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ABSTRACT

The causal relation between saving and investment has momentous implications
for fiscal policy. If saving causes investment, this lends support for
policies of fiscal austerity. Neither the national income accounts nor
economic theory can resolve issues of causality. This paper presents a VAR
analysis that examines the saving - investment relation. The principal
findings are that investment spending is negatively impacted by personal
saving and independent of government saving. Increases in personal saving have
a negative effect on government saving. These patterns are consistent with the
Keynesian paradox of thrift.
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I The significance of the saving - investment nexus: why it matters

The relationship between saving and investment remains one of the great

contested areas in macroeconomics. At the heart of the debate lies the

question of "causation", and whether it is "saving that causes investment" or

"investment that causes saving". Whereas the theory of the natural rate of

unemployment has been the central theoretical question for monetary policy,

the issue of saving - investment causation is the decisive question for fiscal

policy.

The policy implications of the competing intepretations of the saving -

investment nexus are momentous, with issues of saving - investment causation

informing almost every dimension of fiscal policy. Thus, the economic

significance of government deficits is commonly constructed in terms of their

negative effects on net national saving and capital formation. Behind this

interpretation of government deficits lies an implicit view that it is saving

that causes investment: government deficits represent negative government

saving, and this reduces the pool of national saving available for investment,

thereby reducing the level of investment. It is this view that has provided

the justification for recent policies of fiscal austerity designed to reduce

deficits. In the U.S., the belief that saving causes investment has motivated

the push for a balanced budget. In Europe, it is also the motivating force

behind attempts to trim government deficits, while the IMF appeals to such

reasoning in its justification of fiscal austerity packages for developing

countries that have balance of payments and growth difficulties.1

Not only does the saving - investment causation debate raise questions

about the level of deficits, it also has implications regarding how such

deficits are to be closed. Thus, if saving causes investment and investment is

desired for purposes of raising growth, then the government deficit should be

                                                          
1 Barro (1974) challenges this view, and instead argues that bond financed
government deficits are neutral with regard to private saving and capital
formation. His argument is that private agents internalize the future tax
obligations implied by such deficits, realize that they leave their inter-
temporal budget constraints unchanged, and increase private saving to offset
government dis-saving.
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closed by cutting spending rather than raising taxes. This is because raising

taxes would tend to lower disposable income and household saving, thereby

reducing the benefit of lower deficits on national saving. Indeed, taxes

should actually be cut so as to increase saving. Moreover, to the extent that

the propensity to save is positively related to income, upper level income

taxes should be cut first. In such fashion, the claim that saving causes

investment has profound implications for the design of fiscal policy.

Finally, similar considerations inform the emerging debate over social

security. Social security and state funded pension schemes are represented as

reducing private saving, and to the extent that private saving causes

investment, such schemes reduce private capital formation (Feldstein, 1996).

The policy implications are clear: if saving causes investment, then

arrangements such as social security have a negative effect on private capital

formation, which in turn makes the problem of preparing for an increasingly

aged population more difficult. Consequently, such schemes should be replaced

by privatized pension schemes.

The above observations show how the question of saving - investment

causation deply informs the debate over fiscal policy, and it is for this

reason that the saving - investment question has a significance that matches

that of natural rate theory. If the view that saving causes investment is

true, then increasing the rate of capital formation requires increased

national saving, and this calls for policies of "abstinence" on the part of

both households and government.2 On the other hand, if investment causes

saving, then the policy implications are substantially different. In this case

there is no necessary need for abstinence: rather, the problem is one of

getting enterprises to increase their investment spending.

                                                          
2 Gordon (1991) emphasizes this point in his analysis of the policy
implications of the savings-investment controversy. Per the classical view,
U.S. households and government went on a "consumption binge" in the 1980's,
which was responsible for the low rate of capital formation in the decade. For
an examination (and rejection) of the household consumption binge hypothesis
see Blecker (1990).
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It transpires that neither the national income accounts nor macroeconomic

theory can help resolve the issue. Instead, the matter reduces to an empirical

question. Surprisingly, there is little empirical literature on this critical

subject. This paper seeks to fill this lacuna by providing a formal time-

series analysis of the saving - investment relationship using vector

autoregression methods. The findings suggest that investment is largely

independent of saving, a conclusion which calls into doubt the likely

effectiveness of the current pro-saving thrust of economic policy. Instead, if

the goal is to increase capital formation, the findings in this paper suggest

that economic policy should focus directly on increasing investment spending.

