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ROBERT J. | Money and Output

BARRO || in Mexico,
Colombia, and
Brazil®

This chapter investigates the effects of changes in the quantity of
money on economic activity in Mexico, Colombia, and Brazil. On a
theoretical level, the impact of monetary shocks on economic activ-
ity has been analyzed in modern theories of the Phillips curve by
Friedman (1968), Phelps (1970), Lucas (1973), and Barro (1976). In
these models cyclical movements in output are generated by shifts in
prices relative to expected values of prices, where these expectations
refer either to future periods or to alternative markets. Increases in
wages or prices above their expected or normal values lead to in-
creases in factor supplies and to corresponding increases in employ-
ment and output.

Monetary shocks can increase output in this type of framework
because these shocks may not immediately and fully be recognized as
nominal in origin. A fully perceived nominal disturbance to aggregate
demand—that is, ‘“‘anticipated money growth’’—will raise actual and
expected prices by equal amounts. Since this type of disturbance
does not produce a gap between actual and expected prices, it does
not stimulate factor supplies, and it therefore has no impact on out-
put. On the other hand, the aggregate demand shift implied by

*This papef was prepared under a contract from the United Nations Develop-
ment Programme and ILPES. I am grateful for research assistance from Nasser
Saidi. Jim Hanson provided some useful comments.
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178 Short Term Macroeconomic Policy in Latin America

“unanticipated money growth’ will appear to market participants
as partly a change in relative prices—that is, as partly a real shock to
excess demand for particular products or services. Expected prices—
either over time or across markets—will lag behind actual prices when
this underlying demand shift is not fully perceived as an aggregate,
purely nominal disturbance. In this circumstance factor supplies will
respond positively to the (incorrectly) perceived improvement in
relative prices, and there will be a cyclical boom in output. Negative
values of unanticipated money growth imply a corresponding con-
tractionary effect on economic activity.

A key element in the theory is the extent to which money move-
ments are anticipated or unanticipated. Hence, the completion of the
theoretical model requires an approach to expectation formation.
Individual expectations will depend in part on the information avail-
able at the current date. Notably, the confusion between nominal
and real shocks that is central to modern theories of the Phillips
curve requires some lag in the transmission of information about the
values of nominal shocks. Given incomplete knowledge of the
absolute price level, money stock, and so on, it is natural (because of
the lack of a serious alternative) to assume rational formation of
expectations. That is, individuals are assumed to forecast prices, and
so on, in an optimal manner subject to their limited information.
Accordingly, the present study identifies anticipated money growth
as the value that is predictable for the future (one year ahead) based
on experiences with money and other variables that influence the
money supply process. The implicit one-year lag in information
transmittal is an empirical construct that worked well in my previous
investigations of the U.S. economy (Barro, 1977). As in that study,
an important test of the underlying theory is whether money growth
influences economic activity only when it differs from the antici-
pated value of money growth.

For the United States I was able to isolate three types of predict-
able influences on money—first, a positive response of money to a
rise in government spending above its ‘‘normal’’ level (as measured by
a distributed lag of past values of government spending); second, a
countercyclical response of money to the level of economic activity;
and third, a positive correlation with previous growth rates of money.
For the three Latin American cases that I consider in this chapter I
have been unable to find a systematic relation between money
growth and the first two types of variables. However, in the Mexican
and Colombian cases there are some effects on money growth of a
measure of the departure of prices from purchasing power parity and
of the behavior of money growth in the United States. In addition,
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these two cases show a time pattern of negative serial correlation in
money growth rates. For the Brazilian case the only money predictor
that I have isolated is based on a positive correlation with the pre-
vious year’s money growth rate.

The estimated money growth relations for the three cases are used
to form time series for anticipated money growth. The differences
between actual and anticipated growth are then measures of unantic-
ipated money growth—the monetary variable that is supposed to
influence real variables like output and employment.

In the Mexican case I have found some important effects of
money on output as well as effects that involve the level of output
in the United States, the value of Mexican prices relative to pur-
chasing power parity, and an index of the terms of trade. Since the
model performed well in its (ex ante) prediction for 1974, there
should be some interest in its predictions for 1975 and beyond.
These (ex ante) forecasts indicated a period of substantial output
contraction for 1975-1976. One notable implication of the results is
that a devaluation of about 25 percent, which would restore approxi-
mate purchasing power parity (and which turned out, ex post, to be
the actual order of magnitude for the first devaluation made in late
1976), would be a substantial stimulant to Mexican output for 1976.

