal plans,
the role of discounting in evaluating
transfers between individuals or between
generations is controversial.  Indeed, the
mathematical economist Frank P. Ramsey
(1928) considered it “ethically indefen-
sible” for the current generation to discount
the utility of future generations.  At issue
is whether it is appropriate for the current
generation to assert that the welfare of future
generations is less important than its own
when making policy decisions that will aff e c t
the welfare of future generations forever.

Despite Ramsey’s moral indignation,
the practice of discounting utility or output
is commonplace in theoretical, as well as
practical, intergenerational public policy
analyses.  Perhaps intergenerational
discounting is nonchalantly invoked
because it appears to be consistent with
human behavior.11 Nevertheless, it is
important to note that if you believe, as
some economists do, that intergenerat i o n a l
discounting is morally re p re h e n s i b l e , you
must conclude that the optimal inflation
policy is price stability.  If interg e n e r a t i o n a l
discounting is inappropriate, so too is
Howitt’s Rule.  In this event, the only basis
for favoring a policy of moderate inflation
is to argue that moderate inflation actually
enhances economic welfare.

The Discount Rate
Discounting utility or output is neces-

sary but not sufficient to cause the benefit
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from reducing inflation to be finite.  The
discount rate must also be larger than 
the growth rate of output under stable
prices.12 If β is not larger than µ, the
present value of the benefit of reducing
inflation increases without bound as 
T → ∞.  Hence, Howitt’s Rule will always
choose zero as the optimal inflation rate
regardless of the cost of getting there.

Given the critical nature of this
requirement, it is natural to ask, Is it
reasonable to assume that β is larger than
µ?  Unfortunately, there is no definitive
answer.  Nothing in economic theory
ensures that this condition will hold.
Likewise, nothing prevents it from holding.
In simple models of intertemporal utility
maximization, optimization requires that
the rate of time preference equal the real
interest rate.  Theoretical models of this
sort are usually solved by imposing a
strong form of rational expectations called
certainty equivalence.  For this reason, the
rate on very long-term, default-risk-free
Treasury securities averaged over a long
period is frequently taken as a proxy for
the rate of time preference.

The ex post real rates on 10-year and
30-year Treasury bonds over the period 
of available data are presented in Table 1,
along with the growth rates of real gross
domestic product (GDP) for the same
periods.  These figures are generally
consistent with the assumption that the
rate of time preference exceeds the growth
rate of output.  In the case of the 10-year
bond rate for the period 1954-94, however,
the reverse is true.  Moreover, the differ-
ence by which the long-term Treasury
bond rate exceeds the growth rate of
output is, at most, approximately 1.3 per-
centage points.

Hurd’s (1989) attempts at estimating
the rate of time preference directly have
generally produced much smaller estimates
of the rate of time preference.  Although
H u rd ’s estimates vary with the specific a t i o n
of the model and the estimation technique,
they are generally too small to justify the
assumption that β > µ.  Without this con-
dition, however, Howitt’s Rule will always
choose price stability as being optimal.

The Time Horizon
We have implicitly assumed that the

time horizon, T, is infinite.  But since it is
possible to make the output gain from dis-
inflation finite simply by assuming that 
T is finite, this possibility should be
considered.  The analysis of the discount
rate applies equally well to the choice of
time horizon.  The assumption that the
time horizon is finite is tantamount to
stating that, beyond some point, all output
or utility is discounted to zero.  Hence,
choosing a finite time horizon is analogous
to imposing an arbitrarily high discount
rate on all gains beyond some point.  It is
just as difficult to rationalize a finite time
horizon as it is to rationalize an infinitely
high discount rate.  Consequently, if you
believe the time horizon should be finite,
you might just as well argue that the
discount rate should be large.

APPLYING HOWITT’S RULE
If the conditions needed to yield a

nonzero optimal inflation target when
applying Howitt’s Rule are accepted, it is
still necessary to calculate the loss associ-
ated with the disinflation policy and the
gain associated with achieving the lower
inflation rate.  Neither task is easy.

The Costs of Disinflation Policy
The costs of disinflation policy 

are associated with the stickiness of 
prices and wages.13 In models where
prices and wages are completely flexible, 
it is difficult for disinflationary mone-

bounded, that is, has a finite
limit.  If the function is not
bounded, the objective
functional will only converge 
if the discount rate is suffi-
ciently large.

10 Thus, some economists argue
that relative savings rates are
evidence of relative rates of
time preference.  Individuals 
or countries with high savings
rates have low rates of time
preference and vice versa.

11 If concern for future genera-
tions is a strong motivation, we
should expect to find a strong
bequest motive in individuals’
consumption and saving
behavior.  Hurd (1989) finds
desired bequests to be all but
nonexistent, however.  He
concludes, “apparently most
bequests are accidental, the
result of uncertainty about the
date of death.”

12 There is also a question of
whether output should be put
on a per capita basis.  Most
theoretical work is done in per
capita terms.  Most applied
work in this area has been
done using aggregate output.
Since there is no compelling
reason to prefer one over the
other, the practical convention
is followed here, except where
explicitly noted.

