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Abstract

The existence of durable goods implies that the welfare flow from consumption

cannot be directly associated with total consumption expenditures. As a re-

sult, tests of standard theories of consumption (such as the Permanent Income

Hypothesis, or PIH) typically focus on nondurable goods and services. Specif-

ically, these studies generally relate real consumption of nondurable goods and

services to measures of real income and wealth, where the latter are deflated

by a price index for total consumption expenditures. We demonstrate that

this procedure is only valid under the assumption that real consumption of

nondurables and services is a constant multiple of aggregate real consumption

outlays—an assumption that represents a very poor description of U.S. data.

We develop an alternative approach that is based on the observation that the

ratio of these series has historically been stable in nominal terms, and use this

approach to examine two basic predictions of the PIH. We obtain significantly

different results relative to the traditional approach.



1 Introduction

A well-known complication that arises when testing theories of consumer spending

such as the Permanent Income Hypothesis (PIH) is that these theories usually do

not apply to purchases of durable goods. As a result, the typical practice has been

to focus instead on expenditures on nondurable goods and services. Of course, be-

cause the utility theory underlying models of consumption expenditures involves

quantities consumed as opposed to nominal outlays, empirical analyses have gen-

erally related measures of real spending on nondurables and services to measures

of real income and wealth. In this paper, we draw attention to an important, but

relatively neglected, element in the modeling of these relationships—namely, the

procedure used to deflate nominal income and wealth.

The standard approach in the consumption literature—as exemplified in the

work of Davidson, Hendry, Srba, and Yeo (1978), Blinder and Deaton (1985),

Campbell (1987), Gaĺı (1990), and others—has been to relate real expenditures

on nondurable goods and services to the measures of real income and wealth that

obtain from deflating the corresponding nominal series with a price index for total

consumption expenditures. One can show that this procedure yields a reasonable

approximation to the true underlying relationship under the assumption that real

consumption of nondurable goods and services is, on average, a constant multiple

of total real consumption outlays. In this paper, we document that this standard

assumption represents a very poor description of postwar U.S. data. Real outlays

on durable goods have consistently grown faster than real purchases of nondurables

and services, and the hypothesis that these series share a common trend is strongly

rejected. As a result, tests based on this assumption rely on a highly inaccurate

approximation to the underlying theoretical relationship.

In light of this problem with the traditional approach, we suggest employing

an alternative assumption when using outlays on nondurable goods and services

to specify tests of consumption theory. Specifically, we observe that the ratio of

nominal expenditures on nondurable goods and services to nominal expenditures

on durable goods has been much more stable over the postwar period; the difference

in growth rates of the real series is attributable to a falling relative price for durable

goods. We show that, under the alternative assumption of a stable nominal ratio, we

can accurately re-formulate the predictions of the permanent income model in terms
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of the relationship between real expenditures on nondurables and services and real

income and wealth, with each of the real series constructed by deflating the relevant

nominal series by the deflator for nondurable goods and services consumption.

To illustrate the importance of deflating income and wealth in a manner that

accurately approximates a given theoretical relationship, we show how important

features of common empirical implementations of the permanent income model can

depend quite sensitively on how deflation is handled. Specifically, we examine two

predictions of the PIH. The first concerns the relationship between consumption

and financial wealth, a subject of topical importance given the large fluctuations in

wealth caused by the stock market movements of recent years. The PIH implies a

simple long-run relationship between consumption and financial wealth. We demon-

strate that when durable goods are accounted for in our preferred manner, the data

reveal a relatively strong and stable relationship between consumption and finan-

cial wealth; moreover, the recent behavior of consumption has been approximately

consistent with this long-run relationship. In contrast, when the traditional defla-

tion methodology is employed, the relationship between consumption and wealth

appears weak, and consumption appears to manifest little response to the run-up

in wealth that occurred over the second half of the 1990s.

The second prediction of the PIH that we consider is Campbell’s (1987) hy-

pothesis that saving should forecast declines in labor income. In his original paper,

Campbell employed the standard assumption that real consumption of nondurables

and services is approximately a constant multiple of total real consumption. We

demonstrate that, once an updated sample is used, there appears to be little evi-

dence that saving predicts future labor income when the theoretically appropriate

deflation procedure is applied; by contrast, using the traditional procedure yields

stronger—but apparently spurious—evidence that saving forecasts labor income.

2 Two Predictions of the PIH

In this section, we briefly derive the two predictions of the PIH that we test later.

At this point, we follow the standard approach in deriving the hypothesis without

paying explicit attention to the separate treatment of durable goods; we return to

this issue in Section 3.
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2.1 The Budget Constraint

Given our focus on alternative approaches to deflating income and wealth, it is

useful to begin with a description of the consumer’s budget constraint. Consumers

start each period with a stock of nominal financial wealth, Ãt, and the nominal

labor income flow, ỹt, for that period. (Throughout the paper, we use tildes to

denote nominal variables.) These can be used to make purchases of consumption

goods, c̃t, or invested; assets carried forward receive a nominal rate of return equal

to it+1. The resulting budget constraint can therefore be written as:

Ãt+1 = (1 + it+1)
(
Ãt + ỹt − c̃t

)
. (1)

Consumer utility depends on quantities consumed, so macroeconomists tend to re-

express the budget constraint in terms of real consumption. To do this, we need to

deflate both sides by the aggregate consumption deflator, pc
t+1:

Ãt+1

pc
t+1

=
pc

t (1 + it+1)

pc
t+1

·
Ãt + ỹt

pc
t

−
pc

t (1 + it+1)

pc
t+1

ct.

