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ABSTRACT

Using a new approach, we reexamine the empirical evidence on the long-term interactions
between inflation and real variables. We find, using over 100 years of U.S. data, that in the long run
the effect of inflation on investment and output is positive (a "Tobin type effect”) and the investment
rate, and hence the real interest rate. are not independent of inflation. However, over the full sample
at least, the variability of the innovations to the stochastic inflation trend is small relative to the
variability of the innovations to the productivity and fiscal trends. We conclude that models
generating a reverse-Tobin effect. including standard real-business-cycle and endogenous growth
models that incorporate money. may not be the best models for understanding the long-term real

effects of inflation.
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Consider a situation in which, with the economy in a low inflation steady state, the rate of
inflation falls permanently, say by 2 percentage points. What would be the long-run effects on real
economic variables such as output, consumption, the real interest rate, investment and the capital
stock? Economic theory provides no clear-cut prediction. On the one hand there is the famous

superneutrality result due to Sidruaski (1967). However, Sidruaski's result emerges from a very

on the exact assumptions concerning preferences and how money is introduced
into the economy. Additionally, in these models the real interest rate may or may not be independent
of the rate of inflation in the long run. (see Orphanides and Solow [1990] for a survey.)

Therefore, whether the long-run effect of inflation on the capital stock and output is positive
or negative, and whether the real interest rate is independent of inflation or not in the long run are
empirical issues. Recently, there has been considerable interest in the existence of, and nature of, the
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long-run real effects of inflation (e.g. King and Watson [1994] and Akerlof, Dickens, and Perry

" . . . . e
the debate about moving from the current low inflation rate to price stability.

*, . . . .
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With these considerations in mind, we reexamine the empirical evidence on the long-term
interactions between inflation and the real economy. with the goal of sorting out which of the many
theoretical channels of the real effects of inflation are empirically more relevant. We ask whether
long-term U.S. data are consistent with a "Tobin type effect” or a "reverse-Tobin effect” occurring in
response to a once-and-for all permanent change in inflation. We also examine the long-run validity of
the "Fisher effect". To be precise, by a "Tobin type effect” we mean that an exogenous increase in
inflation leads to an upward jump in the balan(;.ed-growth path of the capital stock and therefore
investment, whereas the "reverse-Tobin effect” is taken to indicate a downward jump. The "Fisher
effect” (Fisher[1930]) holds when the inflation rate has a one-to-one positive effect on the nominal
interest rate and, consequently, does not affect the real interest rate.’

Our empirical findings are organized in three parts. First, the univariate properties of the data
are described and cointegrating vectors are estimated. Hypothesis testing on these cointegrating
vectors reveals whether the data are consistent with the Fisher effect holding in the long run or not.
Our test relies on the direct correspondence between the capital-output--and hence the investment-
output--ratio and the real rate of interest in the long run. This correspondence impiies that, if the reai

interest rate is independent of inflation, the latter should have equal effects on investment and output
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of our empirical approach is examining the long-run validity of the Fisher effect, without explicitly

2Sometimes the terms "Fisher relation” and "Fisher effect” are used interchangeably and used to
denote the relationship that the nominal rate is the sum of the ex ante real rate and expected inflation.
We prefer to call this identity the "Fisher relation", and throughout this paper take the "Fisher effect"
to mean, as seems to be more prevalent in the literature, that the real rate is independent of the rate
of inflation. As will become clear, the absence of a Tobin or reverse-Tobin effect and the Fisher
effect holding are not necessarily the same thing when leisure is endogenous.

30Our method does not, of course, shed light on the validity of the Fisher effect at short-to-medium
horizons. The resuits of tests that attempt to do this are sensitive to the modelling of inflationary
expectations.
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Second, under certain restrictions, we are able to identify and estimate additional structural
parameters, which allow us to retrieve the effects of changes in the exogenous component of inflation
on the levels of consumption, investment and output (as opposed to the effects on the consumption-
output and investment-output ratios, which are obtained from the cointegrating vectors). The
identification scheme is similar to King, Plosser, Stock and Watson (1991). The effect on investment

13 —~ .

allows us to see whether a Tobin or reverse-Tobin effect holds. Our estimates indicate the presence

Third, and finally, we examine the robustness of our findings over different sub-periods of the
data, thus allowing for the possibility that there may have been structural breaks over this long period
in the interactions between inflation and real variables.

The remainder of our paper is organized as follows: In section 2, we set up a general
framework that nests the different types of effects of inflation on the reai economy that are found in
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presents our empirical results. Section 4 concludes.

2. Theoretical Framework
There is nothing fundamentally new in the theoretical model we use below. Our objective is
to develop a unified framework that is general enough to incorporate many of the relevant theoretical
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resulis on the real effects of inflation as special cases. We begin with a brief descriptive review of

“Although models with sticky prices and/or imperfect information (e.g., Ball, Mankiw
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substitute from holding money to holding physical capital. This mechanism has been dubbed the
"Tobin effect". Because the marginal product of capital is lower, the real interest rate falls.

The Tobin effect, as originally formulated, was widely criticized on the grounds that it
assumes an exogenous savings rate.” This criticism led to a literature that has shown that a "Tobin
type effect"--by which we mean only a positive relationship between inflation and the capital stock--
can arise even in optimizing models with certain features. For example, it can arise in two-period
OLG models, in infinite horizon models with individual heterogeneity and family disconnectedness due
to uncertain lifetimes, and in models with consumption and money entering utility in a nonseparable
way under particular assumptions about how the marginal utility of consumption is affected by
money.® A positive relationship between inflation and investment can also arise if there are distortions
in the tax system. Specifically, Bayoumi and Gagnon (1996) show that if it is nominal capital income,
rather than real capital income, that is taxed, as in Feldstein (1976), higher inflation countries will
tend to invest more than lower inflation countries, which is consistent with the data. Thus, we do not
need to rely on the original, and perhaps implausible, mechanism proposed in the early papers that
introduced the Tobin effect, to get a positive effect of inflation on the capital stock and output.

In contrast to models generating a "Tobin type effect”, there are a lot of models that generate

the reverse-Tobin effect. The simplest one of these is a Sidrauski type model, but with endogenous

[1988]) generate highly persistent effects of inflation, these effects do not last forever and, strictly
speaking, long-run superneutrality applies. Hence the remainder of the discussion focuses on flexible-
price models.

SMoreover, the mechanism in Tobin's original formulation cannot possibly lead to a large effect of
infiation on the capitai stock {(in percentage terms at least), given piausibie values of the inierest
elasticity of money demand and the ratio of non-interest-bearing money to the capital stock. We thank
Joe Gagnon for pointing this out to us.

See the Orphanides and Solow paper, and the literature cited therein, for details. See also Wang
and Yip [1992] for the role of nonseparability in utility.
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leisure that is not separable from consumption, and with money introduced through a cash-in-advance
(CIA) constraint on consumption (e.g. Cooley and Hansen[1989]). In this set-up, a higher inflation

nonmarket activity (leisure). This shifts in
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still applies, though, since the capital-labor ratio is constant in the steady-state.

holding, one can consider a CIA model of the Stockman (1981) type with the CIA constraint applying
to both consumption and investment. In this case, inflation represents an additional cost to investment
and, therefore, a higher inflation rate leads to less investment and an increase in the real interest rate.
Abel (1985) derives the abéve results and compares (abstracting from the labor/leisure choice) the

dynamic accumulation of capitai in modeis where the CIA constraint appiies only to conusmption and
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Finally, there is the more modern genre of endogenous growth models with money. These
models also generate long-run real effects of inflation and the crucial factor is the dependence of the

the type described above, but they also display some important additional features. Typically, in these
models a once-and-for all rise in inflation has a negative effect on the steady-state growth rate of the
economy as well. (For example, see Gomme [1993] and De Gregorio [1993]). However, if output
growth is stationary, shocks to the random walk component of inflation could not empirically have any

significant permanent effect on growth. This raises the question of whether it is possible in

optimizing models to have inflation affecting the real interest rate but not the growth rate of the
economy in the long run. We will return to this issue later.