13 See, for example, Aiyagari
(1990).
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Real Long-Te rm Tr e a s u ry Bond Rates and
Real GDP Growth Rates

Period 10-Year Rate 30-Year Rate GDP

1954-94 2.66 NA1 2.88

1978-94 3.74 3.84 2.48

1 Data not available.

Table 1



tary policy to have adverse short-run
output effects.  Even with sticky prices,
however, there is general agreement that, 
if the monetary authority’s disinflation
policy is credible, the cost of disinflation
can be significantly reduced and perhaps
eliminated.14 For such reasons, there is 
no consensus about the cost of disinfla t i o n .
Instead, I present estimates from a pro c e d u re
for estimating the cost of disinflation
frequently used by advocates of a policy 
of moderate inflation.15

The Cost of Reducing Inflation
I estimate the present value of 

the output loss that has accompanied
significant periods of disinflation.  The
estimates are for the United States and 
are explicitly based on the work of Ball
(1994a) and Howitt (1990), but the
antecedent is Okun (1978). 

The first step is to identify periods of
s i g n i ficant disinflation.  Ball defines a period
of significant disinflation as a period when
the long-run or trend inflation rate falls by
one percentage point or more.  The next
step is to measure the output loss.  Both
Ball and Howitt consider the output lost
during disinfla t i o n episodes to be the
difference between what output would
have been in the absence of the disinfla t i o n
and actual output.  The approaches differ
only in the way they calculate what output
would have been.

Ball does this by connecting output
when the trend inflation rate is at its peak
with output four quarters after the trend
inflation rate reaches its trough.  He does
this on the assumption that the effects of
disinflation on output continue for a 
while after disinflation ends.

Howitt uses the unemployment 
rate to gauge output loss.  For Howitt, 
the disinflation period ends when the
unemployment rate returns to the level 
it was when the disinflation episode 
began.  The output loss is calculated by
using Okun’s Law.  Howitt assumes that
each percentage point rise in the unemploy-
m e n t rate for a year costs society the
equivalent of 2 percent of real GDP.16

A significant difficulty with this general
approach to measuring the output loss of
disinflationary policy is that all output
losses during these periods are attributed
to disinflation.  It is certainly possible—
indeed, many would claim likely—that
some part of the output decline is cyclical,
that is, the economy’s dynamic response 
to past shocks—monetary or real.

Perhaps more important, this
approach assumes that all disinflation 
is attributable to monetary policy actions
and not to the simultaneous occurrence 
of other shocks.  This is particularly
troubling since no attempt is made to
connect the disinflation experience dire c t l y
to policy actions.  Consequently, there is
no way to determine the extent to which
the output loss during these disinflation
experiences may be a result of other
factors.17 Because of these difficulties, it 
is safe to say that this approach overstates
the output loss associated with disinflation
to a greater or a lesser degree.18

The Benefit of Lower Inflation
Estimating the benefit of a lower

inflation rate is no easier than estimating
the cost of disinflation policy.  Part of the
difficulty stems from the fact that money
affects economic welfare in many and
complex ways.  No general model of the
welfare benefit of money and, hence, no
model of the welfare cost of inflation, exists.
Rather, a large body of literature outlines
the potential benefits of price stability.19

Nevertheless, an approach to
estimating the welfare cost of inflation,
suggested by Bailey (1956) and Friedman
(1969), is frequently used.  This method
assumes that the benefit of money accrues
solely to those who hold it.  Consequently,
Bailey and Friedman assume there is no
external benefit from money’s use.  Under
this assumption, the benefits from holding
money can be represented by what econo-
mists refer to as consumer’s surplus or, more
esoterically, Harberger triangles.  The idea
is simply that money is barren in that it
pays no explicit interest, so the value of
m o n e y ’s services, that is, the welfare 
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14 See, for example, Taylor
(1981 and 1983).

15 See, for example, Fischer
(1984) and Blinder (1989).

16 Some estimates of Okun’s
coefficient put real GDP at 
2.5 percent.  Based on a 
study by Fortin and Bernier
(1988), however, Howitt 
uses a lower figure (2 percent)
to take account for the effect
on leisure.

17 For a more detailed discussion
of these and other problems
with Ball’s approach, see
Cecchetti (1994).

18 A methodology that mitigates
against these problems is
vector autoregession (VAR).
Unfortunately VAR results are
very sensitive to the degree of
difference in the model’s speci-
fication (see Cecchetti, 1994,
for an illustration of this point)
and to the variables that are
included in the specification,
including the variable used 
to identify monetary policy
shocks.  VARs are subject to
other criticisms as well (see, 
for example, Cecchetti, 1995,
and Zellner, 1992).

19 See, for example, Aiyagari
(1990), Briault (1995), Lucas
(1994), Tatom (1976),
Garfinkel (1989), Fischer
(1981), and Howitt (1990).
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b e n e fit of money, is equal to the area under
the demand curve for real money.20 The
welf a re cost of inflation is the amount by
w h i c h this area shrinks when the inflation
rate, and hence, the nominal interest rate,
rises.  Such an approach has been used
often.21 Most estimates of the cost of infla-
tion range from about 0.0001 to 0.0005 of 
GDP per percentage point reduction 
in the long-run inflation rate.

