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John V. Duca
Research Officer
Federal Reserve Bank of Dallas

Would the Addition of Bond or Equity Funds
Make M2 a Better Indicator of Nominal GDP?

F or some time, the Federal Reserve has sought
to keep inflation low to foster maximum sus-

tainable growth.1 Given the costs of reducing
inflation, the Federal Reserve has, since the early
1980s, pursued a policy of preventing inflation
from rising.2 Because monetary policy affects the
economy with a lag, implementing this forward-
looking, low inflation strategy requires that the
Federal Reserve accurately forecast and gauge
price pressures.

One way to keep inflation low is to keep
nominal gross domestic product (GDP) growing at
a moderate pace that, at most, only slightly ex-
ceeds the long-run growth rate of inflation-adjusted
output.3 To keep nominal spending growth at
such a pace, the Federal Reserve looks at eco-
nomic indicators to track and forecast nominal
GDP. One notable indicator is the monetary aggre-
gate M2, whose relationship to nominal GDP may
be breaking down in the 1990s, partly because
households are shifting assets away from M2
deposits into bond and equity mutual funds. This
article assesses whether M2 would be a better
indicator of nominal GDP growth if it were ex-
panded to include bond and, possibly, equity
mutual fund assets.4

The use of money as an indicator of nominal
spending can be justified by the equation of
exchange:

(1) M  × V = P  × T  = Y,

where M = money, V = velocity (GDP/M ), T  =
inflation-adjusted transactions (measured by in-
flation-adjusted GDP), P  = the price level, and
Y  = nominal GDP. Holding nominal GDP constant,
people typically reduce their money holdings as
the gap between the yield on nonmonetary assets

(for example, U.S. Treasury securities) and deposit
rates widens. Consequently, as this spread, or
opportunity cost of holding money, increases, the
velocity of money rises.

I would like to thank Jean Zhang and Chih-Ping Chang for
excellent research assistance; John Benvenuto and the
Investment Company Institute for providing data on mutual
funds; and Nathan Balke, Evan Koenig, and especially Ken
Emery for comments and suggestions. Any remaining
errors are my own.

1 See Rudebusch and Wilcox (1994) and Wynne (1993). High
inflation lowers long-term growth by increasing uncertainty.
High uncertainty not only limits long-term contracting and
investment but also reduces efficiency by hindering con-
sumers’ and firms’ search for the lowest prices, which, in
turn, hinders market forces from shifting resources to the
lowest cost producers. Because the U.S. tax code does not
index capital gains and depreciation for inflation, high
inflation also lowers long-run growth through raising the real
after-tax cost of capital, thereby reducing investment.

2 Reducing inflation from high levels has often been accom-
panied by recessions as consumers and firms often need to
experience economic slack before reducing their wage and
price demands to levels in line with low inflation.

3 For example, if long-run output growth is 2.5 percent under
low inflation, then over the long run, 4.5-percent nominal
GDP growth implies 2-percent inflation, using the implicit
GDP price deflator.

4 Brayton and Tinsley (1993) find that using the federal funds
rate as an instrument to hit nominal GDP as an intermediate
target outperformed trying to hit price level or money
intermediate targets in terms of stabilizing the price level.
This article assesses the relative performance of M2 vari-
ants, not as potential intermediate targets but as informa-
tion variables that could be used to help forecast short-run
nominal GDP growth.
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If interest rate variables can reliably predict
velocity, then nominal GDP can be inferred from
money and interest rates. This is an important
implication for policy-making because estimates
of nominal GDP are available after a considerable
lag and are subject to sizable revisions, whereas
good information on interest rates and monetary
aggregates is available with very little lag.

When M1’s velocity was predictable, M1 was
used as an indicator of nominal GDP. However,
this relationship began breaking down in the mid-
1970s when unusually weak M1 underpredicted
nominal GDP. Moreover, the link between M1
and nominal GDP became somewhat looser after
the deregulation of deposits in the early 1980s,
which made the demand for M1 very interest rate
sensitive. Consequently, M1 has been used less
and less as an indicator of nominal GDP.

Up through 1990, evidence had mounted
that the demand for M2 was more predictable
than the demand for M1 (see Hetzel and Mehra
1989 and Moore, Porter, and Small 1990). Partly
as a result, M2 became a more popular indicator
of nominal GDP and of inflation (see Hallman,
Porter, and Small 1991). However, since the early
1990s, M2 growth has been unusually weak and
has been underpredicting nominal GDP growth.
As shown in Figure 1, this breakdown occurred in
the early 1990s when M2’s velocity began diverg-
ing sharply from a conventional measure of its
opportunity cost. This unusual weakness is con-
firmed in econometric models of M2, as docu-
mented by Anderson and Collins (1994), Duca
(forthcoming), and Feinman and Porter (1992).

One common explanation for this estimated
shortfall, or “missing M2,” is that households
shifted their assets from M2 deposits into bond
and, possibly, stock mutual funds (see Anderson
and Collins 1994 and Duca, forthcoming). If such
portfolio shifts are too difficult to accurately
model, then one option is to redefine M2 to
include bond and, possibly, equity funds. Indeed,
something similar happened in the early 1980s,
when M2 was redefined to include money market
mutual funds, or MMMFs (Simpson 1980 and
Duca 1993a, 4). More recently, Duca (forthcom-
ing) has found that M2 is less explainable in
money models compared with an M2 aggregate
that is redefined to include bond funds. In addi-
tion, Becsi and Duca (forthcoming) and Duca

(1994) have found that expanded M2 aggregates
that include either bond or bond and equity funds
easily outperformed M2 in forecasting inflation in
recent years using the P-star inflation model of
Hallman, Porter, and Small (1991). The current
study extends this research by assessing the ability
of such expanded aggregates to forecast nominal
GDP growth relative to that of M2.

This article is organized as follows. The
second section intuitively reviews what occurs
when money demand relationships break down
and discusses why households may substitute
bond and equity mutual funds for M2 deposits.
The next two sections assess the relative ability of
different versions of M2 to explain future nominal
GDP growth. The following section assesses the
stability of such models. The article concludes by
discussing the policy implications of the findings.

Why money demand breaks down
and the recent role of mutual funds

The recent breakdown in the relationship
between M2’s velocity and conventional measures
of its opportunity cost likely reflects that these
measures have not tracked the decline in the
attractiveness of M2 deposits relative to other
financial assets. Possible explanations for this
include that other asset yields have become more

Figure 1
M2 Velocity and Its Opportunity Cost
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important, that government regulations have made
M2 less attractive, and that the private sector has
made bond and equity funds more attractive
(Duca 1993b, forthcoming).

In the past, unusual weakness in money
growth has been associated with declines in bank
competitiveness (see Duca 1993b). One relevant
example is the “missing M1” of the mid-1970s,
when the interaction of high interest rates and
regulations impaired the ability of banks to offer
deposit and credit services to firms. In response,
many firms substituted repurchase agreements
and cash management for non-interest-bearing
demand deposits. In addition, many large firms
shifted away from bank loans toward commercial
paper. This shift reduced compensating demand
deposit balances that were held in proportion to
firms’ bank loans. At the same time, households
shifted out of deposits into money market mutual
funds, which paid interest rates above the deposit
rate ceilings at banks. By expanding the number
of households that could directly or indirectly
invest in commercial paper, money funds made
commercial paper cheaper than bank loans for
low risk firms and opened a new channel through
which short-term credit could flow from house-
holds to firms.

In response to these episodes, the Federal
Reserve redefined M2 in 1980 to internalize shifts
between bank and non-bank-like deposits so as to
create a better economic indicator. Over time, M2
has evolved to include new instruments, most
notably, money funds and their bank counterpart,
money market deposit accounts (MMDAs).5 Be-
cause of redefinitions, much of M2’s apparent
value as an indicator before the early 1980s is
misleading. In recent years, bond and equity
mutual funds have grown rapidly at the expense
of money funds and small time deposits, both of
which are components of M2.
Bond and equity funds. Bond and equity funds
are substitutable for M2 deposits and for direct
bond and equity investments. Because they are
mutual fund shares, they offer investors lower risk
compared with direct holdings of securities be-
cause the funds are diversified and professionally
managed. Many funds are also in asset manage-
ment accounts that provide liquidity by giving
investors credit lines and by allowing investors to
shift assets among equity, bond, and checkable

money funds at little or no cost. Bond funds are
good substitutes for M2 for two other reasons.
First, because most bond fund assets are invested
in U.S. government and other high-grade bonds,
they generally have low credit risk. Second, bond
funds typically offer higher expected returns than
M2, owing to the longer maturity of assets that
bond funds hold. However, this longer maturity
creates a price risk for investors because bond
prices fluctuate. Compared with bond funds,
equity funds offer higher expected returns and
higher risk, which may make them less substitut-
able for M2 deposits. Thus, it is unclear, a priori,
whether M2 plus bond and equity funds (M2+) is
a better indicator of nominal GDP than M2 plus
bond funds (M2B).
How the recent missing M2 period reflects a
bypassing of banks. How can a bypassing of the
banking system through bond and equity funds
lead to an episode of missing money? Suppose a
firm raises $100 by issuing bonds bought by a
bond fund. The bond fund pays the firm with
$100 from selling mutual fund shares to a house-
hold, which obtains the $100 by withdrawing
$100 from a small time deposit. Using the $100
raised from issuing a bond, the firm pays down
$100 in bank loans. Note that any rise in checking
accounts used to make any of these transfers is
temporary because the rise in checking accounts
runs off after the transfers are completed.

On the firm’s balance sheet, total liabilities are
unchanged as the $100 decline in loans matches
the $100 rise in bonds. Total household assets are
also unchanged because the $100 decline in small
time deposits matches the $100 rise in bond funds.
The bond fund, however, sees a $100 increase in
both assets and liabilities, while banks see a $100
decline in loans and deposits. Thus, M2 falls by
$100, while the sum of bond funds and M2 (M2B)
is unchanged.

In recent years, many firms have shifted from
bank loans toward bonds and equity for finance,
partly because the spread of the prime rate over

5 M2 includes currency, demand deposits, savings deposits
(passbook savings plus MMDAs), noninstitutional MMMFs,
small time deposits, overnight repurchase agreements,
and overnight Eurodollar deposits.
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short-term rates has risen as banks passed on the
higher cost of the new risk-based capital stan-
dards. At the same time, households have shifted
out of M2 to bond and equity funds. Essentially,
bond and equity funds provide another channel
through which long-term finance can flow from
households to firms.
Bond and equity fund growth. Adding either
bond funds or both bond and equity funds to M2
may help restore M2 as an economic indicator by
internalizing shifts between bank deposits and
bond and equity fund assets. Figure 2 plots bond
funds and bond plus equity funds held by house-
holds. As with M2, both series exclude Individual
Retirement Account (IRA) and Keogh assets along
with institutional holdings. (For details on M2+
and M2B, see Collins and Edwards 1994 and
Duca, forthcoming, respectively.)

In the mid-1980s, households flocked to bond
and equity funds as the eligibility restrictions on
IRAs and Keogh accounts were loosened. As more
households learned about these funds when open-
ing IRAs, many shifted assets into non-IRA/Keogh
fund accounts as well. Balance sheet data suggest
that more of these fund inflows came from direct
holdings of bonds and equities than from M2.
After 1986 tax reform tightened IRA and Keogh
rules, bond and equity funds were about flat
during the late 1980s. More recently, these funds
have surged, this time more at the expense of M2
than of directly held securities. Excluding IRA and
Keogh assets, adding bond funds or both bond
and equity funds to M2 produces an adjusted M2
that has grown faster than M2 in recent years.