Defining inflation as
pc

t+1

pc
t

= 1 + πt+1,

and defining real wealth, real income, and the real interest rate by

At =
Ãt

pc
t

, yt =
ỹt

pc
t

, rt+1 =
1 + it+1

1 + πt+1

− 1, (2)

yields the following representation of the budget constraint in terms of real variables:

At+1 = (1 + rt+1) (At + yt − ct) . (3)

2.2 The Permanent Income Hypothesis

The workhorse of modern consumption theory is the rational-expectations version of

the PIH, as derived by Robert Hall (1978). This theory assumes the representative

consumer wishes to maximize the present value of period-by-period flow subutility

U(ct) (where ct denotes real aggregate consumption). The first-order condition for

this problem is given by

U ′(ct) = Et

(
1 + rt+1

1 + ρ
U ′(ct+1)

)
. (4)
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Assuming quadratic utility and a discount rate equal to the real interest rate yields

Hall’s result that consumption follows a martingale process (i.e., that Etct+k = ct).

To derive the predictions that we test later, we need to combine this Euler equation

with the budget constraint. Assuming a constant real interest rate of r, perform-

ing repeated substitution on the period-by-period budget constraint, imposing that

(1 + r)−t At goes to zero in the limit, and taking expectations, it follows that

∞∑

k=0

Etct+k

(1 + r)k
= At +

∞∑

k=0

Etyt+k

(1 + r)k
.

Finally, using the martingale property for consumption yields the following “struc-

tural” formulation of the PIH:

ct =
r

1 + r
At +

r

1 + r

∞∑

k=0

Etyt+k

(1 + r)k
. (5)

Campbell (1987) derived a useful way of illustrating the implications of this

equation by defining saving as

st =
r

1 + r
At + yt − ct = yt −

r

1 + r

∞∑

k=0

Etyt+k

(1 + r)k
. (6)

In words, saving is defined as labor income yt plus capital income r
1+r

At, minus

consumption. This can be rewritten as

st = −

∞∑

k=1

Et∆yt+k

(1 + r)k
. (7)

This equation, which Campbell labelled the “saving for a rainy day” formula, tells

us that saving should help to forecast future declines in real labor income.

In a related paper, Campbell and Deaton (1989) derived a useful reformulation

of the rainy-day formula in terms of the rate of saving out of labor income:

st

yt

≈ −

∞∑

k=1

βkEt∆log yt+k + κ, (8)

where κ denotes a constant of linearization. In this expression, the discount factor

β equals 1+µ
1+r

, where µ is the expected log-difference of future values of yt. Thus,

if we assume that yt is difference-stationary in logarithms, we have that the saving

rate is stationary, and that it should be negatively correlated with future growth in

real labor income. We will describe tests of this prediction in Section 5.
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Finally, the saving rate formulation of the rainy-day equation also implies that

r
1+r

At + yt − ct

yt

∼ I(0) ⇒
ct

yt

−
r

1 + r

At

yt

∼ I(0). (9)

Thus, another prediction of the PIH, implicit in the rainy-day equation, is that in

the long run there should be a stable relationship between the consumption to labor

income ratio and the financial wealth to labor income ratio. We will examine tests

of this prediction in Section 4.

3 Accounting for Durable Goods

A problem that arises when attempting to bring the preceding derivation of the PIH

to the data is that the model does not account for the special role played by durable

goods. Specifically, the Euler equation (4) does not reflect the fact that consumers

derive utility from the services provided by the durable goods they own (as opposed

to the act of purchasing the items), and that these services are obtained in periods

following the purchase. In this section, we look at two alternative methods that

allow researchers to test the PIH when durable goods are present.

Empirical research on consumption usually starts with the assumption that pur-

chases of durable goods are explained by a different theoretical model, and that

Euler equations for consumption outlays—such as the Hall martingale prediction—

only hold for nondurables and services. However, for many of the predictions of

consumption theory, such as the two implications of the PIH derived above, one

needs to combine the Euler equation with the intertemporal budget constraint.

And while there may be a theoretical case for omitting expenditures on durable

goods from the Euler equation, we certainly cannot omit them from the budget

constraint because they assuredly constitute a use of funds.

The standard approach to this problem has been to invoke a long-run relation-

ship between total consumption ct and expenditures on nondurables and services

cnd
t , and then to use this relationship to arrive at an approximation to the budget

constraint that does not explicitly include spending on durable goods. In this way,

one can derive predictions for the dynamics of consumption of nondurables and ser-

vices that still incorporate the long-run restrictions imposed by the intertemporal

budget constraint. The particular long-run relationship between ct and cnd
t assumed
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in the papers cited in the introduction (and in many others) is that total real con-

sumption is, on average, a constant multiple of real consumption of nondurables

and services. This can be written as

ct = θ cnd
t + εt, (10)

where εt denotes a zero-mean approximation error. This implies a new budget

constraint of the form

∞∑

k=0

θ cnd
t+k + εt+k

(1 + r)k
= At +

∞∑

k=0

yt+k

(1 + r)k
. (11)