"There are also models in which inflation has an ambiguous effect on the steady-state capital
stock. Two examples are Fischer (1983), in which money enters the production function, and Brock
(1974), in which money enters utility and leisure is endogenous.
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A General Theoretical Framework
Preferences and Production

The representative agent's utility function at time t is:

( X d) { «,d)
u.) =ullc, 1 o M| (1)
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Y, =exp{dg 4, F(N.K) = exp{og}4,NX, @)
where Y is outnut, K is the capital stock, 4 is a technology shift variable, g = G/Y represents the size
where output, e capital stock, ogy . g P

of government with G being aggregate government purchases of goods and services and ¢, 0 are fixed
parameters with 0 < 6 < 1. The above specification is standard Cobb-Douglas, except that it allows
the size of government to affect private production possibilities.? In our theoretical set-up no stance is

taken on whether government size shifts the production function up (¢ > 0), down (¢ < 0), or has no

effect (0 = 0). Eq. (2) implies that output available to the private sector, Y-G, is given by:

(1-0\YV =exnfdoVW1-0)4° FIN K = 7Nk 1 (3
\Lg/ 4, CAPAYS S\L B ay ST pény Loy £V, ang .
where Z = {exp{dg} (1-g)]"°4 represents the scale factor for private output.
vy el e Y
1ne governmeni
The government is subject to the following budget constraint
i oo
g + i =T + 4 \4)
" PY, ' PF

where Q is the lump-sum transfer from the government and M is the beginning of period money

supply. Multiplying through by PY, (4) just equates the uses and sources of government funds. Note

8Barro and Sala-i-Martin (1995) argue that putting government size, rather than the level of
government spending, in the production function is appropriate if governmental activities are subject to
congestion.
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that we have abstracted from government debt. With Ricardian equivalence, our analysis would

essentiaily be unchanged with the introduction of debt.
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ind (5) imply that g, = 1. We assume that agents internalize the government's budget
constraint and know that tax rates will be set according to this policy.
Constraints Facing Households

For simplicity, households are treated as integrated worker-firm units. Since beginning of
period t money holdings have already been determined by decisions made at t-1, A, which equals M,
in equilibrium, is a state variabie. Transfer payments, being lump-sum, Q, is aiso a state variabie for

. ~ - M : a antrenns nsed sioaa P Y -3
he household's budget constraint, equating the sources and uses of f

S:
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where 3 is the depreciation rate and we have already substituted /, = K,,, - (1-8)K, for investment.’

ir

Households also face the following CIA constraint, with a fraction a. of consumption and a

fraction a, of investment being financed by cash holdings:

gl
M+

-aC, -aJK, - (19)K] 2 0 ™

!

It seems rather awkward to have money in the utility function as well as a CIA constraint. This is for

convenience, in order to have one general set-up from which different models can emerge as special

*Strictly speaking, (6) should be an inequality constraint. However, we impose standard
conditions on preferences and technology that lead to free disposal never being exercised.
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subject to the sequence of constraints (6) and (7). Bellman's recursive representation of the above
problem and the first order conditions that emerge are standard and are relegated to Appendix A. The
implications of these conditions for steady-state paths are also standard, but since they are important in
tightly relating our empirical work to the theoretical literature, we describe them below.

Steady-State Paths

to'grow at a constant growth rate u,— the growth rate of the economy--then the steady-state paths of
the acaonomv are characterized hy
AW \'U\Ill\llll’ QGlw wiilGiGwiwiinwwag U
1 .
= = x'i + a:y, {9)
Cl
¢ ) ¢
050410 )
L =AZ'N, K, (10)
14V,
{n '
rl*l I \
Bo, +BA., +By.. =1, (rn
i M d ¥ i+ voria N [N
M)
alerav7ea® 9. i sy b LA (18N =3 x o (12)
PIUOZ NG Ka+ (10)A,, +BY ,all0) =X +ay, e
05,0010
Z 'N/K, -(__uA*-S)K,_ -Ci =0 (13)
41‘4'(1*#“) - - £ Q\VL _-Nn (14)
Il Gy Tl T O)All =y
\ ' J
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where A, v, represent the Lagrange multipliers associated with (6) and (7) respe

represents the steady-state growth rate of prices, which is easily shown to be g,, - u,.
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Interpretation of these equations is straightforward. Eq. (9) equates the marginal utility loss
from foregoing consumption today to the marginal utility gain from having extra income to save plus
the marginal utility gain from having the CIA constraint relaxed a little bit. Eq. (10) equates the
marginal utility loss from foregoing leisure to the marginal product of labor in utility units.

At IraAT AIIEEA P m e e -

between current income and end of

11\ wac YN -
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The left hand side is the marginal benefit of having an additional unit of real balances next period,

balances, the marginal utility from spending real balances next period, and the marginal gai
relaxation of the CIA constraint next period. The right hand side is the loss from not having the
current income available for alternative uses, which consists of the marginal utility of income (A,)
times the amount of today's real income it takes to augment future real balances by one unit (1+7).
Eq. (12) equates the marginal benefit of investment to the marginal cost of investment. The

- )

arginal cost (the right hand side) is the utility loss from not having the income available for

=

sum of consumption and steady-state investment. Finally, (14) states that either the CIA constraint
must bind, or the marginal utility of having it relaxed a little bit (y,) must be zero.
Profit Maximizing Firms and An Implication of the Fisher Effect

Although households and firms here are integrated, there is an analogue economy in which

explicit competitive markets for labor and capital exist. In that economy, the typical firm's profit

maximizing condition is
[k Y
- >|7:, -5 ~(10)7- -3 (19
LedYs) By
This equation is very important in justifying our test of the long-run Fisher relation because the
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constancy of Y/K also implies constancy of Y/I. Hence, we can test for the independence of the real
interest rate from inflation in the long run by examining whether changes in inflation have a zero

independent of 7; if the effects of ® on //N and K/Z are offsetting (as, for example, in Cooley and
Hansen), the real rate can be independent of n even though K/Z is not.
Four Models as Special Cases

Three special cases of the general modei emerge in a straightforward manner:

(i) no CIA constraint (a,- = ) =c¢,). labelled Sidrauski Model:

(ii) CIA for consumption only (a- = 1, ax = 0), money provides no direct utility (¢,, = 0), which
K M

closely resembies Cooley and Hansen, and is labelled The Inflation-Tax-on-Consumption Model;

(iii) CIA for consumption and investment (a- = I = a,), but with money providing no direct utility

A — N\ 1 1
(¢,, = 0). which closely resembles the model of Stockman, and is labelled Inflation-Tax-on-
Consumption-and-Investment Model

The fourth model we consider motivates the Tobin effect. Although, there are several ways to
enerate a Tobin-type effect within an optimization model, we proceed in the spirit of the original
formulation by making the savings rate exogenous. For simplicity, we fix leisure and drop the CIA
constraint. Thus. N is fixed. a,- = 0 = a,. and savings is a fixed proportion, s, of disposable income,
which is the sum of real private output and the change in real balances. Conjecturing that in steady-

state N and M/PZN will be constant (which means n = y,,-u,), this implies:

(

! s
C =(1=) |Z'N°K,' "+ p,—*
. \ p

.
N
—

N
N

N—

0We abstract from income taxes. For the effects of changes in tax rates on investment and
growth see Medoza er. ai. (1995) and for the interactions between inflation, taxes, and investment see
the Bayoumi and Gagnon paper cited earlier.
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(A4) and (AS) are still valid, but the
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, {A6) in the Appendix drop out.
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This fourth model is labelled Tobin Model.

