The relationship of money and income:
The breakdowns in the 70s and 80s

Diane F. Siegel

The usefulness of the monetary aggregates
as intermediate monetary policy targets de-
pends crucially on the relationship between
money growth and nominal income growth.
The aggregates can function as reliable targets
only if the effects of money growth on income
are stable enough over time to be forecasted.
Serious concern over the stability of this
money/income relationship was raised several
times in the 1970s and 1980s when velocity, the
ratio of nominal GNP to M1, appeared to de-
viate from its trend rate of growth. The first
such episode occurred from late 1974 through
early 1976 when economic analysts were sur-
prised by a sudden surge in velocity growth.
In the latter 1970s, velocity resumed a growth
rate more in line with historical experience.
Concern over possible money/income instabil-
ity subsided until 1982 and 1985 when there
were two sharp drops in velocity. The expla-
nations offered during each of these incidents
tended to attribute the unusual velocity be-
havior to one-time shifts in money holdings
precipitated by regulatory changes, financial
innovation, or interest rate movements.

Such frequent occurrence of unexpected
velocity  shifts may indicate that the
money/income relationship is subject to peri-
odic instability. However, the velocity measure
alone cannot provide conclusive evidence that
serious breakdowns in the relationship have
occurred. As a contemporaneous ratio, velocity
cannot capture the full money/income re-
lationship because it ignores the lagged influ-
ence of money growth on income growth.
Velocity also cannot be used to test apparent
changes in the money/income relationship for
statistical significance.

This paper attempts a more formal doc-
umentation of the behavior of the
money/income relationship during the three
episodes brought to light by the velocity shifts.
The seriousness of each incident is inferred from
the performance of two reduced form models
which explain nominal income growth as a
function of current and lagged money growth
and several other exogenous variables. One is
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the well-known equation developed by the staff
at the St. Louis Federal Reserve Bank in the
late 1960s." The other is a similar model de-
veloped by Thomas Gittings of the Federal
Reserve Bank of Chicago.”

These models can analyze the perfor-
mance of the money/income relationship more
rigorously than the velocity ratio can. First,
they are more sophisticated measures of the re-
lationship because they incorporate both the
contemporaneous and lagged influence of
money growth on nominal income. Second,
they can be used to test statistically for shifts in
the parameters of the relationship. Finally,
since they are often used for forecasting, their
predictive accuracy over time is an important
indicator of the usefulness of the monetary ag-
gregates as policy targets.

The stability of the money/income models
cannot be statistically tested during the
mid-1970s episode of unusual velocity behavior
because the period is too short. However, the
performance of the two models over that period
does reinforce the velocity evidence that some
sort of breakdown in the money/income re-
lationship did occur. The in-sample errors of
the two models are much greater from
mid-1974 through early 1976 than in earlier
years. Furthermore, the models substantially
underpredict nominal income growth in 1975
and early 1976.

Statistical tests of both models do verify
that the money/income relationship has under-
gone a major change in the 1980s. The two
declines in velocity are accompanied by evi-
dence of a significant shift in both
money/income models. In addition, the models
consistently  overforecast nominal income
growth from 1981 through 1985. Separate
predictions of inflation and real income growth
provided by the Gittings model indicate that
the breakdown of the relationship occurs in
both components of nominal income. How-
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ever, the shapes and timing of the inflation and
real growth prediction errors are very different,
suggesting that the two components might be
breaking down for different reasons.

Past debate over the money/income
relationship

The 1970s. Concern arose over possible
instability in the money/income relationship in
the mid-1970s. From mid-1974 through early
1976, the money demand equations in use at
the time severely overpredicted money growth,
and velocity grew much more rapidly than ex-
pected, particularly after the cyclical trough in
early 1975. The most common explanations for
the unexpected shortfall in money, called the
“missing money,” were that financial inno-
vations and regulatory changes had reduced
the cost of transferring assets between money
and interest-bearing accounts, thus shifting
money demand down (Enzler, Johnson, and
Paulus (1976), Garcia and Pak (1979), Goldfeld
(1976), Judd and Scadding (1982), Paulus and
Axilrod (1976), Veazey (1977)).

The innovations most frequently cited
were the growing use by businesses of repur-
chase agreements and cash concentration ac-
counts to improve the efficiency of cash
management. The regulatory changes thought
to reduce money demand included the author-
ization of NOW accounts in New England,
share draft accounts at credit unions, savings
accounts for businesses and state and local
governments at commercial banks, and tele-
phone transfer and third-party payments ser-
vices for savings accounts. Since these changes
were considered permanent, the proponents of
this explanation for the low growth in MI
thought that the increase observed in velocity
was a one-time permanent shift.