So, under the assumption that consumption of nondurables and services follows a

martingale, we obtain:

cnd
t =

r

1 + r

(
At

θ

)
+

r

1 + r

∞∑

k=0

1

(1 + r)k
Et

(
yt+k

θ

)
−

r

1 + r

∞∑

k=0

Etεt+k/θ

(1 + r)k
. (12)

We see, therefore, that making the standard assumption of a stable long-run

ratio of real nondurables and services consumption to total real consumption allows

us to apply equation (5)’s structural formulation of the PIH to consumption of

nondurables and services with only two minor adjustments: First, we need to use

“scaled” versions of real labor income and real financial wealth; and second, there

is a potentially autocorrelated (and heteroskedastic) approximation error.1 In a

similar fashion, the two predictions of the PIH discussed in the previous section—

the rainy-day feature of equation (8), and the consumption-wealth relationship of

equation (9)—can also be applied to cnd
t and measures of real labor income and

financial wealth. These real measures can be defined as in equation (2) by deflating

the corresponding nominal measures by a price index for total consumption, so long

as the income and wealth series are appropriately scaled.

These considerations show that the legitimacy of the standard procedure hinges

on whether equation (10) provides a reasonable empirical approximation. As is evi-

dent from Figure 1, however, the proposition that cnd
t represents a stable fraction of

overall real consumption ct is clearly rejected in postwar U.S. data: Since the 1960s,

1The well-known formula of Hansen and Sargent (1980) implies that if ε has an AR(n) represen-

tation, then this error term—which is a present discounted value of expected future ε values—will

have an MA(n − 1) representation.
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this ratio has manifested a significant downward trend.2 An important implication

for the PIH is that the errors in the re-formulated structural solution, equation (12),

will be large and trending, as will the errors in the re-formulated versions of our two

test equations, (8) and (9). Hence, standard formulations of the PIH may provide

a poor approximation to the data even if the underlying theory is correct.

Figure 1 also allows us to identify the source of the long-term decline in the ratio

of cnd
t to ct. The figure shows that the ratio of nominal expenditures on nondurables

and services, c̃t
nd, to total nominal consumption expenditures, c̃t, has been relatively

stable over the post-war period. In particular, while the nominal ratio appears

to exhibit a very slight upward trend, this trend is far less pronounced than the

downward trend in the real ratio. Thus, the significant disparity between the long-

run growth rates of real expenditures on durable goods and real consumption of

nondurables and services stems almost entirely from a large and ongoing decline

in the relative price of durable goods. This trend is part of a broader pattern in

which prices for producers’ durable equipment have also been declining relative to

prices for other goods and services, and is the result of productivity growth for the

durable goods sector significantly outpacing that for the rest of the economy.3

Figure 1 therefore indicates that an approximation like

c̃t = γ c̃t
nd + η̃t (13)

(where η̃t is a zero-mean—and probably heteroskedastic—approximation error), will

provide a far more accurate description of the data than equation (10). Indeed, over

the sample period shown in the figure, the average absolute value of the approxima-

tion error for the relationship that assumes a stable real ratio (equation 10) is more

than four times larger than the average absolute approximation error that obtains if

a stable nominal ratio is invoked instead (as in equation 13). This suggests that we

should seek to reformulate the PIH under the alternative hypothesis of a stable long-

run relationship between nominal expenditures on nondurable goods and services

and total nominal consumption outlays. It turns out that this is straightforward to

do.

2See part II of the Appendix for a complete description of the data used in this paper.
3See Whelan (2001) for a more detailed discussion of the relative price shifts associated with

the pattern of sectoral differences in productivity growth.
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Starting with equation (13), we can rewrite the nominal budget constraint, equa-

tion (1), as follows:

Ãt+1 = (1 + it+1)
[
Ãt + ỹt − γ c̃t

nd
− η̃t

]
. (14)

This equation can be re-expressed in terms of real consumption of nondurables and

services by dividing through with the deflator for this series, pnd
t+1:

And
t+1 =

(
1 + rnd

t+1

) [
And

t + ynd
t − γ cnd

t − ηt

]
. (15)

In this form, the budget constraint involves real labor income, real financial wealth,

and real interest rates, where all real variables are defined relative to the deflator

for nondurables and services:

And
t =

Ãt

pnd
t

, ynd
t =

ỹt

pnd
t

, rnd
t+1 =

1 + it+1

1 + πnd
t+1

− 1. (16)

Finally, the structural solution for the PIH can be written as

cnd
t =

rnd

1 + rnd

(
And

t

γ

)
+

rnd

1 + rnd

∞∑

k=0

1

(1 + rnd)
k
Et

(
ynd

t+k

γ

)
−

rnd

1 + rnd

∞∑

k=0

Etηt+k/γ

(1 + rnd)
k
,

(17)

and so the predictions of the PIH can be reformulated in terms of these new measures

of real labor income, financial wealth, and interest rates. Importantly, because this

derivation is based on equation (13)—which is empirically much more accurate—

the approximation errors in the consumption relationship will be much smaller, and

hence do not present a major obstacle to testing the theory.

4 The Consumption-Wealth Relationship

We have demonstrated that the methodology traditionally used in constructing

structural tests of the PIH introduces significant measurement error in practice,

and have proposed a simple alternative approach under which this error will be

smaller. We now explore how inferences about consumption behavior are affected

by employing this alternative methodology.