Empirical results using lags of only
money and nominal GDP

This section simply analyzes the ability of
M2, M2B, and M2+ to indicate near-term nominal
GDP growth. After the basic empirical model is
presented, results from regressions and from out-
of-sample forecasts are discussed.
Basic empirical model. Nominal GDP growth

(y) is estimated from regressions using four lags
of itself, four lags of money growth (m ), and the
one-quarter lag of the long-run relationship be-
tween the logs of nominal GDP and money (EC ):

( ) ,2
1

4

1

4

1y y m ECt o i
i

t i i
i

t i t= + + +
=

−
=

− −∑ ∑β β γ α

where β
o
 is a constant, β

i
 is the estimated effect of

nominal GDP growth in quarter t –i, γ
i
 is the esti-

mated effect of money growth in quarter t –i, and
α reflects the impact of deviations of nominal
GDP from its long-run equilibrium relationship to
the level of money holdings.6

Essentially, the error-correction term accounts
for information relating the log levels of output
and money and in doing so, prevents the model
from letting nominal output levels drift too far
away from the level of money (see Hafer and
Kutan 1992 for a related discussion). For estimating
equation 2, the EC term is based on the equation
of exchange (equation 1) and the assumption that
the long-run velocities of M2, M2B, and M2+ are
stable throughout the sample period. In particular,
the average velocity of these aggregates are sub-
stituted into the equation of exchange to obtain

(3) EC = log(nominal GDP ) – log(money)
– log(average velocity).

Figure 2
Household Bond and Equity Mutual Fund Assets

Billions of dollars

SOURCE: Investment Company Institute.
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6 The models used in Orphanides, Reid, and Small (1994) to
compare M2 and M2+ do not include error-correction terms
as discussed by Duca (1994). Models tested by Feldstein
and Stock (1994) also suffer from this criticism.
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EC can be thought of as the gap between nominal
spending and its equilibrium level as implied by
money balances. Thus, for example, a positive value
of EC implies that nominal GDP growth will de-
cline to restore equilibrium, all else being equal. For
this reason, EC is expected to have a negative sign.

By contrast, the sum of coefficients on lags
of money growth should be positive, as implied
by the equation of exchange (equation 1). In
theory, the sum of coefficients on lagged nominal
GDP growth could be positive or negative. How-
ever, in practice, movements in nominal GDP
growth tend to persist for some time, reflecting
swings in real growth and in inflation.7

Regression results. Using data on the levels of
M2, M2B, and M2+ that go back to first-quarter
1959, equation 2 is estimated over the in-sample
period 1960:2–94:1. For each run, one of the
three definitions of M2 is used in defining the
error-correction (EC ) term and lagged money
growth variables.

As shown in models 1 through 3 of Table 1,
the fit (corrected R 2) of equation 2 is highest for
M2, somewhat lower for M2B, and lower yet for
M2+. For each aggregate, lags of money growth
are jointly significant according to F-statistics. T-
statistics indicate that the error-correction terms
for M2 and M2B are marginally significant, while
that for M2+ is insignificant. Together, all terms in-
volving money (the EC and lagged money growth
terms) are jointly significant for each aggregate,
and, as expected, the sum of coefficients on lagged
money growth is positive and the error-correction
term is negative. This pattern is also obtained
when the error-correction terms are based on esti-
mated cointegrating vectors using the Johansen and
Juselius (1990) procedure (models 4 through 6).
These findings indicate that each M2 aggregate
helps explain future movements in nominal GDP
growth over the full sample period.

To help control for short-run velocity move-
ments induced by changes in relative rates of
return, models 7 through 12 add four lags of oppor-
tunity cost measures to equation 2. To control for
substitution with short-term investments, one type
of opportunity cost term (SOC ) is based on the
log of the spread between the three-month Treas-
ury bill rate and the average return on money. To
account for shifts with longer term investments, a
second type of opportunity cost term (LOC ) is

based on the log of the spread between the ten-
year Treasury note yield and the average return
on money. Federal Reserve Board data on M2
average rates of return are used for M2 and in
constructing weighted average rates of return for
M2B and M2+. The weighted average rates of
return for M2B and M2+ assume that the return
on bond funds is approximated by the ten-year
Treasury yield and the return on stock funds, by
the annualized percentage change in the S&P 500
index of stock prices.8 The long-term opportunity
cost terms are jointly significant, while the short-
term cost terms are not. The positive sign on the
sum of the LOC  coefficients could reflect that the
velocity of the M2 aggregates rises with LOC .9

The qualitative results for models 7 through
12 differ slightly from those of models 1 through 6
on two counts. First, the relative R 2s of the M2+
models improve greatly, and the error-correction
(EC ) terms are significant in the M2+ models,
perhaps reflecting that the opportunity cost terms
partly control for the impact of capital gains and

7 The persistence of nominal GDP movements depends
partly on monetary policy. As an extreme example, if the
Federal Reserve removed all but the most temporary move-
ments in nominal GDP growth around a constant moderate
growth rate, then changes in nominal GDP growth would
unwind in one quarter, and the one-quarter lag of nominal
GDP growth would be negatively correlated with the current
growth rate. In practice, temporary shocks to nominal GDP
growth often last longer than one quarter, and there have
been some persistent swings that make this correlation
positive. Nevertheless, the example implies that the Federal
Reserve’s shift toward stabilizing nominal GDP growth or
inflation will make the sum of coefficients on lags of nominal
GDP growth less positive. Indeed, this sum declines in size
as the sample is extended from 1983 onward, which is
consistent with Emery (1994), who finds that changes in the
inflation rate became less persistent after the early 1980s;
this may reflect that Federal Reserve efforts to keep inflation
low after 1983 made any deviation of inflation from this
modest pace rather short-lived.

8 While not an ex ante rate, the stock price change may be
a reasonable proxy. Whenever the level of a spread was
less than 0.5 percent, a Taylor-log approximation of the
log of the spread was used.

9 Alternatively, LOC is positively correlated with the gap
between long-term and short-term interest rates, which is
positively related to nominal GDP growth. However, this
latter correlation is statistically insignificant.
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losses on stock fund assets. Second, the M2B
model has a negligibly higher R 2 than that of the
M2 model when quantity theory based-EC terms
are used (models 7 through 9), whereas M2 has
an edge when estimated EC terms are used in-
stead (models 10 through 12).
Forecasts. In-sample results overstate the ability
of M2 to forecast nominal GDP growth in the
1990s. This can be shown by forecasting nominal
GDP growth starting in first-quarter 1991 using
coefficients from models 1 through 3 estimated
over 1960:2–90:4 and actual values of all right-
hand side variables since then. As shown in Figure
3, M2 underforecasts nominal GDP growth, while
M2B and M2+ perform well.10 Forecasts using M2B
and M2+ yielded average errors of –.22 and +.25
percentage points at an annual rate, respectively,
compared with –2.64 percent for M2 (Table 2 ). In
addition, the sums of squared errors are 74 and 78
percent lower for M2B and M2+, respectively,
than for M2. Although not statistically significant,
these differences are economically meaningful
and suggest that M2 has recently been distorted
by portfolio shifts into bond and equity funds that
are implicitly taken into account by M2B and M2+.

Regression results using lags of money,
interest rates, and nominal GDP

A number of researchers have investigated
interest rate variables as alternative indicators of

economic activity that contain information beyond
that in monetary aggregates (for example, Fried-
man and Kuttner 1992).11 Motivated by this re-
search, this section addresses the issue of how the
three M2-type aggregates perform in the presence
of interest rate indicators.
Empirical model. Several sets of regressions and
simulations are run based on adding lags of
interest rate variables (x ) to equation 2:

( )

,

4
1

4

1

4

1

4

1

y y m

x EC

t o i
i

t i i
i

t i

i
i

t i t

= + +

+ +

=
−

=
−

=
− −

∑ ∑

∑

β β γ

δ α 

where δ
i
 denotes the coefficient reflecting the

effect of the i th lag of x.
For each definition of money, four interest

rate variables are assessed using equation 4: (1) the
federal funds rate (FF ), (2) the constant maturity
yield on ten-year Treasury notes (10YRT ), (3) the
spread between the yield on ten-year Treasury
notes and the federal funds rate (YCURVE ), and
(4) the spread between the six-month prime com-
mercial paper rate and the six-month Treasury bill
rate (PAPERBILL ).12 In addition to running a set
of three money regressions for each interest rate
variable, an extra set of regressions is run that

10 Forecasts (not shown) were also done using models 7
through 9. Once again, M2B and M2+ yielded smaller sums
of squared errors than M2, while, on average, M2 tended
to underpredict nominal GDP growth to a greater degree
than M2B or M2+. However, each of these models yielded
worse forecasts than corresponding models without lags
of SOC and LOC. Models adding lags of SOC but not of
LOC yielded forecasts that were similar to those in Figure 3.

11 Another motivation for including interest rates is that they
may help control for movements in velocity because they
are correlated with M2 opportunity cost movements. How-
ever, because deposit deregulation has altered the corre-
lation of opportunity cost and interest rate variables,
controlling for velocity movements is better handled by
adding terms like SOC and LOC.

12 For background on these variables, see Bernanke and
Blinder (1992) on the federal funds rate, Stock and Watson
(1989) on the yield curve spread, and Bernanke (1990) and
Friedman and Kuttner (1992) on the paper-bill spread.

Figure 3
Nominal GDP Growth Forecasts Using Money
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includes the federal funds rate and the ten-year
Treasury yield.

Because PAPERBILL  and YCURVE  have no
trends, their lags can be added to equation 4 with-

out altering the EC term. However, because the
ten-year Treasury yield and the federal funds rate
do have trends,13 it is not valid to simply add lags
of these last two interest rate variables without
changing the EC term and without first transform-
ing the lagged rate terms into changes. To handle
this problem, four lags of the ten-year Treasury
yield and the federal funds rate are used (∆10YRT
and ∆FF ), and the EC term is redefined to control
for the long-run relationship between nominal
output, money, and interest rates.14 The EC terms
are from estimates of the long-run relationships
for the following sets of variables for each defini-
tion of M2: (1) log of nominal GDP, log of money,
and FF ; (2) log of nominal GDP, log of money,
and 10YRT ; and (3) log of nominal GDP, log of
money, FF, and 10YRT.15

Regression results. Results for models 13 through
24 (Table 3) indicate that the lags of the paper-bill
spread (PAPERBILL ), changes in the federal funds
rate (∆FF ), and changes in the ten-year Treasury
yield (∆10YRT ) are each jointly significant at the

Table 2
Nominal GDP Forecast Results
(Forecasts over 1991:1–94:1 based on a
1960:2–90:4 Insample Period)

Lagged Money and Nominal GDP with an Error-Correction Term1

Average annualized error2

Aggregate (Percent) S.S.E.

M2 –2.64 .00159
M2B –.22 .00042
M2+ +.25 .00035

Lagged Money, Interest Rates, and Nominal GDP with an Error-Correction Term 3

Average annualized error
Aggregate (Percent) S.S.E.

M2 –1.16 .00079
M2B –.53 .00060
M2+ +.16 .00048

1 The error-correction term is based on a constant velocity and the quantity theory of money.
2 Annualized, average percentage point error. Negative entries denote underpredictions of nomi-

nal GDP growth.
3 The error-correction terms are based on cointegrating relationships estimated over the 1960:2–

90:4 in-sample period.

13 Chi-squared statistics from Dickey–Fuller unit root tests
rejected that the levels of the federal funds rate (17.7—
trend—and 17.8—no trend—at four lags) and ten-year
Treasury yield (15.2—trend—and 15.5—no trend) were
stationary at the 4-, 6-, 9-, and 11-percent significance
levels, respectively.

14 Qualitative results were similar using the EC term from
equation 3.

15 Using the Johansen and Juselius (1990) procedure, the EC
term was based on the estimated cointegrating vector for
each combination of interest rates, money, and nominal
GDP that had the highest degree of significance according
to test results on the rank of the cointegration space. For
each combination, only one cointegrating relationship had
a significance level of 5 percent.
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10-percent level or better. Thus, these interest rate
variables, unlike the yield curve (YCURVE ), help
forecast nominal GDP growth above and beyond
the information content in the M2-type aggregates.
The models including both the federal funds rate
and the ten-year Treasury yield (models 22 through
24) have the best fit (corrected R 2s) among the
models for each broad monetary aggregate.