A less cheerful aspect of the Mexican results is that they do not
provide supporting evidence for the underlying hypothesis that only
the unanticipated portion of money growth affects output—that is,
the actual and unexpected money growth variables had about the
same explanatory power for output. In this respect the results for
Mexico contrast sharply with those found elsewhere for the United
States.

For Colombia I have been unable to find any link from money
(unanticipated or otherwise) to output, whereas in the Brazilian case
there is only a weak indication of a contemporaneous link from
unanticipated money growth to output. Hence, these two experiences
look very different from both Mexico and the United States.

1. MEXICO

1.1 Behavior of Money Growth

The money growth equation for Mexico involves three types of
variables: first, the past history of money growth (up to three annual
lags); second, the behavior of money growth in the United States;
and third, a lagged index of the departure of prices from purchasing
power parity. This index is measured by the Mexican exchange rate
times the ratio of U.S. prices (the implicit price deflator for gross
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national product) to Mexican prices (the implicit price deflator for
gross domestic product).

Because the Mexico/U.S. exchange rate was fixed from 1955 to
the end of the sample period at 12.5 pesos per U.S. dollar, the expec-
tation over this period is that a change in U.S. money growth would
lead—through actual or anticipated movements in the balance of
payments—to a corresponding change in Mexican money growth.
Since the money growth equation is used to generate a forecast, DMt,
for date t based on information available in the previous year, it is
desirable to measure U.S. monetary behavior from the standpoint of
date t - 1 information. From my previous study (Barro, 1977, Table
3), I have available the forecasted values of U.S. money growth for
date ¢, DMUS , based on date t - 1 information.! These values are
reproduced in Table 6-1, column 7. The expectation is that in the
“long run,” under a fixed exchange rate regime and with the appro-
priate other variables held fixed, a one percentage point increase in
DMUS would lead to a one percentage point increase in the Mexican
money growth rate.

During the 1948 to 1955 period in Mexico there were devaluations
in 1948, 1949, 1950, 1954, and 1955. The impact of DMUS on
Mexican DM over this period is less apparent, although the effect
would still be positive to the extent that Mexico was attempting to
maintain a fixed exchange rate during this period.

The index of departure from purchasing power parity (PP) is
measured by the exchange rate (constant since 1955) times the ratio
of U.S. to Mexican prices (Table 6-1, column 9). (The variable has
been normalized so that its average value over 1948 to 1974 is equal
to zero.) The price measures used in this calculation were GNP and
GDP deflators, respectively, although “traded goods’’ price indices
(perhaps proxied by wholesale prices) are typically used to construct
this type of index. Particularly because of the prominence of “in-
visible” trade between the United States and Mexico, it seemed that
the concept of traded goods should be broadened to encompass the
entire spectrum of economic transactions. It is also implicit in the
calculation that the underlying price ratio that corresponds to pur-
chasing power parity remained constant over the sample period.

A high (lagged) value of the PP index signifies that the Mexican
currency is undervalued, which implies upward pressure on the
Mexican money stock. In the present context there is assumed to be
symmetric downward pressure on Mexican money when the PP
index is low. Again, the impact of the PP variable on Mexican DM is
clearer during the fixed rate period since 1955 than in the earlier
period.

iables and Predictions of Monetary and Real erowth
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Finally, the money growth equation also includes some lagged
values of the dependent variable. Since lagged values of four or more
years were unimportant to the fit, the equation incorporates the first
three annual lags: DM,_,, DM,_,, and DM, _5.

For the United States I found some important money supply
influences from the level of government spending relative to ‘“‘nor-
mal” and from a lagged value of the level of economic activity (a
countercyclical response of money). I have been unable to detect
any influences of this sort for Mexico. However, the failure of the
government expenditure variable may reflect a data problem—the
available series involve ambiguities over which types of expenditure
to classify as governmental and they also contain changes in coverage
over time.

The principal money growth equation that I have used for the
Mexican case, estimated from annual observations over 1948 to 1973,
is (with standard errors of the coefficients in parentheses)?

DM, = 0.14 - 0.03 DM, , - 0.49 DM, , - 0.24 DM, , (6-1)
(0.03) (0,21) (0.19) (0.17)
+1.41 DMyg, +0.29 PP,
(0.73) (0.11)

R? =0.49,DW = 1.59, 5 = 0.044

where DM, (= log [M;] - log [M,_;]) is an annual average of the
money growth rate with M, measured as an annual average of the
money stock in year t. (The mean value of Mexican money growth
over 1948 to 1973 is 0.114 per year with a standard deviation of
0.055.) The fit of the equation is indicated by the ¢ value of 0.044,
which signifies an estimation error of about * four and one-half per-
centage points per year in the money growth rate. By contrast, the
value of ¢ for the United States over the 1946 to 1973 period is
about 0.015, but the mean value of U.S. money growth for that
period is only about 3.4 percent per year.