II The national income accounts: counting vs. causation

At the center of the debate over the saving - investment nexus lies the

issue of causality. Though analytically clear, identifying causality is

problematic. This intractability is visible in the national income (NI)

accounts.

Per the expenditure method of accounting, GNP is defined as

(1) Y = C + I + G + X - M

where Y = nominal GNP C = nominal consumption expenditures
I = nominal investment expenditures
G = nominal government purchases of goods and services
X = exports M = imports.

The logic of this definition is that all goods and services produced must be

used in some application.

Production also constitutes aggregate income, and this income must be

dispensed by its owners. If the private sector consists of households and

firms, this implies

(2) Y = C + SH + SF + TH + TF

where SH = household saving SF = firm saving (retained profits)
TH = tax payments by households TF = tax payments by firms

By definition, income is allocated across consumption, saving and tax

payments. Equating (1) and (2) therefore yields

(3) SH + SF + D = I + NX



4

where NX = X - M = net exports, and D = TH + TF - G = government saving

(surplus if positive: deficit if negative). The left-hand side represents

national saving, which consists of private sector saving (SH + SF) and

government saving (TH + TF - G). By definition, it is identically equal to

investment plus net exports. The logic is that claims on output (income) which

agents have chosen not to excercise (saving) means that there is output which

has not been purchased for either private or government consumption. This

output is not thrown away, but instead remains in the hands of firms where it

constitutes investment, or it is exported.3

The above analysis of saving and investment in the NI accounts serves to

highlight two distinct questions. One concerns "counting" of investment, while

the other concerns "causation". A long standing critique of the NI accounts,

recently reiterated by Eisner (1991), is that they undercount investment owing

to the failure to recognize household spending on durables and government

spending on public capital. This critique can be understood by redefining the

GNP income and expenditure identities as follows

(3') Y = CND + SCD + SH + SF + T = CND + ICD + IF + GC + GI + X - M

where CND = consumption of non-durables
SCD = household saving embodied in new consumer durables
ICD = investment in new consumer durables
IF = business sector investment
GC = Government expenditure on non-investment goods and services
GI = Government expenditure on investment goods and services.

Total saving is then given by

S = SCD + SH + SF + (T - GC)

while total investment is given by

I = ICD + IF + GI

Under these revised accounting definitions, saving and investment are much

higher than currently stated, which clearly has implications for the debate

over whether there is a "shortage" of saving and investment.

                                                          
3 Net corporate investment financing needs are NSF = SF - I. If NSF < 0 firms
need to raise to finance to cover investment expenditures: if NSF > 0
internally generated profits exceed investment spending. Note NSF does not
measure net corporate borrowing since the latter is affected by balance sheet
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However, though appropriate national income accounting can help shed

light on the "magnitude" of saving and investment, it is of no help regarding

the causal relation between saving and investment. The national income

identity given by (3) provides an historical record of saving that has already

been accomplished, and therefore by definition must have been matched by

investment.4 Consequently, the accounts cannot answer the critical policy

question of whether an increase in saving produces a sustained increase in

investment, or whether it sets in motion adjustments that annul the initial

increase.5 Likewise, the national income accounts cannot answer the question

of whether an increase in investment spending produces a sustained increase in

saving, or whether it too provokes adjustments that annul the initial

increase. The national income accounts are therefore useful in policy debates

involving "counting" and "categorization" issues, but they are of little use

for issues concerning "causation".

III Economic theory and saving - investment causation

The inability of the NI accounts to disentangle the saving - investment

nexus raises the question as to whether economic theory can help resolve the

matter. The view that saving causes investment is widely identified with

classical macroeconomics, while the view that investment causes saving is

widely identified with Keynesian macroeconomics. However, deeper inspection

reveals that both theoretical perspectives are capable of producing bi-

directional causality, and this limits the usefulness of theory for resolving

this crucial matter.

                                                                                                                                                                                          
refinancing arrangements, such as equity buy-backs. These refinacings show up
in the Flow-of-Funds accounts.
4 Neo-Classical growth accounting excercises (see for instance Harris and
Steindl, 1991) are characterized by the same flaw, the only difference being
that the saving-investment identity is placed in a dynamic rather than static
context.
5 For instance, an initial increase in saving may increase investment through
involuntary inventory accumulation, but this increase would then be annulled
by a contraction in output that reduces saving and inventories.
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In the classical macro model the level of investment is determined in

the loanable funds market by the demand and supply for loanable funds. The

demand for loanable funds is a negative function of the real interest rate,

and represents investment demand: the supply of loanable funds is a positive

function of the real interest rate, and represents the supply of saving. The

real interest rate and levels of saving and investment are then determined by

the interaction of these demand and supply schedules, as illustrated in Figure

1.