>

Long-Term Effects of inflation

These models differ as to the signs of the derivatives of steady-state values with respect to

indirect marginal utilities of M/ and K are differeni.
inflation (denoted by the subscript w), as described below:

[

>

No

[72]

>

7

0.

N* =0, (l/Zj*,

c* =0 k*,

1I. CIA for

Yes

Yes

No

¥
I, =

0, y*.=0,
N* <0, (/Z)* <0

c* <0, k*,<0,
i*ﬂ<0’ y*ﬂ<0'

Consumption
II. CIA for

No

Yes

No

No

Yes

N* <0, (I'Z)*.<0

Note that superneutrality is generally taken to mean that all real variables except real balances

-~
&

Consumption
& Investment

are determined independently from inflation, which is how we use the term in this paper.



inflation on work effort in the CIA-on-consumption model is intuitive: inflation acts as a tax on
consumption, inducing households to substitute into leisure. However, in the long run the real interest
rate is still independent of inflation in this model. The real rate, from constant returns to scale,
depends only on the capital-output ratio, which in the long run is independent of inflation, since the
CIA constraint does not apply to investment. Since inflation does decrease work effort, £* = (K/ZN)*
being independent of inflation, implies a downward shift in the balanced-growth path of K (i.e. a fall

in K/Z)*  When the CIA constraint applies to investment aiso (Model 1II) the capital-output ratio fails

1 e i~ L. M

in response to inflation and the real rate rises. This is because inflation acts as a tax on investment

anything (including inflation) that

decreases steady-state effective per capita real balances, m*, must increase the effective per capita

capital stock. k*. If &* rises. the real interest rate, of course, falls.

3. The Empirical Framework and Results
The Data

Our data consists of annual observations from the U.S.from 1889 to 1995. Output,
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used to obrain per capita values. The notation used in reporting the empirical results is as follows: vy,

G/Y is the ratio of real government spending to output, and = is inflation. The data appendix contains
additional details and lists the sources.
Table 1 reports summary statistics. Over the full sample 1889-1995, inflation averages

3.05%. while the share in total GDP of government spending, consumption, and investment is 19.4%,
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63.8%, and 16.6%, respectively. As is well-known, and as can be seen from the piots in figure 1,

M L£ne S

L N TN oot 15 3o
1ne Great pepression era, 10r exaimpie, is

WWII period reflects the opposite, with a 4.30% average inflation rate and 15.8% investment share.
The share of consumption in total output has remained fairly steady over the different sub-periods.
Univariate Properties

The use of per capita data for output, consumption, and investment amounts to deflating the

w

aggregate quantities of these variables by the deterministic component of the trend in work effort.’

[ 2l

he representative agent theoretical framework laid ou

and conducting more formal unit root tests.

Figure 1 plots the deterministically detrended logs of per capita output, consumption,
investment and also plots government size, inflation and the nominal interest rate. The nominal
interest rate data is provided for the purpose of comparison with inflation. Detrended per capita

output, consumption and investment appear to be nonstationary. The question of the stationarity, or

otherwise, of government size and inflation is not so clear-cut from the piots of the data. Plots of the
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first difterences (not reported) give a strong indication that the differences are stationary

The autocorrelations of the variables displayed in figure 1 are plotted in figure 2. The
autocorrelations of the detrended per capita levels of consumption, investment, output, and

government size do not die away quickly, again indicating nonstationarity. The autocorrelations of

An alternative procedure would be to instead use aggregate levels, but include a time trend
separately in the cointegrating (CI) vectors. Results from estimating CI vectors with this alternative
procedure are not reported, but briefly discussed in the text later.
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consumption, and investment autocorrelations die away, but slower than the rate at which the
autocorrelations of the first differences (not shown) die away."
Table 2 reports the results of two formal tests for unit roots: the augmented Dickey Fuller

(ADF) test, which has the unit root as the null hypothesis (Dickey and Fuller [1979]), and the KPSS

1 PR P B TP UNINY o TR B 1 [ o) TSR Yo mcm mmembmcsand e slan £iwns £acee A~ Tezanmanon MLhnwa 1o cixlhotnséinl
bounded beiween U and 1. The resuiis are coniainea in tne€ iirst TOUr COIUIMNS. 1nere iS suosiantial
evidence for unit roots in per capita values of output, consumption, investment, and government size,

interaction of the lagged first differences with a wartime dummy in the Dickey-Fuller regressions.
This essentially allows the wartime dynamics to be different from the rest of the sample period. The
results, reported in the final column, indicate unit roots in all the variables.

We thus proceed with the maintained hypothesis of unit roots in y, c, i, and n. In the case of

G/Y, we alternatively report resuits both under the assumption of a unit root and stationarity. There

a

are two factors that affected our decision in this respect. Firs

Lo s ~F Cicnnl malineg im o gonaral _aqsilile + that (2/V in
effects of fiscal policy in a general-equilibrium setting, assume that G/Y is mean-reverting, although
deviations from the mean value may be very persistent. (See, for example, Baxter and King [1993].)

, whereas this variable--being a ratio bounded between 0 and 1--cannot
be a restriction-free linear unit root process.

We also realize that the question of a unit root in inflation is controversial. However, there is

a vast theoretical literature analyzing the real effects of once-and-for-all unanticipated changes in

“The first difference plots are omitted to conserve space, since what they indicate--that the
variables plotted in figure 1 are not integrated of order higher than one--is unlikely to be
controversial.



inflation and whether a long-run inflation-unemployment tradeoff can exist or not. This literature puts
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have become more persistent
particularly in the post-war period. Given these considerations and the borderline nature of our own
tests, we proceed with the assumption of a unit root in .

The General Model in a Stochastic Environment

The univariate analysis suggests the presence of stochastic trends. Therefore, for empirical

and n--with a bar over the variable indicating the trend component and a tilde denoting the cyclical
component (the deviation from the steady-state path)-- we have
= +d: =g +§- =7 +7 (18
Ind, =Ind, +a;, g =g +8;, =@ =7 +*,. (18)

Invoking certainty equivalence, we can still characterize the steady-state path of the economy by (9)-
(14) (with the implications for the different models summarized in the panel on p.11), provided we
replace the (previously constant) steady-state inflation rate by its expected value. The latter, from the
random walk property of stochastic trends, is the current permanent component, n, with a bar over

ab dlin T i ab ok LK adn Lacra 45
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(e k) _ (1) _
“& = l 7N l sclm), ko= l 7N l =k(m); i = I 7N l = i(m);
\</") (AP V44 ) (19)
T
= | L% i =y(m);, N,/ =Nx); m =mm)

Note that y* is long-run effective per capita private, rather than total, output.
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For estimation, we postulate linear relationships between the logs of the variables on the left
hand side of side of (19) and the permanent component of inflation. Given this, (18), (19), and the

definition of Z kwhich implies In Z = (¢/0) g + (1/8) In (I-g) + In A = In 4 - [(1-$)/B] g), yield:

InC, =Ind, - ac g +(By* BT, + @+ &+ A~ ac &} 20)
—1nd P s =T+ 5 5 21

Inf, =lnd, -, g, +B,+BPm, +@+i+hA-q g,} @1

InY, =Ind, +(1-a)g, + B+ B, +{@~F+f-(1-0)g} (2)
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In our long-term data set, NV is an unobserved variable, and so we have substituted out for it. Also, we
do not report the analogous equation for X, since the capital stock is also unobservable in our data.