The estimated form of Equation (6-1) implies a tendency for
Mexican money growth to return to a normal or long-run rate, DM,
that is determined by the values of the constant term and DMyg
(assuming a long-run average value of PP equal to zero). The relation
for this long-run money growth rate can be determined by setting
DM, = DM,_; =DM,;_o = DM,;_3 =DM and PP =0 in Equation (6-1)
to obtain

DM = 0.080 + 0.80 DM, (6-2)
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For example, at DMUS =0.03 per year (a typical value for the 1948
to 1963 period), the value of DM is 10 percent per year. At DMy
= 0.058 per year—the value applicable to 1974—the result is DM = 13
percent per year. Since the estimated coefficient on DM;g in Equa-
tion (6-2) does not differ significantly from one, there is support for

the theoretical idea that the long-run effect of DAMUS on Mexican DM _

is one to one.

The negative coefficients on DM,_o and DM,_3 in Equation (6-1)
(only the DM, o5 coefficient is individually significantly different
from zero) indicate that years in which DM is above DM tend to be
followed by years in which DM is below DM. This type of behavior
would be expected from the pressure generated by a fixed exchange
rate system to restore a particular relationship between the levels of
Mexican and U.S. money stocks.

The estimated coefficient of 0.29 on PP,_; (t-value relative to zero
of 2.6) reflects the hypothesized positive response of DM to an
undervaluation of the currency. An undervaluation by 10 percent
produces an increase of about three percentage points in next year’s
money growth rate.

It is of interest to compare the results from the overall 1948 to
1973 sample with those obtained solely from the fixed-rate period
from 1955 to 1973. Over the latter period the estimated equation is

DM, = 0.091 + 0.10 DM, , - 0.52 DM, _, - 0.26 DM, _, (6-3)
(0.075) (0.28) (0.27) (0.27)
+2.23 DMyq +0.32 PP, |
t
(1.26) (0.21)

R2=0.50,DW =1.64, 5 = 0.037

Statistically, one cannot reject the hypothesis that the observations
from 1948 to 1954 are generated by the same model (with the same
coefficients) that generated the data over the fixed rate period from
1955 to 1973 (though there is little power in this test). Comparison
of Equation (6-3) with Equation (6-1) indicates that the main dif-
ference is a higher coefficient for DMUS over the fixed rate period.
Although this behavior is consistent with the view that Mexican
money was more closely related to U.S. money during the fixed-rate
period than during the devaluation period from 1948 to 1954, the
high standard errors make it impossible to obtain any firm statistical
evidence on this point. In any event there is no empirical evidence
that would invalidate the use of Equation (6-1) over the entire
period from 1948 to 1973.
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The estimated values from Equation (6-1), denoted by DMt, are
contained in Table 6-1, column 2. The residuals from this equation,
DMR,; = DM, - DAMt (Table 6-1, column 3), are used in the subse-
quent analysis of Mexican output.

1.2 Behavior of Output
The equation for output (real gross domestic product in 1960
prices) includes the following variables:

1. Current and lagged values of money growth rates. One type of
equation involves only the unanticipated part of money growth,
DMR = DM - DM, as calculated from Equation (6-1). Another
type includes the actual money growth rate, DM. In both cases
values of money growth up to two annual lags turn out to be
important.

2. A direct effect from the level of economic activity in the United
States. This influence is measured by the (lagged) value of U.S.
output (real gross national product in 1958 prices) relative to a
time trend, Yy g, as tabulated in Table 6-1, column 8. This variable
captures effects of U.S. demand for Mexican output—particularly
for invisible exports®—and would also proxy for influences that
work through international capital markets. Empirically, only a
one-year lag of ¥;g was significant in the Mexican output equa-
tion. The inclusion of U.S. (unanticipated) money growth rates
(with yy;g excluded) has effects that are similar though somewhat
inferior in terms of fit, to those produced by ;5. This result sug-
gests that the Yo variable proxies partly for the effects of U.S.
money on Mexican output and partly for the effects of other U.S.
output influences on Mexican output.

3. The magnitude of departure from purchasing power parity, |PP;|.
The idea here is that these departures in either direction constitute
relative price distortions* that would tend to depress.output. The
algebraic value of the departure, PP, turns out to be insignificant
in the output equation.