Others argued that the prediction errors
resulted from misspecification of the money
demand equations, as well as money demand
shifts due to financial and regulatory changes.
Furthermore, these authors contended that the
failings of the money demand equations were
not indicative of a major change in the influ-
ence exerted by money growth on income
growth. Tests for structural shifts in a St. Louis
type equation and in the M1/GNP equation of
the MPS (MIT-University of Pennsylvania-
Social Science Research Council) econometric
model concluded that the money/income re-

lationship had remained stable in the early and
mid-1970s (Hamburger (1977), McElhattan
(1976)). Hamburger acknowledged that the
St. Louis equation did not predict the steepness
of the 1974-76 decline and recovery, but he
claimed that forecasting procedures of all types
quite often miss cyclical turning points in this
manner.

The 1980s. After 1975, velocity growth
appeared to return to normal until 1982 when
it dropped sharply, leading many to assert that
the money/income relationship had gone off
track again. As before, much of the discussion
of velocity’s behavior focused on the demand
for money. The explanations offered at the
time, as summarized by Tatom (1983a), were
that velocity shifted because of changed re-
sponsiveness of money demand to interest rates
or inflation, growth of interest-bearing
checkable accounts, increased foreign demand
for U.S. money, and increased monetary
volatility.

Judd (1983) argued that the money de-
mand equation was stable over the period and
that money holdings had increased due to the
sharp decline in nominal interest rates in 1982,
Judd and McElhattan (1983) then claimed that
economic conditions in 1982 did cause a shift
in the money/income relation, as measured by
velocity, even though the money demand
function remained stable. They argued that
real interest rates stayed fairly high in 1982
because the decline in nominal interest rates
was accompanied by a similar decline in in-
flaton. As a result, nominal income grew at a
sluggish pace, which when combined with the
rapid growth of money holdings, caused veloc-
ity to fall,

Some attributed the 1982 velocity decline
to the same type of regulatory change that was
used to explain the velocity increase in the
mid-1970s. Hamburger (1983) argued that the
money demand function shifted upward in
1982 because of the nationwide introduction of
NOW accounts in January 1981. This in-
creased the rate of return on MI since the
NOW accounts were included in the M1 ag-
gregate at the end of 1981. Hamburger
claimed that his money demand equation pre-
dicted fairly well in 1982 once it included the
NOW account rate of return on money.

Finally, Tatom (1983a, 1983b) contended
that the 1982 velocity decline was normal for
an economy on the verge of a cyclical recovery.
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According to his argument, the 1982 increase
in money growth led to a lagged increase in
income growth in 1983, causing velocity to fall
temporarily in 1982. This theory was tested
using a velocity equation which included
lagged money growth, interest rates, high em-
ployment government expenditure, inflation
expectations, and slack productive capacity as
explanatory variables. Structural tests of this
equation yielded no significant evidence of a
shift in velocity behavior in 1982. This was
interpreted as implying that the money/income
relationship had not changed significantly.

Velocity appeared to recover its trend
rate of growth in the fourth quarter of 1983,
but it began another dramatic decline in the
fourth quarter of 1984, falling roughly six per-
cent by the fourth quarter of 1985. The rapid
growth in M1 reflected in the velocity decline
was not matched by the growth in M2 or M3,
the broader aggregates, over this period. Sev-
eral analysts suggested that the velocity decline
was due to a shift of funds to more liquid assets
as long-term rates fell relative to short-term
rates (Trehan and Walsh (1985), Wenninger
and Radecki (1985, 1986)).

Wenninger and Radecki (1985) suggested
that measurement problems also contributed to
the 1985 drop in velocity. They claimed that
GNP seriously understated the volume of
transactions for which money was held in 1985
because net imports and sales out of inventory
were unusually high that year. They showed
that the in-sample errors of a reduced form
money/income model were lower in both 1982
and 1985 when the GNP measure included
such transactions.

As mentioned earlier, several researchers
found that the erratic behavior of velocity in
the mid-1970s was not accompanied by evi-
dence of a significant change in the
money/income models. So far the discussion
of the 1980s velocity declines has not deter-
mined whether there has been a significant shift
in the money/income relationship. The fol-
lowing sections seek to answer this question by
testing the St. Louis and  Gittings
money /income models for stability in the 1980s.
The models are also tested for a shift in the
mid-1970s to confirm the findings of the earlier
tests.
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The St. Louis and Gittings
money income models

The St. Louis and Gittings reduced form
models express nominal income growth as a
function of money growth in current and past
quarters, and they both use polynomial dis-
tributed lags to estimate their coefficients. The
two money income models differ in terms of the
number of lagged values of money growth,
polynomial degree, additional independent
variables, and restrictions.