The relative performance of M2, M2B, and
M2+ is similar to earlier results, with M2 yielding a
slightly higher R 2 than M2B and with M2+ per-
forming the worst among the three. However, in
models including both the federal funds rate and
the ten-year Treasury yield, the full-sample R 2s of
the M2B and M2 models (models 22 and 23) are
closer. For all three aggregates, the sum of coeffi-
cients on lagged money growth is positive, lags of
money growth are jointly significant, the error-
correction term is insignificant but correctly signed,
and the lags of money and the error-correction
term are jointly significant in models 22 through
24. Overall, the results indicate that M2, M2B, and
M2+ provide useful information in predicting
movements in nominal GDP growth.
Forecast results. Based on in-sample fit, the
models containing both the federal funds rate and
ten-year Treasury yields are used to evaluate the
relative forecast performance of the three M2-type
aggregates. As before, the forecasts of nominal
GDP growth start in first-quarter 1991 using coeffi-
cients from equation 2 estimated over 1960:2–90:4
and actual values of all right-hand side variables
since then.16 Figure 4 illustrates that M2 under-
predicts nominal GDP growth, while M2B and
M2+ yield somewhat better forecasts. As shown in
Table 2, forecasts using M2B and M2+ have aver-
age errors of –.53 and +.16 percentage points at
an annual rate, respectively, compared with –1.16
percentage points for M2. The sums of squared
errors are .00060 and .00048 for M2B and M2+,
respectively, or 24 percent and 39 percent lower
than that for M2 (.00079), respectively. Together
with Figure 3, these findings imply that M2 notice-

ably underpredicts nominal GDP growth when
used alone but to a lesser extent than when used
along with interest rates. One explanation for this
pattern may stem from a tendency for interest rate
models to overpredict nominal GDP in recent
years, while M2 growth tends to underpredict it.
As a result, these tendencies may be offset when
both types of variables are included.

Evidence on stability

This section assesses whether the three M2
aggregates have been relatively stable predictors
of nominal GDP growth since the early 1980s.
Rolling regression joint exclusion tests. One
way of assessing the stability of the forecasting
models is to test whether all the money variables
in them can be excluded using different sample
periods. The rolling regression approach is used
here, where the initial sample used is 1960:2–83:1
and each subsequent sample period adds one
further observation. First-quarter 1983 is chosen
as the starting point on the grounds that M2 was
redefined for a second time in 1983 to include
MMDAs and that the last change in monetary
operating procedures occurred in late 1982.

Models 1 through 3 were chosen for these
F-tests because their error-correction terms do not
need to be reestimated for each sample, unlike

Figure 4
Nominal GDP Growth Forecasts Using
Interest Rates and Money
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16 Forecasts using M2B and M2+ that omitted interest rates
have better fits than those corresponding runs that include
these two interest rates. This may reflect a change in the
information content of interest rates over time.
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models 16 through 18, which would require 144
searches for a unique error-correction term. For
each model, Figure 5 plots the F-statistic on the
joint exclusion of the error-correction term and the
four lags of money growth. For all three aggre-
gates, these terms are always jointly significant.
However, the joint significance statistics for M2B
and M2+ decline in the mid-1980s while that for
M2 declines in the early 1990s.
Chow tests. As a further check, Chow tests are
run on models 1 through 3 over 1984:1–93:4 to
test if the model residuals become unusually
large. The F-statistics from these tests are plotted
in Figure 6.17 Chow tests cannot reject stability for
any of the aggregates.
Dummy variable tests. Because Chow and joint
exclusion tests do not necessarily rule out minor
shifts in the relationship between M2 aggregates
and nominal GDP, a series of dummy variable
tests are run for the two periods of rapid growth
in bond and equity funds: the mid-1980s and early
1990s.

A dummy variable equal to 1 after fourth-
quarter 1991 (DUM92 ) is added to models 1
through 3 and 22 through 24 to test for a shift in
the constant that persists after fourth-quarter 1991;
this definition is consistent with Figure 3, which
shows M2 underforecasting nominal GDP growth
since early 1992. DUM92 is significant only in the
noninterest rate model using M2 (Table 4 ), with a

positive sign on DUM92  implying that the dummy
variable helps offset the tendency of M2 to under-
predict nominal output in the early 1990s. This
finding is consistent with earlier forecasting results
showing that M2 noticeably underpredicts nominal
GDP growth when used alone but not when used
along with interest rates.18

As discussed earlier, M2B and M2+ were
likely distorted in the mid-1980s by inflows that
reflected shifts away from direct holdings of securi-
ties (see Duca 1992). This may explain why models
using M2 have slightly better full-sample fits than
corresponding models that use M2B even though
the models using M2B perform better in recent
years.

Figure 5
Joint Exclusion Tests for All Money Variables
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Figure 6
Chow Tests for Residual Stability
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17 Although the critical F-values plotted in Figure 6 are not
technically correct, Andrews’ (1993) correction would raise
the critical values, which would not affect the qualitative
results since the lack of stability is rejected using the
uncorrected critical F-values.

18 This finding is consistent with other runs (not shown) that
added variables interacting DUM92 with lagged money
growth and the error-correction term. These variables
were insignificant, with the exception that the product of
DUM92 and EC was significant at the 10-percent level in
the noninterest rate model using M2 without terms inter-
acting DUM92 and lags of money growth.
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To test this hypothesis, a dummy variable
(D8587 ), equal to 1 over 1985:1–87:1 and 0
otherwise, is added to models 1 through 3 and 22
through 24 to test for a temporary shift in the
constant occurring over 1985:1–87:1. In models
containing interest rates, D8587  is significant only

in models using M2B or M2+ and with a negative
effect that helps control for how portfolio shifts
from non-M2 assets bolstered bond and equity
funds relative to M2 (Table 4 ). In models without
interest rates, D8587 is significant in models using
M2, M2B, and M2+, suggesting that M2 may have
also been bolstered by shifts away from direct
security holdings. With or without interest rates,
the models using M2B have higher R 2s than those
of corresponding models using M2 or M2+, with
the latter having similar R 2s.19

These results imply that the links between
nominal GDP and M2B shifted in the mid-1980s,
and the shifts are best modeled as a temporary
shift in the constant term. Furthermore, the larger
estimated impact of D8587  in the models using
M2B and M2+ relative to corresponding models
using M2 supports the view that bond and equity
fund inflows in the mid-1980s partly reflected
shifts away from direct security holdings.

Conclusion

Recent instability in M2 and portfolio shifts
into bond and equity funds have raised the issue

Table 4
Dummy Variable Tests

Dummy Variable Tests for an Early-1990s Shift in the Constant

Added
variable M2 M2B M2+ M2 M2B M2+

DUM92 .0078* .0022 .0008 .0046 .0027 .0009
(2.04) (.63) (.21) (1.09) (.68) (.25)

R 2 .2416 .2097 .1944 .2747 .2657 .2576

Dummy Variable Tests for a mid-1980s Shift in the Constant

Added
variable M2 M2B M2+ M2 M2B M2+

D8587 –.0063* –.0097** –.0084* –.0051 –.0068+ –.0064+

(–1.98) (–2.95) (–2.55) (–1.46) (–1.94) (–1.81)

R 2 .2401 .2589 .2340 .2805 .2858 .2775

T-statistics are in parentheses.
** ( *,+) denotes significance at the 1-percent (5-percent, 10-percent) level.

19 A dummy ( MFCUM) was added to test for an increasing
shift in the constant term during the mid-1980s that then
levels out and becomes permanent. Mimicking movements
in the shares of bond funds in M2B and bond and equity
funds in M2+, MFCUM equals 0 before 1985:1, 1 in 1985:1,
rises by 1 each quarter through 1987:1, and equals 9 after
1987:1. MFCUM was (marginally) significant only in the
models using M2B. For models using M2B and M2+,
adding D8587 increased model fit ( R2s) more than adding
MFCUM instead.

Alternatively, M2B and M2+ could have had a different
relationship to nominal GDP growth in the mid-1980s. To
test this, other runs (not shown) added variables to models
1 through 3 and 22 through 24 interacting D8587 with lags
of money growth and the error-correction term. These inter-
active variables were insignificant, with the exception that
they were jointly significant at the 10-percent level in the
noninterest rate model using M2B. This finding highlights
the importance of including interest rate information.

Money only Money and interest rates

Money only Money and interest rates
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of whether M2 should be more broadly defined to
include either bond or bond and equity funds.
Two criteria for addressing this issue are whether
the broader aggregates are more controllable and
whether they are better information variables that
can be used to forecast nominal variables.

With respect to controllability, adding assets
less directly influenced by the Federal Reserve to
M2 would likely make M2 less controllable. How-
ever, because broader M2 aggregates internalize
portfolio shifts that may be induced by Federal
Reserve actions affecting interest rates, broader
M2 aggregates may be less volatile if the impact of
such shifts outweighs the impact of variation in
securities prices on the value of bond and stock
fund assets. This is an empirical issue that requires
further research and more data.

As for judging which M2 aggregates are better
information variables, several criteria include
whether a more broadly defined M2 aggregate is
more explainable in money demand models, yields
better inflation forecasts, and is a better near-term
indicator of nominal GDP growth. Previous work
has shown that the demand for M2B may be more
explainable than that of M2 (Duca, forthcoming)
and that M2B and M2+ yield more accurate fore-
casts of inflation in the early 1990s than does M2
within the P-star framework (Becsi and Duca,
forthcoming, and Duca 1994).

This article focuses on the relative ability of
these aggregates to predict nominal GDP growth
and finds that M2B and M2+ have outperformed
M2 in recent years. However, when money is
used in conjunction with short- and long-term
interest rates, this recent advantage is not as large.
Interestingly, although M2B yields better in-sample
fits than M2+, M2+ has performed better recently,
consistent with reports that stock funds are being
increasingly used as substitutes for some M2
deposits.

These findings imply that along with M2,
M2B and M2+ should be monitored as information
variables. Nevertheless, given current changes in
asset behavior and that past financial innovations
have altered asset portfolios, the link between
broad monetary aggregates and economic activity
is vulnerable to shifts. Such shifts can stem not
only from technological change or new financial
products but also from shifts in monetary policy
and household preferences that alter time series

relationships. This was true not only for M2 in the
early 1990s but also for M2B and M2+ in the mid-
1980s. These considerations point to the need for
further research and to the wisdom of not relying
on any single monetary aggregate as the sole
guide to setting monetary policy.
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Understanding the Price Puzzle

ew economists expected the bond market’s
negative reaction to the Federal Reserve’s

initial move to raise the federal funds rate during
early 1994. To alleviate potential inflationary
pressures, on February 4, 1994, the Federal Reserve
increased the federal funds rate by 25 basis points
to 3.25 percent. In response, long-term bond
yields promptly increased 50 basis points over the
following four weeks. At the time, bond market
participants attributed much of the run-up in
yields to worries that inflation would increase
during the next year, thus eroding the value of
fixed-income securities.

While many economists were caught off
guard by the bond market’s reaction, historical data
on the federal funds rate and subsequent inflation
behavior perhaps explain the reaction. Historical
data show a positive relationship between infla-
tion and the federal funds rate, the rate over which
the Federal Reserve has the most control.1 Thus,
one explanation for the bond market’s behavior is
that increases in the federal funds rate have his-
torically been associated with subsequent increases
in inflation. If history is any guide, bond market
participants were right to be worried.

The positive relationship between the federal
funds rate and inflation has become known as the
“price puzzle” (Bernanke and Blinder 1992; Chris-
tiano, Eichenbaum, and Evans 1994, forthcoming;
and Sims 1992). It is a puzzle because an unex-
pected tightening of monetary policy (that is, an
unexpected increase in the federal funds rate) is
expected to be followed by a decrease in the price
level, rather than an increase.

In this article, we document the positive
correlation between federal funds rate increases
and subsequent increases in prices. The strength
of this correlation does not appear to be uniform
over the postwar period. In previous work (Balke

and Emery 1994), we found that relationships that
had held in the 1960s and 1970s broke down in
the 1980s. As a result, we also evaluate whether
the price puzzle is present to the same degree in
all periods. We find that evidence of the price
puzzle is substantially stronger during the 1960s
and 1970s than during the 1980s. In the 1980s,
the correlation between the federal funds rate
and future inflation is close to zero but is still not
negative, as traditional theory would predict.