4. A measure of Mexican terms of trade, (T'T;), (Table 6-1, column
10), which should have a positive effect on output.

5. A time trend variable, intended to hold constant the growth of
“normal’’ output.

The estimated equation that includes DMR values from Equation
(6-1) is, when estimated from annual observations for 1954 to 1973,
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log (y,) = 2.70 + 0.23 DMR, + 0.18 DMR, _, (6-4)
(0.22) (0.12) (0.13)
+0.28 DMR, , +0.57 5,5 - 0.39 |PP,]
(0.11) (0.14) ~ *! (0.16)
+0.11 log (TT,) + 0.0666 - ¢,
(0.05) (0.0009)

R2 =0.9993, DW = 2.68, § = 0.0125, SSE* = 0.00188

A test for joint influence of the three DMR variables in Equation
(6-4) yields the statistic, F"i”z = 4.1, which is significant at the 5 per-
cent level (critical value = 3.5). Hence, there is evidence of a positive
effect of Mexican money growth on Mexican output. The magnitude
of the effect of an increase in unexpected money growth (DMR) by
one percentage point per year that is sustained over a three-year
period is determined by the sum of the three lag coefficients to be
an increase in output by 0.7 percent. .

There is also a strong positive effect on Mexican output from the
lagged value of U.S. output relative to trend, y;g (coefficient 0of 0.57,
standard error = 0.14). Since my previous results for the United
States (Barro, 1977, section III) indicated an effect of U.S. DMR
values on Y with a sum of coefficients equal to 3.0, the implica-
tion is that U.S. unanticipated money growth affects Mexican output
with a total coefficient of 1.7 (3.0 X 0.57). Hence, the effect of all
unanticipated money growth (both U.S. and Mexican) on Mexican
output involves a total coefficient of 2.4—that is, a sustained increase
by one percentage point per year in all DMR values would raise out-
put by 2.4 percent. This total value is similar to the magnitude found
for the United States, although in the Mexican case only about 30
percent of the total effect of money on output is attributable to
Mexican money.

Equation (6-4) indicates an important effect of the purchasing
power parity variable in the hypothesized negative direction. The co-
efficient implies that a 10 percent deviation of Mexican prices from
par value (or, equivalently, a 10 percent ‘‘error’” in the exchange
rate) reduces output by 4 percent. The symmetry of the |PP| variable
should be stressed—that is, the undervaluation of the peso by 12 per-
cent in 1956 is estimated to have the same depressing effect on
output as the overvaulation by 12 percent in 1973. The effect of this
variable is especially important for predictions (see below), since the
1974 value of the PP variable (Table 6-1, column 9) shows an over-
valuation by 24 percent.
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If the algebraic value of PP is added to Equation (6-4), it enters
insignificantly although the |PP| variable remains significant. Hence,
there is support for the view that the relative price distortions asso-
ciated with exchange rate ‘“‘errors’ reduce output, but no support for
the Keynesian notion that the aggregate demand influence of these
errors—which would distinguish under- from overvaluation—is the
important consideration.

Finally, Equation (6-4) also indicates a positive, though relatively
minor, effect of the terms-of-trade variable on output. A 10 percent
improvement in the terms of trade is estimated to produce a 1 per-
cent increase in output.b

The fit of Equation (6-4) can be indicated by the value of ¢,
which shows an estimation error for output of about + 1-1/4 per-
cent.” Values of output relative to the time trend are shown in
Table 6-1, column 4, together with estimated values (column 5) and
residuals (column 6) from Equation (6-4).

Equation (6-4), which was estimated through 1973, can be used
to generate predictions for 1974 and beyond. For 1974 the predicted
value of output relative to the time trend® is -0.028 (about three
percentage points below trend)—as compared with an actual value of
-0.032 reiative to trend. Hence, the estimated equation performs
well for 1974, The role of the |PP| variable in this prediction should
be stressed: the value PP = -0.24 for 1974 implies a negative contri-
bution of -9 percent to output (which more than offsets the direct
positive contribution of the DMR variables® from 1973 and 1974).
In other words the model implies on this count that a 25 percent
devaluation—which would restore approximate purchasing power
parity—would raise Mexican output by about 9 percent over what
would have otherwise occurred.

For 1975 and 1976—assuming no change in the purchasing power
parity and terms-of-trade variables and using DMR values of zero
for 1975 and 1976—the predicted output values relative to trend are
-0.059 and -0.093, respectively. Hence, the model predicts a period
of strong contraction in the absence of a devaluation or major
changes in money or the terms of trade. (The actual value of output
relative to trend in 1975 turned out to be -0.057, which is remark-
ably close to the [ex ante] prediction. The results for 1976 probably
were affected by the sharp devaluation of the peso and perhaps also
by a shift in underlying purchasing power parity associated with an
increased risk of political confiscation.)