Egs. (20)-(22) imply the two independent cointegrating (CI) relationships given below:

&
[0.-(1w) -(B.-B,) - 1 0 n‘
ST ) 2B By iy | —ron 23)
aA, = | l i HU)
La"_ (1—(1;') _(.B,'_ B;') -10 lJ
InC,
InJ
{
These long-term relationships can be estimated and we can test whether or not the Fisher effect holds
by testing the null hypothesis H,: B, - B, = 0. It is also clear from (23) that the restrictions a, = o

= q, are overidentification restrictions; they set the coefficient on g in the two CI vectors to unity,
which can be tested, given that these restrictions are not needed for identification."
Thus, we estimate the following CI relationships using the maximum-likelihood Johansen

method (see Johansen and Juselius [1992]), as implemented in the PCGIVE statistical package:

'5Our particular theoretical set-up implies that o = o, = &, = (1-¢)/8, but, with more generality,
e.g. when government spending enters utility in a nonseparable way, these restrictions will not
necessarily hold.
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where e,, i=1,2, is the stationary deviation from the ith cointegrating (long-term) relationship. If the

Amimtaarating ranl to fvon o agtitnmatad imtagrating ve . 128 159 he ~AF + 1
cointegrating rank is two, the estimated cointegrating vectors can ode thougnt of as two linear
combinations of the vectors given in (23). If we normalize the coefficient on InC in the first estimated

combinations of (23) with the estimated vectors will provide eight equations in eight unknowns.
Hence, the structural cointegrating relationships are just identified. Any further restrictions placed on
the B coefficients are potentially testable. Our model implies the following restrictions on the B

coefficients: B,, =1 =B,, B;; =-1 =By, B, = Be - By, By, = By - By, When the Fisher effect

holds, we also have f3,, = 0 = 3,,.

Cointegration Test Resuits and Evidence on the Fisher Effect

ive and sequentially eliminating
e § o o

lags with F-tests used to check the validity of each reduction. The null hypothesis of p cointegrating

vectors (CI rank = p) is tested against the alternative of p+1 cointegrating vectors using the

maximum eigenvalue test statistic, and the more general alternative of at least p+1 cointegrating

vectors using the trace statistic. The values of the maximum eigenvalue and trace statistics are

~ . ra Tta vamnntad 1, ~ e e Al Af +aliln 2 fMlhn Avansbins 1o n
nodel, is consistent with the results reported in the upper nali of table 3. (The exception is a
. . . 16
borderline rejection if the trace statistic is used without the degrees of freedom (df) correction.’®) The
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There does not appear to be any consensus yet on whether Reimer's degrees-of-freedom
correction is the. preferred correction.
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(or fewer) CI vector is strongly rejected with or without the df correction, while the null of two CI
vectors cannot be rejected.

We take thesg rgsults to indicate that the assumption that the CI rank is two, implicit in our
theoretical model, is not at odds with the data.

. Table 4 displays our estimates of the cointegrating vectors: one for the 5-variable system of

the theoretical modeli and another for the 4-variabie system, in which G/Y is treated as a stationary

...... P PR VA » PO | I NSRRI REers gy RIS DY RSP PIPLY ISP JIPC SRt I )
variable.”’ Recall that our theoreticali model puts some overidentifying restrictions on the CI
relationships given in (24).: Specifically, the coefficient on output should be -1 and the coefficient on

on the government size variable is rejected m the time. The restriction on th
also rejected often. However, this is because, despite the fact that the coefficients are close to the
predicted value (-1.07 and -0.99 in the two vectors of the 5-variable system), they have small standard
errors (.02 and .09). This is seen in the last row of table 4. The joint restriction of a unit coefficient
on output in both vectors is rejected at any level of significance. Based on economic significance,
however, these restrictions couid be claimed to be satisfied. One should bear in mind that it is

possibie for a more general specification of our theoreticai model in which the coefficient on G/Y is

o € sntvostmiaa o g
. 11

The estimated structural cointegrating vectors are reported in table 4. For the five-variable
model, keeping fixed the effects of government size, a permanent increase in inflation is associated

with a drop in the consumption-output ratio and a rise in the investment-output ratio. The coefficient

"We report the results for the per capita specification only. However, we also conducted our
analysis for the level specification, with a time trend inciuded in the cointegrating vectors, for the full
sampie modei at ieast, with quite similar resuits.



estimates are statistically significant at customary levels. They indicate that a permanent one
percentage point increase in inflation is associated with a long-run drop in the consumption-output

ratio of about four percent and rise in the investment-output ratio of about five and one-half percent.

[a 23 NI mvclatnc temtm m e S L,\ clhawna ~AF Anmoiiznsmtingm 10 tadal FINMD AL Alnnie D) & mannantaas mAinéo
This translates into a drop in the share of consumption in total GDP of about 2.5 percentage points
and rise in the investment share of about 1.0 percentage point, using as initial shares the full-sample
means reported in table 1.. These estimates are large, as they imply that a permanent, one standard

deviation change in the rate of inflation (5.54 % according to table 1) is associated with approximately
a one standard deviation change in I/Y and considerably more than a one standard deviation change in
C/Y (which are 5.40 and 5.41, respectively). Table 4 also reports the results from the four-variable
specification in which government size is stationary. Here too the estimated vectors imply a positive
(negative) relationship between inflation and investment (consumption). The point estimates in the 4-

,,,,, o gl
1

variabie specification are of the same sign as in the 5-variable system and are also significant. The

models in which the real interest rate falls with higher inflation, are ones in which the Tobin effect
holds, this would also seem to provide some indirect evidence on the existence of a Tobin-type effect.
However, as emphasized earlier, the mechanism which generates this Tobin-type effect can, in
principle, be different from that emphasized in Tobin's original specification, since endogenous

savings rate models can also generate this type of effect under certain conditions.

v 1 1 ,
uuadratlc adlustment COSts [0 changmsz the tal stock modlfle (15) and v1e1ds more laus1bl effects
of inflation on the real rate. We do not report these numbers because the range varies wxdely
depending on the size of the adjustment costs, which is difficult to pin down. Also, our estimates for
the post-WWII sub-period shown below would provide more plausible effects.
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cleanly in light of our theoretical framework, we need to identify exogenous shocks to inflation, which
requires additional identifying assumptions. This also allows us to test for the Tobin or reverse-Tobin

effect directly. We begin by modelling the relationship among our stochastic trends:

o =g +¢g 25)
(<71 (=7 | Fdd N
Ind, =p, +Ind,, +e (26)
¢ La?’} - Al
nl = T[“ + BG gl ’ nll = (,‘M_ I"A) + nl I=| + em (27)

racnantivaly imnlu that tha nradnstivity trand and tha lano_min cina Af onvarnmant ara avagannneke
AVOpPVwLIYWIY 4 LUILIYE tiiauL uiiv yluuuyuvu UVIIA Alliu i lUlls LULL Dl UL sUVDllullDllL ailv DAUSGIIUU 1
given. to the inflation trend at least. Additionallv. the stochastic nart of the nroductivitv trend ig
given, to the intlation trend at least, Addifionally, the stochastic part of the productivity freng is

inflation (B;#0). The interpretation of the sign of B; is that it represents whether the inflation tax is
complementary to (8; > 0) or substitutable with (B; < 0) general income taxation.