We also evaluate possible explanations for
the price puzzle. These involve the Federal Re-
serve systematically responding to signals of
higher future inflation by raising the federal funds
rate, but not by enough to fully offset the subse-
quent inflation. Indeed, a plausible explanation
appears to be that, during the 1960s and 1970s, the
Federal Reserve responded to supply shocks by
raising the federal funds rate but not by enough to
prevent the aggregate price level from changing.
Thus, a positive correlation between the federal
funds rate and inflation arises. Since the early
1980s, however, the price puzzle has moderated.
We suggest two possible reasons: the Federal
Reserve has put more emphasis on achieving
price stability and, hence, has responded more

The authors thank John Duca and Evan Koenig for helpful
comments and suggestions. We also thank Chih-Ping Chang
for his capable research assistance. Any remaining errors
are the authors’ responsibility.

1 The Federal Reserve influences this rate by buying or
selling U.S. Treasury securities to the private sector, thus
controlling the amount of reserves in the banking system.
The federal funds rate is simply the market interest rate
that banks must pay to borrow reserves overnight.
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vigorously to inflationary shocks, or there simply
have been fewer large inflationary shocks to the
economy.

This article is organized as follows. In the
first section, we document the positive correlation
between federal funds rate changes and subse-
quent inflation. In the second section, we present
possible explanations for the price puzzle. Both
explanations involve the Federal Reserve’s system-
atic response to inflationary shocks. The third
section examines whether these explanations are
capable of explaining the price puzzle. Finally, in
the fourth section, we conclude by interpreting
the empirical results.

Documenting the price puzzle

The price puzzle arises because increases in
the federal funds rate tend to be followed by in-
creases in inflation. In this section, we document
the existence of this positive correlation.

Figure 1
Federal Funds Rate and Inflation
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SOURCE: Board of Governors, Federal Reserve System.

As shown in Figure 1, the federal funds rate
and year-over-year inflation, as measured by the
gross domestic product deflator, appear to be posi-
tively related: periods of high inflation coincide
with relatively high federal funds rates. Note that
during the 1960s and 1970s, both inflation and the
federal funds rate have trended upward, whereas
since 1982, the trend in inflation has been flat,
while the federal funds rate has trended downward.

More formal evidence of the price puzzle is
given in Table 1. Table 1 presents results from
simple regressions of the federal funds rate against
the average annualized rate of inflation over two
subsequent years for the sample 1960:1 through
1993:4. Whether or not a time trend is included in
the regressions, the results confirm a positive rela-
tionship between the federal funds rate and future
inflation. For the full sample and the 1960–79
subsample, the federal funds rate is highly signifi-
cant. Interestingly, for the 1982:4 –93:4 sample, the
federal funds rate does not contain statistically sig-
nificant explanatory power for subsequent infla-
tion as reflected in an insignificant t-statistic on the
federal funds rate and a negative adjusted-R 2 for
the regression.2 This suggests that the price puzzle
may not be as evident in the post-1982 period.

The federal funds rate, monetary policy,
and the price puzzle

Historically, changes in the quantity of money
have often served as a measure of monetary
policy. The main problem with money, however,
is that it often changes for reasons that have
nothing to do with monetary policy. For example,
most measures of money are influenced by the
behavior of both banks and individuals, which, in
turn, are influenced by economic conditions. In
other words, the observed data on money repre-
sent a confluence of both supply factors (mone-
tary policy actions) and demand factors (such as
private-sector portfolio shifts). The problem with
using money as a measure for the stance of mone-
tary policy is that it does not reflect mainly Fed-
eral Reserve actions.

Recently, several economists have argued
that movements in the federal funds rate may be a
better indicator of changes in monetary policy than
are changes in the quantity of money (McCallum
1983, Laurent 1988, Bernanke and Blinder 1992,

2 Throughout the paper, we do not separately examine the
1979:4 through 1982:3 sample because during this period,
in contrast to the rest of the sample, the Federal Reserve
did not target the federal funds rate in its implementation
of monetary policy.
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and Goodfriend 1992). This view is based on the
observation that, with the exception of the 1979–82
period, the Federal Reserve has implemented
monetary policy by targeting the federal funds
rate over short periods of time.

There is a potential shortcoming in directly
using the federal funds rate as a measure of the
stance of monetary policy. Movements in the rate
reflect both the Federal Reserve’s response to
economic developments, as well as Federal Reserve
actions that are independent, or exogenous, of
these developments.3 To assess the impact of ex-
ogenous monetary policy actions on the economy,
several studies have used empirical models called
vector autoregressions (VARs). (See the box en-
titled “Vector Autoregressions.”) Basically, these
models attempt to isolate the movements in the
federal funds rate that are uncorrelated with
changes in the other variables in the model and,
thereby, represent purely exogenous movements
in the federal funds rate, or exogenous monetary
policy actions.

Using the VAR methodology, Bernanke and
Blinder (1992), Sims (1992), and Christiano,
Eichenbaum, and Evans (1994, forthcoming) have

found that movements in the federal funds rate
are largely consistent with the view that the funds
rate is a good proxy for the stance of monetary
policy. In this work, the Federal Reserve tightens
policy in response to unexpected increases in
both inflation and output. Additionally, unex-
pected, or exogenous, monetary policy actions
are shown to have modest effects on real output.
However, even in these VARs the price puzzle
remains: exogenous monetary policy tightenings
are followed by increases in the price level.

Consider a five-variable VAR similar to that
examined by Christiano, Eichenbaum, and Evans
(1994). This VAR includes real GDP (Y ), the GDP
deflator (P), the federal funds rate, nonborrowed
reserves, and total reserves.4 Figure 2 displays the
response of output and prices to a so-called ex-

Table 1
Federal Funds Rate Regressed on Subsequent Inflation1

Trend not included Trend included

Coefficient on Coefficient on
Sample federal funds rate adj. R 2 federal funds rate adj. R 2

1960:1–93:4 .26 .15 .30 .15
(2.11)* (2.38)*

1960:1–79:3 .75 .56 .17 .92
(4.91)* (2.72)*

1982:4–93:4 .09 .01 .05 0
(.59) (.43)

1 Subsequent inflation equals the average annualized rate of inflation over the subsequent eight quarters as measured by the gross
domestic product deflator.

T-statistics are in parentheses. To correct for possible heteroscedasticity as well as  serial correlation, the White consistent
covariance matrix with a Newey–West serial correlation correction and with a window width of twelve lags was estimated.

* Significant at the 5-percent level.

Quarterly data.

SOURCE: Board of Governors, Federal Reserve System.

3 The rule that relates policy actions to developments in the
economy is often referred to as the feedback rule.

4 With the exception of the federal funds rate, all variables
are in logarithms.
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ogenous increase in the federal funds based on
the entire 1960–93 sample.5 While output falls in
response to a monetary contraction, prices rise.
Thus, the price puzzle is present.

When the full sample is broken into sub-
samples, the VAR evidence of a price puzzle
becomes mixed.6 Figure 3 plots the response of
prices to a federal funds shock in the 1960–79

period and the post-1982 period. As shown in the
figure, the price puzzle is present in the 1960–79
period; an exogenous increase in the federal funds
rate results in a substantial increase in the price
level. By contrast, the price puzzle is not as evi-
dent in the post-1982 period. During this period,
a federal funds rate innovation does not cause
prices to systematically rise; the effect on prices,
though negative, is small and not statistically
different from zero.

An alternative to the VAR approach

Rather than using the federal funds rates as
an indicator of monetary policy or trying to iden-
tify monetary interventions econometrically, Romer
and Romer (1989) examine the historical record to
determine dates when a contractionary monetary
policy action was taken.7 To evaluate whether the
price puzzle still exists using the Romer–Romer
dates as proxies for monetary contractions, we run
a regression of inflation (or prices) against four
lags of inflation and the current value and eight

Figure 2
Impulse Response of Y and P
To Federal Funds Rate Innovation, 1960–93
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Figure 3
Impulse Response of P
To Federal Funds Rate Innovation
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5 The federal funds rate comes third, after output and prices,
in the causal ordering implied by the Choleski decomposi-
tion. The dotted lines in Figures 3 through 12 are one-
standard error confidence bands.

6 We tested whether a VAR estimated over 1960:1–79:3 was
the same as a VAR estimated over 1982:4–93:4 (see Doan
1992) and could reject the null hypothesis of equality. This
result was robust to whether the VAR was estimated in levels
or first differences.

7 The Romer–Romer dates are: 1968:4, 1974:2, 1978:3,
1979:4. The date 1988:3 is also included as a monetary
contraction, based on work by Oliner and Rudebusch
(1992).
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lags of a dummy variable that takes the value of 1
during a Romer–Romer monetary contraction date
and zero otherwise. Figure 4 plots the dynamic
response of the price level in response to the
Romer–Romer dummy. For the full sample and the
post-1982 sample, we see evidence of the price
puzzle; prices tend to rise following a Romer–
Romer monetary contraction. For the 1960–79
sample, the response of prices is initially flat and
then falls six quarters after a Romer–Romer con-
traction. This suggests that the Romer dates may
be a better proxy for monetary contractions in the
early part of the sample than in the later part.

Overall, there appears to be a positive corre-
lation between federal funds rate increases and
future inflation. However, the extent of this corre-
lation is sensitive to sample periods examined.
With the exception of the Romer–Romer dates, the
price puzzle is much more evident in the pre-1980
sample than in the post-1982 sample. This result
holds for sophisticated VAR or intervention analysis
as well as for simple regressions. In the next

section, we explore some explanations for the
positive correlation.

Explanations of the price puzzle

One explanation of the price puzzle sug-
gested by Sims (1992) is that the Federal Reserve
systematically responds to expectations of higher
future inflation by raising the federal funds rate
but by not enough to prevent inflation from actu-
ally rising. The result is that increases in the federal
funds rate are followed by increases in inflation.
The Sims explanation thus involves a forward-
looking Federal Reserve that, nonetheless, fails to
effectively prevent the anticipated future inflation.
It also implies that the positive correlation between
an apparently contractionary monetary policy in-
tervention and future prices stems, in part, from
failing to properly identify exogenous changes in
the federal funds rates. Sims suggests that the
Federal Reserve has information about future
inflation that is not present in the simple VARs

Vector autoregressions (VARs) are time series mod-
els that use only past values of the variables of interest to
make forecasts. For instance, a three-variable VAR sys-
tem of output, prices, and the federal funds rate can be
expressed as

Yt = β
1
 + β

2
Σ Yt – i + β

3
Σ Pt – i + β

4
Σ ft – i + �β t

Pt = γ1 + γ2Σ Yt – i + γ3Σ Pt –i  + γ4Σ ft – i + �γ t

ft = δ1 + δ2 Σ Yt –i  + δ3Σ Pt – i + δ4Σ ft – i  + �δ t ,

where Y, P, and f are output, the price level, and the
federal funds rate, respectively. β is an intercept term,
t is a time subscript, Σ is the summation sign, and � is
an error term. Thus, each of the three variables is ex-
pressed as a linear function of past values of itself and
past values of other variables in the system.

In practice, the estimated error terms from each
equation are correlated so that it is incorrect to assume
that, for instance, �ft  represents an independent surprise
movement in the federal funds rate. To better interpret the
dynamic relationships present in the data, the residuals
from the VAR are broken up into linear combinations of
independent (orthogonal) shocks. A common orthogo-
nalization is to assume that the VAR system is recursive

Vector Autoregressions

so that there is a chain of causality among surprises in the
variables during any given period. For example, a pos-
sible recursive system of the VAR above is one in which
output responds to an exogenous shock, the price level
responds to the contemporaneous output shock and an
exogenous price shock, while the federal funds rate
responds to output and price level shocks contempora-
neously as well as to an exogenous federal funds rate
shock. In effect, a new set of surprises, or shock terms for
each variable, are created that are now uncorrelated with
each other. The transformation of the original shocks into
recursive, orthogonal shocks is called the Choleski de-
composition.

The Choleski decomposition is controversial because
if the VAR is used to draw economic inferences, then the
recursive restriction imposed on the system should be
supported by economic theory. If the identifying assump-
tion of recursivity is not justified, then the estimated
parameters will be a mixture of both structural and
reduced-form parameters.

For more on VARs, see Todd (1990), Runkle (1987),
Sims (1986), Cooley and LeRoy (1985), and Hakkio and
Morris (1984).
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described in the previous section, and as a result,
innovations in the federal funds rate from these
VARs partly reflect the systematic response to
inflationary shocks and are not truly exogenous.