The St. Louis equation explains nominal
income growth as a function of current and
lagged growth in M1 and in high employment
government expenditures. In this paper we
follow a version of the St. Louis equation cho-
sen by Batten and Thornton (1984) from
among the specifications offered by six different
model selection techniques. The version which
dominates the others in a likelihood ratio test
has 10 lags of money growth and nine lags of
growth in high employment expenditures®
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3 = annualized rate of growth of nominal
GNP
m = annualized rate of growth of M1

annualized rate of growth of high
employment government expenditures

The polynomial restrictions found to be
significant had six degrees for the money
growth coefficients and seven or eight degrees
for the government expenditure coefficients.
In our estimations, we employ the seventh de-
gree polynomial. We also use the cyclically
adjusted budget expenditure series which re-
placed the high employment government ex-
penditure series in 1983.

The Gittings model differs from the St.
Louis equation primarily in that its lag struc-
ture is selected on economic rather than statis-
tical grounds. The model assumes that money
has a neutral impact on nominal income; that
is, in the long run an increase in money is fully
incorporated into the price level and has no
lasting effect on real income. The model in-
cludes the number of lagged values of MI
growth necessary to satisfy this neutrality con-
dition. (See box for an explanation of the



neutrality restrictions.) We will follow the
performance of a recent version of the Gittings
model which uses 20 lags of money growth and
a third degree polynomial distributed lag. This
model also includes three lagged values of
nominal income growth and the real price of
energy in the two preceding quarters:

20 3 2
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¢ = annualized rate of growth of real
energy prices

The lagged endogenous variables par-
tially incorporate the effects of non-monetary
shocks. The energy price variables are in-
cluded to improve the model’s performance
during the periods of rising oil prices in the
1970s.

Structural change in the money/income
relationship

The St. Louis and Gittings models can be
used to test the money/income relationship for
instability during the episodes of unusual ve-
locity behavior. Evidence from the two models
generally confirms Hamburger’s (1977) finding
of no significant change in the relationship in
the first half of the 1970s, although questions
still remain concerning the models’ perfor-
mance from mid-1974 through early 1976.
Both models indicate that the money/income
relationship shifts significantly after 1981.

The 1970s. Hamburger’s study of the re-
lationship in the 1970s applies an F test to a
version of the St. Louis equation to see if the
coefficients change significantly after 1968.* He
finds no significant shift in the coefficients be-
tween the period from 1953 through 1968 and
the period from 1969 through the second
quarter of 1976. However, he notes that this
result does not necessarily imply that the re-
lationship is stable. The tendency of the St.
Louis equation to overestimate GNP growth
before the second quarter of 1974 and to
underestimate it afterwards suggests that there
may be two opposing shifts in the relationship,
one before 1974 and one after. When these
quarters are combined in the second subsample
of his F test, they might have offsetting effects
on the model’s parameters and thus lead to the
finding of no significant change in the coeffi-

cients. To correct for this possible problem,
Hamburger performs another F test using a
second subsample which ends in the second
quarter of 1974. Again, there is no significant
evidence of a shift in the relationship.

Hamburger’s test cannot be replicated
exactly with the Gittings model and the Batten
and Thornton version of the St. Louis equation
because data limitations and the number of
lags in the two models require that the samples
begin after 1953. For the St. Louis equation,
our F tests compare the model’s coefficients es-
timated from the fourth quarter of 1961
through 1968 with those from Hamburger’s
second two subsamples, 1969 through the sec-
ond quarters of 1974 and 1976. The two tests
yield F values of 1.28 and 1.59, neither of
which is significant at the five percent level.
(See Table 1.) These results confirm
Hamburger’s finding that the St. Louis
equation does not experience a shift in the first
half of the 1970s.

The first subsample tested by the Gittings
model begins in the second quarter of 1964, but
otherwise the Gittings test samples match those
used by Hamburger. When the second sub-
sample ends in 1976, the coefficients of the two
subsamples do not differ significantly from
those of the full sample. But when it ends in
1974, the test is significant at the one percent
level with an F statistic of 4.78. Thus, the re-
sults from the Gittings model could support
Hamburger’s hypothesis that offsetting shifts in
the money/income relationship before and after
1974 prevent observation of any shift in the
1969 through 1976 period.