A key issue before we proceed is whether the restrictions embedded in (25)-(27) are consistent
with reasonable theoretical models or not. There are two considerations. First, does it make sense
that the stochastic part of the productivity trend does not affect inflation in the long run? Second, is it
possible that a permanent change in inflation can have a long-run effect on the investment rate--and

ut no long-run effect on the growth rate of the economy? We discuss

annk Af thaca Anactinng In Hiren

€dacii O1 ules€ qucsuoins il .
On the fircet nnint ecaonnmic thenrv nrovidec a claarornt ancwer: nanca_and_far_all narmanant
NSAE AW LAAUV PUVIAL, WWUILUVLLIIY RAVUL Y PLIUVIUWY G WivdlTvul Qlig v vl viivvTaliuTiviTalil puliialvin

inflation, but we allow for this in (27). This suggests that the first restriction is sensible.
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On the second point, it would appear that if the inflat ate affects the real interest rate, then
it must also affect the long-term growth rate from the standard consumption intertemporal efficiency

condition. But this is not true in general. Conjecturing that in the steady-state the growth rate of the

economy is equal to u,, the growth rate of Z, (10), (13), and (15) can be used to show that:

~ ( v ~ VvV = /A ON
B(+r) = |\1+a,<;— (1) - B—,;Tak(lﬁ) %)

N——

¢ v ocostall

— 77 ON 1 L oa P, T RS B & IV B v o 77 1 ) PP R I [, 1. /T A RN SRR R,
EqQ. (£05) T€éauces 1o in€ ramuiar p(1+r) = (1+u,) Wil 10g-utilty, Uiy wnen e CiA constraint aoes

AJNT namenler dn tcavrncdinaned £~  — M D.: hnca ava alan ¢ha ~Ancao IMAAAATIS T Ae T viihhnen tha snanl wata ~F
NOT apply to investment (g, = ). But those are aiso the cases (MModeis i Or 11) when the real rate of
interest is independent of inflation. When CIA applies to investment also, it is feasible to have a

steady-state in which the real rate of return depends on inflation, yet 4, does not, since the ratio of the

Lagrange multipliers y/A also depends on inflation and enters the intertemporal efficiency condition.

Thus, our empirical work, that treats the growth rate of the economy as stationary, yédmits of
all the four models we discussed earlier. It is also consistent with the univariate properties of output
growth as well as cross-sectional evidence that has found only small growth rate effects of inflation--

such as Barro (1991)." It also admits of the endogenous growth class of models with money,

provided the parameterization is such that we can have significant effects of infiation on the

_________ b st tha momcsrdle cndn affantn nsms manliailia 20
lﬂVCblmCIll rat C, YCU UIC BIOWLIL 1dlC CLICUL 4IC NICEIIEIDIC.

Following much of the inflation and growth literature, we have not modelled monetary policy
explicitly here. However, implicitly, one natural interpretation of the permanent shock to inflation

(e,) is changes in the monetary authority's target inflation rate. In keeping with the spirit of relating

our empirical model to the theoretical literature on the real effects of inflation, we will, for the most

I S <

or e s etw
inflation and growth for high inflation countries. For example, De Gregorio (1993) documents such a
relationship for the Latin American countries.

There is some empirical evidence, though, of a more significant negativ

20 _ 1 1
“There certainly are endogenous growr' models where the investment rate has a unit root, yet the
growth rate effects of this unit root can be small with suitable parameterization. (See, for example,
tlan AApndan 14 ~] cmnmne srmantinmad anelice althasialh thhn antiena ~AF dlan 222mis snnd 222 thhn feacracbesenad senda
11C IVICIIUUZA €1 Uil. papel lllCllLlUllCU Cdlllcl, aAltllVUEIL UIC dUUILC UL UIC Ulllt 1001 11 UIC IIIVOMUIICIIL 1dLlC
3n that warly 1¢ tavy whitag rathar than inflatinn)
1 uiat UVIN 1D LaA 14alld, latllivl iiail iliativily.
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Under these properties, it can be shown that the parameters B, (By+B,),

1

N

n

n

Thus, in (30), the matrix 0 is the product of a matrix consisting of known coefficients (since

\

By+Bo)> By+BJ, oy 0 o, are identified, and can be retrieved from the reduced-form vector error-

Bc -Bys B, -By, a0, and a,-a, can be obtained from the estimates of the cointegrating vectors) and a
orthogonal to each other.

lower triangular matrix. In addition, assume, that the permanent innovations, &,, €,, €, are
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long-run model. Specifically, since the government size trend is causally prior to inflation and
independent of the productivity trend, the long-term behavior of g will identify this trend. Accounting
for the effect of this trend on inflation, the long-term behavior of inflation then identifies the inflation

trend. Similarly, accounting for the long-run effects of inflation and government size on consumption,

Thus, under the assumptions that (i) the productivity trend is independent of the fiscal and
inflation trends and (ii) the fiscal trend is causally prior to the inflation trend, we can identify the
long-run effects of exogenous shocks to inflation on the log-levels of consumption, investment and
output (By+Bc, Byvt+B; BytBy. respectively). Moreover, for the specifications in which G/Y is
nonstationary, B; is also identified. However, since we have rejected the unitary restriction on G/Y,

s 1

i-9)/6 is not identified.

~~
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The point estimates and standard errors of the B parameters are reported in table 5. Estimates
from both the five-variable and four-variable models indicate that a Tobin type effect is present: a

permanently higher inflation rate increases output, investment, and consumption (B,, B., B, > 0).
With the exception of B, which is borderline, these are all statistically significant. Our time-series
evidence on investment thus complements the cross-sectional results of Bayoumi and Gagnon, who
find that higher inflation countries tend to invest more.

We also find that 3, > 3, > B, so that a rise in inflation leads to a rise in the investment-

output ratio and drop in the consumption-output ratio, just as in the case of the estimates of table 4.
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associated withe a’long-run drop in the share of consumption in total GDP of about 2.5 percentage
points and rise in the investment share of about 1.0 percentage point. This would again suggest that
the Fisher effect does not hold in the long run. Finally, we find that B; > 0, indicating that the
revenue creation function of inflation is used in a compiementary fashion to other taxes. This is

b oJ og PO, ~ -

spreading a tax increase over different types of taxes, including inflation.
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more than twenty percent of the forecast error variance of either output or investment, and no more
than six percent of the error variance of consumption, at any horizon. Most of these point estimates
are insignificantly different from zero. Fiscal shocks account for most of the variance of G/Y, and a
sizable amount of the variance of inflation and output, according to part A. The error variance of

consumption is aimost entirely accounted for by the permanent output shock (part C), while
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variance of either consumption or investment. The contribution of inflation shocks to output
variability -- above thirty percent -- is higher than in the five-variable model but with large standard
errors. Consumption is once.again explained nearly entirely by output shocks, while investment is
explained by a combination of the permanent output shocks and the transitory shocks.