In our first example, we consider the PIH’s prediction of a long-run relationship

between the ratio of consumption to labor income and the ratio of financial wealth
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to labor income. According to the version of the PIH developed above, we have

that
ct

yt

−
r

1 + r

At

yt

∼ I(0),

where the errors from a regression of ct/yt on At/yt (and a constant) will reflect

expectations about future labor income growth.

We estimated this relationship using consumption of nondurables and services

and scaled measures of income and wealth derived under each of our two deflation

methods. The first regression we consider is based on the traditional deflation

method and takes the form

θ
cnd
t

yt

= α0 + α1

(
At

yt

)
+ εt, (18)

where θ is the “real ratio” scale factor of equation (10) and income and wealth have

been deflated by the total consumption price index (as in equation 2). Note that

this equation can be rewritten in terms of nominal series as:

θ
c̃t

nd

ỹt

pc
t

pnd
t

= α0 + α1

(
Ãt

ỹt

)
+ εt. (19)

The second regression is based on our preferred method. It takes the form

γ
cnd
t

ynd
t

= α0 + α1

(
And

t

ynd
t

)
+ εt, (20)

where γ is the “nominal” scale factor in equation (13) and income and wealth have

been deflated by the price index for nondurables and services (as in equation 16).

This equation can also be rewritten in terms of nominal variables, as follows:

γ
c̃t

nd

ỹt

= α0 + α1

(
Ãt

ỹt

)
+ εt. (21)

Note that the variable on the right-hand side is the same in both of these re-

gressions (that is, in equations 19 and 21). Because both methodologies deflate

wealth with the same price index that is used to deflate income, the ratio of the

two “real” wealth and income series in each case is identical to the ratio of the two

nominal series. The difference between the two regressions is in the definition of the

dependent variables: In addition to the difference in scaling factors, our preferred
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approach of deflating all series with the same price index implies that the depen-

dent variable in equation (21) is a multiple of the ratio of nominal consumption to

nominal labor income, while the traditional approach yields a dependent variable

that equals the nominal ratio multiplied by a downward-trending relative price term

(see equation 19).

Fitted values from these regressions are plotted against the actual data in Fig-

ure 2: The upper panel plots the results based on the traditional deflation technique,

while the lower panel gives the values obtained when our preferred deflation proce-

dure is applied.4 Two noteworthy conclusions emerge from a comparison of these

charts.

1. Interpretation of the Consumption-Wealth Relationship: Figure 2 indi-

cates that the estimated consumption-wealth relationship fits much less well when

the traditional deflation procedure is used. The regression based on our deflation

method has an R̄2 of 0.711, compared with an R̄2 of 0.363 under the traditional de-

flation procedure. Of course, this poor fit would not necessarily cause a researcher

to reject the permanent income hypothesis. However, it may yield a somewhat

misleading picture of what must be going on if the model is, in fact, correct.

For instance, we could attempt to reconcile the PIH with the poor fit shown

in the upper panel by positing a specific pattern of expectations concerning future

labor income growth over this period; as noted, the theory predicts that these

expectations determine the residual in this regression. Alternatively, we might view

these results as providing evidence that the relationship between consumption and

wealth is unstable, perhaps because of periodic revisions to r, the perceived average

return on assets. Hence, we could explain the experience of the second half of the

1990s (during which actual consumption was significantly below its predicted level)

by positing that agents were expecting a substantial slowing of labor income growth,

lower future values of real asset returns, or both.

However, our analysis suggests a simpler explanation. Specifically, if this long-

run implication of the PIH were approximately correct, then one should expect to

see exactly the pattern of errors evident in the upper panel, in which the fitted

values are systematically too high in the early portion of the sample and too low

4The sample period for these regressions extends from 1954:Q1 to 2000:Q4.
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in the latter portion. This is because the traditional deflation procedure introduces

an approximation error into this regression that trends downward over time. In-

terestingly, under our preferred deflation method (which yields a smaller and more

stable approximation error) it appears that consumption, income, and wealth moved

roughly in line with their usual relationship during the latter part of the 1990s. Ap-

parently, therefore, it is not necessary to appeal to expectations of slower labor

income growth or lower expected asset returns in order to explain the behavior of

consumption over this period.

2. Estimates of Wealth Effects: Regressions of this type have often been em-

ployed to obtain empirical estimates of the long-run marginal propensity to consume

out of wealth, which in turn have been used in applied policy analysis. It turns out

that these estimates are sensitive to the deflation method we choose: When we

fit equation (21) using our preferred deflation methodology, we obtain an estimate

of α1 equal to 0.070, compared to a point estimate of 0.049 under the traditional

deflation method.

In addition, estimates of the propensity to consume out of wealth using our

preferred method turn out to be relatively stable across different samples, while es-

timates based on the traditional method are very sensitive to the choice of sample.

Inspection of the lower panel of Figure 2 shows that the predicted consumption-

income ratio from the regression using our deflation procedure is systematically too

high up to 1975, and then generally too low afterward. However, re-estimating this

equation over each subsample gives estimates of the propensity to consume out of

wealth of 0.082 for the early period, and 0.068 for the later period—figures that

are not too far apart. In contrast, estimates obtained under the traditional defla-

tion technique imply propensities to consume out of wealth that are very different

over these subsamples—0.124 over the early period, and 0.032 over the later period.