In principle a rightward shift of the investment demand schedule can

cause an increase in investment, with the extent of the increase depending on

the interest sensitivity of saving. However, a rightward shift of the saving

supply schedule can also produce an increase in investment. The sole

difference between the two experiments, is that in the former interest rates

rise, while in the latter they fall. If the investment demand schedule is

perfectly interest inelastic, then investment is independent of saving: if the

savings supply schedule is interest inelastic, then savings constrains

investment. This latter case is the extreme classical case.

As with classical macroeconomics, the short run Keynesian model also

allows for bi-directional causality. Figure 2 shows the conventional ISLM

diagram. An increase in investment spending shifts the IS right, and raises

investment, output, and the real interest rate. An increase in saving shifts

the IS left, and income and interest rates fall. If investment spending is a

negative function of the interest rate, then investment spending rises owing

to the decline in interest rates. This reveals how saving can cause investment

in the Keynesian model.

However, it is also possible that higher saving can reduce investment

spending if investment depends positively on the level of output. In this

case, the negative effect of a decline in output on investment spending

outweighs the positive effect of a decline in the real interest rate. The

extreme Keynesian case of the "paradox of thrift" occurs if investment is

interest insensitivite and the IS is vertical. In this case, an increase in
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saving shifts the IS left: output and interest rates fall, but investment

spending is unchanged. Conversely, an increase in investment shifts the IS

right, and investment, interest rates and output all rise. In this instance,

investment causes saving dollar-for-dollar.

III Empirical analysis: Evidence from a VAR analysis

The inability of both the NI accounts and economic theory to resolve the

question of saving - investment causation means that it ultimately reduces to

an empirical matter. This section provides empirical evidence on the relation

between saving and investment in the U.S. economy that is derived from a VAR

model.

The specification of the VAR model is based on a prior excercise that uses

Granger-causality regressions for purposes of establishing the degree of

relative exogeneity amongst variables. These results are then used to help

guide the ordering of variables in the VAR model.

The critical feature of the VAR model is that the variables are ordered

in such a fashion that saving is given the greatest possible prominence with

regard to its role in the economic process. In effect, the model is set up so

as to favor the claim that saving causes investment, and so as to diminish the

claim that investment causes saving. Consequently, a finding that investment

causes saving carries additional credibility.

All data was in quarterly form and covered the period 1947.1 - 1995.2.

The data was obtained from the CITIBASE data bank. Details regarding the data

and the generation of variables are described in the data appendix.

Some diagnostic Granger - causality tests

Granger - causality regressions can be used to test the degree of relative

exogeneity amongst variables. This is a useful excercise for purposes of

constructing a VAR model, since it can help guide the odering of variables in

the VAR model.
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For purposes of the Granger - causality tests, all variables were

expressed as first differences and tested for stationarity using the augmented

Dickey - Fuller test. The augmented Dickey - Fuller test equation used one lag

of the first difference plus a constant, and all variables satisfied the

Mackinnon critical values at the 1% level.6 The definition of variables is as

follows:

DRY = change in per capita real GDP
DRPERS = change in per capita real personal saving
DRINV = change in per capita business fixed investment
DRGOVS = change in real per capita state and Federal government

deficit/surplus
DRNETX = change in real per capita balance of trade

Table 1.0 reports the p-values associated with bivariate Granger -

causality regressions using DRY, DRPERS, DRINV, DRGOVS, and DRNETX for the

full-sample period 1947.1 - 1995.2. In order to investigate whether there were

any marked structural changes in the pattern of causality over the period as a

whole, separate Granger causality regression results for the sub-sample

periods 1947.1 - 1973.4 and 1974.1 - 1995.2 are reported in Tables 1.1 and

1.2. The first half of the full sample period covers the period of the Bretton

Woods regime of fixed exchange rates, and it is also a period when the U.S.

economy was relatively closed and had a small percentage of GDP involved in

international trade. During the second half of the full sample period,

exchange rates were flexible and U.S. trade openness increased.

The principle findings from the Granger - causality tests were:

(1) DRPERS Granger causes DRY. In the first half DRY caused DRPERS, butthe

pattern reverse in the second half when DRPERS starts to cause DRY.