An alternative, but similar, explanation is
that the Federal Reserve reacts to supply shocks
by raising the federal funds rate. A temporary,
negative supply shock, for example, would have
the effect of raising real interest rates, decreasing
output, and increasing prices (at least in the short
run). The Federal Reserve responds to the supply
shock by raising the federal funds rate but by not
enough to extinguish the inflationary consequences
of the supply shock. Note that the supply shock
explanation can explain both the price puzzle
and the negative response of output to a positive
federal funds rate innovation, even if monetary
policy has no effect on the real economy. Further-
more, the degree to which the monetary authority
is willing to “extinguish” the price increase might
depend on the weight it places on price stability
in its objective function relative to output stabili-
zation; the greater the weight on price stability, the
more aggressively the monetary authority reacts to
the supply shock and, hence, the smaller the price
puzzle.

Interestingly, for both explanations, the fact
that the price puzzle appears muted in the 1980s
suggests that the Federal Reserve’s reaction func-
tion may have changed. The Federal Reserve may
have become more forward looking in its inflation
fighting effort (trying to stay ahead of the curve)
and has more effectively preempted inflationary
pressures. Alternatively, it may have placed more
weight on price stability when reacting to supply
shocks.8

Is the price puzzle solved?

These explanations for the price puzzle
revolve around the Fed’s response to inflationary
pressures. Thus, to effectively evaluate these ex-
planations within a VAR framework, one must
introduce a variable into the system that contains
information about future inflation or supply shocks
that is not already contained in the existing VAR.
Furthermore, evaluating these explanations in-
volves examining the Fed’s reaction function;
namely, how does the federal funds rate respond
to possible inflationary shocks? Much of the pre-
vious literature has failed to note the Fed’s reac-
tion function.

Christiano, Eichenbaum, and Evans (1994,
forthcoming) have argued that the price puzzle is

8 Possibly, though, supply shocks may have been relatively
small or positive since 1982 so that the Fed could focus
more on its price stability objective. This explanation im-
plies an asymmetric objective function in which the Fed is
less willing to extinguish the inflationary consequences of
negative supply shocks (and suffer the negative output
consequences) than positive supply shocks.

Figure 4
Impulse Response Functions
Of P to Romer–Romer Dates
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resolved when commodity prices are included in
the basic VAR examined earlier. Commodity prices
have been suggested to provide information about
future inflation and could also be correlated with
supply shocks. Thus, a priori, they are a good
candidate for inclusion in the VAR. We replicate
Christiano, Eichenbaum, and Evans’ results when
we include commodity prices in the basic vector
autoregression.9 Figure 5 plots the response of
output and prices to a federal funds rate shock
once commodity prices have been included in the
VAR. As in Christiano, Eichenbaum, and Evans, a
positive federal funds rate shock causes prices
and output to fall. Furthermore, the reaction of
the federal funds rate to a commodity price shock
is consistent with the Sims and supply shock ex-
planations of the price puzzle: a positive com-
modity price shock causes the federal funds rate
to rise (not shown in figures). Indeed, the reaction
of the federal funds rate to positive output and
price shocks is consistent with a “lean against the
wind” policy on the part of the Fed.

While including commodity prices in the VAR
appears to solve the price puzzle for the full sample,
when we examine the subsamples the evidence
is less conclusive. Figure 6 presents the impulse
response function of prices to a federal funds rate
shock in the 1960–79 and 1982–93 subsamples.10

While commodity prices succeed in eliminating
the price puzzle in the latter period, they do not
solve the price puzzle in the pre-1980 period. For
the 1960–79 sample, prices are higher than their
original level for nearly three years after a positive
federal funds rate shock. Thus, even after includ-

Figure 5
Impulse Response of Y and P
To Federal Funds Rate Innovation, 1960–93
(Commodity Prices Included)
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Figure 6
Impulse Response of P
To Federal Funds Rate Innovation
(Commodity Prices Included)
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9 In the vector autoregression, commodity prices come after
output and aggregate prices but before the federal funds
rate in the Choleski ordering.

10 We tested whether the VAR parameter estimates were the
same in the 1960 –79 and post-1982 samples and could
reject equality.
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ing commodity prices in the VAR, the price puzzle
is still unresolved for the 1960–79 period.

We examine whether other variables might
be able to solve the price puzzle; these include
the spread between long- and short-term interest
rates, short- and long-term interest rates individu-
ally, oil prices, stock prices, unit labor costs, the
index of leading economic indicators, and indus-
trial capacity utilization.11 Of these, only the spread
between long- and short-term interest rates helps
solve the price puzzle, but it does so only if the
period 1979–82 is excluded.12 Figure 7 shows the

Figure 7
Impulse Response Functions of P
To Federal Funds Rate
(Spread Included)
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Figure 8
Impulse Response Functions
Of Federal Funds Rate (FF ) to Spread
(Spread Included)
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11 These were done one variable at a time to keep the dimen-
sion of the VAR relatively low. For the impulse responses,
each of these variables is placed third in the Choleski
ordering, behind output and prices but before the federal
funds rate.

12 The spread variable is defined to be the ten-year Treasury
bond rate minus the three-month Treasury bill rate.



Economic Review — Fourth Quarter 1994 23

response of prices to a federal funds shock for the
full sample as well as the 1960–79 and post-1982
subsamples once the spread has been included in
the VAR. In the full-sample VAR, including the
spread does not solve the price puzzle; prices still
rise in response to a positive federal funds shock.
However, unlike commodity prices, including the
spread eliminates the price puzzle during the
1960–79 period. The spread also eliminates the
price puzzle in the post-1982 period. That the
spread fails to work in the full sample may be the
result of the extreme volatility exhibited by inter-
est rates, including the federal funds rate, during
the 1979–82 period.

Because the reaction function of the Fed is
integral to explaining the price puzzle, we present
the response of the federal funds rate to a shock
in the interest rate spread (Figure 8 ). The impulse
response functions suggest that the federal funds
rate tends to move in the opposite  direction of a
spread shock; a positive spread shock (that is,
long-term rates rising more than short-term rates)

causes the federal funds rate to fall. The negative
response of the federal funds rate to an increase in
the spread does not entirely square with the pure
inflation expectations explanation of the price
puzzle. A rise in inflation expectations would
more likely be reflected in an increase in the
interest rate spread, as long-term rates respond
more than short-term rates to expectations of
future inflation. The negative response of the
federal funds rate to the increase in the spread is
not, therefore, consistent with the Fed tightening

Figure 9
Impulse Response Functions
Of Y  and P to Spread, 1960–93
(Spread Included)
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Figure 10
Impulse Response Functions of P
To Federal Funds Rate
(Commodity Prices and Spread Included)
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in anticipation of future inflation. However, it is
consistent with the explanation that the Fed par-
tially extinguishes the inflationary effects of a

temporary supply shock. A temporary, negative
supply shock, for example, would tend to cause
the interest rate spread to fall as short-term real
interest rates rise more than long-term real interest
rates. At the same time the spread is falling, the
Fed increases the federal funds rate to offset the
inflationary effects of the supply shocks. This gives
rise to the negative response of the federal funds
rate to innovations in the interest rate spread.13

The response to aggregate output and prices is
also consistent with the supply shocks story as

Figure 11
Impulse Response Functions of Federal
Funds Rate (Commodity Prices, PSC, and
Spread, SP, Included)
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Figure 12
Impulse Response Functions
Of Spread to Federal Funds Rate
(Commodity Prices and Spread Included)
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13 Alternatively, the spread may decrease because of ex-
pectations that the Fed will tighten policy in response to
a shock that increases prices and lowers output—namely,
a supply shock.



Economic Review — Fourth Quarter 1994 25

prices fall and output rises in response to a posi-
tive spread (supply) shock (Figure 9 ).

To determine the relative importance of the
spread and commodity prices for explaining the
price puzzle, especially in the later period, we
estimate a VAR that includes both commodity
prices and the interest rate spread.14 Figure 10
displays the impulse response function of prices
to shocks in the federal funds rate, and Figure 11
shows the response of the federal funds rate to
shocks in commodity prices and the interest rate
spread. For all three periods, the price puzzle no
longer exists; prices respond negatively to a posi-
tive federal funds rate shock. Furthermore, the
reaction of the federal funds rate to commodity
price and interest rate spread shocks are consis-
tent with the Fed tightening (at least initially) in
response to an inflationary shock, in particular,
supply shocks.15 While we do not present the
results here, the reaction of output and prices to
commodity price shocks and interest rate shocks
are consistent with those shocks reflecting supply-
side shocks in the full and the 1960–79 samples.
This interpretation is more tenuous in the post-
1982 sample, as the response of GDP to com-
modity price and interest rate spread shocks is
initially in the wrong direction for a supply shock.

Finally, an interesting result is that the inter-
est rate spread rises in response to a federal funds
rate innovation, particularly for the early sample
period (Figure 12 ). This mirrors the response of
the interest rate spread in spring 1994 as long-
term interest rates rose more than short-term rates
following an increase in the federal funds rate.

Conclusion

Using alternative approaches, we have docu-
mented a positive correlation between the federal
funds rate and future inflation. Known as the
“price puzzle,” this positive correlation is surpris-
ing because increases in the federal funds rate, or
tightenings in monetary policy, should theoreti-
cally lead to a lower, not a higher, price level. We
have also documented that the price puzzle is
much stronger during the pre-1980 period than
since the early 1980s. In fact, the correlation be-
tween the funds rate changes and future price
changes is close to zero in the later period.

We considered two explanations for the

price puzzle. The first, from Sims (1992), is that
the Federal Reserve systematically responds to
expectations of higher future inflation by increas-
ing the funds rate but not by enough to actually
prevent inflation from rising. A second explana-
tion is that the Federal Reserve systematically
reacts to negative inflationary supply shocks by
appropriately increasing the funds rate, but again,
not by enough to extinguish the inflationary con-
sequences of the shock.

We examine both of these explanations
within a vector autoregression framework by in-
cluding variables that may proxy for future infla-
tion or supply shocks. While including commodity
prices fully eliminates any price puzzle in the
post-1980 period, the puzzle is still present in the
pre-1980 period. We also find, however, that
including the spread between ten-year and three-
month Treasury rates eliminates the puzzle for
both subsamples. Given the negative reaction of
the funds rate to a shock in the spread, it appears
that the spread is proxying for supply shocks
rather than for increases in inflation expectations.

14 We conducted formal tests of structural stability and tests
for whether commodity prices and/or the spread Granger
caused the other variables in the system. Once again,
structural stability was rejected when the 1960–79 and
post-1982 subsamples were considered. Both commodity
prices and the spread, individually and jointly, provide
information about future values of the other variables for
the full sample. The joint exclusion of commodity prices and
the spread is rejected in the 1960–79 sample, but the
spread variable can be excluded at the 10-percent signifi-
cance level. For the post-1982 sample, one can exclude
commodity prices and the spread jointly and can exclude
the spread (at the 5-percent level) and commodity prices
(at the 5-percent but not at the 10-percent level) individu-
ally. Note that a formal rejection of Granger causality for
both commodity prices and the spread in the later sample
may be due to the rather large number of parameters
implied by the seven-variable VAR relative to the number of
observations in the post-1982 sample.

15 When the federal funds rate precedes the spread in the
ordering, the response of the federal funds rate to a spread
shock is still negative. Again, this is consistent with the
Federal Reserve’s tightening in response to a negative
supply shock. However, for this ordering, the price puzzle
remains in the 1960–79 sample.
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Thus, the implication is that the Federal Reserve
responds to negative supply shocks by increasing
the funds rate, but not by enough to fully offset
the inflationary implications of the shock.

One interpretation of the muted price puzzle
during the 1980s is that the Federal Reserve in-
creased the weight it placed on price stability and
reacted more strongly to inflationary shocks. Alter-
natively, it may be that the U.S. economy experi-
enced fewer severe supply-side shocks during the
1980s, which allowed the Federal Reserve to avoid
the difficult decisions associated with accepting
either a run-up in prices or a larger short-run
decline in output.
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Indicators of the General Price Level and Inflation

P rice stability has emerged as a key long-term
monetary policy goal. In a nutshell, a price

stabilization policy seeks to minimize the disrup-
tive effects of aggregate price movements and
price uncertainty on economic decisions. This
means that a long-run aggregate price level or
some low inflation rate is targeted.1 Consequently,
the Federal Reserve’s job is to monitor the value of
currency. The problem for the Fed practitioner is
how to monitor general price movements given
that aggregate price data are noisy and imperfectly
measured and that there are competing price
measures. This article examines whether existing
price indexes tell a consistent story about the
general price level and its inflation rate.