Once again, this apparent instability may reflect the presence of a trending approx-

imation error, which drives a wedge between the true underlying relationship and

its empirical counterpart.

11



5 Saving for a Rainy Day

The preceding results demonstrate that the approximation errors induced by the

traditional approach to deflating income and wealth can seriously affect the interpre-

tation of one type of relationship implied by the permanent income hypothesis. Left

unanswered, of course, is whether the hypothesis itself is valid. We now consider

how tests of a standard prediction of the PIH are affected by the choice of deflation

procedure. Specifically, we examine the prediction that saving should Granger cause

future declines in labor income, where saving is defined as in equation (6):

st =
r

1 + r
At + yt − ct.

In addition to examining the effect of the two deflation methods, we will also con-

sider two different approaches to testing this hypothesis that are based on different

ways of measuring r
1+r

At (which corresponds to the real capital income received by

consumers).

5.1 Tests Using NIPA Capital Income

Campbell (1987) and Campbell and Deaton (1989) both examined the question of

whether saving Granger causes labor income growth. In both papers, r
1+r

At was

equated with personal capital income as measured in the National Income and Prod-

uct Accounts (NIPAs); hence, the disposable income series employed was identical

to the NIPA measure. The specific test we consider here follows the formulation of

the Campbell-Deaton paper, which examined whether lags of the saving rate (de-

fined as the ratio of saving to labor income) help to forecast the log-difference of

real labor income in equations like

∆ log yt = A(L)∆ log yt−1 + B(L)

(
st−1

yt−1

)
, (22)

where A(L) and B(L) denote polynomials in the lag operator.

Under the traditional deflation procedure, the Campbell saving rate is measured

as
st

yt

≡
yd

t − θcnd
t

yt

, (23)

where yd
t is real NIPA disposable income and yt is real labor income, both defined

relative to the total consumption deflator. Again, θ is the “real” scaling factor from
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equation (10), and cnd
t is real nondurable and services consumption. We use these

definitions of the saving rate and real labor income to fit versions of equation (22)

that include various lags of each variable; estimation runs from 1954:Q1 to 2000:Q4.

Panel A of Table 1 presents the estimated coefficients on lagged labor income

growth and the lagged saving rate (along with the p-values from tests of the exclusion

restrictions) that we obtain from this exercise. Starting with the results in the first

column (which are from the specifications with one lag of labor income growth

and one lag of the saving rate), we see that the saving rate enters the regression for

labor income growth with the negative coefficient that the theory predicts; moreover,

the coefficient is statistically significant at close to the one percent level. Similar

results obtain when we allow for four lags of labor income growth (the second

column) as well as when four lags of labor income growth and four lags of the

saving rate are both included in the regression (the third column); in each case,

the coefficient (or sum of coefficients) on the saving rate is negative and highly

statistically significant. Hence, the results obtained using the traditional deflation

method confirm the original findings of Campbell and Deaton (1989) that higher

saving appears to anticipate slower labor income growth.

This conclusion changes significantly when we employ our preferred deflation

method. Here, the saving rate is defined as

st

yt

≡
ỹd

t − γc̃nd
t

ỹt

, (24)

where ỹd
t is nominal NIPA disposable income, c̃nd

t is nominal consumption of non-

durables and services, ỹt is nominal labor income, and γ is again the “nominal”

scale factor in equation (13). (Note that this is equivalent to deflating all nominal

variables by the price index for nondurable goods and services consumption.) Re-

sults from these models are summarized in panel B of the table. For the regressions

with one lag of the saving rate (reported in columns one and two), we find that

the point estimates of the coefficient on the saving rate, while negative, are smaller

and no longer statistically significant. As a result, these specifications provide much

less evidence that saving Granger causes income growth. When we allow four lags

of each variable to enter the regression (column three), we find somewhat stronger

evidence of Granger causality in the sense that the coefficients on the four lags of

the saving rate are jointly significant at roughly the one percent level. However, the

13



coefficients on the saving rate essentially sum to zero (and this sum is statistically

insignificant), implying that a higher level of saving does not tend to signal lower

labor income growth in the future. It is difficult to argue that this result provides

support for the PIH; in any case, these results stand in sharp contrast to those

obtained using the traditional deflation procedure.

Another interesting result (which is not reported in the table) is that both defla-

tion procedures suggest that increase rates of saving anticipate lower labor income

growth when the forecasting regressions are estimated up to 1985 (the end of the

sample considered by Campbell and Deaton). Apparently, therefore, it is the intro-

duction of the late 1980s and 1990s that weakens the evidence for Granger causality.

Figure 3, which plots the saving rates obtained under the alternative and traditional

deflation procedures, helps to explain why.

After the mid-1980s, the saving rate generated by our alternative procedure falls

to very low levels, mirroring, for example, the substantial decline in the official NIPA

saving rate (which is also calculated as a ratio of nominal series). In contrast, the

saving rate calculated using the traditional deflation method declines by a much

smaller amount. Labor income growth did in fact pick up in the 1990s, but not

by nearly as much as would be implied by the saving measure derived under our

deflation procedure. Hence, the traditional method’s measure of the saving rate

appears to do a better job in forecasting real labor income.