However, Hamburger’s results are not
conclusive evidence that the money/income re-
lationship remains stable in the mid-1970s de-
spite the sharp increase in velocity. His tests
show only that the relationship is stable over
the entire first half of the 1970s. They do not
indicate whether the relationship is stable in
the narrower period from mid-1974 through
early 1976 when fears that the relationship had
gone off track were actually raised.

Unfortunately, this period is too short to
allow an F test of the stability of the
money/income models. Some intuitive evi-
dence about the performance of the relation-
ship over that period can be obtained from the
in-sample errors. When the St. Louis equation
is estimated from 1961 through the second
quarter of 1976, its mean squared error is 44
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Table 1
Tests for structural shifts in the money/income relationship

Sample periods F value

Tests for shift in the early 1970s

St. Louis equation

Gittings model

Tests for shift in the 1980s

St. Louis equation

Gittings model

percent higher from the third quarter of 1974
through the second quarter of 1976 than in the
preceding quarters. The mean squared error
of the Gittings model is 71 percent higher in the
1974-76 period than in the 1964-74 period.
Although instability in the money/income re-
lationship from mid-1974 through 1976 cannot
be rigorously established, the erratic behavior
of the money/income models over that period
suggests that the relationship did experience
some type of breakdown.

The 1980s. In the 1980s, the period of
unusual velocity behavior is long enough for
the stability of the money/income relationship
to be statistically tested. Both the St. Louis and
the Gittings models show very strong evidence
that a shift in the relationship begins in 1981
and extends at least through 1985. A clear
breaking point in the relationship is suggested
by the in-sample errors when the two models
are estimated through 1985. After assuming
positive and negative values with fairly equal
frequency throughout most of the sample, the
errors become predominantly negative begin-
ning in the second quarter of 1981. So, we test
for a structural shift which starts in 1981.

For the St. Louis equation, our test looks
for a shift in the parameters between the peri-
ods from the fourth quarter of 1961 through
1980 and from 1981 through the third quarter
of 1985. This yields an F statistic of 6.61 which
is significant at the one percent level. (See
Table 1.) Thus, the coefficients of the St. Louis
equation from 1981 through 1985 differ signif-
icantly from those in the years prior to 1981.
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61 Q4-68 Q4, 69 Q1-74 Q2
61 Q4-68 04, 69 Q1-76 Q2

64 Q2-68 Q4, 69 Q1-74 Q2
64 Q2-68 Q4. 69 Q1-76 Q2

61 Q4-80 Q4, 81 Q1-85 Q3
64 Q2-80 Q4, 81 Q1-85 Q4

1.28 - insignificant at 5% level
1.69 - insignificant at 5% level

4.78 - significant at 1% level
.58 - insignificant at 5% level

6.61 - significant at 1% level

3.97 - significant at 1% level

The structural test of the Gittings model
compares the parameters estimated from the
second quarter of 1964 through 1980 with those
estimated from 1981 through the fourth quarter
of 1985. Again, the test indicates a strong shift
in the money/income relationship with an F
statistic of 3.97 which is significant at the one
percent level. Unlike the experience of the
mid-1970s when a velocity increase is accom-
panied by inconclusive statistical evidence of a
shift in the money/income relationship, the two
velocity declines of the 1980s are indicative of
a highly significant structural change.

The predictive performance of the
money/income models

The erratic  performance of the
money/income relationship in the mid-1970s
and the significant structural shift in the 1980s
raise doubts over the usefulness of the reduced
form models as tools to predict nominal income
growth. This section attempts to replicate the
short-term forecasting record that the St. Louis
and Gittings models would have achieved in
the 1970s and 1980s. The predictive ability of
the two models is found to deteriorate in both
the mid-1970s and the 1980s.

The short-term predictive performance of
the two models is indicated by the errors of
nominal growth forecasts one quarter in the
future. The analysis assumes that forecasters
use models estimated from the most current
data. We examine the forecasts generated by
estimations of the models from data that extend



through the quarter just before the forecast.
The St. Louis equation is estimated repeatedly
with samples that begin in the fourth quarter
of 1961 and end in every quarter from the
fourth quarter of 1973 through the second
quarter of 1985. These estimations produce
one-quarter-ahead forecasts from 1974 through
the third quarter of 1985. The Gittings model
is estimated over samples beginning in the sec-
ond quarter of 1964 and ending in every quar-
ter from the fourth quarter of 1973 through the
third quarter of 1985.  This yields one-
quarter-ahead forecasts for every quarter from
1974 through 1985.

The one-quarter-ahead forecast errors of
the two models are plotted in Figures 1 and 2.
The general drift of these errors is illustrated
by the graphs of their cumulative values in
Figures 3 and 4. Both models have a run of
positive forecast errors in late 1975 and early
1976 which indicates that they consistently
underpredict economic growth during the re-
covery from the 1974-75 recession.