Lucas (1994) has recently presented
convincing evidence that welfare cost of
inflation estimates based on Bailey’s and
Friedman’s approach may be too low.
A rguing that the data are better re p re s e n t e d
by the double-log specification of money
demand, rather than the semi-elasticity
specification commonly used and first sug-
gested by Cagan (1956), Lucas estimates
the annual welfare cost of inflation to be
much higher than previous studies.  He
estimates the benefits from reducing 
inflation to be about 0.002 of GDP per 
percentage point reduction in the 
inflation rate.22

Lucas’s estimates understate the
welfare cost of inflation if there are social
b e n e fits from money in addition to money’s
private benefits.  This possibility has been
suggested by Brunner and Meltzer (1971)
and Laidler (1990).  Elsewhere I explicitly
identified the social benefits from money’s
use.23 In addition, Briault (1995) and I
assert that if the social benefits of money
are significant, disruptions of the monetary
system because of inflation are potentially
much more serious and costly than suggested
by estimates based solely on money’s
private benefits.  If social benefits from
money exist, the usual estimates of the
cost of inflation understate the welfare 
cost of inflation.

Moreover, as Briault (1995) points 
out, arguments for why inflation and infla-
tion uncertainty lead to a misallocation 
of resources suggest that inflation may 
not only affect the level of output, but may
affect the growth rate of output as well.
Indeed, there has been increasing intere s t —
both theoretical and empirical—in the
possibility that inflation reduces out-
put growth.

Comparing the Costs and Benefits

The estimates of the cost of disinfla t i o n ,
PVL, and the benefit, PVG, are for the three
d i s i n flation episodes Ball (1994a) identifie s .
They are 1969:4-1971:4, 1974:1-1976:4,
and 1980:1-1983:4.  The average rate of
output growth for the United States was
3.01 percent from 1960:1 to 1995:3.
Consequently, the estimates presented 
in Tables 2, 3, and 4 are based on the
assumption that the growth rate in the
“high” inflation state, α, is 3 percent (0.03).
The estimates of the effect of inflation on
the level of output as a proportion of cur-
rent period income per percentage point
reduction in the inflation rate, θ, reflect
estimates obtained in the literature and
range from θ = 0.0001 to 0.002.  The esti-
mates of PVG are calculated using the
f o rmula presented in Appendix A.  To make
the estimated cost and benefit as comparable
as possible, PVG is based on the length 
of each disinflation episode and the corre-
sponding reduction in the inflation rate
identified by Ball (1994a).

A comparison of PVL and PVG in
Table 2 shows that PVL > PVG only if the
effect of inflation on the level of output is
assumed to be relatively small and the dis-
count rate is taken to be relatively large.
Indeed, the importance of the discount
rate in deciding that moderate inflation is
optimal is apparent.  Table 2 assumes there
is no growth rate effect, µ = α.  When the
discount rate is only slightly larger than
the growth rate of output, PVG exceeds
PVL even for an extremely small effect of
inflation on output.  For example, if the
discount rate is assumed to be about half 
a perc e n t a g e point larger than the gro w t h
rate of output, PVG > PVL for each of 
the disinflation episodes that Ball has
identified, even if the percentage point
reduction in the level of output is only
0.0001.  When the likelihood that estimates
of PVL overstate the w e l f a re cost and
estimates of PVG u n d e r s t a t e the welfare
benefits of disinflation policy a re taken 
into consideration, these estimates suggest
that a policy of moderate inflation is
optimal only if the effects of inflation on

20 Failure to understand the
nature of the welfare costs 
of inflation has led Aiyagari
(1990) to suggest that they
could be reduced simply by
allowing “more forms of
money that are used in transac-
tions to earn market rates of
interest.”  This recommenda-
tion fails to recognize that an
asset which provides multiple
services has a return that
reflects the marginal value of
each of the services rendered.
This insight is the basis for the
Divisia monetary aggregates, 
or monetary services indexes,
pioneered by Barnett (1980).
Inflation would cause the rates
on assets that provided rela-
tively more monetary services
to rise less than those which
provide fewer monetary
services.  As a result, inflation
would continue to induce indi-
viduals to reduce their use of
monetary services. 

21 See, for example, Cooley 
and Hansen (1989), Fischer
(1981), and Lucas (1981 
and 1994).

22 Lucas (1994) estimates that at
a 10 percent nominal interest
rate, the output loss per annum
is equal to 1.3 percent of
current output.  Assuming the
real interest rate is 3 percent, 
a nominal interest rate of 
10 percent is equivalent to a
steady-state inflation rate of 
7 percent.  The proportionate
decline in output per percent-
age point drop in the inflation
rate is therefore equal to
0.0018 [0.0130/7] 
≈ 0.002.