(2) DRY Granger causes DRINV. This pattern is present in both halves of the

full sample period.

(3) DRY Granger causes DRGOVS. This causal pattern is absent in the first half

of the sample period, but is strongly evident in the second half.

(4) DRY Granger causes DRNETX. Again, this relation was absent in the first

half, but emerges in the second half of the sample period.

                                                          
6 RPERS and RGOVS were both stationary in levels at the 5% confidence level.
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(5) DRPERS Granger causes DRINV. This causal relation is present in the first

half of the sample period but disappears in the second half.

(6) DRINV Granger causes DRGOVS. The causal relation is weak in the first half

of the sample period, but strongly evident in the second half.

(7) DRINV Granger causes DRNETX. This causal relation is present in both the

first and second half of the sample period.

(8) DRPERS Granger causes DRGOVS. This relation is strong in the first half of

the sample period, but disappears in the second half.

(9) DRPERS Granger causes DRNETX. Once again, this relation is strong in the

first half, but disappears in the second half.

(10) DRGOVS Granger causes DRNETX. This relation is strong in both halves of

the sample period.

These Granger - causality results exhibit a block recursive structure.

DPERS appears to Granger cause everything. DRY then Granger causes everything

else, followed by DRINV. Next comes DRGOVS, and last of all is DRNETX which is

Granger caused by everything.

Evidence from VAR models

The above Granger - causality tests are useful for assessing the

relative degree of exogeneity amongst variables by providing evidence on

temporal ordering between pairs of time series. However, Granger causality

regressions are an unreliable guide to the full nature of the relationship

amongst variables. First, they fail to account for possible within period

relations between variables. Thus, single equation Granger - causality

regressions attribute all the residual to the dependent variable, whereas part

of the residual may actually be attributable to the independent variable.

Second, Granger - causality regressions suffer from possible mis-specification

arising from omission of other variables that are relevant to the relation.

For instance, Sims (1980) found that including interest rates in money-income

regressions undid the conclusion that money Granger-caused income. Finally,

the single equation structure and absence of feedbacks between variables,
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means that Granger - causality regressions only provide "partial" multipliers,

and are therefore of limited help for guiding policy.

An alternative time series methodology that addresses these limitations

is vector autoregression (VAR). The relationship between savings and

investment was therefore examined within the context of a VAR model which was

estimated using a Choleski error decomposition in which the matrix of

residuals in the VAR is lower triangular. An alternative to the Choleski

decomposition is to impose a priori identifying restrictions on the matrix of

residuals. Both Sims (1992) and Fair (1994) report that the use of such

identifying restrictions produces results that are similar to those with a

Choleski decomposition.

In the current instance, the Choleski decomposition was higly suitable to

the purpose at hand. This was because the Granger - causality relations

examined in the previous section identified a block recursive causal ordering,

and such a causal ordering is consistent with the Choleski decomposition.

Guided by the above Granger - causality regression results, the ordering

of variables in the VAR model was as follows:

[RPERS, RY, RINV, RGOVS, RNETX: TIME]

with the definition of variables being:

RPERS = real per capita personal saving
RY = real per capita GDP
RINV = real per capita business fixed investment
RGOVS = real per capita state and Federal government deficit/surplus
RNETX = real per capita balance of trade
TIME = time trend beginning in 1971:3

The combination of this variable ordering combined with the adoption of the

Choleski decomposition imposes an economic structure that unambiguously favors

the conventional hypothesis that saving causes investment. This is because the

above ordering places saving (RPERS) before business fixed investment (RINV),

and it therefore gives priority to the hypothesis that personal saving causes

investment. This priority is reinforced by the adoption of the Choleski

decomposition which attributes all contemporaneous cross-equation covariation

of the residuals in the saving and investment equations to saving.
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The above ordering, combined with the use of the Choleski decomposition,

serves as an important control. If under this structure, it is found that

investment causes saving, then this provides strong grounds for rejecting the

conventional hypothesis that saving causes investment.

The Granger causality regressions indicated some structural change in

the causal relations amongst variables across the full sample period. The VAR

was therefore estimated over the restricted sample period 1973:4 - 1995:2.

This covers the period of flexible exchange rates that has succeeded the

Bretton Woods regime. On the basis of Table 1.2, RPERS was placed at the top

of the ordering since it Granger caused all variables. RY was placed second in

the ordering as it Granger caused the remaining three variables. RINV was

placed third as it Granger caused RGOVS and RNETX. Lastly, RGOVS was placed

ahead of RNETX as the former Granger caused the latter.