Of course, this saving rate remains quite high during the 1990s for an unsatis-

factory reason—namely that, relative to the theoretically correct measure of saving

that would forecast labor income growth if the PIH were correct, this series contains

an upward-trending approximation error associated with the traditional treatment

of durable goods. Put differently, the fact that nominal nondurables and services

consumption has remained a roughly stable share of total nominal consumption im-

plies that declining prices of durable goods have resulted in a proportional increase

in real durables consumption. When we apply the traditional deflation technique,

these declines in durable goods prices boost real income; however, this additional

real income is not measured as being spent on real consumption (which is defined as

scaled-up real nondurables and services expenditures). As a result, under the tra-

ditional deflation method, the measured saving rate is propped up over the 1990s.

14



5.2 Tests Using Regression-Based Measures of Capital Income

One possible explanation for our failure to find evidence of Granger causality from

saving to labor income growth could be that the NIPA capital income series provides

a poor proxy for the appropriate theoretical concept of real capital income, r
1+r

At.

We note several possible reasons for this.

First, the correct theoretical rate of return on wealth should include capital

gains. However, the national accounts measure of capital income includes only

flow payments such as dividends and interest. Thus, a capital-gains driven increase

in wealth that is unaccompanied by higher dividends—such that observed in the

1990s—would not enter measured capital income.5

Second, even if the current-period flow of nominal capital income in the NIPAs

corresponded exactly to i
1+i

Ãt (where i denotes the nominal interest rate), we will

not be able to recover the desired real capital income concept r
1+r

At by deflating

the NIPA measure by a price index (as Campbell and Deaton do). Rather, we

must subtract a term equal to π
1+i

At—where π is the average (anticipated) inflation

rate—from deflated nominal capital income as well.

Finally—and perhaps most importantly—the formulation of the rainy-day equa-

tion that we have been working with has been derived from the assumption that

nondurables and services consumption follows a martingale. But this result relies

on very specific assumptions about preferences; namely, that preferences over non-

durables and services are strongly separable from those over durable goods, that

the flow utility obtained from nondurables and services consumption is quadratic,

and that the real interest rate is constant and equal to the rate of time preference.

These assumptions are rather restrictive; more importantly, they are inconsistent

with the empirical facts that consumption grows over time and also that the ratio

of nominal expenditures on durable goods to nominal outlays on nondurables and

services is roughly constant.

It turns out, however, that we can capture the observed long-run stability of

nominal expenditure shares if we make the assumption that consumers’ preferences

5In his 1987 paper, Campbell associated the real return r as exclusive of unanticipated capital

gains (see Campbell, 1987, footnote 9). However, anticipated capital gains are also excluded from

NIPA measures of disposable income.
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are log-linear; i.e., that consumers maximize a lifetime utility function of the form

Et

[
∞∑

k=0

(
1

1 + ρ

)k

(α1 log Dt+k + α2 log cnd
t+k)

]
, (25)

where Dt denotes the consumer’s stock of durable goods. In an appendix, we

demonstrate that these preferences permit us to derive the following approximate

relationship:
ρ

1 + rnd

And
t

ynd
t

− γ
cnd
t

ynd
t

≈ −

∞∑

k=1

βkEt∆log ynd
t+k + k. (26)

In other words, once we allow for log-linear preferences and (possibly) growing con-

sumption, we still obtain a long-run linear relationship between the scaled consumption-

income ratio and the wealth-income ratio, with deviations from this relationship

being related to expectations about future labor income growth. However, in this

case the constant multiplying wealth is ρ

1+rnd rather than r
1+r

.

These considerations imply that, strictly speaking, we should not expect stan-

dard saving measures to forecast labor income even if the PIH is true. However,

a prediction that is common to both versions of the PIH that we have derived is

that the errors from a regression of the scaled consumption-income ratio on the

wealth-income ratio should forecast labor income.6 This regression-based measure

of the “saving rate” can in turn be used in the forecasting regression (equation 22).

The regression-based measure is plotted in Figure 4, together with the NIPA-based

saving rate that we obtained earlier under our preferred deflation procedure. As

expected, the higher capital income that is imputed from the regression-based ap-

proach keeps this measure of the saving rate from declining sharply during the

1990s; indeed, the regression-based measure actually rises over the latter half of the

decade.

We examined whether this variant of the saving rate is better able to forecast

labor income growth by using it to repeat the analysis of Section 5.1; the relevant

results are summarized in Table 2. Perhaps surprisingly, we are once again unable

to find strong evidence that the saving rate Granger causes labor income growth: As

the table indicates, we fail to reject the hypothesis that the regression-based saving

rate can be excluded from the regressions for labor income growth at conventional

6Specifically, the negative values of these residuals correspond to the left-hand side of equa-

tion (26).
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significance levels. In addition, the sign of the coefficient (or sum of coefficients)

on the saving rate is positive, not negative as the theory would predict. Evidently,

then, some additional extension is needed in order to salvage this prediction of the

PIH.7

6 Conclusions

This paper has examined the well-known problem of how to test theories of con-

sumer behavior when consumption expenditures include durable goods purchases.

In particular, we have presented theoretical and empirical arguments for relating

real consumption of nondurable goods and services to measures of real income and

wealth that are defined relative to a price index for nondurables and services con-

sumption; this contrasts with the usual procedure of deflating income and wealth

with a price index for total consumption. In two empirical exercises, we demon-

strated that this choice of deflation method can significantly affect the interpretation

of observed consumption behavior as well as the results obtained from standard tests

of the predictions of the permanent income hypothesis.