23 See Thornton (1995).
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output are extremely small or the discount
rate is large.

Estimates based on Howitt’s procedure
are reported in Table 3.  These estimates
are only presented for the third disinflation
episode.  The reason is that Howitt’s proce-
dure requires the unemployment rate to
return to the level at the beginning of the
disinflation episode.  The unemployment
rate was 3.6 percent in 1969:4 and 5.1 per-
cent in 1974:1.  The unemployment rate
has yet to return to either of these levels,
so by Howitt’s criterion, these disinflation
episodes have yet to end.  Of course, the
problem is that the unemployment rate is
affected by factors other than disinflation.
The secular effects on the unemployment
rate clearly have been dominant.  Because

of this, the unemployment rate has yet to
return to levels reached in the late 1960s.
This fact serves to underscore a problem
with both Howitt’s and Ball’s procedures.
Namely, the methods assume that all the
decline in employment and output is
because of disinflation and not because 
of other factors.

A comparison of PVL and PVG in
Table 3 yields conclusions similar to those
reached in Table 2.  The PVLs in Table 3
are considerably larger than those of the
corresponding disinflation in Table 2
primarily because the length of the disinfla-
t i o n episode was much longer 7.25 years
(compared with 3.75 years in Table 2), and
output was assumed to be below its trend
level during the entire period.

M A R C H/ AP R I L 1 9 9 6

Costs and Benefits of Disinflation: Ball’s Approach

PVL PVG1

1969:4- 1974:1- 1980:1- 1969:4- 1974:1- 1980:1-
1971:4 1976:4 1983:4 1971:4 1976:4 1983:4

0.0001 0.0305 0.0118 0.0477 0.0973 0.4276 0.7989 1.7627
0.0001 0.0350 0.0118 0.0474 0.0964 0.0424 0.0789 0.1733
0.0001 0.0400 0.0117 0.0471 0.0955 0.0210 0.0389 0.0851
0.0001 0.0450 0.0117 0.0469 0.0945 0.0138 0.0256 0.0556

0.0002 0.0305 0.0118 0.0478 0.0973 0.8551 1.5978 3.5254
0.0002 0.0350 0.0118 0.0474 0.0964 0.0847 0.1578 0.3466
0.0002 0.0400 0.0117 0.0471 0.0955 0.0420 0.0778 0.1701
0.0002 0.0450 0.0117 0.0469 0.0945 0.0277 0.0512 0.1113

0.0010 0.0305 0.0118 0.0478 0.0973 4.2757 7.9890 17.6269
0.0010 0.0350 0.0118 0.0474 0.0964 0.4237 0.7891 1.7332
0.0010 0.0400 0.0117 0.0471 0.0955 0.2098 0.3891 0.8505
0.0010 0.0450 0.0117 0.0469 0.0945 0.1385 0.2559 0.5565

0.0020 0.0305 0.0118 0.0478 0.0973 8.5514 15.9780 35.2538
0.0020 0.0350 0.0118 0.0474 0.0964 0.8475 1.5782 3.4664
0.0020 0.0400 0.0117 0.0471 0.0955 0.4195 0.7783 1.7010
0.0020 0.0450 0.0117 0.0469 0.0945 0.2769 0.5118 1.1129

1 The estimates are based on the duration of the disinflation episode and the reduction in the inflation rates for each episode as reported by Ball
(1994a).  The length of the disinflation episode, (that is, t1–t0, are 2.00, 2.75, and 3.75, respectively).  The decline in the inflation rates are
2.14, 4.00, and 8.83 percent, respectively.

θ β

Table 2
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If Inflation Affects Output Growth

The conclusion reached by applying
Howitt’s Rule changes dramatically if
inflation affects the growth rate of output.
Estimates of PVG under the assumption
that inflation reduces the growth rate of
output are presented in Table 4.  Since the
discount rate, β, must be larger than the
low-inflation output growth rate, µ, the
range of values considered for β is smaller
than that considered in Tables 2 and 3.
Also, since estimates of PVG are not
greatly affected by changes in the length 
of the disinflation episode, the values
reported are for a disinflation episode 
of 3.75 years.

These estimates show that the gain
from reducing inflation is very large, even
if inflation reduces output growth by as
little as one-thousandth of 1 percent
(0.00001).  Other things being equal,
Howitt’s Rule moves decidedly in the
direction of choosing a lower inflation
target if inflation affects the growth 
rate of output.