The VAR model also includes an exogenous time trend which serves to

address the problem of non-stationarity. Much macroeconomic data is non-

stationary, and this provides a problem for conventional ordinary least

squares methods of estimation. One accepted method of dealing with non-

stationarity is the inclusion of a time trend. This method was appropriate for

the current excercise in which the sample was restricted to the twenty two

year period after 1973.4. In effect, the structural break associated with the

productivity growth slow down and the demise of the Bretton Woods agreement,

was dealt with by shortening the sample period. A linear time trend then

becomes a suitable means of dealing with non-stationarity within this

homogeneous period.

Impulse response functions (IRFs), with 2 standard deviation bounds around

the response paths, are shown on the attatched figure. The results bear the

following interpretations.

(a) Response to shock to RPERS. These responses are shown in the far left

column. RPERS responds strongly and significantly to a shock to itself. RY,

RINV, and RGOVS all exhibit statistically significant negative responses to

shocks that increase personal saving. Increased personal saving therefore
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reduces both investment and government saving, suggesting that increasing

personal saving will not increase investment. The negative effect on income

(RY) is inconsistent with the classical model in which income is independent

of saving: however, it is consistent with the ultra-Keynesian paradox of

thrift.

(b) Response to shock to RY. These responses are shown in the second column on

the left. RY, RINV, and RGOVS all exhibit immediate and statistically

significant positive responses to a shock to RY, before dying back down to

their equilibrium levels. The responses of RINV and RGOVS are consistent with

both Keynesian and classical theory: the positive response of investment is

consistent with an accelerator model, while the positive response of RGOVS

reflects the endogeneity of the budget deficit. RPERS and RNETX are

unaffected.

(c) Response to shock to RINV. This set of responses is shown in the middle

column. RINV shocks have a positive statistically significant own effect. They

also have a statistically significant positive effect on RGOVS. There is also

an indication of a small statistically positive effect on personal saving, and

a small statistically ngative effect on RNETX. Investment therefore appears to

fund itself partly through the creation of domestic saving (both personal and

public), and partly through the trade account.

(d) Response to shock to RGOVS. This response is shown in the second column

from the right. Shocks to RGOVS have a statistically significant positive

effect on RGOVS, but they have no statistically significant effect on any of

the other variables. Since RINV is unaffected, there is no evidence that

government spending crowds-out investment, or that government saving crowds-in

investment. Since RNETX is unaffected, this belies claims of a "twin deficits"

channel. The most that can be said is that the deficit is neutral with respect

to economic activity, a finding that harks back to the early monetarist

controversy over the inefficacy of fiscal policy.

(e) Response to shock to RNETX. This last set of responses is shown in the far

right column. RNETX shocks have a statistically significant positive own
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effect. They also have a statistically significant negative effect on RY, but

this only becomes evident seven quarters. The effects on RPERS, RINV, and

RGOVS are all statistically insignificant.

Putting the pieces together, the above results have a distinctively

Keynesian complexion. Increases in personal saving fail to increase business

fixed investment, but they do increase the government deficit: they also

reduce RY. This is a pattern that the classical macro model cannot account

for, since income and the government deficit should be independent of personal

saving. However, it is a pattern which is consistent with the Keynesian model

in which increased personal saving lowers income, and aggravates the

government deficit. Increases in business fixed investment have a positive own

effect: they also reduce the government deficit, and increase the trade

deficit. This is again consistent with the stylized facts about the economy,

as emphasized by Keynesians.

Increases in government saving have a positive own effect; they have no

effect on either investment spending or the trade balance. This suggests that

there is no crowding-out, and that policies of fiscal austerity designed to

increase investment by reducing the government deficit are likely to fail.

IV Conclusions

The causal relation between saving and investment is one of the most

important questions in macroeconomics, and has momentous implications for

economic policy. If saving causes investment, then this provides a strong

rationale for policies of fiscal austerity designed to cut government spending

and reduce the budget deficit: if investment causes saving, the merits of

these policies are dubious, and policy should instead focus directly on

increasing investment spending.

Much of economic policy is currently being driven on the basis of the

claim that saving causes investment. Neither the national income accounts nor

economic theory can resolve issues of causality, so that it ultimately reduces

to an empirical matter. Despite the momentous consequences, there is almost no
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empirical literature on this subject. This paper has sought to fill this

lacuna, and has examined the saving investment relation using a VAR analysis.