An output equation based on actual money growth rates, DM,
rather than on the unanticipated portion, DMR, is the following:
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log (y,) = 2.84 +0.29 DM, + 0.5 DM, , +0.20 DM, , (6-5)
(0.19) (0.10) (0.09) (0.09)
+0.74 55 - 0.35 PP, + 0.08 log (TT,)
(0.15) ~ "' (0.16) (0.04)
+0.653 - t,
(0.0008)

R? =0.9994, DW = 2.26, 5 = 0.0120, SSE = 0.00173

The fit of this output equation, based on the DMs, is slightly better
than that based on the DMRs—although the main observation is that
Equations (6-4) and (6-5) appear similar.'® Hence, unlike the situa-
tion in the United States (Barro, 1977, section II.E), the calculation
and use of the DMR variables is not important for the analysis of the
link between money and output. However, it can be noted that
Equation (6-5), which is based on DM values, does not perform as
well for predicting 1974 output relative to trend—this predicted
value is -0.019, as compared with the actual value of -0.032 and the
predicted value from Equation (6-4) of -0.028.'' It can also be
observed that Equation (6-5) is similar to Equation (6-4) in respect
to the effects of the |PP| and TT variables although Equation (6-5)
does suggest a somewhat larger impact of the ¥ variable.

The slightly pooré performance of the DMR output equation can
be attributed to the presence of the PP;_; variable in the DM relation,
Equation (6-1).'? If this variable is omitted, the DM equation over
1948 to 1973 becomes

DM, =0.129 + 0.20 DM, , - 0.30 DM, , - 0.32 DM, , (6-6)
(0.034) (0.21) (0.20) (0.19)
+0.76 DMy ,
(0.78) ¢

R%2=0.32,DW =1.92, 6 = 0.049

With the DMR values based on the residuals from Equation (6-6),
the output equation over 1954 to 1973 becomes

log (3,) = 2.85 + 0.27 DMR, + 0.23 DMR, , (6-17)
(0.16) (0.09) (0.09)
+0.28 DMR, , +0.67 J;g - 0.37 IPP,]
t-1
(0.07) (0.11) (0.13)
+0.08 log (TT,) + 0.0670 - ¢,
(0.04) (0.0007)

R2 =0.9996, DW = 2.83, 6 = 0.0098, SSE = 0.00115
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Although this equation fits better than Equation (6-5), which was
based on DM values, this result does not provide much support to the
idea that only the unanticipated part of money expansion, DMR, is
relevant for output. If a readily available and apparently important
money predictor such as a measure of departure from purchasing
power parity is not incorporated into anticipated money growth,
then there is not much content in the distinction between anticipated
and unanticipated money movements. My conjecture is that a better
procedure would be to look for some additional money growth pre-
dictors that were omitted from Equation (6-1), rather than deleting
the PP;_; variable. One candidate for an omitted variable is domestic
holdings of international reserves relative to a target level of these
reserves, which could reflect a policy response of the monetary au-
thority. I have not yet explored this possibility.

2.COLOMBIA

2.1 Behavior of Money Growth

For the Colombian case the period since 1957 has been character-
ized by a flexible exchange rate at least in the sense that the rate has
depreciated more or less continuously with the increases in the do-
mestic price level relative to that in the United States. For the entire
1951 to 1972 period, an estimated money growth equation is'?

DM, = 0.307 - 0.65 DM,_, - 0.38 DM, _, +0.62 DMy (6-8)
t
(0.078)X0.22) (0.22) (1.00)
+0.64 PP, _,
(0.037)

R2=0.39,DW = 2.18, 6 = 0.043

This equation is similar to that estimated for Mexico in Equation
(6-1) although in the Colombian case the negative lag pattern appears
sooner and the DMyg and PP;_; (Table 6-2, column 7) variables are
quantitatively less important. The value of & for Colombia is almost
identical to that for Mexico.

Equation (6-8) implies that money growth in Colombia tends to
return to a normal rate of about 16 percent per year (DM g does not
significantly affect this normal rate). The mean value of DM over
1949 to 1973 was, in fact, 0.160 per year with a standard deviation
of 0.057. Values of DM, together with estimated values and residuals
from Equation (6-8), are indicated in Table 6-2, columns 1 to 3.