Following that episode, the forecast errors
of the Gittings model appear to move more or
less randomly around zero throughout the rest
of the decade. The model’s cumulative forecast
errors remain fairly level after the upward shift
in 1975 and 1976. This suggests that the model
does not consistently overpredict or underpre-
dict economic growth over that period. The
errors from the St. Louis equation also fluctu-
ate around zero in the second half of the 1970s,
but the positive errors tend to exceed the neg-
ative errors in absolute value. The cumulative
errors slope upward during this period, reflect-
ing the dominance of the positive errors.

In the 1980s, the predictive performance
of both models deteriorates dramatically. Be-
ginning in mid-1981, the forecast errors are
predominantly negative with the exception of
the fourth quarter of 1983 and the first quarter
of 1984. The cumulative errors fall steadily,
illustrating the persistence of the models’ tend-
ency to overpredict. The St. Louis equation
overpredicts nominal growth by an average of
three percentage points from 1981 through
1985, whereas it underforecasts nominal growth
by an average of only 0.8 percentage points in
the period before 1981. Similarly, the Gittings
model overpredicts nominal growth by an av-
erage of 3.2 percentage points in the years after
1980, though its average error from 1974 to

1980 is an underprediction of only 0.5 percent-
age points.

The components of the 1980s shift

The one-quarter-ahead forecast errors of-
fer further descriptive evidence about the na-
ture of the 1980s shift in the money/income
relationship. The models which produce the
forecasts tend to reflect the money/income re-
lationship prior to the 1980s because they are
estimated from samples dominated by the
1960s and 1970s. Therefore, the forecast errors
in the 1980s pick up the change in the re-
lationship. This section examines the course
taken by these errors over time, particularly as
illustrated by the cumulative error graphs, in
order to document the timing and configura-
tion of the 1980s shift. Further information
about the structure of the 1980s breakdown is
provided by the forecast errors of separate in-
flation and real income growth equations esti-
mated under the Gittings approach.

The cumulative nominal growth forecast
errors of both models suggest that the 1980s
change in the money/income relationship is
composed of two separate shifts. The first oc-
curs from 1981 until mid-1983 when the cu-
mulative errors fall very rapidly from the rough
plateau maintained in the latter 1970s. They
level off again from mid-1983 through 1984,
but in 1985 they begin another sharp decline
which is very steep by the end of the year. The
timing of these declines corresponds with the
two abrupt drops in velocity in 1982 and 1985.
This evidence of two shifts in the
money/income relationship cannot be rigor-
ously examined at present because not enough
data is available for two structural tests over
this period.

The breakdown in the money/income re-
lationship can be evaluated further by examin-
ing the underlying patterns of inflation and real
income growth. A fuller version of the Gittings
model estimates separate equations for inflation
and real growth which have the same number
of lagged money growth, energy price, and
endogenous variables as the Gittings nominal
income equation. The two equations also im-
pose the monetary neutrality condition that in
the long run, money growth is completely in-
corporated into inflation and does not affect
real income,
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Figure 1
One-quarter-ahead nominal growth
forecast errors—St. Louis equation
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Cumulative one-quarter-ahead
nominal growth forecast errors—
St. Louis equation
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The nominal growth forecast errors of
both models appear to be much more closely
tied to errors in forecasting real growth than
errors in forecasting inflation. (See Figure 5.)
The real growth forecast errors follow the
nominal growth errors very closely throughout
the sample, while the inflation forecast errors
tend to fluctuate around zero until late 1982
when they become predominantly negative.
Table 2 shows that the nominal growth forecast
errors of both models are highly correlated with
the real growth forecast errors over the entire
sample and during the two periods when the
money /income relationship goes off track. The
correlation between the nominal growth fore-
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Figure 2
One-quarter-ahead nominal growth
forecast errors—Gittings model
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Figure 4

Cumulative one-quarter-ahead
nominal growth forecast errors—
Gittings model
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cast errors and the inflation forecast errors is
much lower.