The findings suggest that investment which causes saving. The empirical

results showed investment spending increased both personal and government

saving. Moreover, increases in personal saving actually had a negative effect

on investment and government saving. Increases in government saving had no

effect on investment spending. The paper's findings have important policy

implications. They suggest that current policy moves to increase private and

public saving are unlikely to increase investment, and may result in

deflationary aggregate demand conditions that lower income.
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Data Appendix

This appendix provides details of the data used in main body of the paper. All
data was taken from the CITIBASE data bank, and was in quarterly average form.
The sample period was 1947.1 - 1995.2.

The CITIBASE variable codings are:

pop = population (millions)
gdpd = GDP price deflator (1987 = 100)
gdpq = real GDP ($1987, billions)
gpsav = personal saving($ current, billions)
gipdq = producer durable equipment investment ($1987, billions)
gisq = investment in nonresidential structure ($1987, billions)
gnetq = net exports of goods and services ($1987, billions)
ggfnet = Federal government surplus or deficit ($billions)
ggsnet = State government surplus or deficit ($billions)

Variables used in the statistical excercises are defined as:

price=gdpd/100
ry=(gdpq*1000000)/popq
rpers=(gpsav*1000000)/(price*popq)
requipi=(gipdq*1000000)/popq
rstruci=(gisq*1000000)/popq
rinv=requipi+rstruci
rnetx=(gnetq*1000000)/popq
rgovs=((ggfnet+ggsnet)*1000000)/(price*popq)

All first differences are expressed as DX = X - X(-1)
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Probability

4 lags 8 lags 12 lags

DRY is not Granger Caused by DRPERS 0.06 0.10 0.30
DRPERS is not Granger Caused by DRY 0.39 0.79 0.91

DRY is not Granger Caused by DRINV 0.17 0.16 0.18
DRINV is not Granger Caused by DRY 0.00 0.01 0.02

DRY is not Granger Caused by DRGOVS 0.45 0.18 0.19
DRGOVS is not Granger Caused by DRY 0.00 0.00 0.03

DRY is not Granger Caused by DRNETX 0.09 0.14 0.58
DRNETX is not Granger Caused by DRY 0.02 0.01 0.01

DRINV is not Granger Caused by DRPERS 0.04 0.06 0.39
DRPERS is not Granger Caused by DRINV 0.34 0.53 0.31

DRINV is not Granger Caused by DRGOVS 0.05 0.21 0.06
DRGOVS is not Granger Caused by DRINV 0.00 0.00 0.01

DRINV is not Granger Caused by DRNETX 0.27 0.21 0.34
DRNETX is not Granger Caused by DRINV 0.01 0.04 0.11

DRPERS is not Granger Caused by DRGOVS 0.48 0.15 0.01
DRGOVS is not Granger Caused by DRPERS 0.14 0.00 0.01

DRPERS is not Granger Caused by DRNETX 0.20 0.50 0.71
DRNETX is not Granger Caused by DRPERS 0.83 0.07 0.02

DRGOVS is not Granger Caused by DRNETX 0.41 0.55 0.58
DRNETX is not Granger Caused by DRGOVS 0.00 0.00 0.00

Table 1.0 Probabilities associated with Granger causality regressions
using DRY, DRPERS, DRINV, DRGOVS, DRNETX. Sample 1947.1 -
1995.2.
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Probability

4 lags 8 lags 12 lags

DRY is not Granger Caused by DRPERS 0.12 0.23 0.39
DRPERS is not Granger Caused by DRY 0.09 0.08 0.02

DRY is not Granger Caused by DRINV 0.69 0.66 0.61
DRINV is not Granger Caused by DRY 0.02 0.07 0.18

DRY is not Granger Caused by DRGOVS 0.92 0.42 0.47
DRGOVS is not Granger Caused by DRY 0.46 0.30 0.37

DRY is not Granger Caused by DRNETX 0.59 0.30 0.30
DRNETX is not Granger Caused by DRY 0.68 0.60 0.73

DRINV is not Granger Caused by DRPERS 0.02 0.01 0.16
DRPERS is not Granger Caused by DRINV 0.20 0.37 0.37

DRINV is not Granger Caused by DRGOVS 0.04 0.11 0.56
DRGOVS is not Granger Caused by DRINV 0.05 0.24 0.63