Beyond the substantive results relating to tests of consumer behavior, a more

general lesson that we take from these findings is that macroeconomists may need

to be somewhat more careful regarding their treatment of “real” variables. It is

perhaps understandable that economists, who are generally schooled in the dictum

that real variables “control for increases in the price level,” might conclude that

deflation by a broad-based price index is always the appropriate way to construct

a real income, output, or wealth series. However, our analysis shows that this

practice can sometimes result in a poor empirical approximation to the underlying

theoretical relationship that we seek to capture.

7One candidate might be the explicit modelling of anticipated time-variation in asset returns,

which we have not allowed for.
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Appendix

This appendix is divided into two parts. The first contains a technical note that

derives the PIH model under log-linear preferences, as described above in Section

5.2. The second part is a data appendix containing the sources and definitions of

the series used in the empirical analysis of Sections 4 and 5.

I. The PIH with Log-Linear Preferences

In this portion of the appendix we derive a microfounded version of the permanent

income model in which nominal nondurables and services consumption accounts for

a constant fraction of total nominal consumption expenditures in steady state and

we obtain a closed-form expression for nondurables and services consumption that

is similar to equation (17).

The consumer maximizes a lifetime utility function of the form

Et

[
∞∑

k=0

(
1

1 + ρ

)k

(α1 log Dt+k + α2 log cnd
t+k)

]
,

where Dt is the consumer’s stock of durable goods at time t and cnd
t denotes real

consumption of nondurable goods and services. Maximization proceeds subject to

two constraints. First, we have an equation relating the stock of durable goods to

flow real purchases of durable goods, cd
t , and the rate δ at which durable goods

depreciate,

Dt = cd
t + (1 − δ)Dt−1.

Second, the evolution of nominal assets is governed by

Ãt+1 = (1 + it+1)
(
Ãt + ỹt − pnd

t cnd
t − pd

t c
d
t

)
.

In this latter expression, it is the nominal interest rate, pnd
t is the price of nondurable

goods and services, pd
t is the price of durable goods for sale in period t, and tildes

denote nominal variables.

As before, the asset accumulation constraint can be written in real terms:

At+1 =
(
1 + rnd

t+1

) (
And

t + ynd
t − cnd

t − ptc
d
t

)
,

where pt is the relative price of cd
t and cnd

t (that is, pt ≡ pd
t /p

nd
t ), and we have once

again deflated real variables with the price index for nondurables and services. If
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we define the variable Nt as And
t + ynd

t − cnd
t − ptc

d
t , then we can write the value

function for the problem as

Vt(A
nd
t , Dt−1) = max

Nt, c
d

t

{
α1 log(cd

t + (1 − δ)Dt−1)+ α2 log(And
t + ynd

t − Nt − ptc
d
t ) +

(
1

1 + ρ

)
EtVt+1

(
(1 + rnd

t )Nt, c
d
t + (1 − δ)Dt−1

)}
.

The first-order condition for Nt, combined with the envelope condition for At,

implies the following Euler equation for nondurable goods and services consumption:

1

cnd
t

=

(
1

1 + ρ

)
Et

(
1 + rnd

t+1

cnd
t+1

)
.

To derive a modified structural version of the permanent-income model, we

assume that the expected real interest rate takes a constant value of rnd. It can

then be shown that log consumption of nondurables and services approximately

evolves according to

∆ log cnd
t+1 ≈ (rnd

− ρ) + εt+1,

with εt+1 denoting a mean-zero expectational error. In addition, the assumption

that period-by-period flow subutility takes the Cobb-Douglas form ensures that

nominal purchases of nondurable goods and services will be a constant share of

total nominal expenditures along a steady-state growth path.8

Noting that rnd
− ρ is the expected average growth rate of consumption of

nondurables and services, we obtain that Etc
nd
t+k = (1 + rnd

− ρ)kcnd
t . This yields

the following analogue to equation (17):

cnd
t =

ρ

1 + rnd

(
And

t

γ

)
+

ρ

1 + rnd

∞∑

k=0

1

(1 + rnd)
k
Et

(
ynd

t+k

γ

)
, (27)

where once again γ is the factor used to scale nominal nondurable goods and ser-

vices consumption into aggregate consumption expenditures (we have ignored the

presence of the term in the approximation error ηt+k).

If we define saving as

st ≡
ρ

1 + rnd
And

t + ynd
t − γcnd

t , (28)

8See Whelan (2001) for a derivation of this result in the context of a multisector general-

equilibrium growth model.
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we obtain that

ynd
t − st =

ρ

1 + rnd

∞∑

k=0

Ety
nd
t+k

(1 + rnd)k
.

Dividing through by ynd
t yields

1 −
st

ynd
t

=
ρ

1 + rnd

[
1 +

∞∑

k=1

Ety
nd
t+k/y

nd
t

(1 + rnd)k

]
.

This equation can then be loglinearized (see the appendix of Campbell and Deaton, 1989,

for details). The resulting expression is equivalent to equation (8), albeit with a

slightly different constant of linearization κ (call it κ′). That is, this relationship

can be re-written as
st

ynd
t

≈ −

∞∑

k=1

βkEt∆log ynd
t+k + κ′.

We can then recover equation (26) in the text by substituting in our new definition

of st (equation 28) and defining k ≡ 1 + κ′.