Despite the closer historical association
between the nominal growth forecast errors
and the real growth forecast errors, it is clear
that the large nominal growth forecast errors
in the 1980s result from poor prediction of both
real growth and inflation. The cumulative in-
flation and real growth forecast errors illustrate
the seriousness of the breakdown in the fore-
casts of both nominal income components.
(See Figure 6.) However, the timing and shape
of the two breakdowns are very different. The
cumulative inflation errors slope steadily
downward beginning in 1983, indicating that
the Gittings inflation equation consistently



The current FRB Chicago—Gittings model

Since 1979 the Federal Reserve Bank

of Chicago has been using a series of

money income models developed by
Thomas Gittings. These models have all
been intended to capture the fundamentals
of money growth’s effect on the economy.
The current model is a vector model.
Changes in real income growth and in-
flation are modeled in two separate
equations:

L M N
3 { q - . q-
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where ¢ is the growth in real income, p is
the inflation rate, m is the growth in M1,
and ¢ is the rate of change in real energy
prices.

This model differs in a number of

ways from money-income models used
elsewhere. First, by separately estimating
equations for real growth and inflation
rather than estimating a single nominal
income equation the tradeoff between real
income and inflation can be directly fore-
casted. Benefits are also derived when the
equations are not forecasting well (as all
models of this type are prone to do peri-
odically). The breakdown may occur in
either the price or real income equation.
By having an estimate of where the
breakdown is occurring, it is easier to de-
termine what may be causing the trouble
and when it may end. Further, the
FOMC may want to react to a fall in ve-
locity differently if it is due to less than
expected real growth rather than to less
than expected inflation.

Second, lagged values of real growth
and inflation are included. This gives the
model a somewhat richer structure of time
series behavior than models where no
lagged endogenous variables are included,

such as the various St. Louis equations.
Our research indicates that the effects of
money growth on the economy, especially
inflation, are much more protracted than
has previously been believed. The use of
lagged endogenous variables allows us to
model this without using an exorbitant
number of lags of money growth.

Third, the rate of change in real en-
ergy prices is included as an additional
tool to minimize the effect of supply
shocks. Oil price shocks and their
aftereffects on the entire spectrum of en-
ergy prices have been the dominant form
of supply shock since 1973. By modeling
this particular type of shock directly, the
model provides better estimates of the
money-income relationship. Without en-
ergy prices in the model the estimates of
money’s effect on both real income and
inflation are both smaller and slower.
This reduction in size and speed is typical
of econometric estimation when a large
source of error has been left unmodeled.
Unfortunately, oil shocks are largely un-
predictable and any direct gains in terms
of forecasting are limited.

Fourth, because our research has led
us to the belief that a large number of lags
of money growth are necessary to correctly
model the money-income relationship the
danger of over fitting is large. To over-
come this problem we use polynomial dis-
tributed lags to force the money
coefficients to follow a smooth adjustment
path. This effectively reduces the number
of free parameters which can create arti-
ficially good regression results.

The last and most important differ-
ence is the application of the principles of
neutrality and super neutrality directly to
the specification and estimation proce-
dures. Neutrality is a fairly old concept.
It states that an increase in the rate of
money growth will eventually cause an
equal increase in the rate of inflation and
that the rate of real growth will in the long



run be unaffected. Without lagged
endogenous variables this is equivalent to
the statement that in the inflation
equation the sum of the coefficients on
money must equal one and that in the real
growth equation they must sum to zero.
For the case with lagged endogenous vari-
ables the constraints are slightly more
complicated and can be written:

M L M
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Super neutrality is a generalization
of neutrality from rates of growth to levels.
Simply put, it says that if the money sup-
ply is doubled it will lead to a doubling of
the price level but will not affect the level
of real income in the long run. Super
neutrality comes from the rather straight-
forward belief that the Federal Reserve
cannot create real wealth in the long haul
simply by printing more and more money.
Since the equations we use are in terms of
rates of growth these concepts must be
translated to restrictions on growth rates.
The diagram shows the impact of a one
percent increase in the rate of money
growth on real income growth and in-
flation. In the real income case, the effect
on cumulative real growth must be zero so
area A must equal area B. In the inflation
case it is only slightly more complicated.
Inflation must on average equal the rate
of money growth, implying that area C
must equal area D. It follows after exten-
sive manipulation that the restrictions on
the parameters must be:
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By imposing the neutrality and super neu-
trality restrictions, we guarantee that the
model will not imply that the Federal Re-
serve can create unlimited wealth by sup-
plying greater and greater quantities of

time —»

Coefficients of Gittings model equations

Intercept

e
Dependent
variable

Bg

i Sl e, el
NOPARWN-=2O

m}uumu‘m‘muﬁ:
-]

F ratio

Neutrality Lagrange
multiplier t~ratio
Super neutrality
Lagrange multiplier
t—ratio

Real
GNP

1.536

GNP

deflator

Nominal
GNP

4.402



money, an implication of many money-
income models that do not use such re-
strictions.