The variance decomposition resuits are instructive for understanding the long-run real effects

of inflation. From our cointegration analysis we estimate that permanent changes in inflation have
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these same variables. This suggests that, ove
permanent component of inflation has been relatively small.
Analysis of Sub-Periods

According to the results discussed above, long-term data from the U.S. do not appear to be
consistent with models in which either superneutrality holds or in which the only mechanism through

which inflation influences real activity in the fong run is acting as a tax on consumption and

investment. However, it could be argued that these resulis are driven by special sub-periods of the
data such as wars or the Great Depression, which was a period of deflation and low investment

results, we estimate the models over two subsamples: the post-war period (1950-1995) and the inter-
war period (1918-1941)."

The results from the sub-samples are contained in table 7. According to the first row of the
table, both sub-periods are characterized by a positive relationship between inflation and the
investment-output ratio and a negative relationship between inflation and the consumption-output ratio.

e relationship of inflation with the investment ratio is much stronger for the inter-war period than

starting from a 14 % share to a 10% share). This large effect

movements in inflation and investment during the Great Depression. Eichengreen (1992) argues

persuasively that the direction of causation in this interwar relationship likely goes from monetary

2The results from the sub-periods must be interpreted with some caution, however, since

cointegration and VECM estimation techniques are more appropriate for longer spans of data.
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-Z) -



decomposition results from the estimation of the fully identified structural model (discussed shortly).
In the post-WWII period, the long-run relationship between inflation and investment, although
still positive and significant, is considerably smaller than in the full sample: the estimate implies that a
permanent 1 percentage point drop in inflation is associated with a drop in the share of investment in
total GDP of 2/10 of a percentage point (e.g., starting from a 14% share to a 13.8% share).
The variance decomposition resuits are reported in the final row of the table. In both sub-
periods, the inflation shock accounts for a large percentage of the forecast error variances of output,
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inflation shocks during the post-WWII period is of the same order of magnitude. Clearly, the
inflation trend became increasingly important relative to the other permanent trends in the latter part
of the sample, a result which probably reflects the increased persistence of inflation itself, as noted by
Barsky (1987) and others.

The combined analysis of the cointegration vectors and variance decompositions; for the full
sample and sub-periods, suggests the folIowing.v Over the entire 1889-1995 period, permanent shocks

to infiation, when they do occur, have large iong-run effects on real variabies. However, significant

alhanlee ¢ 2aaflnsine nemsannee = - ~ AT SrATTS SRS [N S, T % R .
shocks to inflation appear nof to occur very frequently during much of the sample. However, the
post-WWII period is noticeably different. Although significant "permanent” shocks to inflation are a

rate fell by as much as would be implied by the full sample estimates. One might conclude from this
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that long-run superneutrality, although a good starting point in explaining real economic fluctuations,
is not strictly-speaking a correct description of the data generation process.

Recall that the post-WWII period is characterized by a larger variance of inflation shocks, as

1 L]

well as smaller long-run effects of inflation on real variables for a given size shock. This may well be
............................ ng maoved increasinely awav from "rules" and toward
the CoICYucnic of monetary pUllL«y havir ig MOVEQd ICTCASIHIELY dwady 1101 Tuwies  alild tUwaiu

"discretion”. Clearly, moving to a more discretionary monetary policy is likely to make monetary
policy shocks, and thereby inflation shocks, more volatile. And to the extent that the discretionary

stabilization policy is successful, it will also mean that the observed response of real variables to a
given size monetary policy shock would be smaller. This latter point has been made by Mankiw

(1986), for instance.

5. Concluding Remarks

Understanding the long-run real effects of permanent changes in inflation is essential to

JL I TR U . PR S S PSS . SR Alrnsmamalo AF wmannmatnuegy mAling tnanormiccinnm  ago o 11 ag ¢~
UﬁDach 1I1 ¢ LdUCllub Lllblcb LUllLUllullg C CldINICI UL ] lUllCtd. Yy pullly tldl IHDDIUU, ad wWCll ad tU
debates in policymaking circles related to the goal of price stability. Using a new approach, this paper

The evidence from long-term U.S. data indicates that the investment rate, and hénce implicitly
the real rate of interest, is not independent of inflation in the long run. Specifically, a permanent
unanticipated rise in inflation is associated with a rise in the investment-output ratio in the long run.
This is consistent with the real interest rate falling and a Tobin-type effect. Direct evidence on the
Tobin/reverse-Tobin effect confirms this. Our empirical approach does not tell us the exact
mechanism that generates a Tobin type effect. We ieave as open the question of whether a Tobin type
idual het cxugcucuy, and uncertain lifetimes
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downward rigidty of nominal wages with individual firms experiencing stochastic shocks to the
demand for their output, as emphasized recently by Akerlof et al.

Our results, however, do appear to be inconsistent with models that emphasize either
superneutrality or only the role of inflation as a tax on consumption or investment, or endogenous
growth models with money, which also generate a reverse-Tobin effect. One must bear in mind,
though, that our variance decompositions from the full sample, suggest that, while a significant Tobin
type effect is found, the role of inflation in explaining the fluctuations in the levels of real variables is
very limited, compared to the role played by productivity and fiscal trends. We conclude that real-
business-cycle models and endogenous growth models appear to be useful approximations in
explaining real economic fluctuations. But they are perhaps not the best models, even when extended
to incorporate money, for understanding the long-term real effects of inflation, at least in the form in
which they are currently popular.

The resuits from the post-war (1950-1995) and inter-war (1918-1941) subsamples confirm the
existence of a Tobin type effect, but differ from the full-sample estimates in two ways. First, the
estimated long-run effects on output, investment, and consumption are much larger (smaller) in the
inter-war (post-war) period than in the full sample. Second, as measured by the variance
decompositions, the inflation trend is quite important in the sub-periods. Comparing the full-sample
and post-WWII results suggests that, in those périods when permanent changes in inflation are
estimated to have large long-run real effects (pre-WWII), such shocks did not occur often. However,
when "permanent” shocks to inflation are a more regular part of the data, as in the post-WWII period,
such shocks have smaller long-run effects. A convincing explanation of both of these results could
center on the more activist stance of monetary policy in the post-WWII period.

Two further avenues of research are worthy of pursuit. First, it would be a useful extension
io incorporate net exports into both the theoretical and empiricai anaiysis and aiso provide evidence on

the long-run effects of inflation on this variable. Second, it would be interesting to undertake a cross-
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following recursive representation:

ll ( A \I

VM K P) = max | C,1N, 2| + BVMe K. .P ) e
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Let the Lagrange multipliers associated with (6) and (7) be A, and v,, respectively. Then using
Bellman’s equation and imposing M, = M, , the first-order necessary conditions of the maximization

problem are (6) and the following equations: -

u(.) =A+ay, (A2)

u(.) =AXF(.) (A3)

B = (A4)
V4 P!

B"z( 1-2) = 7\'1 * al’('Yl (AS)

Appendix B: Identification and Estimation Strategy

1 . - .

1e text and reproduced below fi

A4 O .