DRINV is not Granger Caused by DRNETX 0.97 0.75 0.71
DRNETX is not Granger Caused by DRINV 0.03 0.00 0.03

DRPERS is not Granger Caused by DRGOVS 0.05 0.24 0.14
DRGOVS is not Granger Caused by DRPERS 0.00 0.00 0.04

DRPERS is not Granger Caused by DRNETX 0.17 0.46 0.83
DRNETX is not Granger Caused by DRPERS 0.84 0.05 0.02

DRGOVS is not Granger Caused by DRNETX 0.97 0.08 0.28
DRNETX is not Granger Caused by DRGOVS 0.00 0.00 0.00

Table 1.1 Probabilities associated with Granger causality regressions using
DRY, DRPERS, DRINV, DRGOVS, and DRNETX. Sample: 1947.1 - 1973.4.
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Probability

4 lags 8 lags 12 lags

DRY is not Granger Caused by DRPERS 0.11 0.01 0.03
DRPERS is not Granger Caused by DRY 0.84 0.83 0.78

DRY is not Granger Caused by DRINV 0.24 0.18 0.40
DRINV is not Granger Caused by DRY 0.08 0.01 0.10

DRY is not Granger Caused by DRGOVS 0.35 0.60 0.45
DRGOVS is not Granger Caused by DRY 0.00 0.00 0.00

DRY is not Granger Caused by DRNETX 0.25 0.00 0.09
DRNETX is not Granger Caused by DRY 0.03 0.00 0.00

DRINV is not Granger Caused by DRPERS 0.31 0.53 0.70
DRPERS is not Granger Caused by DRINV 0.52 0.63 0.57

DRINV is not Granger Caused by DRGOVS 0.52 0.85 0.29
DRGOVS is not Granger Caused by DRINV 0.03 0.04 0.12

DRINV is not Granger Caused by DRNETX 0.48 0.47 0.22
DRNETX is not Granger Caused by DRINV 0.01 0.13 0.50

DRPERS is not Granger Caused by DRGOVS 0.85 0.75 0.34
DRGOVS is not Granger Caused by DRPERS 0.87 0.12 0.22

DRPERS is not Granger Caused by DRNETX 0.43 0.67 0.83
DRNETX is not Granger Caused by DRPERS 0.59 0.30 0.40

DRGOVS is not Granger Caused by DRNETX 0.42 0.47 0.87
DRNETX is not Granger Caused by DRGOVS 0.02 0.02 0.07

Table 1.2 Probabilities associated with Granger causality regressions using
DRY, DRPERS, DRINV, DRGOVS, and DRNETX. Sample 1974.1 - 1995.2.



Statistical Appendix

Estimated vector autoregression. Sample: 1971:3 1995:2.
Included observations: 96. Standard errors & t-statistics in
parentheses.

RPERS RY RINV RGOVS RNETX

RPERS(-1) 0.456913 -0.304376 -0.043723 -0.101479 0.002395
(0.13370) (0.15948) (0.04737) (0.12928) (0.04837)
(3.41749) (-1.90856) (-0.92303) (-0.78494) (0.04951)

RPERS(-2) 0.118060 -0.119568 0.061439 0.029422 -0.026401
(0.14489) (0.17283) (0.05134) (0.14011) (0.05243)

(0.81480) (-0.69181) (1.19680) (0.20999) (-0.50360)

RPERS(-3)-0.019992 -0.061683 -0.065744 -0.049731 -0.050784
(0.14949) (0.17831) (0.05296) (0.14455) (0.05409)

(-0.13374) (-0.34593) (-1.24132) (-0.34404) (-0.93894)

RPERS(-4) 0.033934 -0.221934 -0.087068 -0.239085 0.059902
(0.14165) (0.16897) (0.05019) (0.13697) (0.05125)
(0.23956) (-1.31347) (-1.73485) (-1.74547) (1.16875)

RY(-1) -0.231926 1.025320 0.080085 0.317850 -0.041973
(0.13411) (0.15997) (0.04752) (0.12968) (0.04852)

(-1.72936) (6.40938) (1.68544) (2.45099) (-0.86500)

RY(-2) 0.152223 -0.447751 -0.145093 -0.491843 0.118708
(0.16702) (0.19922) (0.05917) (0.16150) (0.06043)
(0.91142) (-2.24747) (-2.45194) (-3.04541) (1.96437)