The restrictions can also be used to
help determine how many lags should be
included in the model. As can be seen
from the diagram, if the lags are cut off 0o
soon an unrestricted estimation of the
equations would violate neutrality and su-
per neutrality. Thus, we need to include
enough lags so that the data is consistent
with the restrictions. Use of this principle
has led to longer lags than are typically
used elsewhere. We believe many studies
that have rejected super neutrality did so
because they included too few lags. For
instance, the current St. Louis equation
uses 10 lags while our equations use 20
lags.

In order to to make easy comparisons
with other reduced form models of nominal
income, we also maintain a pure nominal
income model, which is estimated with the
same constraints as the inflation equation.
A set of estimated equations for both the
vector and single equation models are
shown in the table. The sample was re-
stricted to 64:0Q2-81:Q4 in order to avoid
the questions about the definition of money
which have undermined the usefulness of
the money-income relationship in the 80s,
as the accompanying article documents.
Current research is emphasizing techniques
to forecast the breakdowns in the money
income relationship so that we will have a
better idea of when these relationships are
useful for policy and when they are not.

— Thomas Gittings and Steven Strongin

overpredicts inflation from 1983 through 1985.
The cumulative real growth errors fall rapidly
in 1981 and 1982, remain fairly level through-
out most of 1983, increase steadily from late
1983 through 1984, and then fall again in 1985.

The breakdown observed in  the
money/income relationship from 1981 through
1985 thus reflects the breakdowns of the real
growth and inflation components at different
points. The steep fall in the cumulative nomi-
nal growth errors is set off in 1981 by the
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overprediction of real growth. Overprediction
of inflation starts to contribute to the nominal
breakdown in 1983 just as the real growth
equation begins to forecast fairly accurately for
several quarters. The apparent stability of the
nominal money/income relationship in 1984
actually results from offsetting errors in the in-
flation and real growth equations. Real growth
is consistently underpredicted while inflation is
consistently overpredicted during that year.
But in 1985, negative inflation and real growth
torecast errors reinforce each other, resulting in
persistent overprediction of nominal growth.
The different patterns and timing of the
cumulative inflation and real growth forecast
errors suggest that the two nominal income
components could be deviating from their past
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Table 2
Correlation between nominal growth forecast errors
and real growth and inflation forecast errors

1974-1985
St. Louis nominal growth errors
Gittings nominal growth errors

1974 Q3-1976 Q2
St. Louis nominal growth errors
Gittings nominal growth errors

1981-1985
St. Louis nominal growth errors
Gittings nominal growth errors

behavior for different reasons. The constant
decline of the cumulative inflation forecast er-
rors suggests that the breakdown in the in-
flation equation might be caused by one factor
or several persistent factors. The meandering
course of the cumulative real growth forecast
errors suggests that the breakdown of this
process could be caused by several factors or
the intermittent occurrence of a single factor.

The inflation equation overpredicts by a
steady average of 1.6 percentage points from
1983 through 1985, meaning that 1.6 percent-
age points of the M1 growth rate are not being
incorporated into inflation. This suggests that
the deterioration of the inflation equation’s
performance might result from mismeasure-
ment of the monetary aggregate. Perhaps after
1982 M1 consistently overstates the trans-
actions  balances  whose growth  most
monetarists believe determines the inflation
rate. This could be because, as Kaufman and
Strongin (1984) have argued, savings balances
did not move in large numbers into the
interest-paying components of M1 until interest
rates fell in 1982.

Pardal support for this view is provided
when the Gittings inflation model is estimated
with M1A, the aggregate which excludes all
interest-bearing accounts and thus should not
contain any savings balances. The MIA ver-
sion does overpredict inflation after 1983 but
not as seriously as the M1 version. (See Figure
7.) Thus, removal of all potential savings bal-
ances improves the forecasts but does not com-
pletely solve the mystery of the breakdown in
the inflation equation after 1982.

Gittings Gittings
Real growth errors Inflation errors

71 .33
.83 45
.90 .03
.94 .30
.67 .23
.87 .22

This change in moncy definition improves
the inflation predictions trom 1983 through
1985 at the expense of poorer predictions in the
early 1980s. From 1980 through 1982, the
MI1A model consistently underpredicts inflation
while the M1 model performs very well. This
is consistent with the Kaufman and Strongin
argument that the interest-bearing accounts
excluded from MIA primarily contained
transactions balances before 1982.

The real income equation is clearly sub-
ject to episodic breakdowns in both directions.
It is very difficult to speculate about the causes
of such alternating bad and good performance
without further research on the real income
equation. However, it generally appears that
the model is unable to incorporate the influence

Figure

One-q ter-ahead forecast
errors— ings inflation equation
using M1 and M1A
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of real shocks which fundamentally alter the
productivity of the economy.