II. Data Sources and Definitions

This portion of the appendix gives the sources and definitions of the series used

in the paper’s empirical analysis. Note that all consumption, wealth, and income

variables are expressed in per-capita terms using the population measure described

below.

Consumption expenditures: Total personal consumption expenditure is taken from

the National Income and Product Accounts (NIPAs). Consumption of nondurables

and services is computed by combining NIPA personal consumption expenditures on

nondurable goods with NIPA personal consumption expenditures on services. Real

measures are combined using a Fisher chain-aggregation formula that replicates

the procedure used by the Bureau of Economic Analysis in producing the National

Income and Product Accounts.

Consumption prices: Price indexes are defined as implicit deflators (i.e., as ratios

of nominal series to corresponding real series).

Wealth: All data are taken from the Flow of Funds Accounts of the Board of Gov-

ernors of the Federal Reserve System, Table B.100. Wealth is defined as household
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net worth less stocks of consumer durable goods. Flow of Funds wealth measures

are expressed on an end-of-period basis; we therefore associate the t − 1 value of

the data with period t wealth (that is, with At) in order to obtain a start-of-period

measure.

Disposable income: NIPA disposable income (Table 2.1, line 25). Following Blinder

and Deaton (1985), we reduce disposable income in 1975:Q2 by $32.5 billion (at an

annual rate) in order to remove the effect of the 1975 tax rebate from measured

income.

Labor income: We define labor income as wage and salary disbursements (NIPA

Table 2.1, line 2) plus transfers to persons (line 16) plus other labor income (line 9)

minus personal contributions for social insurance (line 23) minus labor taxes. Labor

taxes are defined by imputing a share of personal tax and nontax payments (line 24)

to labor income, with the share calculated as the ratio of wage and salary disburse-

ments to the sum of wage and salary disbursements, proprietors’ income (line 10),

and rental (line 13), dividend (line 14), and interest (line 15) income. Note that

personal tax and nontax payments are adjusted for the effect of the 1975 tax rebate.9

Population: Population from NIPA Table 8.7, line 16. (Note that this is the popula-

tion measure used by the Bureau of Economic Analysis to compute official per-capita

income and consumption data.)

9The definition of labor income used in this paper differs from the measure used by Blinder and

Deaton (1985), which was in turn employed by Campbell (1987) and Campbell and Deaton (1989).

We re-did the analysis of Section 5 using two variants of an updated Blinder-Deaton income series,

and found that the substantive conclusions were unaffected by using these alternative measures.
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Table 1: Results from Rainy-Day Saving Equations

Model regressors

∆yt−i,i=1(
st−i

yt−i

)

, i=1

∆yt−i,i=1,...,4(
st−i

yt−i

)

, i=1

∆yt−i,i=1,...,4(
st−i

yt−i

)

, i=1,...,4

A. Using Traditional Deflation

Labor income: Coefficient sum 0.195∗∗ 0.306∗∗ 0.495∗∗

(0.070) (0.115) (0.138)

Exclusion restriction 0.006 0.044 0.001

Saving rate: Coefficient sum −0.037∗ −0.037∗ −0.031∗

(0.015) (0.015) (0.015)

Exclusion restriction 0.013 0.013 0.003

B. Using Our Deflation Procedure

Labor income: Coefficient sum 0.210∗∗ 0.342∗∗ 0.521∗∗

(0.072) (0.121) (0.138)

Exclusion restriction 0.004 0.024 0.000

Saving rate: Coefficient sum −0.016 −0.023 −0.004
(0.020) (0.020) (0.021)

Exclusion restriction 0.417 0.265 0.013

Note: Standard errors in parentheses; ∗∗/∗/a denotes significant at 1/5/10 percent level,
respectively. “Exclusion restriction” gives the p-value from an F -test that lags of given
variable can be excluded from the model. Regressions include indicated number of lags
of saving rate and log-differenced labor income; dependent variable in all equations is log-
differenced labor income. See text for additional details.
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Table 2: Rainy-Day Saving Equations, Regression-Based Capital Income

Model regressors

∆yt−i,i=1(
st−i

yt−i

)

, i=1

∆yt−i,i=1,...,4(
st−i

yt−i

)

, i=1

∆yt−i,i=1,...,4(
st−i

yt−i

)

, i=1,...,4

Labor income: Coefficient sum 0.171∗ 0.247a 0.252a

(0.075) (0.135) (0.145)

Exclusion restriction 0.024 0.156 0.278

Saving rate: Coefficient sum 0.028 0.020 0.019
(0.023) (0.026) (0.026)

Exclusion restriction 0.224 0.433 0.880

Note: Standard errors in parentheses; ∗∗/∗/a denotes significant at 1/5/10 percent level,
respectively. “Exclusion restriction” gives the p-value from an F -test that lags of given
variable can be excluded from the model. Regressions include indicated number of lags
of saving rate and log-differenced labor income; dependent variable in all equations is log-
differenced labor income. See text for additional details.
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Figure 1
Ratio of Consumption of Nondurables and Services to Total Consumption

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

Using nominal data
Using real data (1996 dollars)

25



Figure 2
Ratio of Consumption of Nondurables and Services to Labor Income
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Figure 3
Two Measures of the Saving Rate
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Figure 4
Regression-Based Capital Income Measurement and the Saving Rate
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