The level and growth rate effects are
additive.  Hence, if inflation reduces both
the level and growth rate of output, even
by relatively small amounts, the PVG from
reducing inflation could be very large,
depending on the discount rate used.  
For example, assume that the inflation 
rate is cut from its current rate of about 
3 percent to zero and this action raises the
level of output by 0.0003 (a 0.0001 per
percentage point drop in the inflation rate)
and increases output growth by 0.00001.
Assuming disinflation takes 3.75 years 
to be achieved and that the discount rate 
is a fairly large 4 percent, the PVG from
achieving price stability would equal 0.125
(the sum of a level effect of 0.0289 and a
growth rate effect of 0.0963).  If we use 
the estimates of PVL per percentage point
reduction in inflation using Howitt’s
method from Table 3, the PVL would 
only be 0.0772.  The difference is 0.0478.
Annualized output in the second quarter
of 1995 was approximately $5.5 trillion.
Consequently, the net present value of 
the gain from reducing inflation from its

Table 3

Costs and Benefits of Inflation: 
H o w i t t ’s Approach1

θ β PVL 2 PVG3

0.0001 0.0305 0.2341 1.7596
0.0001 0.0350 0.2309 0.1703
0.0001 0.0400 0.2273 0.0821
0.0001 0.0450 0.2238 0.0528

0.0002 0.0305 0.2341 3.5192
0.0002 0.0350 0.2309 0.3406
0.0002 0.0400 0.2273 0.1642
0.0002 0.0450 0.2238 0.1056

0.0010 0.0305 0.2341 17.5961
0.0010 0.0350 0.2309 1.7031
0.0010 0.0400 0.2273 0.8212
0.0010 0.0450 0.2238 0.5280

0.0020 0.0305 0.2341 35.1922
0.0020 0.0350 0.2309 3.4063
0.0020 0.0400 0.2273 1.6425
0.0020 0.0450 0.2238 1.0560

1 The disinflation period is 1980:1–1987:2.
2 The PVL does not change with θ.
3 The length of the disinflation episode was 7.25; however, the decline in the steady-state

inflation rate was 8.83 percent (as assumed by Ball, 1994a).

Table 4

P V G When Inflation Affects Output Growth

µ β PVG 1

0.03001 0.035 0.3933
0.03001 0.040 0.0963
0.03001 0.045 0.0420

0.03010 0.035 4.0051
0.03010 0.040 0.9723
0.03010 0.045 0.4223

0.03100 0.035 49.0644
0.03100 0.040 10.6955
0.03100 0.045 4.4950

1 These estimates are based on the assumption that α = 0.03 and t1–t0 = 3.75.
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current level of about 3 percent to zero
would be about $0.27 trillion, or about
$1,000 per person.

EMPIRICAL EVIDENCE ON
INFLATION AND GROWTH

The above analysis shows that an
important factor in determining whether
the benefit of price stability exceeds the
cost is whether inflation affects output
growth.  If it does, it is very difficult 
to argue that a policy of maintaining
moderate inflation is socially optimal 
by appealing to Howitt’s Rule.  Hence, 
it is not surprising that a relatively large
effort has been devoted to this question.24

Although there is evidence that infla-
tion reduces output growth, it appears to
be the case only at relatively high inflation
rates.  It is becoming increasingly clear
that the effect of inflation on growth is
statistically significant only at relatively
high rates of inflation.25 For example,
Barro finds a statistically significant effect
only when inflation is 15 percent or
higher.  Similarly,  Bruno and Easterly 
find a statistically significant inflation
effect only when the inflation rate exceeds
40 percent for two or more years.26

The evidence is controversial; how-
ever, the important point is that this
evidence cannot support or reject the idea
that moderate inflation affects the growth
rate of output.  The reasons are twofold. 

First, the data contain relatively few
observations where the inflation rate is 
in the low to moderate range and even
fewer observations where inflation is zero.
Extrapolating statistical results outside the
region for which the data are relevant is
risky.  Consequently, using the results of
such data to infer the effect of moderate
inflation on growth is tenuous at best.
This is especially true if the effect of infla-
tion on growth is believed to be nonlinear,
that is, the effect of inflation on growth 
is disproportionately larger or smaller 
at lower rates of inflation.

It is commonly believed that the
effects of inflation will be proportionately
smaller at lower rates of inflation than at

higher rates.27 Recently, however, Lucas
(1994) presented evidence that the effect
of inflation on output is proportionately
larger at lower rates of inflation.  It is safe
to say that any statement about the exact
nature of the nonlinearity at low rates of
inflation is conjectural.  There is some evi-
dence, however, that the effects at high
rates of inflation are bounded.  That is,
beyond some point, higher inflation rates
have no further effect on either the level or
growth rate of output.  If the effects are
bounded at high inflation rates and one
believes that the effects of inflation are
proportionately smaller at lower inflation
rates, then there must be an inflection
point—the effects of inflation first increase
at an increasing rate and then increase at a
decreasing rate.

Second, because an economically rele-
vant growth rate effect can be very small, 
it may be difficult to find an economically
relevant growth rate effect that is also
statistically significant.  For example,
Barro (1995) investigated the nonlinearity
of the inflation effect by partitioning the
median inflation rates into those up to 
15 percent, 15 percent to 40 percent, and
above 40 percent.  His estimates of the
effect of inflation on growth for the three
partitions were –0.00016, –0.00037, and
–0.00023, respectively.  Only the last two
coefficients were significantly different
from zero.  My previous analysis showed
that the estimate for the first partition
(–0.00016) is large enough to be economi-
cally relevant.  Its absolute value, however,
is less than one-half its estimated standard
error of 0.00035.  Given the amount of
variability in data like these, it may be 
very difficult to obtain an economically
relevant, statistically significant estimate 
of inflation’s effect on output growth.