To answer this question, the coverage of the
most-watched price indexes is briefly reviewed.2 It
is shown how these indexes differ and that they
may provide conflicting information. Does it then
matter which price/inflation index is monitored? In
response, alternative notions of the theoretically
appropriate price index are discussed. Next, the
time series properties of the price indexes are
analyzed and compared. For instance, whether a
time series is stationary is evaluated because this
can determine if the effects of shocks on the series
are temporary and will eventually die out. Cointe-
gration tests reveal whether the price indexes
have any stable, long-term relationships: cointe-
grated series have a common trend.

Popular price indexes such as the consumer
price index (CPI) and the implicit price deflator
for gross domestic product (PGDP) capture prices
of currently produced final goods and services,
while the producer price index (PPI) captures final
goods prices at an early distribution stage. These
indexes are found to have a stable long-run rela-
tionship (or, are cointegrated) with PGDP. For
growth rates, the story is similar. Inflation rates tend
to be nonstationary, although the evidence can be

ambiguous, and except for the PPI, the inflation
rates of the different series have stable long-run
relationships with one another. Thus, monitoring
any particular price series or inflation rate will
capture long-run movements in the other series.

Some economists have argued that central
banks should monitor a very general price level
that would not only include final goods and
services prices but also the prices of assets, inter-
mediate goods, and services. How good are the
above price indexes as indicators of a comprehen-
sive aggregate price measure? Price indexes for
intermediate goods, the producer price index for
all commodities (PPIT), and asset prices, such as
the Standard & Poor 500 stock index (S&P 500)
and median housing price, are weakly cointegrated
in levels with final-goods price indexes (such as
the PGDP). In addition, the inflation rates of the

I have benefited greatly from discussions with and helpful
comments from Nathan Balke, Ken Emery, Evan Koenig,
and Mark Wynne. I would also like to thank Chih-Ping Chang
for superb research assistance. Of course, any errors are
my own. *This article was completed while Zsolt Becsi was
on the staff of the Federal Reserve Bank of Dallas. He is now
a senior economist at the Federal Reserve Bank of Atlanta.

1 See Ireland (1993) and Balke and Emery (1994) for an
overview of the issues. Balke and Emery distinguish be-
tween long-run price level targeting, or strong price stabil-
ity, and low (or zero) inflation rate targeting, or weak price
stability.

2 See the surveys of Brauer and Wu (1991), Davis (1991),
Carlson (1989), Webb and Willemse (1989), and Wynne
and Sigalla (1993) on the coverage of the producer price
index of finished goods, the consumer price index, and the
implicit price deflator for gross domestic product, as well as
other indexes. The PPIT referred to below is the PPI for all
commodities (seasonally adjusted), not the popular PPI,
which only covers finished goods.
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PPIT and the median housing price (but perhaps
not the S&P 500) are weakly cointegrated with
PGDP inflation. Thus, monitoring final goods
prices or inflation indexes may be adequate be-
cause shocks to the other series will be reflected
in these indexes. However, to the extent the
PGDP does not fully capture information about
movements of the other price indexes, a more
comprehensive price level index may be called for.

Coverage of major price indexes

In theory, the aggregate price level represents
the average level of all prices in an economy at a
point in time. However, existing price indexes
measure the price level for a group of goods and
services that is more or less broad. The CPI, PPI,
and PGDP are the price indexes that receive the
most attention. Of these, the CPI is the most widely
watched measure of purchasing power. Not only
is the CPI timely because monthly data exist, it is
influential because it is used to index federal
programs such as Social Security, income tax
brackets, and wage contract negotiations.

The PGDP covers the prices of all goods and
services included in GDP, so it tends to be the
most comprehensive.3 The CPI covers just the prices
of consumption goods and services paid by urban

consumers. The CPI includes imported consump-
tion goods, while the GDP deflator covers only
domestically produced goods. Thus, the PGDP is
less sensitive to factors such as oil price shocks.

The PPIT measures the prices producers
charge for goods used to produce other goods
(crude materials, commodities, and semi-finished
and finished goods). PPIT measures prices of
goods at an earlier production and distribution
stage than the CPI and PGDP; however, the PPIT
does not cover services. The same can be said for
the popular PPI, except that it only covers the
wholesale prices of final (or finished) goods.

Which index comes closest to measuring the
aggregate price level? Obviously, the PPI is too
narrow by itself to reflect the general price level.
The PPIT is broader and may contain useful infor-
mation beyond that embodied in the final-goods
price indexes. It seems that PGDP is closest to an
aggregate measure of the general price level be-
cause it has the broadest coverage. However,
PGDP has two disadvantages relative to the CPI.
It is only measured quarterly and uses current
quantity weights that make it an impure measure
of price changes.4

What price index does theory suggest? Davis
(1991) writes that “the CPI can reasonably be con-
sidered ‘the’ measure of inflation, since it is the
only one specifically designed to measure the
purchasing power of money for the average final
consumer of goods and services.” However, the
price index for measuring the purchasing power
of a unit of currency could easily be defined on a
broader collection of goods and services than even
the PGDP. For instance, the transactions approach
of the quantity theory of money, as stated by
Fisher (1920) or Friedman and Schwartz (1982),
proposes an even broader price index that reflects
all money-based market transactions within a time
period.5 The transactions approach suggests target-
ing a comprehensive price index with the broadest
possible coverage of current final goods and
services as well as assets and intermediate goods
prices.6 Fisher’s quantity equation evokes the
long-run link between monetary instruments and
objectives: MV = PT. Here, M  is the money stock,
T  is the total number of transactions, P  is the
aggregate price level, and V  is the velocity of
transactions. Thus, given the velocity and number
of transactions, money influences the aggregate

3 Note that up to 80 percent of the PGDP is built up from
components of the CPI and PPI as well as other indexes.
See footnote 2 for references.

4 Because the PPI and CPI are based on a fixed market
basket of goods, they reflect price changes only. However,
the fixed-base-year quantity weights come from surveys
taken at ten-year intervals that become less and less
relevant over time. Weights in the PGDP reflect the impor-
tance of the various items in the current market basket of
goods. Thus, changes to the index reflect changes in the
composition of GDP as well as prices. While a fixed-weight
GDP price deflator exists, the series covers too short a
time span to be useful.

5 See Wynne and Sigalla (1993) and Santoni and Moehring
(1994) for further discussion and references.

6 This includes money transactions in the underground
economy. For a survey of studies estimating the size of the
underground economy, see Bendelac and Clair (1993).
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price level one-to-one in the long run.
As a practical matter, the quantity equation

has been narrowed by substituting final goods
output for total transactions, which are difficult to
observe. In this income-based approach, the price
index is the aggregate price level for final goods
and services (or PGDP), and velocity is defined as
the velocity of final goods and services transac-
tions. It requires strong assumptions to presuppose
that the price of final goods captures all move-
ments of the aggregate price of money transac-
tions. In essence, it must be true that within a
period, total transactions are a constant multiple
(or cointegrated in the long run) to the output of
final goods; and similarly for the velocity of total
transactions and output. If this is not the case,
final-goods price indexes may imperfectly reflect
sustained general price changes that are due to
monetary policy and may make aggregate price
targeting more difficult.

Definition of inflation

The rate of inflation is defined as the per-
centage rate of change in a price index from one
period to the next. Policymakers are interested in
sustained changes of the economy’s aggregate
price level. This is because the trend, or average
rate, of money growth (relative to real potential
output growth) is the main determinant of these
changes. When central bankers speak of inflation,
they are concerned with sustained aggregate price
changes or price movements that are primarily
determined by monetary policy.

However, many other factors can affect price
statistics. For example, short-term price shocks to
a small number of goods may cause one-time
jumps in the price level that are not sustained.
Also, and perhaps simultaneously, as sectors allo-
cate resources, the relative price changes of some
goods over time may be picked up as persistent
effects on many price indexes. Because price data
are very noisy, the public and policymakers may
have trouble distinguishing all of the different
sources of change. Thus, they may overreact to
short-term movements in the published price
indexes and make suboptimal economic choices.

To get a reliable measure of sustained aggre-
gate price changes, policymakers try to sift out the
noise from the aggregate price changes they can

influence. The crudest attempts to factor out short-
term variability were the core rates of inflation.
These indexes subtract food and energy indexes
from the PPI and CPI. Except for the volatility of
the food and energy markets in the 1970s, there
really is no basis for throwing away the informa-
tion that may be contained in these series.7

Recently, more sophisticated attempts to
filter out noise have been studies that estimate
common factors in the subindexes of the major
aggregate inflation indexes. These studies use the
inflation rates of components of the price indexes
as separate but noisy observations on common
price changes. Bryan and Cecchetti (1993b) use
subindexes of the CPI, while Dow (1993) uses
components of both the PPI and CPI to estimate
common factors. The time-varying common factor
may be attributed to monetary policy.

Although this second approach comes closer
to what policymakers want measured, it may not
adequately capture sustained price movements.
Capturing these movements requires focusing on
long-term price and inflation series movements
and good knowledge of the series’ dynamic
properties over long periods. A common trend
(or common long-run factor) across different price
series—if one exists—would capture the long-
term price growth that is of interest to policymakers.
The next section explores whether the PPI, CPI,
and PGDP have common trends despite differences
in coverage. It also explores the links between
the PGDP and price indexes of assets and inter-
mediate goods to determine whether final goods
prices are satisfactory indicators of the general
price level as suggested by the transactions version
of the quantity equation. For instance, the infor-
mation contained in the dynamics of final-goods
price indexes may be insufficient to capture price
movements of intermediate goods, financial assets
(such as equities and bonds), and real assets

7 Golub (1993) cites studies in the early 1980s that find
relative price variability due to food and energy prices
caused inflation in the 1970s. However, there do not seem
to be similar studies for the 1980s. Bryan and Cecchetti’s
(1993a) median estimator approach is a more subtle at-
tempt to derive a core rate of inflation that does not exclude
any particular sector as a source of temporary variability.
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(such as the stock of residential and commercial
real estate, land, art, and so on).

Empirical properties of existing price series

This section examines the time series proper-
ties of price statistics to see how well they capture
sustained or money-induced price movements. As
Table 1a shows, the quarterly price series for the
CPI, PPI, and PGDP  exhibit high correlations
between 1947:2 and 1994:1; the same is true for
inflation rate indexes between 1947:3 and 1994:1,
as can be seen in Table 1b. This suggests that any
series may be a reliable indicator of movements in
the others. However, targeting any one of these
series will not necessarily produce equivalent
movements in those that remain. Simple correla-
tions do not necessarily imply a stable long-run
relationship that a central bank can exploit. In
particular, such correlations do not distinguish
between persistent or temporary movements and
their sources.

Since the transactions approach of the quan-
tity equation suggests that the general price level
may differ from final goods prices, this section
also looks at the prices of assets and intermediate
goods to see whether final goods prices (as repre-
sented by the PGDP ) capture general price level
movements. Convenient asset price indexes are
the median sales price of housing (available
starting in 1963:1) and the S&P 500 index. Tables
1a and 1b include correlations of a broad final-
goods price index, the PGDP, with PPIT, the S&P

500  index, and the median home price (HMP ).
Despite the broader coverage of the PPIT, correla-
tions of the PPIT  in levels and differences are
similar to that of the PPI. Both asset price series are
also highly correlated with the final-goods price
indexes in levels. However, they are only weakly
correlated in differences; the S&P 500  index shows
a negative correlation and the housing price ex-
hibits a positive correlation with PGDP  inflation.
Also, as Figures 1a and 1b show, the price series
appear to trend together even though movements
of these indexes can deviate over short horizons.
Below, we investigate to what extent there exist
common long-term trends (which are presumably
due to common factors such as monetary policy).