RY(-3) 0.110039 0.247296 0.035772 0.367177 -0.070486
(0.16525) (0.19711) (0.05855) (0.15979) (0.05979)
(0.66590) (1.25459) (0.61100) (2.29786) (-1.17890)

RY(-4) -0.201244 -0.067152 -0.024918 -0.070744 0.067782
(0.12064) (0.14390) (0.04274) (0.11665) (0.04365)

(-1.66819) (-0.46666) (-0.58298)(-0.60645) (1.55291)

RINV(-1) 0.581311 0.287902 1.087254 0.397736 -0.124365
(0.43859) (0.52317) (0.15539) (0.42411) (0.15869)
(1.32541) (0.55031) (6.99679) (0.93782) (-0.78369)

RINV(-2) -0.009202 0.734013 0.251612 0.605592 0.016993
(0.63481) (0.75722) (0.22491) (0.61385) (0.22969)

(-0.01449) (0.96935) (1.11870) (0.98655) (0.07398)

RINV(-3) -0.927203 -1.056397 -0.259089 -0.932802 0.059963
(0.59040) (0.70425) (0.20918) (0.57091) (0.21362)

(-1.57046) (-1.50003)(-1.23859)(-1.63390) (0.28070)

RINV(-4) 0.567769 0.185136 -0.086491 0.301684 -0.041242
(0.41210) (0.49157) (0.14601) (0.39849) (0.14911)
(1.37775) (0.37662)(-0.59237) (0.75706) (-0.27659)

RGOVS(-1) 0.142367 -0.034126 0.026251 0.425578 -0.028373
(0.14515) (0.17314) (0.05143 (0.14036) (0.05252)
(0.98081) (-0.19710) (0.51045) (3.03207) (-0.54024)

RGOVS(-2)-0.131430 -0.030100 -0.001353 0.209483 0.026304



(0.15547) (0.18545) (0.05508) (0.15033) (0.05625)
(-0.84539) (-0.16231) (-0.02456) (1.39346) (0.46762)

RGOVS(-3) 0.058911 -0.269834 0.006739 -0.147348 0.033362
(0.15791) (0.18836) (0.05595) (0.15269) (0.05713)

(0.37307) (-1.43257) (0.12045)(-0.96500) (0.58394)

RGOVS(-4) 0.089980 0.174056 -0.024167 -0.103880 0.052382
(0.14925) (0.17803) (0.05288) (0.14432) (0.05400)

(0.60288) (0.97767) (-0.45702)(-0.71978 (0.97001)

RNETX(-1) 0.589752 -0.229635 -0.040410 -0.404801 0.853630
(0.31049) (0.37036) (0.11001) (0.30023) (0.11234)
(1.89944) (-0.62003) (-0.36734)(-1.34828) (7.59859)

RNETX(-2)-0.542567 0.609827 0.131166 0.691193 -0.198716
(0.39626) (0.47267) (0.14040) (0.38318) (0.14338)

(-1.36922) (1.29016) (0.93426) (1.80385)(-1.38598)

RNETX(-3) 0.110882 -0.729050 -0.115004 -0.216737 0.381068
(0.39348) (0.46936) (0.13941) (0.38049) (0.14237)
(0.28180) (-1.55330) (-0.82493)(-0.56963) (2.67663)

RNETX(-4)-0.097094 0.178234 0.032975 0.090920 -0.104062
(0.31085) (0.37079) (0.11014) (0.30059) (0.11247)

(-0.31235) (0.48068) (0.29940) (0.30248)(-0.92522)

C 2519.873 3945.801 906.8662 -2001.466 -895.4686
(1167.56) (1392.71) (413.669) (1129.01) (422.447)
(2.15823) (2.83319) (2.19225) (-1.77277) (-2.11972)

TIME 8.890080 10.52114 3.380907 -15.87531 -3.875764
(6.01157) (7.17080) (2.12991) (5.81306) (2.17510)
(1.47883) (1.46722) (1.58735) (-2.73098) (-1.78187)

R2 0.705296 0.996465 0.989153 0.892341 0.978494
Adj. R2 0.621663 0.995461 0.986075 0.861789 0.972390
S.E. 104.9686 125.2101 37.19053 101.5024 37.97973
Akaike AIC 9.505373 9.858036 7.430158 9.438215 7.472155
Schwarz SC 10.09304 10.44570 8.017822 10.02588 8.059818
Akaike Information Criteria 42.55869
Schwarz Criteria 45.49700