Time-Series Evidence
Recently, Ericsson, Irons, and Tryon

(1993) criticized cross-sectional studies of
the effects of inflation on growth, arguing
that the results are very sensitive to a few
very high inflation countries and that
time-averaged data can give misleading

24 See, for example, Wallich
(1969); Barro (1995 and
forthcoming); Bruno (1995);
Jones and Manuelli (1995);
Mankiw, Romer, and Weil
(1992); Logue and Sweeney
(1981); Kormendi and
Meguire (1985); Grier and
Tullock (1989); Bruno and
Easterly (forthcoming); Levine
and Renelt (1992); Levine,
Renelt, and Zervos (1993);
and Fischer (1993).  All these
empirical studies use cross-
sectional or panel data.

25 See Bruno and Easterly (forth-
coming) and Barro (1995 
and forthcoming).

26 Although these results are
broadly consistent with those 
of Levine and Renelt (1992);
Levine, Renelt, and Zervos
(1993); and Fischer (1993),
who showed that the effect of
inflation on growth is due to
the presence of a few high
inflation countries, Barro and
Bruno and Easterly present
evidence that their results are
not sensitive to a few high
inflation countries.

27 See, for example, Howitt
(1990) and DeLong and
Summers (1992).



results about the causal relationship
between inflation and output growth.
Instead they use time-series data for the
United States for the period 1953-90.
Using a statistical procedure called 
co-integration analysis, Ericsson, Irons, 
and Tryon find evidence that inflation 
does not affect the long-run rate of output
growth.28 Instead, they find that the level
of output is positively related to the long-
run inflation rate.  Their result is circ u m-
spect, however.  Taken literally, it implies
that not only is a little inflation good for
the economy, but that a lot of inflation 
is even better.

More important, their finding depends
critically on their assumption about the
time-series properties of the price level.  
It can be shown that different assumptions
about the time-series properties of the
price level yield considerably different
results.  Appendix B gives the details.  In
particular, it can be shown that long-run
inflation and output growth are negatively
related.  The estimated long-run relation-
ship between per capita output and the
price level is:

(1) Xt = –0.0695Pt + 0.0217T,

where X is the natural log of real per capita
output, P is the natural log of the implicit
price deflator, and T is a deterministic time
trend.  Equation 1 suggests that the long-
run growth rate of output is equal to
0.0217 less 0.0695 times the inflation rate.
The inflation rate over this period was 
4.37 percent.  Using this figure, per capita
output growth is estimated to be 1.87 per-
cent, somewhat larger than the actual
growth rate of per capita output of 
1.68 percent over this period.

This analysis is very simple, including
only output and the price level.  Moreover,
co-integration analysis cannot indicate
whether the negative long-run relationship
between the price level and output is a
result of the effects of inflation on output
growth, the effect of output growth on
inflation, or the effect of some other
variable(s) on both output and prices.
Nevertheless, it is interesting to note that 

a very reasonable change in the specifica-
tion of Ericsson, Irons, and Tryon’s model
dramatically alters their result.  The data
suggest that, for the United States (over
this period), inflation could have had 
a detrimental effect on output growth.
Hence, the time-series evidence is at least
consistent with the proposition that infla-
tion reduces the growth rate of output.

IS PRICE STABILITY 
THE BEST POLICY?

Most policymakers and economists
agree that very high rates of inflation 
are detrimental.  So much so, that there 
is broad agreement that the gain from
reducing inflation from “high” levels to
“moderate” levels warrants the temporary
loss of employment and output that many
believe is necessary to achieve this goal.
Despite the fact that most economists
believe inflation is detrimental to economic
welfare, many believe that, once under
way, it is better to live with some moderate
inflation than to bear the costs necessary
to achieve stable prices.  Peter Howitt
(1990) succinctly states the proposition
that the cost of going from moderate to
zero inflation does not warrant the benefits
from price stability.  Howitt’s Rule states
that a policy of disinflation should be con-
tinued until an inflation rate is reached
where the present value of the costs of 
further disinflation are just equal to the
present value of the gains from a further
reduction in the inflation rate.

Does economic analysis support 
or refute the idea that it is desirable to
establish a policy of price stability?  Unfor-
tunately, there is no definitive answer to
this question.  The analysis presented here,
however, suggests that a popular and (for
many) a compelling economic argument
for a policy of positive inflation requires
several controversial conditions.  If one
believes that the welfare gains of future
generations should not be discounted or
that the discount rate is low, it is difficult
to argue for a policy of moderate inflation. 

Moreover, this argument is weakened
significantly if inflation reduces the growth

28 See Dickey, Jansen, and
Thornton (1991) for a
discussion of co-integration 
and unit roots.
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rate and not simply the level of output.
The economic case for a policy of price
stability based on the effects of inflation on
output growth may come down to whether
one finds compelling various theoretical
arguments of why even moderate inflation
should affect output growth.29 If you
believe it is likely that inflation reduces 
the growth rate of output, you are much
more likely to believe that price stability 
is the best monetary policy.
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Let the level of steady-state output at
each point in time at the current “high”
inflation rate be given by:

(A1) yt = eαt,

where α is the growth rate of real output
given the high inflation state.