The structural model in M4 form is (29) in ¢

S, S, ~ e, 0] BIS
AX, =0(L)e,; var(e) =S=|_ _|, 8(1)=6 0]=| |, B
P12 Oz, |9, 9
where recall ¢ = (¢, ¢, £, e, &,’) consists of the three permanent and two transitory shocks and

(2x2) are the diagnol covariance matrices of the structural



permanent and transitory disturbances respectively and S,, = S,, = 0, implying the independence of
the permanent and transitory disturbances. The matrix 6 (5x3) is the product of the two matrices
given in (31) in the text and for convenience we have partitioned © further into 0, (3x3) and 6, (2x3),
where 0, is lower triangular.

The reduced-from VECM can be used to obtain the following reduced-form M4 representation:

)
AX, =C(Lye; var(e) =V, C(1) =| | (B2)
1C2)
whara far ranvenionece £ /1) hae haan nartitinnad intn ite Fircet thraa rawe 77 RAv&Y and ite lact
WIICLIU 1ULR VUV UILIVIILG \./(l/ 1iad ULl yaluuuuuu HILYU 1RO LIIOU UL TUWS, k./l \JAJ}, QLU ITO 1Adt LYWL
rowse . (2xS)
rows, C, (2x5).
Next we express the structural disturbances as a linear combination of the reduced-form
disturbances:
Ip 1
1
e ~Pie; Pi=| | (B3)
{ I3d
P
L *~dJ

where P has been partitioned for convenience into its first three rows, P, (3x5), and its last two

rows, P, (2x5). To show that our model identifies the permanent structurai disturbances, we have to

— . : I . . |

natrices, 5;, S,, are nuil

PR SR

demonstrate that under the assumptions given above that §,,, S,, are diagr

From (B1), (B2), and (B3),

where W), is the upper left-hand (3x3) submatrix of W. It follows directly from the last line of (B4)

that the Choleski factor of #,, will give the unique 6, such that S, is the identity matrix. Then from

\ PR o

the first line of (B4), (B3), and the partitions for () and C(i) given in (B1), (B2) respectively, it in -

e, cera thho
U

£olloo thoe P = 0
TS 1Ou0OWS uiat r;, = v,
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Obtaining the Last Two Rows of P (P,)
We need to do this to complete our identification. This is to ensure that the transitory
disturbances are independent of the permanent disturbances, so that the impulse responses and

variance decompositions with respect to the permanent disturbances are reaily identified and not

s=pivP*
=S, =P VP, (B5)
S,, =P,VP/

We must choose P, such that S;, = 0 and S,, is invertible. This can be done by picking any two
linearly independent solutions to P, Vx = 0, where x is a (5x1) vector of unknowns being solved for.
One way to do this is to pick the two independent eigenvectors associated with the non-zero
eigenvalues of the matrix M, where M = I-4'(4A4')"'A, with 4 = P,V. Since Mx = Ax, where the A;s
are the eigenvalues of M, AM = 0 (which is true by construction) implies Ax = 0. Note that this is
Jjust one way to obtain P, and that is why the transitory disturbances are not individuaily identified.

P o~ 2 slan sernnd FAasmins ~ciernee ler AN e
s not in the exact form given by (30), in the sense

)
[
aQ
=
-
=
<
=
\oj
7
oy
=
[¢*]
N
(¢°]
=
-
5
<
=
(X
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DATA APPENDIX

(1) Y = real gross domestic product in billions of 1987 dollars. The sources are Kendrick (1961)
table A-IIa from 1889-1928, and the National Income and Product Accounts (NIPA) from 1929-1995

~ e A ¥4

the same as for Y

(2) C = real consumption expenditures in billions of 1987 dollars. Sources ar
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(3) I = real gross private domestic investment in billions of 1987 dollars. Sources are the same as for
Y.

(4) G = real federal government expenditures on goods and services in billions of 1987 dollars.
Sources are the same as for Y.

(5) P = GDP deflator, taken as the ratio of nominal GDP to real GDP (1987 = 1.00). Nominal GDP
data are taken from Kendrick (1961) table A-1Ib from 1889-1928, and NIPA from 1929-1995.

(6) POP = total resident population of the United States, taken from U.S. Bureau of the Census (1976
and 1992) and updates.
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Table 1: Summary Statistics - Means and Standard Deviations

Full Sample Pre-Wwi Inter-War Post-War Post-OPEC
(1889-1995) (1889-1914) {1918-41) (1950-95) (1973-95)
G/Y 19.4 11.6 18.3 21.7 19.0
(8.56) (0.92) (5.66) 3.19) (0.69)
.4 3.05 0.81 0.36 430 5.56
(5.54) (2.72) (7.03) (2.42) (2.48)
CcY 63.8 64.1 67.8 63.3 66.1
(5.40) (2.10) (4.52) 3.27) (1.52)
7y 16.6 229 13.7 15.8 16.1
(5.41) (3.13) (4.98) (1.25) (1.32)
Ay 3.13 3.49 2.92 3.08 239
(5.92) (5.82) (7.29) (2.40) (2.15)
Notes: G/Y, C/Y, and I/Y denote, respectively, the ratios of real govemmem purchases, reai
consumption, and real investment to real GDP;  denotes the annual percentage change in the GDP
deflator, and Ay denotes real GDP growth. Reported above is the mean and standard deviation (in
parenthesis) of each series, in percent.
Table 2: Unit Roots Tests
If il
|| Variable ADF ADF KPSS KPSS ADF- level |
|| (level) (st diff.) (level) (1901-92) [war dynam] |
' _L_
c -2.14 -4.24%* 0.24** 2.12%* -2.05
i -2.24 -4.80** 0.28%* 0.47** -2.24
y -2.95 -4 57%* 0.08 2.02%% -2.82
T -3.51* -6.00** 0.05 0.25** -2.62
G/Y -2.28 -5.98** 0.65* 0.65** -0.49

Notes: ¢, i, and y denote, respectively, the logs of real per capita consumption, investment, and GDP;
7 denotes the annual percentage change in the CPI, and G/Y is the ratio of government purchases to
GDP. ADF denotes the Augmented Dickey-Fuller test statistic for the unit root null hypothesis.
KPSS denotes the Kwiatkowski, Phillips, Schmidt, and Shin test of the nuil of stationarity. ADF [war
dynam] refers to the ADF tests that aliow the short-run dynamics for the world war years to be
different. The sampie period is 1889-1995 except in the final column, which displays resuits for the

------ A 1} Py 1 ek * £Loan 11 _. 1Nn0/ 0/ ad 107

1901-95 Sample perloa A #, * and ** indicates re_]ecuon oI the nuil at 1V%, 5%, and 17o,
respecnvely A time trend is included in all tests for all variables except (G/Y). A lag length of 5 is

PP
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Table 3: Tests of Cointegrating rank

Results for 5 Variable Model

H,: CI Max Max 95% Trace [ Trace 95%
rank=p eigenvalue !l eigenvalue critical statistic statistic critical
statistic statistic value (df) value
(dh
L I | — |
p=0 44.84** 38.31* 33.5 106.1** 90.69** 68.5
psit 28.08%* 24 .0* 27.1 61.3%* 52.38* 472
p<2 19.85 16.96 21.0 33.23* 28.39 29.7
p<3 13.26 11.33 14.1 13.38 11.43 154
p<4 0.12 0.10 3.8 0.12 0.11 3.8
System: G/Y, n.y, ¢, i;  Sample = 1893-1995; Lag length = 3.
Constant included in the deterministic component.
Resuits for 4 Variable Model
H,: CI Max Max 95% Trace Trace 95%
rank=p eigenvalue || eigenvalue critical statistic statistic critical
statistic statistic value (db) value
(df)
R — L
. . . . I
p=0 42.3%* 37.4%* 2.6%% 73.0%* 47.2
p<l 27.4%* 24.2%* 21.0 40.3** 35.6** 29.7
ps2 12.7 11.2 14.1 12.8 11.4 15.4
ps<3 0.22 0.20 3.8 0.22 0.20 3.8
System: 7, y,c,i;  Sample = 1893-1995; Lag length = 3.
Constant, G/Y and 3 lags of G/Y are included in the deterministic component.