A money growth equation for Colombia that is limited to the
flexible exchange rate period from 1957 to 1972 is
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DM, = 0.264 - 0.64 DM, ; - 0.38 DM, , + 1.56 DMy;g. (6-9)
(0.092) (0.29) (0.27) (1.47)
+0.006 PP, ,,
(0.081)

R2=0.37, DW = 2.07, 5 = 0.043

Not surprisingly, the effect of PP, ;—which appeared weakly in
Equation (6-8)—vanishes when the fixed exchange rate years are re-
moved from the sample. (Although the DMUS coefficient is actually
higher in Equation (6-9) than in equation (6-8), the large standard
errors suggest that nothing can be inferred from this result.) The
negative coefficients on DM, ; and DM, , remain even when the
sample is limited to the flexible exchange rate period.

2.2 Behavior of Output

For the purpose of explaining output in Colombia, it turns out to
make little difference whether Equation (6-8) or Equation (6-9) is
used to generate unanticipated money growth, DMR. In fact, I have
been unable to isolate any monetary effects on output for Colombia.
A typical result for output, using Equation (6-8) to calculate DMRs
and including ¥ ;5 and a measure of real exports relative to a time
trend, X, (Table 6-2, column 9) as explanatory variables, is (for the
1953 to 1972 penod)“'

log (y,) = 2.44 - 0.06 DMR, - 0.03 DMR, , (6-10)
(0.01) (0.07) (0.06)
- 0.09 DMR, , - 0205, +0.17X
0.07) ' ° (0.08) ! (0.02) '
+0.0538 - ¢,
(0.0008)

R? =0.9992, DW = 1.51, 6 = 0.0095, SSE = 0.00118

The DMR variables are insignificant with the wrong sign and the yyg
variable also appears with the “wrong”’ sign. My expectation in regard
to the U.S. output variable was that its effect on Colombian output
would be smaller than in the case of Mexico because of the weaker
direct connection between the Colombian and U.S. economies. How-
ever, the negative sign on yyg is difficult to understand. Otherwise,
the only variable other than the time trend that shows up strongly
is the export variable—the exogeneity of which can be questioned.'?

The output results are similar when DM is substituted for DMR:
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log (¥,) = 2.45 - 0.01 DM, + 0.01 DM, , +0.01 DM, , (6-11)
(0.02) (0.06) (0.07) (0.06)

- 02055  +0.16 X, +0.533 - ¢,
(0.08) "' (0.02)  (0.0009)

R2=0.9991, DW = 1.26, 6 = 0.0102, SSE = 0.00135

When the monetary variables are excluded entirely the output
equation becomes

log (y,) = 2.45 - 0.20 ;5 +0.16 X, + 0.0533 - ¢, (6-12)
(0.01) (0.08) "' (0.02) = (0.0007)

R? =0.9991, DW = 1.32, & = 0.0092, SSE = 0.00136

Actual and estimated values of output relative to the time trend from
Equation (6-12) are shown in Table 6-2, columns 4 to 6. Although
this equation has a low value of ¢—indicating an estimation error for
output of only about * 1 percent—the sign of yy;g is peculiar and
most of the “explanatory’ power comes from the export variable.

I have very little useful to say about the Colombian output results.
One possibility is that there really is no Phillips curve type of relation
between money and output in Colombia. Another, and more prob-
able, explanation is that such a relation exists, but I have not been
able to isolate it. One excuse is the quality of the data. Anecdotal
evidence supports the view that measured real output in Colombia
has little to do with actual output.'® Of course, it is always conve-
nient to blame the data when empirical results are unsuccessful.
Another possibility is that the monetary data refer to the end of each
year rather than, as perhaps would be more appropriate, annual
averages. Hanson (1976) reports somewhat better results when
annual average figures are used.

3. BRAZIL

The Brazilian case is much more extreme than the previous two in
terms of the mean and variability of money growth (the average
value of DM over 1949 to 1973 is 0.295 per year with a standard
deviation of 0.129). Furthermore, except for 1949 to 1951, the
period is characterized by continuous and rapid devaluation of the
exchange rate. Not surprisingly, the U.S. money behavior and an
index of departure from purchasing power parity have no impact on
Brazilian money growth. There is also no indication of the negative
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serial correlation in the DM series that characterized the money
processes for Mexico and Colombia.!” In fact, the only useful pre-
dictor for Brazilian money growth that I have been able to isolate
is the previous year’s money growth rate. The equation for the 1950
to 1972 period is :

DM, = 0.08 + 0.76 DM, _,,
(0.14) (0.13)

R2%2=0.62, DW =1.79, 5 = 0.081

(6-13)