When calculating the effect of a
permanent reduction in the inflation rate,
assume the monetary authority imple-
ments the deflationary policy at time t0,
when the level of output is y0, and that 
the new lower inflation policy is achieved
at time t1.  We consider the possibility 
that reduced inflation raises the level 
of output and the possibility that it
permanently raises the growth rate of
output, once the new lower inflation 
rate is achieved.  For the level effect,
output is unchanged until time t1 but 
is higher by an amount δ for all t > t1.  
It is convenient to express δ as a pro-
portion of output at the time that the
disinflation policy is implemented, that 
is, δ = θy0.  For the growth rate effect,
output is assumed to grow at the rate α
until time t1 and at the rate µ for all t > t1,
where µ > α. Under these assumptions, 
the low-inflation output path is given by:

( A 2 )

If output is discounted at the rate 
β > µ for all t greater than t0, the difference
between low- and high-inflation output,
yields the present value of the gain,

(A3)

Dividing through by y0 and performing the
integration, yields:

(A4)

Because we have no interest in the case
where the time horizon is finite, take the
limit of the above expression as T goes to
infinity.  This yields:

(A5)

The first term on the right side of
equation A5 is the effect of a change in the
growth rate.  Hence, it is zero if µ = α (that
is, there is no growth-rate effect).  The
second term on the right side is the effect
of a shift in the level of output.  This term
is zero only if θ = 0.  The first term is an
increasing function of µ – α and µ – β
(recall that µ – β is strictly negative under
the assumptions stated) and a decreasing
function of t1.  The second term is an
increasing function of θ and µ – β and a
decreasing function of t1.  The importance
of the size of the discount rate relative to
the growth rate of output is clear from this
expression.  Both terms on the right side of
equation A5 approach +∞ as β approaches
µ.  If β is only slightly larger than µ, PVG
gets very large.

T→∞
lim itPVG =

e ( – )t1
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0

T

e t(yt
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Appendix A

THE BENEFITS OF PRICE STABILITY
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Ericsson, Irons, and Tryon (1993)
recently criticized cross-sectional studies
of inflation’s effects on growth.  They argue
that the results are very sensitive to a few
very high inflation countries and argue
that time-averaged data can give misleading
results about the causal relationship between
inflation and output growth.  Moreover,
using tests for unit roots and co-integration,
they find evidence that generally does not
support the theory that inflation has an
effect on growth.  Indeed, their results for
the United States suggest that, in the long
run, inflation raises the level of output
without affecting the growth rate of
output.  Taken literally, Ericsson, Irons,
and Tryon’s results suggest that not only 
is a little inflation good for the economy,
but that a lot of inflation is even better.

TESTS FOR A UNIT ROOT
Their analysis, however, depends

critically on tests for a unit root,
supporting the notion that the real per
capita output, X, is integrated of order 
1, I(1), while the price level, P, is I(2).
These tests have difficulty rejecting the
null hypothesis of a unit root when the
estimated root is close to, but perhaps
different from, unity, as illustrated in 
Table B1.  It shows the results from
Augmented Dickey-Fuller (ADF) tests of a
unit root for X, ∆X, P, and ∆P and the cor-
responding estimates of the root, λ, using
annual data for the period 1953-90.  As
did Ericsson, Irons, and Tryon, I included
a constant and a deterministic time trend
in each case and used ADF tests with two
lags.

The null hypothesis of a unit root is
not rejected even when the estimated root
is quite different from zero, as shown in
Table B1.  This is true for X and ∆P, where
the estimated roots are 0.7006 and 0.8262,
respectively.  This is because of the well-
known fact that such tests lack the ability
to reject the null hypothesis when it is false.1

NONSTATIONARY
VARIABLES

How this problem affects the determi-
nation of whether X or ∆P is nonstationary
is illustrated in Figure B1, which shows X
and ∆P over the sample period.  The ADF
test cannot reject the null hypothesis of a
unit root for both X and ∆P.  In the case 
of X, Figure B1 makes it clear that this
variable is nonstationary in the sense that
it rises fairly steadily.  Hence, both the test
and an inspection of the data suggest that
the series is nonstationary.2

From a visual inspection of ∆P, it 
is much less clear that the inflation rate 
is nonstationary in the sense that it will
wander off indefinitely.  The problem is

Appendix B

TIME-SERIES EVIDENCE ON INFLATION’S EFFECTS 
ON GROWTH

1 This is referred to as the power
of the test.  Hence, the Dickey-
Fuller test is said to lack power.

2 Some care must be exercised
here, however, because the
data could be stationary around
a deterministic time trend.
Because our test included a
constant and a trend variable,
we are more inclined to accept
the test results in this case.