NOTES: (1) * (**) indicates significance at the 5% (1%). (2) The maximum eigenvalue static (df)
and trace statistic (df) apply a simple small-sample correction to Johansen's statistics (replacing T by
T-nm, where T = number observations, n=number of variables, m = number of lags) as recommended
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Table 4: Estimates of Structurai Cointegrating Vectors

" Coefficient Il
- |
Variable Five-Variable System Four-Variable System'
Vector 1 Vector 2 Vector | Vector 2
1 —
c 1.00° 0.00r 1.007 0.00"
i 0.00" 1.00° 0.00" 1.00"
y -1.00 -1.00° -1.007 -1.00°
' 4.02 -5.58 11.0 -6.52
(0.72) (1.17) (1.95) (1.26)
GrY -0.63 3.84 --- -
(0.39) (0.63)
Lag length 3 3
xX(2) [p-value]’ 16.5 [.00] 17.7 [.00]
Coefficient on y -1.075 -0.99 -1.08 -0.97
(unrestricted)’ (0.024) (0.09) (0.03) (0.10)

Notes: Standard errors are in parentheses. A """ indicates that the coefficient was constrained to the

value shown. (1) In the four-variable system, GY is treated as stationary and exogenous; its

contemporaneous value and three lagged values are included as deterministic components of the VAR
equations. (2) This is the Chi-squared statistic associated with the likelihood ratio test of the null

hypothesis that the restrictions imposed on the output variable in the two vectors are jointly satisfied.
"P_value" refers to the marginal significance level of the ¥’ statistic. (3) The coefficient on y from a

separate estimate in which the unit coefficient restriction is relaxed.

5-Variable System

4-Variable System

7.47 3.45 13.1 0.48
(2.14) (1.77) (2.44) (0.18)
20.7 9.74 273

(5.84) (5.09) (5.98)

Notes: Standard errors, shown in parenthesis, were computed by Monte Cario simulation using 1,000

replications.
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Table 6A: Variance Decompositions: Five-Variable Model

A. Fraction of the forecast error variance attributed to t

Horizon: G/Y n y c i

1 77.8 429 49.7 0.17 0.18
(17.6) (14.9) (16.3) (7.35) (8.43)

2 71.1 379 53.2 1.86 1.45
(17.4) (13.5) (14.6) (6.96) (8.05)

5 62.3 32.8 51.1 1.82 1.94
(15.4) (11.4) (13.3) (6.52) (7.23)

20 60.8 32.4 51.0 1.92 2.87
(14.9) (11.D) (13.2) 6.47) {6.97)

""""""" GI/\IL/ e y [ 1
1 1.57 2.68 17.5 5.13 1.94
(4.33) {6.64) (12.0) (8.31) (7.01)
2 9.37 8.89 i8.5 5.35 3.31
(6.30) (6.56) (10.6) (7.58) (6.48)
5 18.3 14.8 17.8 5.63 i4.1
(6.95) (7.01) (9.54) (6.64) (6.27)
20 19.0 15.3 17.9 5.77 15.7
(7.03) (7.04) (9.43) (6.66) (6.68)
C. Fraction of the forecast error variance attributed to the output shock
Horizon: G/Y i y c 1
1 1.93 4.06 28.8 90.9 25.1
(6.54) (6.83) (15.8) (14.1) (13.0)
2 3.71 7.27 242 83.9 28.6
(7.08) (7.79) (12.4) 12.7) (11.8)
5 3.61 6.81 23.9 814 24.7
(6.26) (6.87) (11.2) 117 (9.95)
20 3.90 6.74 239 81.0 243
(6.16) (6.75) Ly (11.6) (9.46)




1 2.80 34.1 5.23 1.89
(7.70) (18.6) (8.98) (7.63)
2 8.04 347 7.80 1.86
(7.22) (18.1) (8.44) (7.12)
5 10.8 38.8 7.92 4.78
(7.91) (14.5) (7.44) (6.74)
20 11.0 39.6 8.16 6.31
(8.01) (14.2) (7.44) (6.65)
B. Fraction of the forecast error variance attributed to the output shock
Horizon: T y c i
1 0.11 56.6 94.4 37.1
(3.89) (19.1) (12.0) (15.8)
2 2.89 55.5 86.2 39.0
(5.24) (18.0) (11.0) (14.7)
5 3.24 50.0 83.5 36.6
(5.13) (14.6) (10.2) (13.3)
20 3.21 49.0 83.2 36.5
(5.13) (14.4) (10.3) (13.0)
te n nthesis, were compu d by Monte Carlo simu

tncs Qandard arrare chAwun (n marent $n
otes: oStanaara €rrors, Snowin in parentnesis, were compuie
a
v
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rl‘l\"\lﬂ ’7 A“ﬂ"]ﬂ;n l\r Q"'\=nnrinll¢
AAVUIV [ ¢ nnal'yulo UL DU llbl JAVAY N
Model
Estimates 5-Var., Post-war 5-Var., Inter-war 4-Var., Post-war 4-Var., Inter-war
| (1950-95) (1918-41) (1950-95) (1918-41)
]
Cointegrating vectors: | n G/Y T Y T n
(1) [1.0(c-y), m, G/Y] 0.71, 1.87 6.38, -3.27 1.01, --- 2.24, ---
(2) [1.0(i-y), m, G/Y] -1.00, 0.67 -29.2,22.6 -0.95, --- -11.3, ---
Structural parameters: 2.69, 1.98, 11.7, 5.35, 1.51, 0.50, 4.90, 2.66,
(By*+By . BytB. ., Byt+B,, B) 3.69, -1.49 40.9, 0.78 2.46, --- 16.2, ---
Forecast Error VDCs':
(1) Pct. due to fiscal shock 65.6, 20.6, 6.55, 64.4, 38.1, 17.5, --- -
[G/Y, &, y, ¢, i; 2-year] 22.8,16.7 5.94,353
(2) Pct. due to inflation shock 15.6, 3.62, 62.4, 15.9, 6.49, 50.2, --, 107, 64.1, ---, 459, 89.9,
IG/Y, =, v, ¢, 1; 2-vear] 43.8,31.2 50.7, 51.8 24.8, 48.4 58.0, 84.9
(3) Pct. due to output shock 13.6, 70.9, 28.6, 7.80, 9.12, 27.9, ---, 244, 25.0, --,229, 6.28,
[G/Y, 7, v, ¢, 1; 2-year] 32.2,35.8 41.7, 7.76 65.2, 23.7 39.0, 6.18

Notes: A """ indicates that the coefficient was constrained to the value shown. (1) The fraction of the forecast error
variance of each variable attributed to the fiscal, inflation, and output shocks, at the 2-year horizon.
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