Equation (6-13) implies a normal money growth rate of about
32 percent per year. The positive coefficient of DM,_; implies that
values of DM above the norm tend to be followed by additional
above-normal years—that is, there is no tendency for the money
stock to return to a normal level relative to trend. The value of & for
Brazil is about twice as high as those estimated for Mexico and
Colombia. Values of DM for Brazil, together with estimated values
and residuals from Equation (6-13), are indicated in Table 6-3,
columns 1 to 3. Since the money growth equation contains only a
lagged value of DM, there is little distinction that can be made be-
tween using DMR and DM values to explain fluctuations in output.'®

An output equation for Brazil is the following:!?

log (¥,) = 5.22 + 0.11 DMR, - 1.16 ;5 +0.18 X, (6-14)
(0.03) (0.09) (0.23) ' (0.04)
+0.0569 - ¢,
(0.0013)

R? =0.996, DW = 1.44, = 0.027, SSE = 0.0119

where X is a measure of real exports relative to a time trend (Table
6-3, column 9). Additional lagged values of DMR are insignificant.
The results are similar to those found for Colombia in Equation
(6-10) in terms of the unexpected negative sign on the yg coeffi-
cient (though the Brazilian coefficient is much higher in magnitude)
and the highly significant positive effect of X. However, DMR; does
appear weakly with a positive sign for Brazil,?° and the value of § is
almost three times as high as that for Colombia. In a sense the higher
value of & for Brazil makes it more plausible that the measured real
output series is reflecting some real phenomena unlike the situation
in the Colombian case.

The appearance of a weak reduction between money and output
in Brazil is not surprising, given the large prediction variance for DM
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in Equation (6-13). The analysis of Lucas (1973) and Barro (1976)
predicts that the magnitude of a given DMR stimulus on output
would diminish as the predictability of DM increases. In this respect,
and aside from the unexplained negative coefficient on yyg in Equa-
tion (6-14), the Brazilian results are less difficult to understand than
those for Colombia.

4. CONCLUSIONS

Although the model has some explanatory power for the money sup-
ply processes in Mexico and Colombia, and some predictive value for
output in Mexico, the main results of this study are disappointing.
The output results for Colombia and Brazil are not very useful and
those for Mexico do not support the U.S. finding that the switch
from actual to unanticipated money growth is an important empirical
concept. In the Mexican case the results may improve by an exten-
sion of the money growth equation to include variables like the
reserve stock and the behavior of government spending (if useful data
on the latter can be constructed). It may also be useful to extend the
sample period for output back to 1948. For Colombia and Brazil I
am less hopeful that the output results can be improved.

It may be more useful to extend the empirical analysis by con-
sidering some additional cases instead of refining the results for the
present three. Venezuela would be an interesting case because of the
relative stability in its money and price behavior. At the other ex-
treme it would be of interest to see whether the Argentine and
Chilean cases appear similar to the Brazilian experience. If a money/
output relation were satisfactorily isolated for a number of countries,
it would be possible to carry out a test of the Lucas proposition that
the magnitude of the Phillips curve slope diminishes when money
and prices become less predictable. There was some indication of
this effect from a comparison of Mexico and Brazil, but the present
results are surely inconclusive in this respect.

NOTES

1. Alternatively, the underlying determinants of LfMUS —which were lagged
money growth in the United States, a measure of the government budget in the
United States, and a lagged value of the United States unemployment rate—
could have been entered into the Mexican money growth equation. This alterna-
tive entails an unnecessary loss of degrees of freedom.

2.DW is the Durbin-Watson statistic for serial correlation of the residuals
(which is not very useful for an equation that contains a lagged dependent vari-
able) and ¢ is the estimated standard error of the disturbance term.
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3. The ypjg variable does not have a significant effect on real Mexican ex-
ports as measured—see note 6 below. Furthermore, real exports do not have a
significant effect on Mexican output, given the other variables that are included
in Equation (6-4) below.

4. Some of these distortions could be the result of government policies
associated with maintaining the “wrong’ exchange rate.

5. SSE is the error sums of squares for the equation.

6. As indicated in note 3 above, a real export variable does not enter signifi-
cantly when added to Equation (6-4). An equation to ‘‘explain’ real exports is
the following:

log (X,)=-0.82+1.6 DMRt+ 1.1 DMR + 1.2 DMR

-1 -2
(2.31) (0.7) 09 ton
+0.06 ;6 - 0.04 PP, +0.54 log (TT)
(0.79) "1 (1.05) = (0.30)
+0.031¢,
(0.010)

R%=0.83, DW=1.69, 5 = 0.086

t

The three DMR variables together appear significantly in this equation (F?Z
=4.2, 5 percent critical value = 3.5) although the mechanism by which DMR
affects exports positively is not apparent. '

7. The Durbin-Watson statistic indicates absence of positive serial correlation
in the residuals. A lagged value of y is not significant when added to Equation
(6-4).