Table B1

Results of Augmented Dickey-Fuller, 
Unit Root Te s t s

Critical Value,
Variable Estimate Root ADFt-Statistic 5% Level

X 0.7006 –2.452 –3.461

∆X –0.0548 –3.6801

P 0.9508 –2.565

∆P 0.8262 –1.496

1 Indicates the null hypothesis of a unit root is rejected at the 5 percent significance level.

Figure B1

  

  

 

 

 

 

 
                        

  

   

   

   

   

                         

                               

         

      



that there is a lot of persistence in 
the inflation rate.  When the inflation 
rate increases, it continues to increase 
for a period before it begins to fall.  
When falling, it continues to fall for 
a period before it begins to rise.  It 
is this persistence in the inflation 
rate that accounts for the large 
estimated root.  Consequently, the 
test results that suggest that ∆P is
nonstationary must be viewed with 
some skepticism.3

CO-INTEGRATION
ANALYSIS

Given the uncertainty of the order 
of integration of P, it is important to
investigate whether Ericsson, Irons, 
and Tryon’s results are sensitive to their
claim that P is I(2).  To investigate this, 
I performed their co-integration analysis
with their specifications and using both 
X and ∆P and X and P.

The method of testing for co-integration
is that of Johansen (1988).  This approach
starts from a very general vector auto-
regression representation of the form

(B1) Yt = β(L)Yt–1 + εt,

where Y is a two-by-one vector, β(L) is a
polynomial in the lag operator, L, that is,
β(L) = β0 + β1 L + β2L2 + . . . + βk Lk and
Lz t = z t– 1.  Equation B1 can be rewritten as,

(B2) ∆Yt = Γ(L)∆Yt–1 + ΠYt–k + εt.

If the elements of the Y vector, y1 and
y2, are I(1), they are co-integrated, that is,

there exists a linear combination of y1 and
y2 that is I(0), if the rank of the two-by-
two matrix Π is 1.4 The Johansen test for
co-integration is a test of the rank of Π.

Given the uncertainty about whether 
P is I(1) or I(2), tests for co-integration
were performed for two specifications 
of Y′, namely, Y′ = (X ∆P) and Y′ = (X P).  
In both cases, a constant term and a
deterministic time trend were included
and k was set at 2.  The results are sum-
marized in Table B2.  Regardless of the
specification of Y, there is evidence of 
a single co-integrating vector.5

In the case where Y′= (X ∆P), the
estimated normalized co-integrating 
vector was X = 1.0581∆P + 0.0179T, 
where T denotes the deterministic time
trend.  This estimate is very close to 
that reported by Ericsson, Irons, and
Tryon.  They interpret the estimated 
co-integrating vector as the long-run
relationship between output and inflation.
The implication of this co-integrating
vector—that output could be increased
simply by increasing the inflation rate—
is preposterous.

In contrast, the estimate of the 
co-integrating vector when Y′ = (X P) is 
X = –0.0695P + 0.0217T.  This estimate
suggests that the level of output falls as 
the price level rises.  Because of constant
coefficients and the log-linear specifica-
tion, this result implies that the rate of
output growth falls as the inflation rate
rises.  The estimate suggests that a reduc-
tion of the inflation rate from 3 percent to
zero would increase the per capita output
growth rate by 0.00209, an amount that,
though small, is economically significant.

3 The same conclusion applies to
accepting the hypothesis that 
X is nonstationary as opposed
to having a deterministic trend.
The null hypothesis of a unit
root is rejected because there 
is considerable persistence in
the swings of X about its trend
rather than getting farther and
farther from its estimated
trend.  Plotting X about its
trend over this period makes
this point clear.

4 Note that the rank of Π could
only be two if the elements of
Y are I(0).  If the rank of Π is
zero, there would be no linear
combination of the elements 
of Y that is stationary [that is,
I(0)].  See Dickey, Jansen, and
Thornton (1991) for a more
detailed discussion of co-inte-
gration and the Johansen and
other tests for co-integration.

5 The level specification [Y ′ = 
(X P )] is preferable on theo-
retical grounds because
economic theory suggests that
there should be a contempora-
neous relationship between 
X and P, that is, output and 
the price level are determined
simultaneously.  Indeed, equa-
tion B1 can be viewed as the
reduced form of a structural
model of the form, AYt =
B(L )Yt – 1 + vt, so that, β(L ) =
A –1B(L) and et = A –1vt. The
problem is that it is difficult to
obtain estimates of the struc-
tural parameters in A without
imposing some rather severe
restrictions.  See Keating
(1992) for a discussion 
of these restrictions.

MA R C H/ A P R I L 1 9 9 6

FE D E R A L RE S E RV E BA N K O F S T.  LO U I S

38

Estimate Eigenvalues and Co-Integrating Vectors 
for Two Specifications of Equation B2

Eigenvalue X ∆P Trend Eigenvalue X P Trend

0.4399 –1.0000 1.0581 0.0179 0.4502 –1.0000 –0.0695 0.0217

0.0900 –0.3757 –1.0000 0.0075 0.1851 –0.2424 –1.0000 0.0615

Table B2
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