The clear divergence between the shape
and timing of the inflation and real growth
forecast errors suggests that future research on
the money/income relationship should study
these two nominal income components sepa-
rately. The neutrality-of-money proposition
lends further support to this recommendation
for it contends that money growth influences
real income and inflation with different timing
and long-term effect. Nominal income growth
is determined merely as the product of the in-
flation and real growth processes. Separate
study of money growth’s influence on inflation
and real growth in the 1980s would focus more
directly on the root causes of the breakdown in
the money/income relationship documented in
this paper.

Conclusion

The behavior of velocity in the mid-1970s
and the 1980s raised concern over the stability
of the relationship between M1 growth and
nominal income growth. This article has ex-
amined the behavior of two money/income
models during each incident of unusual velocity
shifts. The instability of the relationship in the
mid-1970s cannot be statistically verified using
these models because of insufficient data.
However, both models predict very poorly
during this period, which does indicate that the
money/income relationship did not perform
well in the mid-1970s. In the 1980s, there is
overwhelming evidence of instability in the
money/income relationship. From 1981
through 1985, the two money/income models
experience a significant parameter shift, and
they consistently overpredict nominal income
growth.

The 1980s breakdown appears to be
caused by unrelated changes in the inflation
and real growth components of the
money/income relationship. The fact that in-
flation is overpredicted at a fairly constant rate
since 1982 suggests that the money/inflation
relationship may be plagued by some persistent
failing, perhaps the mismeasurement of the
monetary aggregate. The real growth compo-
nent of the money/income relationship, on the
other hand, alternates between bad and good
performance. This raises the possibility that
the breakdown in the money/real growth re-

lationship could be caused by a complex set of
factors, some of which might be recurrent in
nature. We are currently continuing our re-
search in the hope of identifying the full range
of factors which affect the performance of the
inflation and real growth components of the
money/income relationship and in particular to
determine whether there are factors which
cause periodic breakdowns. A better under-
standing of the economic conditions under
which the money/income relationship does and
does not perform well is required if the mone-
tary aggregates are to be reliable policy targets.

! See Leonall C. Andersen and Jerry L. Jordan,
“Monetary and Fiscal Actions: A Test of Their
Relative Importance in Economic Stabilization,”
Federal Reserve Bank of St. Louis Review (Novem-
ber 1968), pp. 11-24. The version of the St. Louis
model followed in this paper is published in Dallas
S. Batten and Daniel L. Thornton, “Polynomial
Distributed Lags and the Estimation of the St
Louis Equation,” Federal Reserve Bank of St. Louis
Review, vol. 65, (April 1983), pp.13-25, and in
Dallas S. Batten and Daniel I.. Thornton, “How
Robust Are the Policy Conclusions of the St. Louis
Equation?: Some Further Evidence,” Federal Re-
serve Bank of St. Louis Review, vol. 66, (June/July
1984), pp. 26-32.

? The accompanying box describes the Gittings
model.

* Some versions of the St. Louis equation have in-
cluded relative energy prices and a variable re-
presenting strike activity.

* Hamburger’s version of the St. Louis equation is
somewhat different from the Batten and Thornton
version. It regresses nominal income growth on
current and three lagged values of growth in M1
or alternatively, M2. The fiscal policy variables
are measures of the “initial stimulus” of federal ex-
penditures and receipts which correct for tax in-
creases induced by inflation. These variables are
scaled by nominal income four quarters earlier.
The equation includes the current and two lagged
values of the expenditures variable and the current
and seven lagged values of the tax receipts variable.
The model also includes the number of industrial
man-hours lost due to strikes.

The F test used determines if a model’s coef-
ficients are significantly different when estimated
over two separate samples than when the two
samples are pooled as one sample. The regression
is run over the two subsamples and the full sample.
The regression’s coefficients are found to shift sig-
nificantly between the two subsamples if the sum



of squared errors over the two subsamples is signif-
icantly less than the sum of squared errors over the
tull sample. The formula for the F statistic is:

 (ESSy— ESS)|(k+ 1)
T ESS [(ny 4 ny — 2k)

where ESS; =sum of squared errors over full
sample
ESS, =sum of squared errors over the

two subsamples

k = the number of parameters

m = the number of data points in
the first subsample

ny = the number of data points in

the second subsample.

For further explanation of this test see G. S.
Maddala, Econometrics, (McGraw-Hill, Inc., 1977),
pp- 197-201.
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