Before looking at common long-term trends,
this section looks first at the properties of the
different time series in isolation. In particular, tests
reveal whether a series is nonstationary or station-
ary. These tests estimate the persistence of prices
and their growth rates. Stationarity implies that the
effects of shocks are temporary and will eventu-
ally die out. Whether a series is stationary or not
also gives a measure of the price uncertainty
facing economic decisionmakers. Finally, this
section examines whether pairs of different price
series are cointegrated—that is, whether they
have a stable long-run relationship. Cointegration
tests tell us whether it matters which price index
we monitor and if a stable long-run relationship
exists between the various indexes that could be
capitalized on by policy. Shared stochastic trends,
or cointegration, reveal shared underlying pro-

Table 1a
Contemporaneous Correlation Among Quarterly Price Indexes

PGDP CPI PPI PPIT SP500 HMP

PGDP .998 .995 .991 .912 .995

CPI .997 .993 .898 .993

PPI .872 .989

PPIT .856 .985

SP500 .877

HMP
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cesses and imply that permanent shocks to the
trend of one series will be transmitted to the trend
of the other series.

Stationarity tests determine the importance of
a deterministic trend relative to a stochastic trend
within a variable’s long-run dynamics. Loosely, a
(trend) stationary time series contains a determin-
istic trend but not a stochastic trend.8 This means
that shocks to the series cause temporary fluctua-
tions. Because the series always reverts to its
trend, there is no long-run uncertainty about the
series. Therefore, one can forecast the series’
long-run component with complete certainty or
zero forecast variance. In contrast, a nonstationary
series contains a stochastic trend. Instead of trend-
reverting fluctuations, shocks cause permanent
changes to the series. As a result, the series never
completely returns to its original trend. For such a
series, there is a great deal of uncertainty about its
long-run behavior that increases with time. This
uncertainty is reflected by an increasing forecast
variance. Strong versions of price stability attempt
to eliminate this uncertainty by making price
levels and inflation rates stationary.

To determine whether a series is stationary
or not requires a battery of tests.9 The first of
these is the augmented Dickey–Fuller (ADF),
which tests the null hypothesis that the variable is
nonstationary (or difference stationary). Additional
information is available from the KPSS test by
Kwiatkowski et al. (1992), which directly tests the
null hypothesis that the series is stationary.10 The

ADF and KPSS tests may have difficulty in estab-
lishing whether a series is stationary or not. This is
because it takes a very large sample to distinguish
between stationarity and nonstationarity, and the
postwar quarterly sample used in this article may
be too small. Finally, the variance-ratio test of
Cochrane (1988) compares the size of the perma-
nent (or stochastic trend) component relative with
the temporary (trend-reverting) component in a
series by calculating the ratio of the components’
variances. The variance ratio tends toward zero
(or one) the smaller (or larger) the stochastic

Table 1b
Contemporaneous Correlation Among
Quarterly Inflation Indexes

∆PGDP ∆CPI ∆PPI ∆PPIT ∆SP500 ∆HMP

PGDP .81 .74 .704 –.081 .205

CPI .862 .804 –.213 .017

PPI –.236 .117

PPIT –.232 .181

SP500 –.07

HMP

8 For a trend stationary process, the deterministic trend is
linear and can be written as (a + bt). A mean stationary
process is a trend stationary process with b = 0. The impor-
tant issue of nonlinear deterministic trends and structural
breaks will not be explored here. For more on this, see, for
instance, Balke (1991) and Hamilton (1994).

9 The tests are further described in the summary tables. In
the spirit of Nelson and Plosser (1982), the ADF and KPSS
(nonstationarity) tests define difference stationary by
focusing on unit-root processes. In the spirit of Beveridge
and Nelson (1981), McCallum (1993) argues for allowing
more general nonstationary (or difference stationary) pro-
cesses and that time series combine trend and difference
stationary components with one or the other dominating.
The variance ratio below agrees with this view.

10 Difference stationary processes can be either trend or
mean stationary.
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trend component in the series. However, if there
is positive (or negative) serial correlation, the
variance ratio will have an upward (or downward)
bias from one. Differences in this ratio across
price series indicate possible heterogeneous trends
resulting from the different coverage of the indexes.

Results of the ADF and KPSS stationarity
tests are summarized in Tables 2 and 3. The tests
agree that PGDP, CPI, and PPI  are nonstationary
in levels. However, the tests on the stationarity of
the series’ inflation rates disagree and are sensitive
to the lag specification.11 The ADF test fails to
reject nonstationarity for the growth rates of all
three series. The results for the KPSS test tend to
be less crisp. For the PGDP and CPI inflation rates,
stationarity is (weakly) rejected, while stationarity
fails to be rejected for the PPI. Thus, the ADF and
KPSS give weak or conflicting results for the infla-
tion series (especially for the PPI ) but indicate
that the levels of the price series are nonstationary.

The variance ratios of the price level series
in Table 4 are large and growing, which suggests

a large permanent component with positive serial
correlation. The results agree with the above
finding of nonstationary price level series. Thus,
unexpected shocks to the price level cause the
series to diverge from its initial path. By contrast,
the variance ratios for the inflation rate series are
small and falling. This is evidence that the infla-
tion rates are stationary or that the permanent (or
stochastic trend) component is dominated by the
temporary (or trend-reverting) component over
longer horizons. A large temporary component
may distort the finite sample critical values of the
ADF and KPSS tests and may explain why the test
results are ambiguous (Schwert 1987). Further-
more, as the variance ratios differ from one index
to another, the size of the stochastic trend compo-
nent relative to the temporary component differs
too. At long horizons, the CPI  and PPI  inflation
rates have similar variance ratios, while PGDP
tends to have the lowest. This suggests that shocks
to the CPI  and PPI  inflation rates are more persis-
tent than shocks to the growth rates of PGDP.

What about the price indexes for intermediate
goods and assets? Despite the broader coverage
of the PPIT, ADF and KPSS tests reveal that the
PPIT  in levels behaves similar to the PPI  in terms
of nonstationarity. However, in contrast to the
PPI, these tests suggest that the PPIT  inflation rate
is stationary. This conclusion is supported by the
variance ratios (which in levels and differences

Figure 1a
Movements of PGDP, PPI, and CPI
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Figure 1b
Movements of PGDP, PPIT, SP500, and HMP
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11 The discussion of the ADF and KPSS tests considers the
optimal lag length that comes closest to eliminating serial
correlation for the ADF test statistic. The results for other lag
lengths are in Tables 2 and 3.
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Table 2
Augmented Dickey–Fuller Unit-Root Test Statistics1

With trend Without trend

Variable Sample Lags = 4 Lags = 8 Lags = 12 Lags = 4 Lags = 8 Lags = 12

PGDP 1947:1–94:1 –2.365 –1.941 –2.153 1.114 –.276 –.701
(.072) (.414) (.048) (.088) (.472) (.105)

CPI 1947:1–94:1 –2.197 –1.448 –1.875 1.337 .564 –.193
(.001) (.151) (.003) (.002) (.228) (.009)

PPI 1947:2–94:1 –1.965 –1.5 –1.877 .528 –.031 –.189
(.04) (.101) (.010) (.044) (.144) (.023)

PPIT 1948:2–93:4 –1.904 –1.424 –1.756 .376 –.10 –.365
(.005) (.019) (.0003) (.008) (.032) (.001)

SP500 1947:1–94:1 –2.153 –1.716 –1.705 –.899 –.88 –.805
(.088) (.002) (.007) (.075) (.004) (.012)

HMP 1963:1–93:4 –1.21 –1.628 –1.398 –1.109 –.822 –0.959
(.169) (.243) (.147) (.226) (.435) (.194)

∆PGDP 1947:2–94:1 –4.122*** –1.453 –1.229 –3.729*** –1.86 –1.755
(.08) (.2) (.03) (.1) (.29) (.04)

∆CPI 1947:2–94:1 –3.908** –2.411 –2.166 –3.494*** 2.471 –1.865
(.003) (.19) (.14) (.005) (.23) (.02)

∆PPI 1947:3–94:1 –4.134*** –2.705 –2.166 –3.975*** –2.798* –2.054
(.02) (.07) (.14) (.3) (.099) (.18)

∆PPIT 1948:3–93:4 –4.388*** –2.80*** –2.034*** –4.297*** –2.893*** –2.072***
(.002) (.004) (.8) (.004) (.007) (.8)

∆SP500 1947:2–94:1 –6.73*** –5.23*** –4.32*** –6.749*** –5.223*** –4.33***
(.075) (.004) (.013) (.11) (.007) (.022)

∆HMP 1963:2–93:4 –3.926** –2.823 –2.522 –3.865*** –2.72*** –2.472
(.09) (.52) (.22) (.13) (.59) (.32)

* Significant at the .10 level.
**Significant at the .05 level.

***Significant at the .01 level.

Significance denotes that the null hypothesis of nonstationarity is rejected. Numbers in parentheses are the significance level
determined by the Ljung-Box Q statistic for whether serial correlation is eliminated for a given lag length.

1 The ADF test is determined by the regression: ,

where yt is the variable in period t , ∆yt – j  
= yt – j  

– yt – j –1
, and n is the lag length. The null hypothesis that yt is nonstationary is rejected

when ρ̂ differs significantly from one. The critical values are found in Fuller (1976) and Hamilton (1994).

yt =    +   t +   yt–1 + ∑  j   yt–j  + etα ρ γβ ∆
j =1

n
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appear to be very similar to those of the PPI ). ADF
and KPSS tests reveal that the S&P 500  is nonsta-
tionary in levels. The evidence is mixed for the
growth rates. ADF and KPSS tests seem to imply
stationarity, and variance ratios show that the
temporary component tends to dominate in differ-
ences, which is evidence for stationarity. Finally,
the ADF and KPSS tests indicate that median home
prices are nonstationary in levels and possibly
stationary in differences.

Finally, cointegration tests of various price
series are depicted in Tables 5a and 5b. Essen-
tially, the cointegration test is a test for common
trends and indicates whether the same processes
underlie the different price indexes, even if the
indexes cover different goods and services. The
method proposed by Johansen (1988, 1991) and
Johansen and Juselius (1990) was chosen to
determine whether various price indexes share a
common stochastic trend.12 The evidence is that
the PGDP is cointegrated with the PPI  and weakly
cointegrated with the CPI, but the PPI  and CPI
are not cointegrated. Because coverage of the
PGDP  comprises components of both CPI  and
PPI, it is not surprising that PGDP  shares a trend
with these indexes. Surprisingly, PPI  and CPI  do
not share a trend. Transitivity would imply that

Table 3
KPSS Unit-Root Test Statistics1

With trend Without trend

Variable Sample Lags = 4 Lags = 8 Lags = 12 Lags = 4 Lags = 8 Lags = 12

PGDP 1947:1–94:1 .47*** .258*** .183** 2.128*** 1.159*** .811***

CPI 1947:1–94:1 .485*** .266*** .188** 2.092*** 1.14*** .8***

PPI 1947:2–94:1 .42*** .231*** .165** 2.05*** 1.114*** .780***

PPIT 1948:2–93:4 .40*** .221*** .157** 2.03*** 1.104*** .722***

SP500 1947:1–94:1 .254*** .147** .108 1.959*** 1.09*** .781***

HMP 1963:1–93:4 .14* .089 .077 1.447*** .8*** .571**

∆PGDP 1947:2–94:1 .244*** .174** .125* .574** .383* .272

∆CPI 1947:2–94:1 .181** .141* .116 .527*** .377* .297

∆PPI 1947:3–94:1 .172*** .138* .112 .3 .233 .186

∆PPIT 1948:3–93:4 .163** .143* .115 .242 .206 .165

∆SP500 1947:2–94:1 .098 .411*** .236*** .098 .411* .237

∆HMP 1963:2–93:4 .127* .108 .107 .166 .140 .137

*Significant at the .10 level.
**Significant at the .05 level.

***Significant at the .01 level.

Significance means that the null hypothesis of stationarity is rejected.

1 The test statistics are derived by computing the test statistic  where T is the sample size,  and ei is

the residual from a regression of the variable in question, yt , on an intercept and a time trend. Also, σ 2(l ) is a consistent estimator
of the long-run variance of yt and is constructed as in Kwiatkowski et al. (1992). Critical values for the above test statistics can be
found in Kwiatkowski et al. (1992).