8. Assuming that the terms-of-trade index remains at its 1973 value, but
using the 1974 value of DMR = 0.097.

9. In a complete model that included price determination, there would also
be an effect of cumulated monetary experience on the PP variable (assuming the
maintenance of a fixed exchange rate).

10. An output equation with the DMRs and DMs included simultaneously
yields an SSE of 0.00085. Based on this value, a test that (all three of) the DMRs
are irrelevant to the determination of output, given the inclusion of the DMs,
yields the statistic, FS‘ = 3.1, which is less than the 5 percent critical value of 3.9.
Similarly, a test that the DMs are irrelevant, given the inclusion of the DMRs,
yields Fg = 3.6. The implication is that either the DMRs or the DMs (but not
both sets of variables) can be deleted without significantly affecting the fit.

11. Equation (6-5) also predicts a substantially larger contraction of output
relative to trend for 1975 and 1976 if the very low values of DM (Table 6-1,
column 2) for 1975 and 1976 are used in these calculations. The predicted value
for output relative to trend in 1975 is ~0.107 and that for 1976 is - 0.150. (Re-
call that the actual value for 1975 is - 0.057.)

12. In my earlier study of Mexico (Barro, 1975), the PP,_; variable was not
included in the DM equation.

13. A measure of government expenditures relative to ‘‘normal,” the type of
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variable that was important in my study for the United States, did not enter
significantly when added to Equation (6-8).

14. The |PP,| variable is insignificant when added to Equation (6-10), as is an
export price index, P, (Table 6-2, column 8). A lagged value of y added to
Equation (6-10) has a coefficient of 0.25, standard error = 0.15.

15. When the X variable is omitted the output equation becomes

log (y,) = 2.54 + 0.11 DMR, + 0.09 DMR, _, +0.12 DMR
(0.12) (0.16) (0.14) (0.15)

+0.15 yUS +0.0476 + ¢t
(0.18) 1 (0.0010)

R?- 0.9947,DW = 0.72, 6 = 0.024, SSE = 0.00809

t-2

Although the DMR and yUS variables have the “right” signs here, they are all
insignificantly different from zero (F14 = 0.3 for the three DMR variables simul-
taneously). Furthermore, the deletion of the X variable has a dramatically nega-
tive effect on the fit. An equation to “explain” exports is

log (X,) = 2.68 + 0.25 DMR, + 0.43 DMR, _, +0.41 DMR
(1.39) (0.67) (0.56) (0.62)

+044 56 - 0.25PP,+0.66 P, +0.0256 - t,
(0.76) " t1 (0.18) = (0.27) ¢ (0.0096)

R2= 0.82, DW= 0.93, 6 = 0.089

t-2

where P, is an export price index (Table 6-2, column 8). The three DMR vari-
ables are ]omtly insignificant in this equation (F =0.3).

16. One such anecdote is that output predlctlons and ex post measurements
of output are made by the same persons. It turns out that only small modifica-
tions are ever required in the measurement stage. This story may also explain the
low value of ¢ in Equation (6-12).

17. In this respect the monetary behavior in Brazil is similar to that found
earlier for the United States. See Barro (1977, section I1.B).

18. A form with DMR values would be equivalent to a (restricted) form with
DM values that contained one additional lag term. However, the pattern of
money growth rate coefficients in the output equation would be affected by
the switch from DMR to DM.

19. An export price index, P, (Table 6-3, column 8), and an index of de-
parture from purchasing power parlty \PP,| (Table 6-3, column 7), are insignifi-
cant, given the inclusion of the export variable, X. An estimated equation for
exports is

log (X,) = 0.2 - 0.61 DMR, + 0.01 DMR, _, - 1.52 yUS
(1.5) (0.35) (0.36) (1.26)

- 0.37 PP, +1.52 P +0.070
(0.27) ~ (0.29)7* (0. 011)

RZ=0.80,DW =1.34, 6 =0.110
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20. With DM substituted for DMR; the output resuits are

log (y,) = 5.26 - 0.08 DM, - 1.32 5, +0.14 X,
(0.04) (0.07) (0.22) "1 (0.04)

+0.0577 - ¢,
(0.0013)

R2- 0.996, DW = 1.91, 6 = 0.027, SSE = 0.0120
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