12 See Campbell and Perron (1991) and Gonzalo (1994) for
comparisons of methods.

(1/T 2)∑(St   /    
2 (l )) ,σ

t =1

T
2 St = ∑et

i =1

T
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the CPI  is cointegrated with PPI. This may, in fact,
be the case; however, cointegration tests may
have insufficient strength to yield consistency. An
alternative explanation is that PGDP  and CPI  are
not cointegrated. In addition, the inflation rates of
the PGDP  and the CPI  are cointegrated. How-
ever, the cointegration tests with the PPI  inflation
indicate that there are as many cointegrating rela-
tionships as there are series included in the test
regression. This result implies that the inflation
series are stationary. Thus, the tests with PPI infla-

tion are inconclusive and contradict the findings
from ADF and KPSS tests (although they are con-
sistent with the variance ratios).

What about the price indexes for intermediate
goods and assets? The PPIT  is cointegrated with
PGDP in levels. Despite the earlier finding of sta-
tionarity, PPIT inflation is cointegrated with PGDP
inflation. Thus, monitoring any of the final-goods
price or inflation indexes (as represented by the
PGDP ) is sufficient because those price or infla-
tion indexes for total intermediate goods will not

Table 4
Cochrane’s Variance-Ratio Statistics*

Variable Sample k = 4 k = 8 k = 12 k = 24 k = 36 k = 48

PGDP 1947:1–94:1 2.76 4.35 6.06 12.114 18.38 24.43
(.046) (1.03) (1.76) (4.985) (9.26) (14.21)

CPI 1947:1–94:1 3.18 5.13 6.69 11.73 17 21.96
(.53) (1.22) (1.95) (4.83) (8.57) (12.78)

PPI 1947:2–94:1 2.82 4.25 5.29 8.02 10.66 12.524
(.48) (1.01) (1.54) (3.31) (5.39) (7.31)

PPIT 1948:2–93:4 2.72 3.81 4.53 6.54 8.56 9.82
(.46) (.91) (1.32) (2.698) (4.32) (5.73)

SP500 1947:1–94:1 1.4 1.16 .93 1.16 1.29 1.27
(.23) (.28) (.27) (.48) (.65) (.74)

HMP 1963:1–93:4 1.3 1.64 1.84 2.07 2.88 4.01
(.27) (.48) (.66) (1.05) (1.79) (2.88)

∆PGDP 1947:2–94:1 .393 .215 .154 .094 .075 .068
(.066) (.051) (.045) (.039) (.038) (.04)

∆CPI 1947:2–94:1 .55 .398 .258 .134 .111 .098
(.093) (.095) (.075) (.055) (.056) (.057)

∆PPI 1947:3–94:1 .658 .43 .276 .134 .108 .095
(.11) (.103) (.081) (.055) (.055) (.056)

∆PPIT 1948:3–93:4 .583 .377 .223 .108 .087 .078
(.098) (.09) (.065) (.044) (.044) (.045)

∆SP500 1947:2–94:1 .365 .187 .113 .068 .037 .024
(.062) (.045) (.033) (.028) (.019) (.014)

∆HMP 1963:2–93:4 .269 .146 .086 .048 .026 .019
(.056) (.043) (.031) (.024) (.017) (.014)

* Cochrane’s (1988) variance-ratio statistics for the difference horizon k  are estimated as the following ratio of variances:

Bartlett standard errors are given in the parentheses and are computed as (4k /3T )1/2, where T  is the sample size.
Var ( yt+k − yt)
kVar ( yt+1 − yt)

.
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move independently in the long run. This cointe-
gration result suggests a stable long-run link be-
tween final-goods price indexes and the general
price level. Also, the S&P 500 and PGDP are cointe-
grated in levels. However, the relationship is in-
conclusive for the growth rates of the S&P 500
and PGDP, which is in line with the univariate
evidence that the S&P 500  is stationary in differ-

ences. The median home price series is also cointe-
grated with PGDP  in levels and weakly cointe-
grated in growth rates (which contradicts the
univariate evidence of stationarity). Thus, there is
evidence that asset prices share common trends
with final goods prices. Since the general price
level may comprise intermediate goods and asset
prices, and PGDP  tends to share common trends

Table 5a
Cointegration Test Statistics for Price Levels

With trend Without trend

Sample Eigen- Null λ -max Trace Eigen- Null λ -max Trace
Variables size values hypothesis test test values hypothesis test test

CPI, PPI 1947:2–94:1 .027 r = 0: 4.97 5.85 .064 r = 0: 11.95 14.68
T = 188 .005 r = 1: .89 .89 .015 r = 1: 2.73 2.73

0

PGDP, CPI 1947:1–94:1 .071 r = 0: 13.42** 14.05** .112 r = 0: 21.51*** 24.06***
T = 189 .003 r = 1: .63 .63 .014 r = 1: 2.56 2.56

0

PGDP, PPI 1947:2–94:1 .032 r = 0: 5.84 8.57 .101 r = 0: 19.35*** 23.39***
T = 188 .015 r = 1: 2.73 2.73 .022 r = 1: 4.05 4.05

0

CPI, PPIT 1948:2–93:4 .03 r = 0: 5.45 5.95 .067 r = 0: 12.42 14.51
T = 183 .003 r = 1: .496 .496 .012 r = 1: 2.09 2.09

0

PGDP, PPIT 1948:2–93:4 .02 r = 0: 3.69 6.45 .077 r = 0: 14.52** 18.01**
T = 183 .015 r = 1: 2.76 2.76 .019 r = 1: 3.49 3.49

0

PGDP, HMP 1963:1–93:4 .107 r = 0: 13.52** 15.62*** .109 r = 0: 13.85** 19.98**
T = 124 .015 r = 1: 2.16 2.16 .05 r = 1: 6.13 6.13

0

PGDP, SP500 1947:1–94:1 .049 r = 0: 9.31 11.38 .141 r = 0: 28.03*** 33.22***
T = 189 .011 r = 1: 2.07 2.07 .028 r = 1: 5.19 5.19

0

**Significant at the .10 level.
***Significant at the .05 level.

Critical values are from Johansen and Juselius (1990) Table A1 for the model estimated with a trend and Table A3 for the model
without. After looking at the graph of the price level series, it was determined that the vector error-correction model should be
estimated with a trend. To test whether the null hypothesis of a trend or the alternative of no trend fit the data better, a likelihood-

ratio test was performed. The test statistic,  is distributed x 2(p – r ) where p = 2 is the number of variables,

r is the number of cointegrating vectors, and the eigenvalues, λi , are arranged in descending order (or, λ
1
 > λ

2
). Note that this test

statistic is conditioned on the r  found to be significant in the model with a trend. Finally, the bold-faced statistics in the table indicate
which model passes the likelihood-ratio test.

1 −   i ,− T  ∑ ln
λ

i =r +1

p trend

1 −   iλ no trend
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with some indexes of assets and intermediate
goods prices, one can conclude that final goods
prices are valid indicators for the general price
level. However, this conclusion does not necessar-
ily hold true for the inflation rates of intermediate
goods and assets, which tend to exhibit weak or
mixed evidence of stationarity and so render the
cointegration tests inconclusive.

Conclusion

Past measures of sustained movements in
the general price level were based on popular
price indexes such as the CPI, PPI, and PGDP.
This article extends the search for a general price
level measure and money-induced (or sustained)
price movements beyond the final goods and

Table 5b
Cointegration Test Statistics for Inflation Rates

With trend Without trend

Sample Eigen- Null λ -max Trace Eigen- Null λ -max Trace
Variables size values hypothesis test test values hypothesis test test

∆CPI, ∆PPI 1947:3–94:1 .109 r = 0: 20.99*** 31.41*** .110 r = 0: 21.03*** 31.52***
T = 187 .056 r = 1: 10.43*** 10.43*** .056 r = 1: 10.49*** 10.49***

0

∆PGDP, ∆CPI 1947:2–94:1 .165 r = 0: 32.54*** 39.43*** .165 r = 0: 32.64*** 39.53***
T = 188 .037 r = 1: 6.89*** 6.89*** .037 r = 1: 6.89 6.89

0

∆PGDP, ∆PPI 1947:3–94:1 .142 r = 0: 27.72*** 37.2*** .142 r = 0: 27.73*** 37.74***
T = 187 .054 r = 1: 10*** 10*** .054 r = 1: 10*** 10***

0

∆CPI, ∆PPIT 1948:3–93:4 .102 r = 0: 19.46*** 26.1*** .103 r = 0: 19.54*** 26.2***
T = 182 .036 r = 1: 6.65*** 6.45*** .036 r = 1: 6.65 6.65

0

∆PGDP, ∆PPIT 1948:3–93:4 .152 r = 0: 29.69*** 37.04*** .152 r = 0: 29.71*** 37.08***
T = 182 .04 r = 1: 7.36*** 7.36*** .04 r = 1: 7.38 7.38

0

∆PGDP, ∆HMP 1963:2–93:4 .182 r = 0: 23.93*** 27.51*** .182 r = 0: 23.93*** 27.51***
T = 123 .03 r = 1: 3.58** 3.58** .03 r = 1: 3.58 3.58

0

∆PGDP, ∆SP500 1947:2–94:1 .218 r = 0: 45.19*** 58.6*** .218 r = 0: 45.2*** 58.71***
T = 188 .07 r = 1: 13.4*** 13.4*** .07 r = 1: 13.5*** 13.5***

0

**Significant at the .10 level.
***Significant at the .05 level.

Critical values are from Johansen and Juselius (1990) Table A1 for the model with a deterministic trend and Table A3 for the model
without a trend. After looking at the graph of the inflation rate series, it was determined that the vector error correction model should
be estimated without a linear trend. To test whether the null hypothesis of no trend or the trend alternative fit the data better, a

likelihood-ratio test was performed. The test statistic,  is distributed x 2(p – r ), where p = 2 is the number of

variables, r is the number of cointegrating vectors, and the eigenvalues, λ i , are arranged in descending order (or, λ
1
 > λ

2
). Note that

this test statistic is conditioned on the r  found to be significant in the model without a trend. Finally, the bold-faced statistics in the
table indicate which model passes the likelihood-ratio test.

,− T  ∑ ln
i =r +1

p

1 −   iλ trend

1 −   iλ no trend
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services prices covered by these popular price
indexes. Theory suggests expanding the coverage
of the popular indexes by adding information
contained in asset prices and intermediate goods
prices. According to some, such an expansion is
necessary for a theoretically satisfactory measure
of the aggregate price level and aggregate inflation.

To determine whether price indexes for final
goods and services and price indexes for interme-
diate goods and assets provide similar informa-
tion, this article investigates the time series charac-
teristics of the above-mentioned popular price
indexes, PPIT, and asset price series such as the
S&P 500 and the median housing sales index. Be-
cause monetary authorities are particularly inter-
ested in sustained price changes, I focused on the
long-run characteristics of these series. Examining
whether the price series and their growth rates are
stationary gives an idea of how close we are to
price stability. More important is whether the
different price series or their growth rates are co-
integrated. If so, shocks to the trend of one series
will be transmitted to the trends of the others. In
other words, cointegration implies a stable long-
run relationship between the series—a relation-
ship that simplifies monitoring of the general price
level and that a policymaker may exploit. Given
cointegration, a specific price index or inflation
rate can serve as an effective indicator for the
other series. Otherwise, auxiliary information or a
more general price measure will be necessary.

Evidence suggests that the different price
level series are nonstationary, but evidence is weak

or conflicting on whether their growth rates are
also nonstationary. Since nonstationarity implies
forecast uncertainty and potentially inefficient
decision-making, achieving price level stability
appears to be a more distant goal than inflation
rate stability. While data from the 1980s may
reveal that our price stabilizing performance has
improved, more work has to be done before we
can tell for sure. Tests reveal that the PGDP tends
to be cointegrated with a wide range of price
indexes. Thus, the PGDP is an effective indicator
of the general price level. However, because there
is mixed evidence that some inflation series are
stationary, evidence is weak that other inflation
rates are cointegrated with PGDP inflation. Thus,
it is unclear whether final-goods price inflation is
a useful indicator for monetary policy decisions.
Future work may investigate the information con-
tained in asset price inflation that is not contained
in the PGDP and other indexes of final goods
prices.
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